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Soil seed bank (SSB) is valuable reserves of seeds hidden in the soil and are especially important 
for the preservation and establishment of vegetation under adverse environmental conditions. 
However, there is a lack of knowledge on the effects of restoration measures on SSB, especially in 
arid ecosystems. Here, we assess the impacts of oil mulching (1 and 3 years after mulching) and 
plantations (15-year-old) on the diversity and composition of SSB and aboveground vegetation (AGV) 
in comparison with those in non-restored areas (i.e., control). Based on the results, species richness 
was poor in the studied area (36 species belonging to 16 families), with a lower contribution of SSB 
than of AGV (11 and 34 species, respectively). The largest number of exclusive species was observed 
in the planted treatment for both SSB and AGV (4 and 5 species, respectively), while the lowest was 
found in the 1-yr mulching treatment. The mean comparison of the diversity indices revealed that the 
highest values occurred in the plantation and 3-yr-mulching plots. The seed density in the plantation 
area was significantly greater (4145 ± 694 seeds/m2) than that in the other areas (3-yr-mulching > 1-yr-
mulching > control treatments (145 ± 53, 65 ± 28, and 43 ± 22, respectively). The results of the DCA 
showed that the plantation treatment was completely separated from the other treatments in terms 
of the plant composition of the AGV, and the treatment closest to that area was 3-yr mulching, which 
indicates the positive effect of time since mulching on plant composition. The results of this study 
suggest that there is a trade-off between the short-term and medium-term effects of oil mulching, 
such that in the early years, oil mulching has a negative effect on the AGV and SSB, but its positive 
effects increase with time since mulching. It can be concluded that mulching, along with afforestation, 
creates a favorable microclimate and improves the diversity and composition of AGV and SSB.
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Arid and semiarid areas cover a large part of the Earth’s terrestrial surface, and more than a quarter of the 
world’s land is subjected to desertification1,2. Together with climate change and water shortages, desertification 
is considered a major global challenge in the 21st century3 and will lead to the loss of high-quality agricultural 
lands and the destruction of natural ecosystems, especially in arid and semiarid regions4. For this reason, 
it is very important to increase the understanding and awareness of methods for managing and preventing 
desertification, along with the use of appropriate methods of soil and vegetation modification and restoration 
in desert areas.

Oil mulching is one of the most important practices in the field of combating wind erosion and restoring 
vegetation in desert areas5–8. In general, the purpose of using oil mulch in quicksand stabilization activities 
is to increase the stability of the soil surface against wind erosion to create a suitable substrate for vegetation 
establishment activities such as planting, seeding, and establishment from vegetative organs9,10. However, in 
the early years, the use of oil mulch may have a negative effect on living organisms and plants11. Therefore, the 
use of oil mulch to stabilise sand dunes is still a challenge for land managers because of its negative and positive 
effects. Previous research has shown that oil mulching facilitates plant establishment and growth conditions11, 
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increases the fertility and productivity of soil and positively affects vegetation establishment12. For example, a 
study13 reported a threefold increase in germination capacity of Haloxylon persicum in oil-mulched areas than 
in untreated areas in the central part of Iran. Another study14 also reported that oil mulching can improve seed 
germination. In another research, the planting of shrub seedlings under oil mulch was considered for stabilizing 
mobile sands. The results indicated that oil mulch and Haloxylon planting caused a significant decline in the 
percentage of total canopy cover of Astragalus squarrosus and density of Astragalus squarrosus and Convolvulus 
hamadae, but these practices increased the living aerial foliage volume of A. squarrosus and C. hamadae15. 
However, there are several negative effects of oil mulching on micro/macro-organisms and their shelters, soil 
properties and pioneer species that are adapted to unstable conditions16–18. Results of a study11 also reported 
the negative effects of oil mulching on species evenness and Shannon and Simpson diversity indices. The effects 
of oil mulching on aboveground vegetation (AGV) properties are well established; however, no studies have 
investigated the effects of oil mulching on the soil seed bank (SSB).

The SSB is an important component of plant communities19,20 and can play a key role in preserving and 
restoring degraded areas21. It includes a collection of germinable seeds in the soil that can drive the structure and 
dynamics of the AGV, with major effects on the temporal and spatial distribution of communities22.

Generally, the stability and resilience of sand dune habitats directly and indirectly depend on vegetation and 
SSB23–25. In fact, knowledge about the structure and dynamics of the SSB is very important for the management 
and restoration of the vegetation cover of degraded areas24,25. For example, by comparing AGV and SSB, it 
is possible to identify plants with persistent seed banks and support their use in restoring degraded areas26. 
To evaluate the restoration potential at particular sites, it is necessary to consider the density, diversity and 
distribution of the SSB and the similarity of the AGV and the SSB27.

Although many studies have been conducted in the SSB field in various climatic regions, arid desert areas 
have received considerably less attention (e.g24,28). , . Seed banks in desert areas usually consist of small seeds 
without specialized dispersal syndromes29,30. Under the right conditions, plant seeds can remain dormant until 
germination conditions are met in the soil for a certain period (from a few months to a few decades) and form 
the persistent SSB of that region until specific environmental conditions trigger germination28. This duration of 
survival is influenced by a range of abiotic and biotic factors and the characteristics of the plant species found 
in the seed bank. To date, there is a lack of knowledge regarding the changes in the diversity and composition of 
SSB and AGV after oil mulching at different time points.

Iran is a country in the arid and semiarid belt of the world in West Asia, where the area of desert exceeds 
34 million hectares (20.6% of the total area of Iran), and poor rangelands with less than 25% vegetation cover 
approximately 16 million hectares (20.6% of the total area of Iran). In this regard, a study31 reported that 68% of 
Iran shows a high to very high susceptibility to desertification, and another study32 reported an increasing trend 
of desertification in the central parts of the country. Consequently, research on oil-mulch effects on AGV and 
SSB is highly important. In addition, information on the AGV and SSB dynamics along a chronosequence of oil-
mulch application is necessary for informing decision-makers about the long-term feasibility of oil-mulching, 
its effects on AGV and SSB and the duration of its effects. To address these knowledge gaps, the current study 
aimed to investigate diversity and composition of vegetation and soil seed banks after sand dune restoration by 
oil mulching and plantations. Our aim was to answer the following questions:

	(1)	� Do the changes in the diversity of AGV and SSB have similar patterns with time since oil-mulching?
	(2)	� Does the number of exclusive species in AGV and SSB increase with time since oil-mulching?
	(3)	� Does the composition of AGV and SSB vary among different stages of secondary succession after oil mulch-

ing?

Materials and methods
Study area
The study area is located on the Abu Ghovir Plain, a part of Dasht-e-Abbas city in Dehloran County, Ilam Province, 
Iran (47°44ʹ to 47°50ʹ E and 32°11ʹ to 32°16ʹ N, Fig. 1). The average rainfall and mean annual temperature of 
the region are 210 mm and 26.2 °C, respectively11. The climate of the region is in the mid-warm desert class 
according to the Emberger method and in the hot dry class according to the De Martonne method33,34. Sand 
dunes and poor rangelands (1018.6 and 1307 ha, respectively) are the main land uses in Dasht-e-Abbas, followed 
by irrigated crops (182.9 ha) and rain-fed crops (149.6 ha). The region’s soil needs stabilisation, both because of 
its desert nature and loose sands, and because of the people’s dependence on the region’s poor rangelands, as well 
as the change in land use to agriculture.

To stabilize the soil of this area and restore the vegetation, the following measures were taken by the Ilam 
Department of Natural Resources:

	(a)	� Oil mulching in 2017 (3 year of mulching).
	(b)	� Oil mulching in 2019 (1 year of mulching).
	(c)	� Plantation with Prosopis juliflora seedlings in 2005 (15-year-old).
	(d)	� Control area (no mulching, no plantation).

These study sites were located in the same physiographic conditions (flat; slope < 8%) and the elevation ranged 
from 60 to 220 m above sea level) and were independent from each other spatially.

Seed bank sampling method
SSB sampling was performed in early October 2020, after the end of the growing season and seed ripening 
period and before autumn germination. Sampling from the SSB was performed using a sampling device with 
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dimensions of 20 × 20 cm at a depth of 0–5 cm. In this way, 60 randomly placed soil samples (15 per treatment 
type) were collected. Then, the soil samples were put into labeled plastic bags, transferred to the laboratory 
for cold storage and kept at a temperature of 3 to 4 °C for three months. After artificial cooling, the samples 
were transferred to the greenhouse environment at the Agriculture Faculty of Ilam University (temperature 
conditions of 18 to 25 °C and sufficient humidity), and the seed bank study was conducted based on the seedling 
emergence method by cultivation in a greenhouse35. During the growing season, we visited the sampling area 
again and estimated the percentage of cover of the AGV corresponding to the SSB samples in one square meter 
sample plots.

Greenhouse cultivation
The SSB samples were cultivated in a greenhouse environment with suitable temperature conditions of 18 
to 25 degrees Celsius and sufficient humidity inside trays (with dimensions of 14 × 14 × 3  cm) in a suitable 
substrate. Inside each tray, soil samples were spread on a thin layer of sterile sand (thickness of 3 cm) so that 
their thickness was not more than 2 cm so that all the seeds were exposed to light and air and had a high chance 
of germination36. The trays were randomly placed in rows under a natural light regime and kept moist. To 
detect possible contamination by airborne seed rain, for every 10 trays, one tray containing only sterile sand 
was placed among the sample trays as a control. After growing in the greenhouse, the emerging plants were 
counted, identified and finally removed from the trays at regular intervals until no more plants germinated. After 
one month, when no more seeds sprouted from inside the trays, the irrigation was stopped for two weeks, and 
after a surface scratch in the soil of the trays, the irrigation started again, and the counting started until no more 
seedlings emerged36.

Vegetation sampling
To compare the composition and diversity of vegetation between the studied sites in a split plot design (1-yr-
mulching, 3-yr-mulching, planted and control sites), a similar surface located in the center of each stand was 

Fig. 1.  The location of the study areas in the southern part of the Ilam Province, western Iran.
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studied by a systematic random method. To increase the accuracy, taking into account the characteristics of the 
representative stands, three repetitions were performed for each site and at the same location where the seed 
bank was sampled. In each repetition, two perpendicular transects 20 m in length were laid out with a random 
start. The sampling of vegetation at each site was performed using 15 quadrats (sample pieces) of 1 square meter 
(five quadrats along each transect and one at the intersection of two transects) along 3 transects of 100 m (3 
transects at each site). At the end of April, 2022 of the vegetation was recorded in each quadrat according to the 
Braun-Blanquet approach37. The identification of plant species was performed using the flora of Ilam38. The life 
forms of all identified species were determined based on Raunkiaer’s classification39.

Statistical analyses
To quantify the different aspects of species diversity, we expressed species/seed richness (numbers of species/
seeds per plot), evenness (eH/S), and Shannon and Simpson indices40. In addition, seed density (number of 
seeds/m2) and AGV cover were measured. On ther other hand, we used rarefaction and extrapolation curve 
based based on Hill’s diversity index at three orders of q-value (i.e., q = 0, q = 1 and q = 2, corresponding to 
species richness, Shannon and Simpson diversity indices, respectively). The aim of rarefaction is to standardise 
the uneven number of spamples, and extrapolation allowed prediction of real diversity, taking into account 
the estimation of species not covered by the sampling effort. Here, we used a coverage-based41 rarefaction/
extrapolation for individual-based data (SSB) and abundance-based data (i.e., AGV). This statistical analysis 
was carried out using the packages “iNEXT”42 and “ggplot2”43. Before performing the statistical analysis, the 
normality of the average and the homogeneity of the variance of the vegetation diversity and SSB data were 
checked by using the Kolmogorov‒Smirnov and Levene’s tests, respectively. Due to the existence of several 
quadrats without plant species (especially in the SSB) or plots with only one species, all the investigated indices 
had nonnormal distributions. In such cases, the use of conventional statistical functions (such as logarithm and 
square root transformations) will not improve the normality of the data. We used a generalized linear mixed 
model (GLMM), which can analyze data with any type of non-normal distribution pattern. Due to the different 
formats of the investigated data, different distribution patterns were used in the GLMM tests. This analysis was 
performed using “lme4” and “car” packages in R. To investigate the changes in the species composition of SSB 
and AGV at the different sites (1-yr-mulching, 3-yr-mulching, control and planted sites), we used detrended 
correspondence analysis (DCA) based on the floristic composition of the samples as an indirect gradient analysis 
in the software PC-Ord Ver. 4.17.

Results
Vegetation composition
Overall, 36 plant species belonging to 32 genera and 16 families were observed (sum of the AGV and the SSB) in 
the study area. Among these species, 2 were exclusive to SSB (Calendula persica and Medicago radiata), 25 were 
exclusive to AGV, and 9 families were present in both SSB and AGV (Table 1).

In the AGV, there were a total of 34 species belonging to 30 genera and 16 families, with Asteraceae (8 
species), Poaceae (7 species), and Fabaceae (5 species) containing the greatest number of species (Table 1, S1). 
Additionally, the largest genus in terms of the number of species was Trifolium(T. lappaceum, T. tomentosum, 
and T. resupinatum) (Table S1).

The SSB contained 11 plant species belonging to 11 genera and 9 families (Table 1). In terms of the number 
of species in the SSB, the largest family was Poaceae(Stipa capensis, Lophochloa phleoides, and Bromus scoparius) 
(Table S1).

The investigation of the growth form type showed that 81.8% (9) of the SSB species were therophytes and 
18.2% (2) were hemicryptophytes (Table S1). Similarly, in the AGV, 79.4% (27 species) of the species were 
therophytes and 20.6% (7 species) were hemicryptophytes (Table S1).

The results of the chorology investigation showed that 41.2% of the recorded species in the AGV related to 
the Iran-Turani- Sahara-Sindian vegetation zone, and 20.6% of the species belonged to the Iran-Mediterranean 
Turani vegetation zone. Additionally, 45.5% of the recorded SSB species belonged to the vegetation zone of the 
Iran–Turani– Sahara-Sindian region, 27.8% of the species belonged to the vegetation zone of the Iran–Turani–
Mediterranean region, and other chorotypes were present at lower percentages in the region. (Table S1).

Investigating the plant composition of the AGV among the four treatments revealed six common species 
(Trigonella anguinea, Trifolium lappaceum, Plantago amplexicaulis, Neurada procumbens, Cornulaca aucheri, and 
Asphodelus tenuifolius), while the largest number of exclusive species was observed in the planted treatment (five 
species: Trifolium resupinatum, Hordeum glaucum, Hedypnois rhagadioloides, Bromus scoparius, and Anagallis 
arvensis) (Fig. 2 and Table S1). The greatest number of common species in the planted treatment was related 
to 3-yr-mulching with 5 species (Taraxacum montanum, Malva parviflora, Heliotropium ramosissimum, Emex 

Section

Number

Species Family Exclusive Species Exclusive Family Common Families

Soil Seed Bank 11 9 2 0
9

Aboveground vegetation 34 16 25 7

Overall 36 16

Table 1.  The number of plant families in the soil seed bank and aboveground vegetation.
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spinosus, and Stipa capensis), followed by the control area with one species (Bromus tectorum), while 1-yr-
mulching had no species in common with the 3-yr-mulching and planted treatments (Fig. 2 and Table S1).

Investigating the plant composition of the SSB showed that there was only one common species (Plantago 
amplexicaulis) among all treatments (Fig. 3 and Table S1). Additionally, the greatest number of exclusive species 
was related to the four planted species (Stipa capensis, Calendula persica, Bromus scoparius, and Anagallis 
arvensis), followed by the two 3-yr-mulching species (Malva parviflora and Emex spinosus), while there were no 
exclusive species in the 1-yr-mulching and control treatments (Fig. 3 and Table S1).

Comparison of the diversity of aboveground vegetation and the soil seed bank
The GLMM results showed that there was a significant difference (P value < 0.05) between the diversity indices 
in the two groups of AGV and SSB among the different treatments, and only the species evenness of SSB was 
not significantly different between the treatments (P value = 0.779). Additionally, the two variables of vegetation 
cover and seed density exhibited significant differences among the different chronosequences after oil mulching 
(Table 2).

There was a similar pattern for vegetation cover and species richness in the AGV, and the highest values 
were related to 3-yr mulching, followed by the planted treatment, and the lowest values were found in the 1-yr 
mulching and control sites (Fig. 4).

Among the diversity indices (Shannon and Simpson indices), the highest values were associated with the 
planted and 3-yr-mulching treatments. The highest values of the evenness index were related to the control site, 
followed by the 1-yr-mulching, planted and 3-yr-mulching treatments (Fig. 3).

Similar patterns were observed for the diversity indices in the SSB (species richness, Shannon and Simpson 
indices), and the highest values were found at the planted site (Fig. 5). Similarly, there was the same pattern for 
seed density among the different treatments after oil mulching, in the order of planted > 3-yr-mulching > 1-yr-
mulching > control treatments (Fig. 5).

The study of the diversity of SSB and AGV using the Hill index at three levels q = 0, q = 1 and q = 2, 
corresponding to the species richness, Simpson’s diversity and Shannon’s diversity indices, respectively, showed 
that for both AGV and SSB, the highest and lowest values of diversity at all levels considered were found in the 
plantation and 1-yr-mulching respectively (Fig. 6).

Detrended correspondence analysis (DCA)
The results of DCA analysis of the first and second axes, with eigenvalues of 0.627 and 0.401, respectively, 
explained the greatest percentage of the total changes in plant composition (Fig.  7). Based on this analysis, 
the planted treatment was completely separated from the other treatments in terms of plant composition and 
formed a group at the end of the negative direction of the first axis. Additionally, the 3-yr-mulching area was 
determined to have a plant composition similar to that of the planted treatment. Moreover, the 1-yr-mulching 
and control samples did not form distinct groups, indicating that their species compositions were highly similar 

Fig. 2.  Venn diagram for common and exclusive plant species in aboveground vegetation. The numbers inside 
the parentheses indicate the percentage of all species, and the numbers outside the parentheses indicate the 
number of species in that state.
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(Fig. 7). The life form and geographical distribution of each of the plant species related to each of the ecological 
groups are listed in Tables S2 to S4.

Discussion
The results showed that in all the treatments, especially in the plantations, the AGV had greater plant species 
richness than did the SSB. A greater richness of AGV than SSB has been reported in different studies44. This 

Group Indices df Chi Squared (X2) P value

Aboveground vegetation

Vegetation cover 3 305.63 < 0.001

Species richness 3 104.71 < 0.001

Shannon index 3 81.137 < 0.001

Simpson index 3 35.95 < 0.001

Evenness index 3 90.002 < 0.001

Soil seed bank

Seed density 3 205.54 < 0.001

Species richness 3 28.47 < 0.001

Shannon index 3 16.19 0.001

Simpson index 3 9.18 0.02

Evenness index 3 1.009 0.779

Table 2.  GLMM analysis results for diversity indices of aboveground vegetation and the soil seed bank among 
different treatments after oil-mulch application.

 

Fig. 3.  Venn diagram for common and exclusive plant species in the soil seed bank. The numbers inside 
the parentheses indicate the percentage of all species, and the numbers outside the parentheses indicate the 
number of species in that state.
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is because not all species have the ability to form an SSB27,45, and the seeds of some species need additional 
treatments for breaking dormancy46,47. There were nine exclusive families, such as Liliaceae, Convolvulaceae, 
Cruciferae and Geraniaceae, in the AGV, and several exclusive species, such as Asphodelus tenuifolius, Artemisia 
sieberi, Convolvulus oxyphyllus, Diplotaxis harra, Emex spinosus, Neurada procumbens, Trifolium lappaceum and 
Trigonella anguinea, which were only recorded in the AGV and were absent from the SSB. These results highlight 

Fig. 4.  Means and standard errors of the total vegetation cover and different diversity indices of aboveground 
vegetation among the different treatments after oil mulching. Different lowercase letters indicate significant 
differences between treatments.
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that in the studied arid environment, the recovery of several native species needs to be aided by active restoration 
interventions, such as seeding or planting.

Among the treatments, the plantation and 3-yr mulching treatments had greater species richness than 
did the 1-yr mulching and control treatments. The tree species in the plantation treatment created a milder 
microclimate and improved the humidity, temperature and soil nutrients locally, which could have led to the 

Fig. 5.  Means and standard errors of the seed density and different diversity indices of the soil seed bank 
among the different treatments after oil mulching. Different lowercase letters indicate significant differences 
between treatments.
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increased germination capacity of the species and their establishment in the AGV, which enabled the regular 
build-up of SSB48. In line with our results, another study49 reported that planting in dry regions by changing soil 
characteristics has increased the potential for plant restoration based on SSB.

Our results showed that sites with longer periods since oil-mulching had greater AGV cover and species 
richness than sites with shorter periods since oil-mulching. No significant differences were found between the 
seed bank density and richness between the two oil-mulching treatments, but there was a tendency for larger and 
more diverse seed banks with increasing time since oil-mulching. In desert and plain areas, soil stabilization with 
mulch can reduce soil temperature, buffer humidity fluctuations and prevent erosion50. In such conditions and 
with the passage of time since mulching, with the establishment of pioneer species from the SSB, effective and 
rapid growth and development of the AGV occur; therefore, the soil seed reserve is strengthened every year51,52. 
Both the SSB and the AGV of the study system were dominated by therophytes and hemicryptophytes, with a 
contribution of nearly 80%. These two life forms, especially therophytes, have been reported as the dominant 
life form in the flora of many arid and semiarid regions53,54. Therophytes are annual species with the ability 
to produce abundant and small seeds, which can strengthen the seed bank in arid conditions, in addition to 
their establishment in the AGV every year55. The results showed that some plants, such as Astragalus asterias, 
Heliotropium ramosissimum, Taraxacum montanum, and Trifolium resupinatum, were present exclusively in the 
AGV of the older mulching treatment and/or in the planted area. These results suggest that milder temperature 
and humidity conditions are needed for the emergence of these species.

Venn diagrams showing the similarity of the plant composition between the treatments by separating two 
sections of AGV and SSB showed that the degree of similarity between the treatments was low, and the greatest 
similarity was recorded in the AGV between the plantation and 3-yr-mulching treatments (5 species). The 
similarity of the AGV composition between the plantation and 3-yr-mulching treatments indicates that these 

Fig. 6.  Cover-based rarefaction/extrapolation biodiversity curves as functions of the relative cover (AGV) 
and number of seedling (SSB), based on Hill’s index at three levels q = 0, q = 1 and q = 2 that corresponding to 
species richness, Shannon diversity and Simpson diversity indices, respectively for AGV (a) and SSB (b). The 
solid and dashed lines are the rarefaction and extrapolation curves, respectively. The shaded area indicates 95% 
confidence intervals obtained using the bootstrap technique based on 1000 replicates.
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treatments had similar positive effects on the restoration of vegetation. Mulching in the early years may have 
negative effects on vegetation11. Oil mulch in the first few years can cause temporary or permanent elimination of 
some species. For example, the results of the present study showed that mulching caused the elimination of plants 
such as Chrozophora tinctoria, Stipagrostis plumosa, and Cymbolaena griffithii from the vegetation composition, 
and these plants were still missing from the AGV in later successional stages. Therefore, in addition to mulching, 
additional measures such as seeding and planting are recommended for a more complete restoration of native 
species (see also56). The results showed that by increasing the age of mulching to three years, exclusive species 
were included in the composition of the seed bank, while no exclusive species were recorded in the control areas 
or in the early years of mulching. This result shows that the positive effects of mulching are expressed after at least 
three years (see also57). Mulching treatment improves soil conditions, reduces erosion, provides conditions for 
the establishment of pioneer plants, and increases the possibility of establishing new plants.

Investigating the diversity and richness of both the SSB and AGV showed that these indices were significantly 
greater in the 3-yr mulching and plantation treatments than in the 1-yr mulching and control mulch treatments. 
A previous study in this region11, also reported a positive effect of short-term oil-mulching on vegetation cover, 
plant litter and rangeland condition (i.e., rangeland condition score); while, diversity indices (Shannon and 
Simpson indices) 63%, and 71%, declined by applying oil-mulch (respectively). Therefore, it can be concluded 
that the early positive effects of mulching on sand dune stabilizing will continue and increase over time. For 
instance, with the increase of seed entry into the region and the emergence and establishment of perennial plants 
(i.e., nursing plant), the plant flora of the region will be enriched and the effects of these positive changes in 
improving the soil will also be enhanced58–61. However, for the evenness index, a completely different pattern was 
observed. Based on the results for both AGV and SSB, the evenness index was greater in the 1-yr-mulching and 
control treatments than in the other treatments. This result could be due to the limited number of plant species 
in these two treatments. In other words, in the control area, due to the unfavorable environmental conditions 
and in the 1-yr mulching period due to the negative effects of the oil mulch in the early years, the species pool 
was limited, which increased the evenness of the plant composition. With the passage of time since mulching 
and improvements in environmental conditions, certain species became dominant, and several subordinate 
species were added to the communities, which resulted in an increase in plant diversity and decreased evenness 
values. This difference in abundance will reduce the evenness of the plant composition in the AGV and SSB.

Examining the seed density in the SSB of the investigated treatments showed a large difference between the 
plantation and other treatments. This can be partly explained by the milder environmental conditions in this 
treatment (moisture, temperature and accumulation of nutrients due to the decomposition of dead leaves) and 
by the seed trap effect of the litter that prevents the movement of seeds62,63. In addition, the high diversity and 
abundance of plant species in the plantation treatment, especially for therophytes with abundant and small 
seeds, increased the seed density (400 seeds/m2).

Investigating the plant composition using the DCA indicated a clear distinction the plantation area from the 
other treatments. In other words, plantations caused a clear change in the plant composition of AGV. The plant 
composition of the plantation samples in the 3-yr-mulching treatment group was similar to that in the DCA 

Fig. 7.  Detrended correspondence analysis (DCA) of the aboveground vegetation; red filled rectangle: 3-yr-
mulching, brown filled triangle: 1-yr-mulching, open pink diamond: Plantation, filled pink circle: Control.
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group, which also indicates that these two treatments had greater similarities in terms of plant composition, while 
the 1-yr-mulching treatment group and the control group did not have homogeneous or distinct compositions. 
These results show that with increasing time since mulching, the plant community has stabilized and has obtained 
a stable and homogeneous plant composition, which will likely increase its stability against environmental 
changes and disturbances. Planting with native species can improve suitable environmental conditions and soil 
characteristics in the studied habitat, which will strengthen and clearly change the composition of the understory 
vegetation49. These results imply that it is possible to give an establishment advantage to native species of the 
region by creating the initial establishment conditions by the use of oil mulching. However, in the early years, the 
established plants will have very little resistance, and the need for auxiliary and protective measures is very high.

Conclusion
The results of this study highlight the potential of different soil stabilization treatments for vegetation restoration 
in the studied arid ecosystems. By creating a milder microclimate, both the mulching and planting treatments 
increased the species richness of the vegetation and the seed bank. We found that the positive effect of mulching 
became evident only a few years after the application of the treatment, but not in one year after oil mulching, 
which highlights the necessity of long-term monitoring programs for a comprehensive evaluation of restoration 
success. We found that in the studied ecosystem, most of the native plant species did not possess persistent SSB, 
which highlights the importance of active propagule addition of the desired target species. Considering the 
negative effects of oil mulching one year after its application, it is necessary to carry out protective measures for 
native and planted species, especially in the first year of oil mulching.

Data availability
The data used to support the findings of this study are available from the corresponding author upon reasonable 
request.
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