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Abstract
Sichuan Basin in southwestern China is a region of great conservation concern, yet little is known
about the influence of edaphic factors on plant community dynamics of disturbed areas. We used
multivariate analyses to identify differences in vegetation structure (i.e., tree, shrub, forb, and
graminoid) and species composition between sandstone and shale substrates across 13 successional
forest plant communities that varied in soil depth and soil texture. Vegetation structure did not differ
between substrates (P >0.05), but plant community composition varied significantly (P = 0.0017). In
addition, six indicator species were identified, including two native perennial grasses; namely,
Imperata cylindrica for intermediate soil depths (20-30 cm) on sandstone substrate (P = 0.016) and
Miscanthus sinensis for greater soil depths ( > 30 cm) on sandstone (P = 0.012) as well as on
intermediate soil depths (20-30 cm) on shale substrate (P = 0.0002). Imperata cylindrica and M.
sinensis were also the most dominant perennial grass species on sandstone (15.6 ± 5.3% cover) and
shale (12.3 ± 4.9% cover), respectively. These patterns provide insights into species interactions and
successional dynamics of roadside slopes, and offer guidance when choosing suitable species for future
restoration projects in the Sichuan Basin.
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Introduction
Road construction is necessary to support commerce and
transportation, yet it is a pervasive disturbance with farreaching impacts on vegetation and plant community
composition [1-3]. Vegetation recovery is essential to stabilize
slopes [4], ameliorate compacted soils [5], increase water
infiltration capacity [6], and reduce erosion and sedimentation
of watersheds [5]. Roadside vegetation also provides refugia
for the conservation of isolated or relict populations of plant
species in highly modified regions where novel ecosystems are
emerging [7]. However, vegetation recovery following road
construction is dynamic, variable, and is strongly influenced by
underlying edaphic and environmental conditions [8,9].
Clarifying the influence of edaphic factors on plant community
structure and species composition may provide valuable
ecological indicators and inform future restoration projects
[10,11].
Roads often traverse heterogeneous substrates (e.g., parent
materials/rock types) [12,13] that directly influence additional
edaphic factors [14-17]. In particular, substrate variability
influences soil depth [18] and soil texture [19], which both can
have long-lasting influences on vegetation and species
composition of roadside slopes [20-22]. For example, soil
depth and texture are strong determinants of nutrient content
[23], which subsequently influences plant species diversity and
long-term species persistence following disturbance [2,24]. In
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addition, soil nutrient availability is generally lower in coarse
soils and declines with soil depth [18,25]. Accordingly, soil
depth is a major driver of vegetation structure and plant
community composition [26,27]. Soil depth, thus, influences
resource availability and competitive ability of species [28,29],
vegetation recovery following disturbance [12,30], and can
determine which species become dominant within a plant
community. However, because both soil depth and texture
simultaneously vary across edaphic gradients [29,31], it is
essential to account for such differences when interpreting
vegetation patterns [17,32]. Given the complex influence of
soil conditions on species composition, there is need to
characterize how these edaphic conditions control species
dominance and create unique vegetation patterns [33,34],
especially over broad geographic regions that encompass
numerous parent material substrates [32,35].
Sichuan Basin is a dominant geographical feature in
southwestern China with relatively consistent climatic
influence; however, edaphic and environmental conditions are
highly variable due to topographic heterogeneity of
sedimentary rock substrates [36]. The original temperate forest
vegetation of low hills and alluvial plains, however, has mostly
been eradicated due to thousands of years of agricultural
conversion [37], logging in the past century [38], and more
recently with shale gas exploration and development. Although
endemic plants have been replaced by widely distributed
species [37], remaining roadside vegetation provides refugia
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for endemic plant species and the opportunity to assess
vegetation recovery patterns across heterogeneous sedimentary
substrates. Previous research in this region found species
composition along roadway slopes was influenced by substrate,
soil texture, and soil depth [39,40] but vegetation patterns have
not been characterized for these edaphic factors. Furthermore,
plant litter characteristics along slopes are known to be
complex and only loosely correlated with dominant species
abundance [41]. The possibility that distinct plant communities
assemble on different substrates has not been investigated in
this region, yet this information could provide useful indices to
guide future conservation and restoration activities in similar
regions threatened by heavy disturbance and rapid species loss.
In this study, we assessed variation in vegetation structure and
plant community composition of sandstone- and shale-derived
soils along express highways radiating from the capital city of
Chengdu outward into the Sichuan Basin in southwestern
China. Our primary objectives were to: (1) identify key
differences in vegetation structure and plant community
composition between sandstone and shale substrates; and (2)
within each substrate, determine whether vegetation structure
and plant community composition vary among levels of soil
depth and soil texture classes. We expected large differences in
vegetation between substrates given the prevalence of shale
soils at higher elevations where forest succession is more
advanced compared to the lower elevation sandstone soils
where herbaceous species dominate. However, the influences
of soil texture and soil depth on vegetation structure and
species composition is unknown; thus, our assessment provides
a rudimentary framework to recognize roadside vegetation
patterns, identify indicator species for substrates, and better
understand species interactions. This assessment is essential to
assist practitioners in choosing appropriate restoration species
to stabilize slopes and improve species diversity similar
regions.

supporting multiple, within-site sampling plots were limited
due to the high level of urban development and uncertain
disturbance history in this region [46]. Thus, road construction
records from the Sichuan Province highway department were
consulted to determine disturbance history for roads
constructed between 1939 and 2002 that were located at a set
distance of 250 km from Chengdu City. We then visited
potential locations, specifically looking for natural vegetation
that covered an area greater than 2 hectares and contained a
mixture of various successional stages composed of
herbaceous/graminoid, shrub and tree life forms. Our search
yielded 13 suitable locations that met these criteria (Table 1
and Figure 1). Our objective was to assess the widest possible
variation in successional stages within each location and across
the region.
Table 1. Location, elevation, slope degree and slope aspect of 13
sampling locations used to characterize where vegetation and soil
samples were collected along roadside slopes in Sichuan Basin,
China.
Sampling
Location

Elevation (m)

Slope (°)

Aspect (°)

1

519

47

286

2

415

65

150

3

608

57

55

4

603

41

213

5

669

43

146

6

1020

47

278

7

571

47

293

8

415

68

160

9

419

30

165

10

415

3

25

11

419

2

35

Sampling locations

12

434

22

20

The experiment was conducted within Sichuan Basin in
southwest China (26°03′–34°19′ N, 97°21′–108°31′ W), which
is characterized by a subtropical, moist climate with a distinct
dry season between June and October and mean annual
(1994-2014) temperature and precipitation values of 17.3°C
and 826 mm, respectively [42]. The primary soil types within
the basin include soils developed from either basalt or sandshale substrates with high amounts of clay minerals, especially
Fe-Al oxides [43]. The original vegetation is locally known as
broad-leaved forest, often dominated by large-statured trees
(i.e., Castanopsis fargesii and Cyclobalanopsis glanuca
[44,45]).

13

707

56

345

Materials and Methods

We sought to assess plant communities adjacent to major roads
radiating from Chengdu City. In this region, the original forest
vegetation was destroyed during road construction and current
plant communities reflect various stages of natural succession
over a 7–70 year period. Large study locations capable of
J Agric Sci Bot 2018 Volume 2 Issue 1

Vegetation sampling
At each location we randomly selected a 20 m × 100 m (i.e.,
2000 m2) sampling area and sampled vegetation within 3, 5 m
× 5 m randomly located plots. Plots were situated at least 10 m
apart and at least 5 m from the bottom of the slope. This design
resulted in a total of 39 sampling plots, which were considered
independent experimental units due to the high level of withinlocation heterogeneity. Percentage canopy cover for each
species was estimated visually to the nearest 1% in each plot.
Canopy cover was defined as the proportion of ground area
occupied by the aboveground parts of plants, i.e., the area
covered by the vertical projection of plant canopies and tree
crowns [47]. To aid in estimating cover of large trees, a cord
was placed on the ground within plots to indicate canopy edge.
Thus, total plot cover often exceeded 100% when canopies
were multi-layered. Each species was also assigned to one of
4
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seven functional groups (annual forb, annual grass/sedge,
perennial forb, perennial grass/sedge, shrub, tree, and vine) and
cover values were summed for each group.

Figure 1. Map showing Sichuan Province in southwestern China
(inset) and the 13 sampling locations within Sichuan Basin along
major roadways near Chengdu City. Numbers indicate locations
referenced in Table 1. Gray lines represent country boundaries.

Soil sampling
Soil from the surface horizon (0-10 cm) was sampled with a 3
cm diameter corer in nine random locations within each plot.
Soil samples were placed in sealed plastic bags, transported to
a laboratory bench, and air-dried with bags open for 7 d at
25°C. Soils were sieved through a 2 mm diameter mesh and a
25 g sample was prepared to determine percent sand, silt, and
clay and classify soils into the textural classes (i.e., pack sand,
loose sand, and sandy loam [48]). In addition, a 15 g sample
from each plot was leached with 20 mm distilled water, mixed
for 1 min, then allowed to settle for 30 min before measuring
soil pH with a glass electrode [49]. Soil depth of each plot was
determined by inserting a 1.8 m steel rod vertically from soil
surface until it was stopped by parent material [50], which then
were classified by depth into four levels (i.e., 0-10 cm, 10-20
cm, 20-30 cm, >30 cm). Soil substrate was determined using
physical characteristics [51]. Based on this assessment, we
identified a total of 22 sandstone and 17 shale plots. On
average (± SE), shale plots were located at higher elevation
(670 m ± 123) with steeper slopes (47° ± 4) compared to
sandstone plots (455 m ± 69 and 38 ° ± 25 respectively).

statistic [53]) using Sørensen distance measures [54]. We also
analyzed differences between substrates for each vegetation
structure category (i.e., percentage cover for the seven
functional groups), soil pH, and soil texture proportions (i.e.,
sand, silt, and clay) with Wilcoxon one-way rank sums tests (χ2
test; df = 1; P < 0.05) using JMP ver. 13 (SAS Institute Inc.
Cary, NC, USA). Lastly, we assessed Objective 1 with
indicator species analysis (ISA [55]) using raw (nonrelativized) percentage cover values to identify species that are
both reliable and faithful to each substrate. Significance was
based on Monte Carlo randomization tests comparing observed
and random indicator values (4999 permutations; P < 0.05).
To determine whether distinct plant communities develop
under levels of soil depth and soil texture classes (Objective 2),
we performed separate MRPP analyses for sandstone and
shale. We then used ISA to identify species that are both
reliable and faithful to levels of soil depth and texture classes.
MRPP and ISA analyses were performed using PC-Ord ver. 7
(MjM Software Design, Gleneden Beach, OR). Lastly, we
calculated mean and standard error percentage cover values to
determine whether indicator species were also the most
abundant (i.e., dominant) species within substrates or specific
edaphic factors.

Results
Differences between substrates
A total of 42 plant species occurred across the sandstone and
shale substrates. The highest and lowest species richness
values were found for perennial forbs (n = 13 species) and
trees (n = 2), respectively (Table S1). Fifteen species were
common between substrates, yet many species were unique to
a specific a substrate [i.e., sandstone (n = 14) and shale (n =
13)]. Relative to shale, there were more forbs and no tree
species on sandstone (Figure 2).

Data analysis
To address Objective 1, we analyzed percentage cover for
species that occurred across both sandstone and shale. Datasets
were then relativized using Beals smoothing, a technique
recommended for datasets that contain many zero values [52].
Differences in plant community composition (P < 0.05)
between sandstone and shale substrates were analyzed with
Multiple-Response Permutation Procedures (MRPP; T test
5

Figure 2. Number of unique species encountered within the seven
functional groups for sandstone and shale substrates.

No differences in vegetation structure (i.e., percentage cover of
functional group categories) were found between substrates (χ2
J Agric Sci Bot 2018 Volume 2 Issue 1
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tests; P > 0.05; data not shown). Although soil pH and clay
content were also similar between substrates (P > 0.05), sand

content was higher and silt content was lower in sandstone than
shale, respectively (Figure 3).

Sandstone

Soil pH

7.5
7.0
6.5
6.0

X2 = 4.3
P < 0.038

0.95
0.90
0.85

0.10
Proportion soil silt

1.00
Proportion soil sand

8.0

Shale

0.08
0.06
0.04
0.02
0.00

0.80

0.10

2

X = 11.2
P < 0.0008

Proportion soil clay

Citation:

0.08
0.06
0.04
0.02
0.00

Figure 3. Box-and-whisker plots showing soil pH, and proportions of soil sand, silt and clay of sandstone- (white; n = 22) and shale-derived
(gray; n = 17) soils in Sichuan Basin, China. For each variable, top, bottom, and middle lines of the box correspond to the 75th, 25th, and
median, respectively; vertical lines extending from the bottom and top of the box correspond with the 10th and 90th percentile, respectively; and
the black squares indicate the mean value. Differences between substrates are based on χ2 tests; df = 1; P < 0.05).

Plant community composition was significantly different
between sandstone and shale substrates (MRPP, T = -3.98; P =
0.020). Six indicator species, one for sandstone and five for
shale, were found among the 39 plots (Table 2). Each substrate
contained a significant perennial grass indicator species:
Imperata cylindrica was associated with sandstone, and
Miscanthus sinensis was associated with shale. No annual
grass/sedge, forb, or tree species were significant indicators on
either substrate.
Table 2. Combined indicator species analysis for sandstone and shale
roadside plots (n = 39) in Sichuan Basin, China. Indicator values
[55] were compared to random values generated by Monte Carlo tests
with 4,999 permutations. Only significant indicator species are shown
based on the proportion of random indicator values equal or greater
than observed values (P < 0.05).
§ PF = perennial forb; PG = perennial grass; S = shrub; V = vine.
*P < 0.05; **P < 0.01; ***P < 0.001.
Functional
group§

Substrate

Species

Indicator value

Sandstone

Imperata cylindrica

PG

42.3*

Miscanthus sinensis

PG

45.7*

Myrsine africana

S

41.2***

Erigeron acer

PF

35.3**

Pyracantha fortuneana

S

29.4*

Paederia scandens

V

23.5*

Shale

Influence of soil factors
No differences in vegetation structure (i.e., percentage cover of
the seven functional groups) were found soil texture and soil
depth levels for either sandstone or shale substrates (χ2 tests; P
> 0.05; data not shown). In addition, no differences in plant
community composition were found among soil texture classes
and soil depths on sandstone substrate (MRPP, T = -0.11 and
-0.95, respectively; P > 0.05). Similarly, plant community
composition did not vary among soil texture classes and soil
depths on shale substrate (MRPP, T = -0.16 and -1.75,
respectively; P > 0.05).

Perennial grasses were the most common indicator species
identified for edaphic conditions on sandstone and shale
substrates (Table 3). For sandstone, the perennial grass
Cymbopogon goeringii was an indicator of sandy loam soils,
whereas the perennial grass I. cylindrica was unique to soil
depths of 20-30 cm. Soils deeper than 30 cm were represented
by the reliable presence of the perennial grass M. sinensis and
the annual sedge Cyperus microiria on sandstone. In contrast
to sandstone, no species were indicators of soil texture classes
on shale substrate. However, soil depths were distinguished by
the perennial forb Caulis fici at 10-20 cm and the perennial
grass M. sinensis at 20-30 cm.

Table 3. Indicator species analysis for sandstone (n = 22) and shale (n = 17) roadside plots in Sichuan Basin, China for levels/classes of edaphic
factors. Indicator values [55] were compared to random values generated by Monte Carlo tests with 4,999 permutations. Only significant
indicator species are shown based on the proportion of random indicator values equal or greater than observed values (P < 0.05).
§AG = annual grass; PF = perennial forb; AS = annual sedge; PG = perennial grass; S = shrub; V = vine.
*P < 0.05; **P < 0.01; ***P < 0.001.
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Substrate

Soil Factor

Level/Classes

Species

Functional group§

Indicator value

Texture

Sandy Loam

Cymbopogon goeringii

PG

93.9*

20-30 cm

Imperata cylindrica

PG

68.7*

>30 cm

Cyperus microiria

AS

90.2**

>30 cm

Miscanthus sinensis

PG

88.1*

10-20 cm

Caulis fici

PF

85.8*

20-30 cm

Miscanthus sinensis

PG

89.3***

Sandstone
Depth

Shale

Depth

Indicator species specific to sandstone and shale substrates
(i.e., I. cylindrica and M. sinensis, respectively) were also the
most abundant (i.e., mean ± SE percentage cover). For
example, percentage cover of I. cylindrica was five-fold
greater on sandstone than shale substrate (15.6 ± 5.3 vs. 2.8 ±
1.9). However, its dominance was most pronounced at
intermediate soil depths (20-30 cm) where it existed nearly as a
monoculture and comprised 53.3 ± 11.5 of the vegetation
cover. Similarly, cover of M. sinensis was over three-fold
greater on shale than sandstone substrate (12.3 ± 4.9 vs. 3.5 ±
2.3 ) and its abundance was most pronounced at intermediate
soil depths (10-20 cm). In contrast to these dominant perennial
grasses, the annual sedge C. microiria and the perennial forb C.
fici were also found to be indicator species at >30 cm- and
10-20 cm- depth soils on sandstone and shale substrates.
Nevertheless, they both contributed little to overall vegetation
cover (5.0 ± 3.0 and 2.5 ± 2.5%, respectively).

Discussion
The lack of differences in percentage cover between substrates,
soil texture classes, or soil depths for any of the seven
functional groups suggests vegetation structure was not
strongly influenced by these edaphic factors. While we
expected structural differences in vegetation, our results are
likely a consequence of equitable species diversity within
functional groups (with the exception of trees) and the
overriding influences of dominant perennial grass within each
substrate. Similarly, previous work indicates that functional
group diversity (i.e., number of species within a functional
group) is more important than species diversity [56,57]
because it strongly regulates species colonization and increases
ecosystem stability, more so than species richness [58].
Alternatively, our results indicate that variation in roadside
vegetation is primarily associated with differences in plant
community composition between substrates and among soil
texture classes and soil depths. Indeed, our results showed that
plant community differences between substrates were not
based on species richness, but rather were due to a few species
that served as indicators for specific edaphic conditions. These
patterns for dominant perennial grasses may also be associated
with their ability to acquire more limiting resources and
maintain competitive superiority over subordinate other species
[59]. Below, we discuss how these subtle differences in species
composition provide indicators of edaphic conditions, insights
into competitive interactions among species, and guidance to
identify suitable species for future restoration of variable
roadside substrates in Sichuan Basin.
7

Although distinct differences in plant community composition
between substrates were identified, differences were primarily
due to only six, out of a total of 59 possible, indicator species.
Foremost among these were two large-statured perennial
grasses, M. sinensis on shale and I. cylindrica on sandstone,
both native species in this area but invasive species in other
regions of the world [60,61]. Dominance of these species,
however, makes sense when considering their general
ecological requirements. For example, although M. sinensis
exists over wide variation in soil and climate conditions in its
native range in southern Asia [62], it is also known to be a
consistent indicator of advanced forest succession and shaded
environments on steep mountain slopes in Japan [63]. This
pattern is congruent with our study where shale substrate
predominated on slightly steeper and higher elevation locations
that were occupied by the only two tree species we
encountered. However, there is evidence that when M. sinensis
becomes a dominant perennial grass on degraded lands in
southern China, it can form dense canopies that hinder tree
seedling establishment, even though it improves soil structure
and buffers high air temperatures for tree seedlings [64]. In
contrast to M. sinensis, I. cylindrica is shade intolerant [65],
adapted to open areas, and rapidly colonizes disturbed sites due
to prolific seed production and wind dispersal [60].
Furthermore, its roots produce allelochemicals known to
impede root development of tree species [66] and I. cylindrica
has been considered a major barrier to reforestation projects in
southern Asia [67]. The ability of I. cylindrica to interfere with
colonizing species, combined with the fact that dense woody
vegetation along forest edges is known to limit I. cylindrica
colonization [68,69], offer plausible explanations for why this
perennial grass was a strong indicator of sandstone substrates
in our study where, incidentally, no tree species were observed.
Greater prevalence of perennial grass indicator species (e.g., 4
out of 6 species in Table 3) relative to other functional groups
agrees with previous studies demonstrating their importance to
plant community successional dynamics [70,71]. Furthermore,
because our principal indicators for sandstone and shale
substrates (i.e., I. cylindrica and M. sinensis, respectively) were
also the most abundant species, we suspect they influence a
number of ecological processes that regulate species diversity
on disturbed roadside slopes. Firstly, dominance of I.
cylindrica on sandstone and M. sinensis on shale may allow
them to strongly compete for limiting soil nutrients and
potentially displace resident species [72,73]. For example, once
established, dominant perennial grasses are known to thrive on
low soil nutrient conditions and heavily compete with species
J Agric Sci Bot 2018 Volume 2 Issue 1
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that arrive later in succession [74]. Similarly, dominant
perennial grasses reduced annual net biomass production of
subordinate species after long-term prairie restoration
experiments [75]. Secondly, dominant perennial grasses may
provide inhospitable conditions for the establishment of
subordinate species, even when they readily arrive to these
roadside plant communities. For example, perennial grasses
can modify under-canopy light condition, soil chemistry, and
nutrient cycling to favor their own dominance while limiting
the germination and growth of subordinate species [75-77].
Furthermore, dominant species are often superior competitors
even with species of the same functional group [78], which
provides an explanation for why the perennial grass
Eriophorum vaginatum remained subordinate to dominant
perennial grass on both substrates in our study. Given the
potential influence of dominant species on these ecological
processes, we suggest that further research is needed to
evaluate competitive interactions in an overall effort to better
understand colonization limitations, increase functional group
diversity, and to identify suitable restoration species to
successfully coexist with dominant species.
The indicator species we highlight above provide reliable field
indicies of prospective sandstone and shale substrates and
assist in developing site-specific restoration plans. Based on
our analysis of soil depth and texture, sandstone substrates are
not only generally devoid of trees, but I. cylindrica will likely
be the most abundant perennial grass at intermediate soil
depths (i.e., 20-30 cm). Alternatively, when field assessments
identify the presence of the annual sedge Cyperus microiria
and the perennial grass M. sinensis at a site, our results denote
that soils are likely deeper (i.e., > 30 cm). Edaphic conditions
of sandstone substrates can be further delineated by the
presence of the perennial grass Cymbopogon goeringii, which
signifies sandy loam soils. Similar to sandstone, M. sinensis
served as an indicator of deeper soils (i.e., 20-30 cm) on shale
substrate, but no indicator species were found for soil texture
classes. While our results provide a rudimentary framework to
classify roadside vegetation and edaphic conditions using a few
indicator species, additional research is needed to understand
how the performance of these indicator species may shift
during plant community development [39]. Future research
should also be conducted in situ to identify species for
remediation of disturbed roadside slopes [79].
In addition to indicator species, many of the perennial grasses
we found on our study locations are known to perform well for
roadside slope restoration in southern Asia, and thus, deserve
further
attention.
For
example,
Pogonatherum
paniceum occurred only on sandstone substrate, and previous
research indicates that this species may also be well suited for
slope restoration because it has higher seed production,
establishment frequency, and maximum root length compared
to other species on rocky slopes in southern China [80]. In
addition, P. paniceum has been recommended for roadside
restoration in other ecosystems due to its ability to survive
under prolonged low soil moisture (e.g., 2-4 %; [81]).
Similarly, Cynodon dactylon is a prostrate stoloniferous grass
known to prefer sites with loamy soil and high solar radiation
J Agric Sci Bot 2018 Volume 2 Issue 1

[82], yet its occurrence on shale substrates in our study suggest
it may also be well-suited species to coexist with the dominant
I. cylindrica on sandstone and potentially interfere less with
tree establishment. Aside from these two species, future
research should also evaluate the suitability of species with
known colonization ability and tolerance to stressful
environmental conditions typical of roadside slopes in Sichuan
Basin. For example, although we did not encounter the
perennial grasses Eragrostis curvula and Eremochloa
ophiuroides on sandstone substrates, both are known to
perform well on sandy soil with lower moisture [83-85].
Similarly, we suggest future research should be performed to
identify how the large-statured perennial grass Paspalum
notatum, which has been shown to intercept rainfall and
prevent erosion of roadside slopes [58,86], may coexist with
dominant perennial grasses on sandstone and shale substrates
and improve slope stability.

Conclusions
In this study, we found no differences in vegetation structure
between sandstone and shale substrate, or among soil texture
and soil depth levels across Sichuan Basin roadside slopes. In
contrast, differences between substrates were primarily due to
species composition and the presence of two perennial grasses
that appear to strongly influence species interactions and
diversity on sandstone and shale. Perennial grasses were more
commonly indicators of soil conditions compared to six other
functional groups. In addition, the principal perennial grass
indicators (i.e., I. cylindrica on sandstone, and M. sinensis on
shale) were also the most dominant species, suggesting the
possibility that they may be competitively displacing
subordinate species, especially those of the same functional
group. Dominant perennial grasses also appear to be limiting
the colonization of species within these plant communities as
evidenced by the lack of tree species on sandstone substrates,
where I. cylindrica is know to strongly regulate forest
succession in southern Asia. To address these potential
mechanisms regulating species diversity, we suggest that future
research should explore the outcome of competition between
these dominant perennial grasses and candidate restoration
species that were identified to successfully stabilize roadside
slopes in our study. For example, our results identified a
number of subordinate species that currently coexist with these
dominant species, yet research is needed to determine whether
they may be suitable for broader use in Sichuan Basin. Lastly,
although species composition and vegetation structure were not
strongly influenced by variation in soil texture and depth in our
study, we did, however, identify indicator species for both of
these edaphic factors. Overall, the six indicator species we
identified can be used to denote specific edaphic conditions,
while our interpretations of species interactions and
successional dynamics of roadside slopes offer guidance to
choosing suitable species for future restoration projects in
Sichuan Basin of China.
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