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Abstract
Background: The changeover from seed to plant is a fundamental scheme shaping plant community
structure and dynamics. Persistent soil seed banks are significant as it distributes regeneration and
succession throughout the year in the vegetation ecosystems following disturbances.
Objectives: The
aims of our study were to analyze status of composition and density of soil seed banks (SBs) in West
Afar Region, Ethiopia, and effects of Prosopis juliflora (Prosopis) on spatial distribution and densities of
SBs.
Methodology: Soil samples were collected under the Prosopis canopies and non-invaded open
grazing lands from area of 15cm x 15cm and soil layers of 0-3cm, 3-6cm and 6-9cm.
Findings: It was
found that SBs had shown significant variations by districts (χ2 = 5.5, P =0.02) and soil layers (χ2 = 10.5,
P =0.01). But, habitats did not show significant effects on SBs (χ2 = 2.3, P =0.13). Higher density of SBs
7065, 8978, and 8444seeds/m2, respectively were recovered from the soil depths of 0-3, 3-6, and 6-9cm at
Teru district. On the other hand, lower densities of 311, 0, and 44seeds/m2, respectively SBs were
recovered from the soil depths of 0-3, 3-6, and 6-9cm were at Yalo district. Furthermore, SBs under the
canopy of Prosopis were less by 93.5% than non-invaded open grazing lands in 0-3cm soil depth.
Meanwhile, SBs in 3-6cm soil depth were higher by 79% in non-invaded Prosopis than invaded areas at
Teru district.
Conclusions: The overall low density of the SBs in the study areas had implications of poor
range land quality for animals to feed on and consequently affects the livelihood incomes obtained from
livestock of pastoralists. Thus, conservation of grazing lands, re-seeding of grazing lands, and
management of the invasion of the Prosopis are vital measure to sustain the grazing areas in the region.

Background
The changeover from seed to plant is a fundamental scheme shaping plant community structure and
dynamics [13]. However, in the long run of human-impacted landscapes [56] and different physiographic
factors, vegetation forms a variety of different patterns both in the soil and standing vegetation after
disturbances and colonized by aggressive invasive species [33]. Soil seed banks (SB) refers to a viable
seed which is present in the soil or associated with hummus [34]. It represents the retentions of the last
plant community and the improvement of future plant communities in the surrounding area [28]. The SBs
are significant as a component of regeneration for succession in ecosystems following disturbances.
Then, buried viable seeds germinate to cover the disturbed and exposed soil surfaces [51]. The formation
of SB is a strategy developed by plants to prevent germination under unfavorable soil and climate
conditions [43, 46]. Thus, analyzing seed bank composition and density is important when communities
have been invaded by exotic species and must be managed to promote the desired species [5].

Invasive species are introduced either purposely or naturally which are the second threat of global
biodiversity loss the next to land-use changes [35]. Prosopis is one of the invasive plant species
indigenous to South America, the Caribbean, and Central America [41]. Prosopis has been introduced
consciously to Ethiopia particularly in the Afar Region in the late 1970s and 1980s [4, 1, 19, 57]. Although
Prosopis has been giving use as fuelwood, shade and dry season fodder for the rural population, the
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threat posed by it in terms of invasion of fertile agricultural lands, prime grazing lands and loss of
biodiversity are coming enormous [58].

In lowlands of Ethiopia, rangelands are subjected to different human and natural impacts. These
facilitated for encroaching of undesirable herbaceous weeds and woody plants in rangelands that have
become a threat to pastoral production systems [8]. Among woody encroachments, Prosopis is the most
jeopardy to arid and semi-arid areas in the east and northeast Ethiopia particularly starting from early
1980’s in Afar Region [44, 1, 45]. The study of SB is vital to know the progress of the Prosopis into other
land use/cover and to alleviate/control from its further invasion in the areas. Land use/land cover
changes, competitive ecological advantages, and climate change are key factors that are influencing the
probability of Prosopis invasion [41, 45]. When an invasive species becomes firmly established, its control
can often be difficult and eradication is usually impossible. Moreover, its impact on biodiversity and
ecosystem processes can be very serious [44].

While comparing the above ground vegetation, investigations on the SBs were undervalued by many
researchers all over the world [46]. The reason might be the difficulties in the isolation of viable seeds
from the soil samples [2]. However, SB is an important component of ecosystem suppleness and
represents a stock of regeneration potential in many plant collections. Understanding the diversity and
density level of SB is important for designing conservation and restoration programs in degraded
ecosystems particularly in the arid ecosystems. SBs are believed to lie mainly in the buried seed
populations and therefore considered as essential constituents of plant communities since they
reclaimed plant communities after disturbances [48].

Information of the SB is further essential for a better understanding of the species composition, capacity
of  storage size, seasonal changing aspects, and the distributing patterns which help to conserve and
restore devastated and degraded vegetation types. As far as the biodiversity of below-ground flora and its
relationship to extant vegetation are concerned, it is less understood by several scientists. Thus, In order
to investigate complete diversity of plant communities in space and time, it is therefore vital to document
SBs with above ground flora [46]. The study of SBs can also provide information about past
management practices and their impacts on current and future vegetation. It also provides information
about the former and apparent levels of degradation [26]. Therefore, SBs are essential for many plant
communities and are recognized as an important part of management strategies for restoration such as
drylands that permit species persistence during harsh times [13]. The invasive species exerts its effect not
only on aboveground diversity but also on below-ground diversity [32]. Knowing seed bank composition
and density is imperative when communities have been invaded by exotic species and have to be
managed to promote desirable native species [6].  SB has been considered as a promising and cost
effective method for restoring vegetation provided that there are no heavy disturbances and harsh
climatic conditions. There are factors influencing SBs which have not yet been fully understood [28].
Thus, the possibility of vegetation restoration using the SB is basically dependent on its seed density and
species composition [12, 17]. On the other hand, seed dispersal is very important for species diversity,



Page 4/19

composition, and density. For instance, results showed that both livestock and wildlife species played a
critical role in the dispersal of Prosopis and other native species [37].

Afar is one of the hottest and driest places in the world. Although it is severely affected by climatic
variability, it is an area where a population has been living since time immemorial, adapting its pastoralist
activities to changing environmental conditions [38]. Different land use/cover of the region with the
invasions of Prosopis over time is threatening the pastoral mode of life. So far few studies have been
investigated in Afar region by few researchers such as [44] in Middle Awash Rift Valley area, Kebede [24]
at Allideghi Wildlife Reserve, Dessalegn [10], Haregeweyn et al. [20] about the analysis of the invasion
rate, impacts and control measures of the Prosopis and Ilkor [59] in Gewane, Awash Fentale and Amibara
districts.

Furthermore, no researches reported about the status of the SBs from the Teru and Yalo plains in the Afar
Region of Ethiopia. SBs are important and largely undiscovered components of woodland and grassland
vegetation dynamics. Moreover, update and quantitative information in relation to the effects of alien
invasive woody species particularly Prosopis on SBs of native species are lacking. Changes in the
aboveground plants after invasion are well documented than the issue of the changes of SB after
invasions. On the other hand, the factors that modify the invasion effects of Prosopis along with other
force variations such as physiographic and anthropogenic factors co-occur are unknown.

Therefore, the present study aims to analyze the horizontal and vertical distribution in composition and
density of SBs in woodland and grasslands, and the effects of Prosopis on the spatial distribution and
SB density in the region At the end, the study attempts to answer the following questions: (1) what are the
status of the density and species diversity in SBs (1) what are the spatial variation in Prosopis in
comparison to other native species in SB?  (2) do Prosopis invasion modulates plant species
composition, diversity, and density in the SBs in the West Afar Region (3) what is the future potential for
sprouting and propagule sources for Prosopis? (4)What are the implications of the status of SBs for the
restoration of rangelands?

Results
Composition and density of soil seed banks

In this study, high density of SBs were recovered from the 0-3cm (7065 individual seeds/m2), 3-6cm
(8978 seeds/m2), and 6-9cm (8444 seeds/m2) soil depths at Teru district. However, the lowest densities
of SBs were recovered at Yalo district. As the result, 222, 356, and 133 of seeds/m2 in the 0-3cm, 3-6cm,
and 6-9cm soil depths, respectively was germinated in greenhouse (Fig. 3).

With regard to the composition of SBs in those districts, only 10 species of plants were germinated. Most
of these species were herbaceous 9 (90%) and the rest 10% of the species was woody species. These
plant species were distributed in the 8 families of plants (Table 1). Out of 8 species at Teru district, about
5(62.5 %) of the species were found both in the 0-3cm and 6-9cm soil depths. Meanwhile, the rest 2 (25%)
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were found in the 3-6cm soil depth. On the other hand, out of 5 species found in Yalo districts, 2 (40%), 1
(20%), and 2 (40%) were recovered from the 0-3cm, 3-6cm, and 6-9cm soil depths respectively (Table 1). 

Results also revealed that the highest SBs were recorded for Eragrostis cilcilianensis 6000 seeds/m2, and
5422seeds/m2 in the depth of the 3-6cm, and 0-3cm, respectively in Teru district. Whereas the lowest SBs
were recovered for Galinsoga parviflora that were 0 seeds/m2 for the 3-6cm, and 44 seeds/m2 for 0-3cm
and 3-9 soil depths each; and Prosopis (44 seeds/m2) only in the 0-3cm soil depth of Teru district (Table
1).

On the other hand, the status of the density of SBs at Yalo district was different from that of Teru district.
In that district, the lowest SBs were recorded for Brachia riaovalis (44 of seeds/m2) in 3-9cm soil depth.
Meanwhile, the highest density SBs were recovered relatively for Oxalis anthelmintica (356 of seeds/m2)
and Bidens pilosa (133 of seeds/m2) in the study areas (Table 1).

Furthermore, Cypercaceae and Poaceae were the highest frequent families recorded in the study
landscapes of Teru and Yalo districts. But, the lowest frequency families in SBs were recovered for the
Crassulaceae, Oxalidaceae and Amaranthaceae families. In the present study, density of persistent SBs
did not show clear trend across the soil depths in the study landscapes (Table 1).

 
Table 1. Composition and density soil seed bank at Teru and Yalo districts of West Afar Region
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District Soil layer
(cm)

Scientific name SBs
density/m2

Family

 

 

 

 

 

Teru

0-3 Galinsoga parviflora Cav. 44 Asteraceae

6-9 G. parviflora 44 Asteraceae

0-3 Prosopis juliflora (Sw.) DC. 44 Fabaceae

0-3 Lipocarpha rehmannii (Ridl.) Goetgh. 1422 Cypercaeae

3-6 L. rehmannii 2978 Cypercaeae

6-9 L. rehmannii. 3778 Cypercaeae

0-3 Physalis lagascae Roem. & Schult. 133 Solanaceae

6-9 P. lagascae 3111 Solanaceae

0-3 Eragrostis cilcilianensis (All.) Vign. Ex
Janchen

5422 Poaceae

3-6 E. cilcilianensis (All.) Vign. Ex Janchen 6000 Poaceae

6-9 E. cilcilianensis 1289 Poaceae

6-9 Kalanchoe glaucescens Britten. 222 Crassulaceae

 

 

Yalo

0-3 G. parviflora 89 Asteraceae

0.3 Bidens pilosa L. 133 Asteraceae

3-6 Oxalis anthelmintica A. Rich. 356 Oxalidaceae

6-9 Brachiaria ovalis Stapf 44 Poaceae

  6-9 Amaranthus thunbergii Moq. 89 Amaranthaceae

Notice: Soil seed banks is SBs

Effects of Prosopis on the soil seed banks

Table 2. Test statistics of soil seed banks by locations, habitat and soil depth in West Afar Region

Test statistics District Habitat Soil layer

χ2  5.5 2.3 10.5

df 1 1 2

P-value 0.02 0.13 0.01

Statistical analyses using non-parametric tests in Table 2 showed that SBs were varied by
locations/districts (χ2 = 5.5, P =0.02) and soil layers (χ2 = 10.5, P =0.01). However, habitats did not
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significantly affect the SBs in the study areas (χ2 = 2.3, P =0.13).

Results showed that even if the density of SBs in Prosopis invaded and non-invaded land use/land
covers did not show significant, the total density of the SBs in the invaded areas were higher than that of
non-invaded ones (Table 3). For instance, the SBs in the 6-9cm in the open grazing lands (non-invaded
areas) were greater than 7000 seeds/m2 than that of the highest SBs (seeds/m2) in the soil depths of the
Prosopis invaded land uses the Teru district. Whereas, the SBs in both soil layers and habitats in the Yalo
districts were far lower than that of the density of Tero SBs (Fig. 3).

Furthermore, SBs in the Prosopis were less by 93.5% than the non-invaded open grazing lands in the 0-
3cm soil depth. Meanwhile, SBs in the 3-6cm soil depth were higher by 79% in the non-invaded Prosopis
than the invaded areas at Teru district. However, SBs in the 6-9cm soil depths for the invaded areas were
higher by 0.03% than that of the non-invaded by Prosopis in the Teru district (Table 3).

On the other hand, the SBs in non-invaded areas were greater by 60% in 0-3cm soil layer than the invaded
areas by Prosopisin Yalo districts. However, the same amounts of SB density were recorded in 3-6cm soil
depth in both the land uses in Yalo district. But, in this district the SBs density increased by 100% in the
Prosopis areas than the non-invaded land uses in the 6-9cm soil depth (Table 3).

Table 3. Density of soil seed banks in non-invaded and Prosopis invaded areas of Teru and Yalo districts,
West Afar Region

District Habitat Soil layer (cm) SBs/m2

 

 

 

Teru

NIP 0-3 5467

  3-6 7422

  6-9 3956

PI 0-3 356

  3-6 1556

    6-9 4222

 

 

 

Yalo

NIP 0-3 222

  3-6 0

  6-9 0

PI 0-3 88.9

  3-6 0

  6-9 44.4
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Discussion
Assessments of SBs have key relationships with understanding ecological processes for biological
conservation. Moreover, SBs are influenced by propagule pressure and invasiveness in the invasion
biology [2]. In this study, soil seeds could be discussed with persistence not the dormancy of seeds. This
is because seed dormancy and persistence are different. Dormancy is thus the preciseness of the seeds
about the germination conditions it require [50]. Thus, SBs especially persistent seeds offer plants the
opportunity to disperse through time (Vandvik et al., 2016). In this study, most of the species germinated
were herbaceous species like grass species [46].

In both districts the trends of the density of SBs were increasing from the top soil layer (0-3cm) towards
subsoil layers (3-6cm, 6-9cm). These might be due to the size of the seeds which moved down to the
lower soil layers [46]. Moreover, the germination of the SBs in the lower soil layers might be the effects of
soil depth hindered from emergence [9] and insufficiency of soil moisture to reach lower soil layers [61]
Other reasons might be due to the effects of disturbance such as grazing of the study areas and harsh
climatic conditions.

In both districts, the density of germinated in the SBs concerning the P.juliflora was negligible which
might be due to its hard seed that could not break its mechanical dormancy [44, 24]. Moreover, in those
districts, animals might not the main agents which are involved in process of seed dispersal of the
species. Because of the dispersal and successful germination of the seeds of P. juliflora is mainly
facilitated through animal ingestion [44, 58, 46]. However, in this study due to financial limitations, we did
not evaluate the composition and status of fecal droppings of wildlife on seed dispersal.

With compared to the density of the SBs of Teru districts, the density of SBs in Yalo district found to be
very low. These could be due to the variations of the effects of the grazing [27], and human impact ([28]
intensities for the two districts. While the number of soil seeds recovered in both districts were also low in
comparison to other sites in the region and elsewhere in Ethiopia. The reasons might be due to temporal
and spatial variations of the status of seeds in the soil [33], the effects in the variations of nutrient
conditions [18], and potential of the seeds rains in the districts [62].  

Moreover, lower rates of seed dispersal and unfavorable micro-climatic conditions like extreme high
temperatures which contributed to higher mortality rates of seeds during rainy seasons are also identified
as possible reasons for the lower density and richness of seeds in Yalo district than Teru district [40]. The
variations in the density of SBs could also be due to the variations of altitudes in between the districts. At
higher altitudes the density of seeds in soils are lower than that of low lying altitudes which is likely due
to the effects of gravity and wind movement deposited seeds in lower altitudes [22]. On the contrary,
densities of SBs are not altered by altitudes but no effects on species compositions of SBs [30].

In the present study, the density of SBs at Teru district greater than that of the density of seeds reported
by [42] in the SBs of Northern Ethiopia and greater than [29] in China. However, the densities of SBs at
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Yalo district were lower than the aforementioned research reports in the Northern Ethiopia and in
Mountain of China.

Moreover, the density of SBs at Teru district were ranged from 356 seeds/m2 in the invaded Prosopis to
7422 individual seeds/m2 in the non-invaded open grazing lands which were lower than the density of
SBs research made by Tekle and Bekele [49] in the degraded hill slopes in southern Wollo, Ethiopia. On
the other hand, in this study the number of species emerged at both Teru and Yalo districts were lower
than that of findings by Kelkay et al. [63] in a semi-arid African savanna, Tekle and Bekele [49] in
Southern Wollo of Ethiopia, and Reubens et al. [42] in Northern Ethiopia. Moreover, the number of species
recovered from the SBs in the present study areas was far lower than that of Dreber [11] in arid Nama
Karoo rangelands in the South Africa. The SBs contained predominantly herbaceous species and
woodland species were very few. These findings were similar with research report by Baum et al. [64] in
northern Germany and central Sweden.

In the present study, the abundance and density of the SBs were lower in the invaded areas of the
Prosopis than non-invaded open grazing lands of the districts. These could also be due to the
allelochemical effects of the Prosopis [16, 41] and the effects of shade on the native species to produce
sufficient seeds for dispersal [36]. The Prosopis is highly colonizing and invasive thorn tree species
places vast amounts of seeds in the SB unlike other species [39] Moreover, findings made by Shiferaw et
al. [44] in the Middle Awash of Ethiopia is greater than the density of the seeds recovered from the SBs at
Yalo district but lower than that of Teru district in this study. In this study, the density of SBs in both
districts was greater than research made by Kebede and Coppock [24] in Northeastern Ethiopia in both
the invaded and non-invaded areas of Prosopis. In both districts, it was also found the density of SBs
were higher than research reports by Andrade and Miranda [3] during November to May months in woody
savanna of Central Brazil. 

In general, the causes for the decline of both the SBs density and diversity in the present study of the
West Afar Region might be due to large number of factors such as height, distance, and concentration of
the seed source (seed rain), seed dispersal, nature and activity of dispersal agents and spatial
heterogeneity of the parent plants in the field. These variations may also reflect differences among the
species in terms of seed longevity in the soil, modes of seed dispersal and subsequent movement, seed
predation, and probable differences in the slope of the landscape and local edaphic conditions where the
seeds land [52].

Conclusion
 In this study, a few numbers of the species and their low density in the soil seed banks at Yalo and Teru
districts revealed that low opportunity for restoration of range lands in the future. Furthermore, the low
status of density of seeds in the soil bank particularly at Yalo district had implications of grazing, human
impact, disturbance intensities, and other limitations of edaphic factors (e.g. moisture stress, extreme
high temperature, and low nutrients) in the study areas.
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On the other hand, the individual plant species such as Eragrostis cilcilianensis, Galinsoga parviflora,
Lipocarpha rehmannii, Physalis lagascae, and Kalanchoe glaucescens at Teru district, and plant seeds
like Brachiaria ovalis, Amaranthus thunbergii, Oxalis anthelmintica, and Bidens pilosa at Yalo district
indicated that they were persistent in soil seed banks. These findings also showed the conservation and
re-seeding of these species for restoration of the prime grazing areas in the region.

It was found that the invasion of Prosopis in this study and other studies clearly revealed variations in the
diversity and density of native species in the SBs which ultimately affected the species composition of
the range lands. Thus, low plant species composition for instance; low legume species in the pasture land
also had implications low crude protein for grazers in the region. Consequently, the potential of drought
animals and cows are harmed from low quality feeds. Therefore, the income of the pastoralists gained
from dairy cows and beef production, and productivity will decline. To reverse these situations,
conservation of grazing lands and management of the invasion of the Prosopis are vital measure to
sustain the grazing areas in the region. Moreover, integrated management of the range land by range land
manages in collaboration with the local communities are also the opportunities to control the Prosopis
and rehabilitation of the range land areas. Thus, detail long-term effects of Prosopis on soil properties,
above ground plant diversity, socioeconomics and phenology of Prosopis should be investigated in the
future.

Methods And Materials
Description of the study area

The Afar Triangle is a cradle source of the earliest humankind. It contains a paleo-archaeological district
that includes the Middle Awash region and numerous prehistoric sites of fossil hominin discoveries,
including: the hominids and possible hominins, Ardi, or Ardipithecus ramidus, and Ardipithecus kadabba,
the Gona (Gawis cranium) hominin; several sites of the world's oldest stone tools; Hadar, the site of Lucy,
the fossilized specimen of Australopithecus afarensis; and Dikika, the site of the fossilized child Selam,
an australopithecine hominin (White et al., 2009).

The Teru district is located 12°38'03.95"N to 13°0'.00"N and 39°55'.00"E to 40°18'00.0"E and at altitude of
354 m asl. Whereas, Yalo is located between 12° 40′ 0″ N to12° 45′ 0″ N, and 39°65'0.00″ E to 40°25'.00''
and at altitude of 826 m asl. Teru is one of the districts in the Afar Region in Ethiopia. Part of
the Administrative Zone 4, Teru is bordered at south by Aura site, on southwest by Gulina, at west by Yalo,
and at north and east by the Administrative Zone 2. The major settlement in this district is Alelo village
acting as Town of Teru district (Fig.1).

Fifteen years of climate data were taken from the nearest meteorology station of the Melka Werer in the
Amibra district of Afar Region in Ethiopia [14]. The mean annual temperature of the study areas was
26.80C. The recorded mean minimum annual temperature for the study areas was 13.80C. On the other
hand, mean maximum annual temperature for the districts was 38.20C. The study areas are located
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within lowland agro-ecological zones of Ethiopia. The annual precipitation the study areas was about
416 mm (Fig. 2).

According to CSA [7], Yalo district has a total population of 47,468, of whom 27,319 are men and 20,149
women; with an area of 822.75 square kilometers, Yalo has a population density of 57.69. While 790 or
1.66% are urban inhabitants, a further 9,730 or 20.50% are pastoralists. A total of 7,901 households were
counted in this district, which results in an average of 6.0 persons to a household, and 8,105 housing
units. 99.25% of the population said they were. 

Geology of Afar floristic region is many Quaternary extrusive, intrusive and eolian formations. There are
alluvial and colluvial deposits on the foot escarpments and Afar plains. Quite recent lava is found in the
floristic region. The texture of the soils is usually sandy, originated from Jurassic and Cretaceous
limestone and other sedimentary rocks. According to FAO soil classification and ISRIC-world soil
information, the soil of Afar Floristic region is Lithic and Eutricleptosols, and Eutricfluvisols [15]. Acacia-
Commiphora woodland and bushlandare were among vegetation types in Ethiopia which is
characterizing the floristic region [15]. In the region, about 90% of Afar people are pastoralists, while
another 10% are considered agro-pastoralist [54].

Sampling design

Sample site selection: Prosopis juliflora (Prosopis) invasions sites were categorized during preliminary
reconnaissance survey. The sites have selected based on the local and national biodiversity importance
of the native species and the severity of the threats by the invasive alien species of Prosopis. The study
sites were stratified into approximately homogeneous units based on the following parameters: such
invasion levels of Prosopis, the age of the species, land use land cover and physiography of the area. Soil
samples for SBs were collected in August 2018 after Ethiopian Summer rainfall.

Sample plot layout: A total of 120 soil samples from 13 plots with a dimension of 15cm x 15cm each
from Prosopis invaded and non-invaded areas adjacent it (10 m apart) were taken from the same plots
for the purpose the separation seeds from soil samples. The quadrats were laid in each Prosopis
infestation levels from 0-3cm, 3-6cm, and 6-9cm soil depths. Accordingly, random soil samples were
taken from soil depths. The water scheme of test plots for Prosopis invaded areas at Teru district were
near Teru River. But, the test plots for open grazing lands at Teru district were adjacent to Prosopis
invaded and also located near Teru River. On the other hand, the water schemes for both test plots
Prosopis invaded and adjacent non-invaded open grazing lands were far away from rivers but near
villages. 

Data collection: Soil samples for seed bank analysis were collected using soil auger holding about
196.25 cm3 volume soil. Soil sample plots were distributed in different Prosopis invasion levels. Soil
samples were carefully removed from five areas in each infection using a sharp knife [44]. Then, about
1kg of composite and representative soil samples (about 5 cores) for each layer was put in plastic bags
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and labeled [60]. Sampling was completed within a week to avoid differences between habitats, and thus
any temporal bias in seed availability and composition [31].

Seed germination and identification: Number of viable seeds in the soil samples and seed dispersal
through droppings of animals was estimated by the seedling emergence technique under conditions
favorable for germination [9, 31).In the laboratory, the soil from each sample was thoroughly sieved to
4mm to remove organic litter, and then about half kilogram and 3cm depth of soil were placed into plastic
trays in the greenhouse in the Central Ethiopia Environment, Forestry and Climate Change Research
center, Addis Ababa following Dalling et al. [9].

To prevent possible contamination of the soils with non-experimental seeds, trays were placed in a shade
house established in an open site (<80% full sunlight) and covered by a layer of white plastic mesh (<0.5
mm aperture) and transparent nylon sheet [31]. Temperatures fluctuated between a minimum of 13°C
and a maximum of 32°C [42]. The trays were watered at least three times a week to keep the soil moist
[31]. The soil in each tray was watered to saturation every week in order to induce germination. Seedlings
were identified and counted weekly until emergence ceased. Seedling emergences were recorded every
day for at least 6 months [42, 31].

Specimens were transplanted on to other pots after seedlings were identified by accession numbers and
local names as identifiers, then they were removed to minimize confusion with newly emerged plants and
possible density effects on further germination Shiferaw et al. [44]. Each specimen was identified
following identification using their photos and plant press in the herbarium and the published Flora of
Ethiopia and Eritrea (volumes 1-8).

Data analyses and presentation: The data analysis of soil seed bank in the sites was organized by
arranging and recording the data on the excel data sheet. Soil seed bank density, diversity, vertical
distribution, and composition were analyzed using SPSS version 24 of non-parametric tests of K
independent samples [21] and Excel software. Then, histograms and tables are drawn using the
Microsoft Excel Software. 
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Figure 1

Map the study areas

Figure 2

Fifteen years of climatic diagram for the study areas
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Figure 3

Density of soil seed bank at Teru and Yalo districts West Afar Region


