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Highlights 

 This study was conducted in Daphna, an arid rangeland area lies in the far northeastern part of Cyrenaica. This area was 
used as a case study to investigate the soil seedbank characteristics in the arid rangelands of Libya. 

 Using the floatation in a salt solution method, the seeds were extracted from the soil then counted and identified. 
 The results illustrated that the area still retained an adequate density of soil seedbank, however, the majority were for 

therophytes. The depressions and dykes in valleys retained higher seed density than the open flat areas.. 
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The current study was conducted in Daphna area, an arid region in Cyrenaica located at the 
northeastern part of Libyan Sea Coast at the Libyan-Egyptian Border. The soil was sampled in 
40 different sampling sites along five different sectors through scraping the soil from 0-10 cm 
layer (2525 cm) in the Platea and from 010 cm and 1030 cm layers in the depressions and 
valleys. Using the floatation in a salt solution method, the seeds were extracted from the soil, 
counted and identified. The majority of the extracted seed were tinny (< 5 mm) and mainly 
belonged to annual species. Seeds density in the plateau ranged between 0 and 25400 seed 
m2 with an overall mean of 4110 seed m2 (949.30 SE), which is adequate density when com-
pared to similar arid ecosystems. The low-lying lands in depressions (Sakifas) and valleys 
(Wadis) retained higher seed density than the higher-lying lands on the plateau, and the north-
ern areas retained higher density than the southern areas. The higher top soil layer (010 cm) 
in both Sakifas and behind the Dykes in valleys retained higher mean density than the layer 
(1030 cm). The homogeneity of seed characteristics across the plateau and the dominance of 
annual and short-lived species could be a sign of degradation, and the absence of many peren-
nial species in the soil seedbank may hamper any conservation or rehabilitation effort to im-
prove these rangelands.. 
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1. Introduction 

Dryland ecosystems occupy about 45% of the Earth’s land sur-
face, store about 20% of the global soil carbon pool and contribute 
up to 30–35% of terrestrial net primary production (Ochoa-Hueso 
et al., 2018). Therefore, understanding ecosystem components and 
dynamics of these arid areas is a key role in any conservation, re-
habilitation, and sustainable management programs. Particularly, 
the studies of the soil seedbanks (SSBs) improve our understand-
ing of ecosystem dynamics and the effects of disturbance on eco-
system characteristics (van Etten et al., 2014). 

Usually, SSBs survive disturbances including climate-related 
disturbances, diseases, and herbivory suffered by the plants (Ma et 
al., 2012), confer resilience to the plant community in response to 
changing ambient conditions (Ge et al., 2013). Furthermore, de-
tailed information about the SSB is crucial for interpreting the con-
sequences of disturbance related to ecological processes and eco-
system rehabilitation (Ge et al., 2013). Several degraded ecosys-
tems have been rehabilitated successfully through SSBs (Braz et al., 
2014; Saaed et al., 2018), but rarely so in Africa, where studies are 
few and, thus, debilitate decision-making in rangeland manage-
ment (Saaed et al., 2018). 

Seeds enter the SSB via seed-rains or through physical and an-
imal-mediated dispersion (Louda, 1989; Roberts, 1981) and leave 
it via germination, secondary dispersal, seeds consumption by 
granivores, seeds decay, and parasite attack (Fenner, 1985; 
Shaukat and Siddiqui, 2004; Traba et al., 2006). Seeds in soils play 
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prominent ecological and evolutionary roles (Zaghloul, 2008) link-
ing past, present, and future plant population and community 
structure and dynamics (Leck et al., 1989; Thompson and Grime, 
1979). Seed banks are especially important in desert ecosystems 
where annual plants account for a large part of the flora and their 
seeds may remain viable in the soil for many years (Inouye, 1991; 
Kemp, 1989; Rundel and Gibson, 2005) avoiding dry seasons and 
extended drought periods (Kinloch and Friedel, 2005a). 

Although, SSB investigation in arid rangeland areas is an essen-
tial key to understand ecosystem state and dynamic, very few SSB 
studies have been conducted in North Africa, especially in the arid 
rangelands of Libya (El-Barasi and Saaed, 2013, 2015; El-Jetlawi, 
2004; El-mograby et al., 2018; Nafea, 2015). Rangeland ecosystems 
in Libya still poorly understood and little is known about how dec-
ades of mismanagement and degradation affect the SSBs in these 
areas. Therefore, rehabilitation and sustainable utilisation of the 
landscape in these areas might be hampered by the lack of SSBs in-
formation (Saaed et al., 2018). This is particularly important in de-
graded arid ecosystems such as the study area, where plants 
mostly propagate via seeds (Saaed et al., 2018). 

The present study is an attempt to cover the apparent gap in 
the available information on the rangeland ecosystem in Libya, par-
ticularly in the northeastern part of Cyrenaica, through investigat-
ing the SSB density, composition, spatial distribution, and the main 
factors influencing its characteristics. The study aimed to answer 
these questions: 
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(1) What is the density of SSB in the study area?  
(2) Is there any variation in seed density amongst the different land-
forms across the landscape? 
(3) What is the composition of the SSB in the area?  

Understanding of SSB characteristics could explain the ecosys-
tem state, degradation dynamics, the influence of site features, and 
the future ecological responses of the rangelands in the study area 
and similar rangelands in the region. 

2. Materials and methods 

2.1 Study area 

The study area is considered as an important rangeland area in 
Libya, lies in the northeastern part of Cyrenaica at the Mediterra-
nean sea by the Libyan-Egyptian border (El-Barasi and Saaed, 
2015). It is extending in an east-west rectangular shape, about of 
130 km long and 25-35 km wide between longitudes 23° 54'25° 
09' east and latitudes 31° 36'32° 06' north (Fig. 1). The study area 
is about 2 866 km2 in size, comprises the western half of Marmarica 
Plateau (Libyan part of Marmarica Plateau). Locally the area is 
known as “Daphna area”. 

At the far north of the study area, there is a narrow strip of 
plains, while the southern high plateau covers most of the area and 
is divided by many valleys (dry rivers), which run with water in 
rainy season northwardly to end at the sea. Dykes (hampering 
rocky dams) are present along the valleys in different places as old 
practices to harvest runoff water and prevent soil erosion. There 
are many topographical depressions “locally named Sakifas” which 
distributed on the plateau as narrow ribbons in an east-west direc-
tion (Annexure A). Sakifas are sites of agricultural activities; rela-
tively, they have more soil fertility and deeper strata, which offer 
good root penetrability. The different landscape features in the 
area provide different habitat types; therefore, the area is hetero-
geneous in soil properties and vegetation structure. The valleys 
shelter many wild biotas (flora and fauna) especially endemic and 
rare species that disappeared from the open areas. In some places, 
the elevation of the plateau reaches 220 m above sea level. 

In general, Marmarica Plateau is characterized by an arid cli-
mate, with fluctuated and irregular monomodal winter rainfall re-
gime (El-Barasi and Saaed, 2015). The annual mean maximum tem-
perature is 24°C and the mean minimum temperature is 16°C. The 
annual rainfall rate is of 184 mm y1 at Tobruk area in the north, 
while at EL-Bardia area in the Far East by the Egyptian border is of 
117 mm y1, and southwardly at Tobruk airport (Al-A’daam area) 
25 km south the coast is of 89 mm y1. The average relative humid-
ity is of 71%, which increases during summer and reaches its min-
imum value during spring. The area is distinguished with high rates 
of evaporation, which exceeds 2000 mm y1. Based on the UNCCD 
aridity index obtained from the ratio between the values of mean 
annual precipitation (MAP) and potential evapotranspiration 
(PET), the study area classified as an arid land (MAP: PET ranged 
between 0.05 and 0.09). 

The soil in the area is typical for arid areas. It is dry soil sedi-
ment over parent calcareous rocks characterized by shallow skele-
tal profile, low organic matter %, high calcium carbonate%, mainly 
loam or sandy loam texture, and tends to be alkaline (pH ≥ 8) (El-
Barasi and Saaed, 2015). As a consequence of the harsh environ-
mental conditions, the vegetation in the area is thermo-xerophilic 
vegetation dominated by sparse shrubs and dwarf-shrubs consti-
tuting the permanent vegetation cover. A mass display of flowering 
annuals occurs after rainfall in winter and early spring, often on de-
graded or fallow lands (El-Barasi and Saaed, 2015). 

In addition to the accumulation of anthropogenic impacts over 
decades (over-grazing, dry farming, gathering wood, uprooting 
medical and economic species, soil trampling through off-road 
driving), the distribution and characteristics of vegetation in the 
area is influenced by natural factors (position on landscape, topog-
raphy, climate, and soil properties) (El-Barasi et al., 2013). Gener-
ally, the vegetation in the area is very heterogeneous and lowlands 

and watercourses characterised by relatively denser vegetation 
and some tall shrubs because they received more moisture through 
runoff after rainfall. 

 

Fig. 1. The geographic location of the study area (Daphna) at the northeast-

ern part of Cyrenaica  

2.2 Soil seedbank survey 

As a baseline, the SSB in this study is defined as all the seeds 
found in the soil or on the ground surface (Moles and Drake, 1999; 
Thompson and Grime, 1979). First, the area was divided into five 
sectors ranged between 25 and 35 km in length, each initiated from 
the coast and ended at the southern boundary of the study area. 
These sectors were at the localities, Ras-Biad (east Tobruk), El-
Qarah, Kambut, Qasr EL-Gadi and Musaad respectively from the 
west to the east (Fig. 1). Along with each sector, the sampling sites 
were located systematically at five km intervals in north-south-
ward direction. There were additional five sampling sites located 
at the depressions (Sakifas) and other five sampling sites collected 
from the sedimentary of five different Dykes. 

Samples were collected by scraping the soil from the upper-
most 10 cm layer in an area of 2525 cm2, and for the Dykes and 
Sakifas were at two different depths (0–10 cm and 10–30 cm) to 
know the different SSB density in the different soil layers (soil 
strata). There were 30-sampling sites along the different sectors 
and extra five-sampling sites in the depressions and other five-
sampling sites behind the Dykes, the total was 40 sampling sites. 
Samples were weighed and packed in sealed plastic bags, labeled, 
and transported to the laboratory, and then they were allowed to 
air dry for 72 hours before processing. Then each soil sample was 
pooled and thoroughly homogenized, and soil seeds were extracted 
by flotation in a salt solution using the modified method of Malone 
(1967) by Buhler and Maxwell (1993) and Price et al. (2010). 

The floating solution was prepared by combining 20 g of so-
dium hexametaphosphate, 10 g of NaHCO3, and 500 g of K2CO3. The 
three chemical compounds were dissolved in tap water to make 
one liter. The experiment was conducted using three replications 
per each soil sample, each weighing 100 g. Initially, each sample 
was immersed in one liter of the prepared solution; then the solu-
tion was thoroughly agitated using a spatula for 30 seconds and left 
for 60 minutes to allow the organic matter to be floated on the salt 
solution. The floated organic debris was separated by filtration 
through filter paper (15 cm in diameter). The organic materials ex-
tracted were dried, and seeds were separated from the organic ma-
terials using binocular stereomicroscope and forceps. Then seeds 
were counted, and the seed numbers were estimated as the aver-
age of the three replications for each sample and recalculated as a 
number of seeds per square meter (seed m2). Seeds were identi-
fied based on the morphological feature, although most of these 
seeds could not be identified to species level, we were able to iden-
tify most of them to the family level. 

2.3 Data analysis 

The acquired data were first verified and tabulated and then 
entered into a Microsoft Office Excel spreadsheet (version 2016). 
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Initially, the data sets were inspected using descriptive statistical 
analysis and then checked for normal distribution using the 
Shapiro-Wilk W test. Significant differences for all of the examined 
parameters were explored using ANOVA (one-way) followed by 
the Tukey HSD post hoc test. In cases where the distribution of the 
data was not normal, Kruskal-Wallis one-way ANOVA test and T-
test were used. 

3. Results and discussion 

3.1 Climate 

In arid areas, the climate is one of the most important factors 
having a direct impact on wildlife, particularly the distribution and 
density of plant species, in addition to its impact on the soil prop-
erties (El-Barasi and Saaed, 2015). In the Libyan context, range-
lands have fragile ecosystems, as they are located within the arid 
and semi-arid region, about half of the rangelands is under the 100-
mm isohyet (Al-bukhari et al., 2018). This arid climate manifested 
as a poor composition and dynamic of the rangeland ecosystem 
components above ground (i.e. vegetation) and below ground (i.e. 
soil and SSB). Arid climatic factors play an important role in SSB’s 
characteristics in these zones, which are mainly composed of 
ephemeral and annual seeds (therophytes). These species can com-
plete their life cycle and producing considerable quantities of seeds 
in just a few weeks during the rainy and wet season. The annual 
therophytes growth in the study area comprised about 55% of the 
life-form spectra (El-Barasi and Saaed, 2013). 

3.2 Seed size 

Most of the seeds extracted from the soil were small in size 
(<5 mm) (Annexure B). The prevalence of small seed size in the 
study area is a typical feature of SSBs in arid and overgrazed, de-
graded rangelands (Baskin and Baskin, 2014; Dreber and Esler, 
2011; Dreber et al., 2011). In such ecosystems, most plants are r-
strategists producing many small seeds to survive prolonged dry 
periods (Grombone-Guaratini and Rodrigues 2002). Seeds of 
small-seeded species can be either highly abundant or rare 
whereas large seeds are always rare (Guo et al., 1999). 

These small (tinny) seeds are primarily from annuals and can 
survive in the SSB until conditions are conducive for germination 
(Fenner and Thompson 2005). Usually, annual and short-lived 
plants produced small seeds in copious quantities, as a response to 
aridity, and accumulate persistent seedbanks that last more than a 
year in the soil (Bakker et al., 1996). While perennials, on the other 
hand, produce larger but fewer seeds that normally last less than a 
year, i.e. they have transient SSB of K-strategists (Esler 1999; 
Milton and Dean 1993). Larger seeds germinate less, are less viable, 
eaten more, and more prone to fungal infection (Guo et al., 1999). 
Perennials depend more on their long life-span and vegetative 
propagation than seeds for regeneration (Amiaud and Touzard 
2004). 

3.3 Seed density 

At the scale of the entire study area, the results revealed that 
the area retained an adequate density of seeds in the soil compared 
to other similar arid areas. Seeds density in the study area ranged 
between 0 and 25 400 seed m2 with an overall mean of 4 110 seed 
m2 (949.30 SE). This seed density was less equivalent to that in 
northern areas of Al-Jabal Al-Akhdar which was ranged between 2 
400 and 60 000 seed m2 (El-Barasi and Saaed 2013), and was more 
or less equivalent to that in the rangeland areas south Al-Jabal Al-
Akhdar which ranged between 1 200 and 20 520 seed m2 (El-
Barasi and Saaed 2013), and to desert areas west Al-Jabal Al-
Akhdar (Ajdabya region) which ranged between 676 and 15 101 
seed m2 (El-mograby et al. 2018). However, it was more equiva-
lent than the seed density in the Arid Mesus Area far south of Al-
Jabal Al-Akhdar at the fringe of the Sahara Desert, which was 
ranged between 228 and 2 568 seed m2 (El-Jetlawi, 2004) and to 

the density identified by Zaghloul (2008) in the arid Sinai in Egypt 
which ranged between 0 and 1 350 seed m2, and also more equiv-
alent to the density identified by Yang and Evans (1975) who stated 
that the seed density in certain arid zones worldwide varies be-
tween 2450 and 8431 seed m2. 

The density of SSBs is governed by many factors that include 
seed production, the extent of the area covered by seed-rain, the 
rate of seed mortality, predator's behaviour, and the density of 
seedling (Saaed et al., 2018). However, these factors vary widely in 
arid environments (Roberts, 1981) such as in the arid rangelands 
of Cyrenaica. The comparatively high density of SSB in the area 
most likely due to the dominance of xerophilous species which 
composed mainly of annual and short-lived species that produce a 
large number of seeds (El-Barasi and Saaed, 2013). The relatively 
high density of SSB in the area can provide a potential for regener-
ation under suitable environmental conditions such as good rainy 
seasons.  

Amongst the different sectors in the study area, there was no 
distinct variation in SSBs density (p-value = 0.804), which mean 
that all sectors follow the same pattern in seed density (Table 1 and 
Fig. 2). This is in contrast to many other studies in a similar arid 
environment (Guo et al., 1998; Saaed et al., 2018; Zaghloul, 2008) 
who stated that the SSBs in arid areas characterized by high varia-
tion across the landscape. The highest mean value of SSB density 
was recorded in Al-Qarah sector (2760 seed m2818.29 SE) and 
the lowest mean value was in Kambut sector (1 600 m2912.14 
SE). The SSBs homogeneity across the landscape in such arid eco-
systems reflect the homogeneity in the above vegetation as well, 
which increases with rangeland degradation (Kassahun et al. 2009; 
Saaed et al., 2018). Stresses such as high stocking density and pro-
longed arid conditions act as a filter, and few species can cope with 
and survive these harsh conditions (El-Sheikh et al., 2006) resulted 
in a homogeneity across the landscape. This is most likely related 
to a breakdown of the hierarchical dominance and competitive 
structures of the vegetation resulting from vegetation alteration 
(Rutherford and Powrie 2010). 

In general, the SSB densities in the northern regions of the 
study area were the highest, and it gradually declined in the south-
ward direction as we approach the desert except for Musaad sector 
(Fig. 3), which is most likely due to the decline in vegetation cover 
in the southern areas. This coincides with the results of (El-Barasi 
and Buhwarish, 2005; Pugnaire and Lázaro, 2000) who stated that 
the seed density declines as we move away from the canopy of 
what trees surf, which however may be at the expense of seed den-
sity and diversity. 

Table 1 

Soil seedbank density in the different sectors according to the different soil 
depths. 

Locality 
Depth 
(cm) 

Min. 
seed 
(m2) 

Max. 
seed 
(m2) 

Mean 
seed 
(m2) 

SE 

Ras-Biad sector 0-10 600 3000 1800 424.26 

El-Qarah sector 0-10 600 4800 2760 818.29 

Kambut sector 0-10 0 6000 1600  912.14 

Qasr EL-Gadi sec-
tor 

0-10 0 3000 1800 434.25 

Musaad sector 0-10 600 5400 1971.42 624.00 

Depressions  
(Sakifas) 

0-10 1800 21000 10300 3324.15 

10-30 0 27000 8550 6327.91 

Dykes 
0-10 3000 25200 12480 4974.58 

10-30 1800 21600 10080 352624 
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Fig. 2. Box and Whiskers plots showing the median (midline in box) and the first and third 
quartiles of the data for soil seedbank density at the different sectors in the study area. 
Bars indicate 95% confidence intervals level. 

 
Fig. 3. Lines representing soil seedbank density in the different sectors based on the distance in kilome-
ters from the seacoast southwardly. 

The Sakifas and Dykes showed significant differences in seed 
density when compared to the open areas, the p-value were 0.003 
and 0.000 respectively. The SSB density in Sakifas ranged between 
0 and 27000 seed m2 and behind Dykes ranged between 1800 and 
25200 m2 (Table 1). The higher seed density in Sakifas might be 
ascribed to the clustered seed-rain of some plants species as Pega-
num harmala which dominated these depressions. These such spe-
cies produce a big quantity of seeds, which is also reported previ-
ously by Nelson and Chew (1977). The high seed density in the Sa-
kifas and behind Dykes could be also attributed to the accumula-
tion of soil particles and organic matter including seeds in these 
low-lying areas from the surrounding higher catchment areas via 
wind and runoff water. The results illustrated that the seed density 
in the soil behind Dykes increased with time (Fig. 4). This illumi-
nates the importance and influence of these Dykes overtime on the 
enrichment of SSB as well as in preserving soil from erosion. 

The disparity in landform of the study area plays a major role 
in the spatial variation of soil, vegetation, and SSB across the land-
scape. Due to the hydrological system that consists of many depres-
sions and drainage courses, the runoff water after rains is redistrib-
uted across the area and the low lands receive a higher quantity of 
water. Overall, the study area, the Sakifas and valleys retained 
higher SSB density than the higher-lying areas on the plateau. The 
highest SSB density was behind Dykes, and the lowest density was 
in the open land on the plateau (Fig. 5). This is may be attributed to 
the poorer vegetation cover on the plateau in addition to the impact 
of soil erosion when compared to the depressions and valleys, 
which is compatible with the finding of (Peco et al., 1998). Obvi-
ously, shrubby areas, depressions, and litter-covered patches re-
tain seeds more effectively than smooth bare areas (Kinloch and 
Friedel, 2005a). This phenomenon in these zones is considered as 
an effective factor in increasing vegetation cover and species diver-
sity and enriching SSB density. 
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When compare the SSB density between the different layers of 
soil strata, the mean values in the upper layer (0–10 cm) of the Sa-
kifas and Dykes were higher than the lower layer (10–30 cm) (Fig. 
6). The higher density of SSB in the upper layer than the lower layer 

in these low lands (Sakifas and Dykes) may be attributed to the ac-
cumulation of soil particles and new seeds with time, as most of the 
seeds are present in the 0-10 cm soil layer (Bernhardt et al., 2008; 
Edwards and Crawley, 1999). 

 
Fig. 4. Bars representing mean soil seedbank density in the soil behind Dykes of different 
ages (years) showing the importance of these Dykes in retaining and increasing soil seed-
bank with time. 

 
Fig. 5. Box and Whiskers plots showing the median (midline in box) and the first and third 
quartiles of the data for soil seedbank density in different localities in the study area. Bars in-
dicate 95% confidence intervals level. 
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Fig 6. Box and Whiskers plots showing the median (midline in box) and the first and third 
quartiles of the data for soil seedbank density in different soil depths (010 and 1030 cm) 
at Sakifas and behind Dykes. Bars indicate 95% confidence intervals level. 

3.4 Seed composition 

The SSB in any area is an important part of the vegetation 
(Major and Pyott, 1966). Therefore, the composition of SSB reflects 
the ground layer vegetation composition, both as a seedling in the 
field and as mature vegetation (Nafea, 2015). On the other hand, 
the SSB reveals clues to past vegetation (Leck and Simpson, 1987). 
New seeds are continuously added by seed-rain; representing a 
record of the past and present state of vegetation in the area and 
nearby vicinity (Batanouny et al., 1991). The present and future flo-
ristic composition and other main characteristics of vegetation are 
controlled by the ability of seeds present in the soil to germinate 
and establish as seedlings (Batanouny et al., 1991). 

In arid rangelands, the SSB is of vital importance as the short-
lived and ephemeral plants that dominate the ground layer vegeta-
tion in extreme and variable climates exist for the majority of the 
time as stored seeds only (Inouye, 1991). Some perennial plants 
also rely on SSBs to enable populations to re-establish after long 
periods of drought (Kinloch and Friedel, 2005b). This is more so in 
arid zones as the study area. 

Flowering plants in the area constituted of 71 families, 395 spe-
cies mostly shrubs, dwarf shrubs, and annual herbs (Saaed, 2008) 
constituted 31% of eastern Libyan species and 23% of Libyan flora. 
In the SSB, most seeds belonged to Brassicaceae (43.3 %), Cheno-
podiaceae (10 %), Fabaceae (10 %), and the remainder (36.7 %) 
(Table 2 and Fig. 7). This is similar to many other arid areas in Libya 
(El-Mograby et al., 2018) and worldwide (Esler 1999, De Villiers et 
al., 2003). These families possess drought-resistance and/or 
drought-avoidance features in response to the ambient dry condi-
tions of the area. They are also common in areas currently suffering 
long periods of disturbance, i.e. overgrazing (Hoffmann et al. 2015). 
The scarcity of grasses and legumes seeds in the SSB of the area is 
unlike similar environments elsewhere (Figueroa et al., 2004; Peco 
et al., 1998). This phenomenon can be attributed to a low propor-
tion of grasses and legumes in the above-ground vegetation due to 
the long history of overgrazing, as they are often very palatable and 
preferred by livestock (Samuels et al., 2016). Although, the seed 
coat characteristics of legumes are hard and of good quality and 
enable the seeds to persist for a longer time in the soil, their scarce 
is mainly due to early grazing before reaching the flowering stage. 

It may also be attributed to the effect of predators and/or second-
ary seed dispersal by wind or runoff after the rain. Seed harvesting 
insects and rodents are very selective and can affect the composi-
tion of SSBs in such arid environments as well (DeFalco et al., 
2009). 

In line with other studies in arid region (Dean and Milton, 1991; 
Saaed et al., 2018; Van Rooyen and Grobbelaar, 1982), annual spe-
cies were well represented in the SSB, similar to the above-ground 
vegetation. The annuals are active only during the rainy season, 
their appearance and abundance change from one year to another 
depending on the amount and frequency of rain. Annuals are com-
prised mostly of winter-growing species and are abundant after 
good rains. Their abundance indicates the desert nature of the cli-
mate (Raunkiær 1934; Rossa and Willert 1999). Which, supposed 
to be more resistant to long summer drought as they pass summer 
in the form of seeds (Van der Merwe and Van Rooyen, 2011).The 
perennials, on the other hand, form more or less the permanent 
framework of the vegetation and do not suffer such drastic tem-
poral changes in presence or abundance. 

 

Fig. 7. Percentage of seed families based 
on the number of species in the entire 
study area. 
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Table 2 

Species of isolated soil seeds. 

Family (%) Species Families 

3.33 Peganum harmala Zygophyllaceae 

10 

Onobrychis crista-galli 

Fabaceae Medicago orbicularis 

Medicago truncatula 

3.33 Leontice leontopetalum Leonticaceae 

3.33 Thymelaea hirsuta Thymelaeaceae 

3.33 Anagallis arvensis Primulaceae 

3.33 Thesium humile Santalaceae 

3.33 Reseda lutea Resedaceae 

3.33 Papaver rhoeas Papaveraceae 

43.33 

Diplotaxis harra 

Brassicaceae 

Diplotaxis muralis 

Enarthrocarpus pterocarpus 

Rapistrum rugosum 

Didesmus bipinnatus 

Erucaria microcarpa 

Cakile aegyptiaca 

Carrichtera annua 

Moricandia arvensis 

Biscutella didyma 

Lobularia libyca 

Matthiola tricuspidata 

Sisymbrium irio 

3.33 Emex spinosus Polygonaceae 

3.33 Hypecoum geslini Hypecoaceae 

3.33 Carthamus lanatus Asteraceae 

3.33 Avena fatua Poaceae 

10 

Haloxylon scoparia 

Chenopodiaceae Atriplex halimus 

Suaeda vera 

100 30 14 

4. Conclusion 

Although the study area has suffered long mismanagement and 
land degradation, it is still retained adequate seed density in the 
soil. However, the majority of the seeds belonged to annual species. 
In the open plateau areas, there was no distinct variation in SSB 
density, which might be a sign of degraded rangelands. The seed 
density showed a general decline trend from north to southward 
direction as we approach the desert at the south. Due to the topo-
graphical features and big drainage system, which redistribute 
runoff water after rainfall, the depressions and valleys significantly 
retained higher seed density when compared to the higher-lying 
lands on the plateau. This can be noticed as a higher vegetation 
cover in these low-lying lands. Besides the important role of the 
Dykes (small hampering dams) in harvesting runoff water and con-
serve soil, this study demonstrated their importance in increasing 
SSB density and diversity, which improves with time (Dyke age). 
Although the study showed adequate seed density in the soil, the 
dominance of annual and short-lived species in the SSB and the ab-
sence of many perennial species may hamper the rehabilitation ef-
fort that depends only on the SSB in the area, which may necessi-
tate active interventions for any successful management effort. A 
conservation program and reseeding of the area with indigenous 

perennial shrubby species in rainy seasons and in selected areas 
specially designed for rehabilitation is urgently needed. 

References 

Al-bukhari, A., Hallett, S. and Brewer, T. (2018) ‘A review of poten-
tial methods for monitoring rangeland degradation in Libya’, 
Pastoralism, 8(13), pp. 1-14 

Amiaud, B. and Touzard, B. (2004) ‘The relationships between soil 
seed bank, aboveground vegetation and disturbances in old 
embanked marshlands of Western France’, Floram, 199(1), pp. 
25–35. 

Bakker, J. P., Poschlod, P., Strykstra, R. J., Bekker, R. M. and Thomp-
son, K. (1996) ‘Seed banks and seed dispersal: Important topics 
in restoration ecology’, Acta Botanica Neerlandica, 45(4), pp. 
461–490. 

Baskin, C. C. and Baskin, J. M. (2014) Seeds: Ecology, Biogeography, 
and, Evolution of Dormancy and Germination. 2nd ed. New York, 
USA: Academic Press. 

Batanouny, A. K. H., Zayed, K. M., Marei, F. A. and Gilel, S. A. (1991) 
‘The seed bank of arable lands in Egypt The seed bank of arable 
lands in Egypt’, Abstracta Botanica, 15(1), pp. 19–24. 

Bernhardt, K.G., Koch, M., Kropf, M., Ulbel, E. and Webhofer, J. 
(2008) ‘Comparison of two methods characterising the seed 
bank of amphibious plants in submerged sediments’, Aquatic 
Botany, 88(2), pp. 171–177. 

Braz, M. I. G., Rodin, P. and de Mattos, E. A. (2014) ‘Soil seed bank 
in a patchy vegetation of coastal sandy plains in southeastern 
Brazil’, Plant Species Biology, 29(3), pp. 40–47. 

Buhler, D. D. and Maxwell, B. D. (1993) ‘Seed Separation and Enu-
meration from Soil Using K2CO3-Centrifugation and Image 
Analysis’, Weed Science, 41(2), pp. 298–302. 

Dean, W. R. J. and Milton, S. J. (1991) ‘Disturbances in semi-arid 
shrubland and arid grassland in the Karoo, South Africa: mam-
mal diggings as germination sites’, African Journal of Ecology, 
29(1), pp. 11–16. 

DeFalco, L. A., Esque, T. C., Kane, J. M. and Nicklas, M. B. (2009) ‘Seed 
banks in a degraded desert shrubland: Influence of soil surface 
condition and harvester ant activity on seed abundance’, Jour-
nal of Arid Environments, 73(10), pp. 885–893. 

De Villiers, A. J., Van Rooyen, M. W. and Theron, G. K. (2003) ‘Simi-
larity between the soil seed bank and the standing vegetation 
in the Strandveld Succulent Karoo, South Africa’, Land Degra-
dation and Development, 14(6), pp. 527–540. 

Dreber, N. and Esler, K. J. (2011) ‘Spatio-temporal variation in soil 
seed banks under contrasting grazing regimes following low 
and high seasonal rainfall in arid Namibia’, Journal of Arid Envi-
ronments, 75(2), pp. 174–184. 

Dreber, N., Oldeland, J. and Van Rooyen, M. W. (2011) ‘Impact of 
severe grazing on soil seed bank composition and its implica-
tions for rangeland regeneration in arid Namibia’, Agriculture, 
Ecosystems and Environment, 141, pp. 399–409. 

Edwards, G. R. and Crawley, M. J. (1999) ‘Herbivores, seed banks 
and seedling recruitment in mesic grassland’, Journal of Ecol-
ogy, 87(3), pp. 423–435. 

El-Barasi, Y. M. and Saaed, M. W. B. (2013) ‘Threats to plant diver-
sity in the Northeastern part of Libya (El-Jabal El-Akhdar and 
Marmarica Plateau)’, Journal of Environmental Science and En-
gineering, 2, pp. 41–58. 

El-Barasi, Y. M. and Saaed, M. W .B. (2015) ‘Land use and disturb-
ance effects on the natural vegetation of Daphna range zone 
(North Eastern part of Libyan coast)’, International Journal of 
Environment and Water, 4(2), pp. 89–103. 



Saaed et al. /Libyan Journal of Science & Technology 9:2(2019) 184193 

191 

El-Barasi, Y. M., Saaed, M. W. B. and Al Tajoury, O. R. (2013) ‘Land 
Deterioration of a Semi-desert Grazing Area in the North-East-
ern Zone of Libya (Cyrenaica)’, Journal of Environmental Science 
and Engineering, B2, 2, pp. 357–373. 

El-Jetlawi, A. O. (2004) Study of vegetation and soil seed bank of a 
range desert zone (Msus-Al Ajramia). Msc. Thesis, Department 
of Botany, Faculty of Science, Benghazi University, Benghazi, 
Libya. pp. 1-210. 

El-Mograby, A. S., Saaed, M. W. B., El-Barasi, Y. M. and Rahil, R. O. M. 
(2018) ‘Characteristics of vegetation and Soil seedbank of a 
transect in the coastal strip of the arid rangelands in Solouq 
Plain, Cyrenaica, Eastern Libya’, The fifth Scientific Conference 
of Environment and Sustainable Development in the Arid and 
Semi- Arid Regions (ICESD) In Ajdabya, Libya. pp. 132–143. 

El-Sheikh, M. A. E., El-Ghareeb, R. M. and Testi, A. (2006) ‘Diversity 
of plant communities in coastal salt marshes habitat in Kuwait’, 
Rendiconti Fisiche Accademia Lincei, 17(3), pp. 311–331. 

Esler, K. J. (1999) Plant reproductive ecology. In W. R. J. Dean and S. 
J. Milton (eds.). Cambridge: Cambridge University Press The Ka-
roo, Ecological Patterns and Process, p. 123–144. 

Fenner, M. (1985) Seed Ecology. London, England: Chapman and 
Hall. 

Fenner, M. and Thompson, K. (2005) The ecology of seeds. Cam-
bridge, UK: Cambridge University Press. 

Figueroa, J. A., Teillier, S. and Jaksic, F. M. (2004) ‘Composition, size 
and dynamics of the seed bank in a Mediterranean Shrubland 
of Chile’, Austral Ecology, 29(5), pp. 574–584. 

Ge, X., Wang, R., Zhang, Y., Song, B. and Liu, J. (2013) ‘The soil seed 
banks of typical communities in wetlands converted from farm-
lands by different restoration methods in Nansi Lake, China’, 
Ecological Engineering, 60, pp. 108–115. 

Grombone-Guaratini, M. T. and Rodrigues, R. R. (2002) ‘Seed bank 
and seed rain in a seasonal semi-deciduous forest in south-east-
ern Brazil’, Journal of Tropical Ecology, 18(5), pp. 759–774. 

Guo, Q., Rundel, P. W. and Goodall, D. W. (1998) ‘Horizontal and ver-
tical distribution of desert seed banks: patterns, causes, and im-
plications’, Journal of Arid Environments, 38, pp. 465–478. 

Guo, Q., Rundel, P. W. and Goodall, D. W. (1999) ‘Structure of desert 
seed banks: comparisons across four North American desert 
sites’, Journal of Arid Environments, 42(1), pp. 1–14. 

Hoffmann, V., Verboom, G. A. and Cotterill, F. P. D. (2015) ‘Dated 
plant phylogenies resolve Neogene climate and landscape evo-
lution in the Cape Floristic Region’, PLoS ONE. 10(9), pp. 1–25. 

Inouye, R. S. (1991) Population biology of desert annual plants. In 
G.A. Polis (ed.). University of Arizona Press, Tucson, USA The 
Ecology of Desert Communities, pp. 27–54. 

Kassahun, A., Snyman, H. A. and Smit, G. N. (2009) ‘Soil seed bank 
evaluation along a degradation gradient in arid rangelands of 
the Somali region, eastern Ethiopia’, Agriculture, Ecosystems 
and Environment. 129(4), pp. 428–436. 

Kemp, P. R. (1989) Seed banks and vegetation processes in deserts. 
In M.A. Leck, V.T. Parker, and R.L. Simpson (eds.). San Diego, 
California, USA: Academic Press Ecology of Soil Seed Banks, p. 
257–281. 

Kinloch, J. E. and Friedel, M. H. (2005a) ‘Soil seed reserves in arid 
grazing lands of central Australia. Part 2: Availability of “safe 
sites” ’, Journal of Arid Environments, 60(1), pp. 163–185. 

Kinloch, J. E. and Friedel, M. H. (2005b) ‘Soil seed reserves in arid 
grazing lands of central Australia. Part 1: Seed bank and vege-
tation dynamics’, Journal of Arid Environments, 60(1), pp. 133–
161. 

Leck, M. and Simpson, R. L. (1987) ‘Seed bank of a freshwater tidal 
wetland: turnover and relationship to vegetation change’, 
American Journal of Botany, 74(3), pp. 360–370. 

Leck, M. A., Parker, V. T. and Simpson, R. L. (1989) Ecology of Soil 
Seed Banks. London: Academic Press. 

Louda, S. M. (1989) Predation in the dynamics of seed regeneration. 
In M.A. Leck, V.T. Parker, and R.L. Simpon (eds.). New York: Ac-
ademic Press. Ecology of soil seed banks, pp. 25–51. 

Ma, M., Zhou, X., Ma, Z. and Du, G. (2012) ‘Composition of the soil 
seed bank and vegetation changes after wetland drying and soil 
salinization on the Tibetan Plateau’, Ecological Engineering, 44, 
pp. 18–24. 

Major, J. and Pyott, W. T. (1966) ‘Buried, viable seeds in two Cali-
fornia bunchgrass sites and their bearing on the definition of a 
flora’, Vegetatio Acta Geobotanica, 13(5), pp. 253–282. 

Malone, C. R. (1967) ‘A rapid method for enumeration of viable 
seeds in soil’, Weeds, 15(4), pp. 381–382. 

Milton, S. J. and Dean, W. R. J. (1993) ‘Selection of seeds by har-
vester ants (Messor capensis) in relation to condition of arid 
rangeland.’, Journal of Arid Environments, 24, pp. 63–74. 

Moles, A. T. and Drake, D. R. (1999) ‘Potential contributions of the 
seed rain and seed bank to regeneration of native forest under 
plantation pine in New Zealand’, New Zealand Journal of Botany, 
37(1), pp. 83–93. 

Nafea, E. (2015) ‘Relationship between Vegetation and Soil Seed 
Bank at Protected Versus Unprotected Sites at Coastal Habitats 
in Libya’, CATRINA, 15(1), pp. 77–87. 

Nelson, J. F. and Chew, R. M. (1977) ‘Factors affecting seed reserves 
in the soil of a Mojave Desert ecosystem, Rock Valley, Nye 
County, Nevada’, American Midland Naturalist, 97(2), pp. 300–
320. 

Ochoa-Hueso, R., Eldridge, D. J., Delgado-Baquerizo, M., Soliveres, 
S., Bowker, M. A., Gross, N., Le Bagousse-Pinguet, Y., Quero, J. L., 
et al. (2018) ‘Soil fungal abundance and plant functional traits 
drive fertile island formation in global drylands. Journal of Ecol-
ogy.’, 106(1), pp. 242–253. 

Peco, B., Ortega, M. and Levassor, C. (1998) ‘Similarity between 
seed bank and vegetation in Mediterranean grassland: a predic-
tive model’, Journal of Vegetation Science, 9(6), pp. 815–828. 

Price, J. N., Wright, B. R., Gross, C. L. and Whalley, W. R. D. B. (2010) 
‘Comparison of seedling emergence and seed extraction tech-
niques for estimating the composition of soil seed banks’, Meth-
ods in Ecology and Evolution, 1(2), pp. 151–157. 

Pugnaire, F. I. and Lázaro, R. (2000) ‘Seed bank and understorey 
species composition in a semi-arid environment: the effect of 
shrub age and rainfall’, Annals of Botany, 86, pp. 807–813. 

Raunkiær, C. C. (1934) The life forms of plants and statistical plant 
geography: being the collected papers of C. Raunkiær, trans-
lated by H. Gilbert-Carter, A. Fausbøll, and A. G. Tansley. Intro-
duction by A.G. Tansley. Oxford, UK: Oxford University Press. 

Roberts, H. A. (1981) ‘Seedbanks in soils’, Advances in Applied Biol-
ogy, 6, pp. 1–55. 

Rossa, B. and Willert, D. J. Von. (1999) ‘Physiological characteristics 
of geophytes in semi-arid Namaqualand, South Africa’, Plant 
Ecology, 142(1), pp. 121–132. 

Rundel, P. W. and Gibson, A. C. (2005) Ecological communities and 
processes in a Mojave Desert ecosystem. Cambridge, UK: Cam-
bridge University Press. 

Rutherford, M. C. and Powrie, L. W. (2010) ‘Severely degraded 
rangeland: Implications for plant diversity from a case study in 
Succulent Karoo, South Africa’, Journal of Arid Environments, 
74(6), pp. 692–701. 

Saaed, M. W. B. (2008) Studying factors causing vegetation degra-
dation in the semi-arid Daphna area, Cyrenaica (Northeastern 
part of Libya). MSc. Thesis, Department of Engineering and En-
vironmental Science, Academy of Graduate Studies, Benghazi, 
Libya, pp. 103-111. 



Saaed et al. /Libyan Journal of Science & Technology 9:2(2019) 184193 

192 

Saaed, M. W. B., Jacobs, S. M., Masubelele, M. L., Samuels, I., Khomo, 
L. and El-Barasi, Y. M. (2018) ‘The composition of the soil seed-
bank and its role in ecosystem dynamics and rehabilitation po-
tential in the arid Tankwa Karoo Region, South Africa’, African 
Journal of Range and Forage Science, 35(3 and 4), pp. 351–361. 

Samuels, I., Cupido, C., Swarts, M. B., Palmer, A. R. and Paulse, J. W. 
(2016) ‘Feeding ecology of four livestock species under differ-
ent management in a semi-arid pastoral system in South Africa’, 
African Journal of Range and Forage Science, 33(1), pp. 1–9. 

Shaukat, S. S. and Siddiqui, I. A. (2004) ‘Spatial pattern analysis of 
seeds of an arable soil seed bank and its relationship with 
above-ground vegetation in an arid region’, Journal of Arid En-
vironments, 57(3), pp. 311–327. 

Thompson, K. and Grime, J. P. (1979) ‘Seasonal variation in the seed 
banks of herbaceous species in ten contrasting habitats’, Jour-
nal of Ecology, 67(3), pp. 893–921. 

Traba, J., Azcárate, F. M. and Peco, B. (2006) ‘The fate of seeds in 
Mediterranean soil seed banks in relation to their traits’, Jour-
nal of Vegetation Science, 17(1), pp. 5–10. 

Van der Merwe, H. and Van Rooyen, M. W. (2011) ‘Life form spectra 
in the Hantam-Tanqua-Roggeveld, South Africa’, South African 
Journal of Botany, 77(2), pp. 371–380. 

Van Etten, E. J. B., Neasham, B. and Dalgleish, S. (2014) ‘Soil seed 
banks of fringing Salt Lake vegetation in arid Western Aus-
tralia: density, composition and implications for post mine res-
toration using topsoil’, Ecological Management and Restoration, 
15(3), pp. 239–242. 

Van Rooyen, M. W. and Grobbelaar, N. (1982) ‘Saadbevolkings in 
die grond van die Hester Malan-natuurreservaat in die 
Namakwalandse Gebrokeveld, South African Journal of Botany, 
1, pp. 41–50. 

Yang, J. A. and Evans, R. A. (1975) ‘Germinability of seed reserves 
in a big sage-brush community’, Weed Science, 23, pp. 358–364. 

Zaghloul, M. S. (2008) ‘Diversity in soil seed bank of Sinai and im-
plications for conservation and restoration’, African Journal of En-
vironmental Science and Technology, 2(7), pp. 172–184. 

 

Annexure A: Photos of the different landforms and vegetation framework in the study area. 

 

  

Topographical depression 
(Hafalaze Sakifa) south Kambut village). 

 

 

The southern parts of the study area retained the least soil seedbank den-
sity due to the low vegetation cover and sever erosion effect. 

  

The natural vegetation on Marmarica Plateau which is the main source of 
soil seedbank. The species which appear in the photo are: Thymelaea hir-

suta, Atriplex halimus and Haloxylon scoparium. 

The Dykes, which have been built in the flat area, play a significant role in 
increasing soil seedbank and conserving the soil. 
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Annexure B: Samples from the isolated soil seedbank in the study area showing size, shape, and the identification of some of the seeds. 

 

  

Vicia monantha 
 

Medicago orbicularis 
 

  

Avena fatua Malva reflexa 

  

Vicia abgustifoia Peganum harmala 

  

Different seeds for various plant species Leontice leontopetalum 

 


