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a b s t r a c t

A common practice in the revegetation of motorway slopes is to hydroseed broad-purpose,

fast-growing, usually exotic species, without particular attention to soil, climate and general

features of each site. The importance of using native species is becoming widely acknowl-

edged and restoration projects are gradually considering native species for the hydroseeding

mixture, particularly under adverse climatic and soil conditions. However, the selection of

species may not take into account the competitive interactions among commercial and

native species, which can dramatically affect the outcome of the hydroseeding. We car-

ried out a multispecies controlled experiment simulating eight different communities with

species typically used in the revegetation of gypsum motorways slopes in Mediterranean

Spain. The effect of the presence, relative density and emergence time of Lolium rigidum,

a fast-growing and highly competitive introduced grass, on the growth and cover of each

community and on the performance of six individual gypsum species was assessed. Survival

and performance of the gypsum species was always hindered by L. rigidum. Mean height of

the gypsum species was maximal at the combinations without L. rigidum and the same was

true for aboveground biomass. Same kind of significant effect, although reduced in extent,

was obtained when L. rigidum was sown 1 month after the emergence of the gypsum species.

On the contrary, mean height, aboveground biomass, root biomass, and cover of the whole

community (gypsum species + L. rigidum) was higher at the combinations with more individ-

uals of L. rigidum, due to the fast growth of the latter. Our results showed that fast-growing

commercial species outcompeted slow-growing gypsum species even on real gypsum soils

and even if the community gets started with less individuals of commercial than of gypsum

species, or if the former is sown 1 month after the germination of the latter. These results

suggest that the inclusion of native species in the hydroseeding mixture may not improve

the revegetation of gypsum slopes in Mediterranean conditions if used in combination with

commercial, fast growing species, which can quickly cover the ground during the spring

but are not likely to survive over the summer drought. Further studies should focus on the

suitability of using herbaceous species tolerant of gypsum soils, as their growth rate is likely

to be higher and could be used together or even instead commercial species.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The construction of linear infrastructures such as motorways
leads to the creation of bare and steep surfaces in which
vegetation establishment is of crucial importance to provide
stabilization or reduce erosion (Andrés and Jorba, 2000; Tormo
et al., 2006). Although the assessment of the success of restora-
tion is of central importance in restoration projects (Lane and
LeJeune, 2005; Martin et al., 2005; Ruiz-Jaen and Aide, 2005a),
the criteria to fix the goals and success of the restoration
of motorway slopes are not clearly defined, and are usually
limited to the establishment of an unspecific plant cover by
means of hydroseeding (Andrés and Jorba, 2000; Matesanz et
al., 2006). However, some attempts have been carried out to
further our understanding of the type of community that gets
established in the slopes, and thus to increase our capacity
to improve their ecological restoration (Matesanz et al., 2006).
Some studies have emphasized the advantages of using native
species in the revegetation of motorway slopes (HarperLore,
1996; Brindle, 2003; Petersen et al., 2004), not only because of
the concern regarding the introduction of exotic genotypes
(Brown and Rice, 2000; Tinsley et al., 2006; Andel, 2006), but
also to avoid possible failures of commercial species due to
adverse local conditions, mainly climate and soil properties
(Bochet and Garcı́a-Fayos, 2004). The latter fact is particu-
larly important in the revegetation of motorway slopes on
gypsum soils. The existence of a specialized flora in gypsum
soils is well known (Escudero et al., 1996; Mota et al., 2003),
and these abiotic filter is exacerbated by aridity, limiting the
establishment of many plant species (Meyer and Garcı́a-Moya,
1989).

Therefore, the selection of species for the hydroseeding
in areas of gypsum soils under Mediterranean conditions is
essential to ensure the development of a durable plant cover of
the slopes. However, most restoration projects do not include
a formal a priori study and selection of the species to be used
in each area. Although the use of small percentages of native
species in the hydroseeding has recently increased (Paschke et
al., 2000; Tormo et al., 2006; Tinsley et al., 2006), the mixtures
are still mainly composed by a blend of herbaceous legumes
and grasses, most of them highly competitive species (Picon-
Cochard et al., 2001; San Emeterio et al., 2004). In addition, the
criteria to select the species usually include economic and
esthetic, but not ecological factors, and restoration projects
may not specify the type of native species to be used in the
revegetation. The competitive interactions between native
and commercial species remain highly unknown (Navas
and Moreau-Richard, 2005), despite the fact that they can
significantly influence the outcome of the hydroseeding. This
lack of precise guidelines in the selection of the species for the
hydroseeding leads to the combined use of fast-growing com-
mercial species with native species, frequently slow-growing
camephytes or shrubs, as if the positive features of each group
of species (fast growth of the former, high stress tolerance
of the latter) were additive properties that are directly trans-
ferred to the hydroseeding. While the use of native species
can render poor results – lower survival, cover and growth –
due to competition with the commercial species, species from
gypsum soils are better adapted to cope with gypsum soils

and could outcompete commercial species in this kind of
substrate. Thus, the net outcome of the interaction between
these two groups of species is particularly uncertain under
adverse climate and soil conditions. Knowledge on how
plants from different seed mixtures establish and develop
under controlled conditions may be very helpful to further
our understanding of hydroseeding success and improve
the design of effective hydroseeding mixtures for gypsum
slopes.

The general objective of the current experiment was to
address the influence of species composition, density, relative
abundance and timing of emergence of each species sepa-
rately on the overall performance of the community that gets
initially established after hydroseeding with different seed
mixtures for gypsum soils. These factors have been recognized
as highly important ones affecting the success of revegetation
and restoration activities (Ruiz-Jaén and Aide, 2005b). Among
the potential set of species, we selected Lolium rigidum Gaudin
– a widely used, broad purpose, fast-growing commercial grass
– as the introduced species, and six species restricted to or
tolerant of gypsum as the native species (hereafter gypsum
species): Colutea arborescens L., Helianthemun squamatum (L.)
Pers, Lepidium subulatum L., Gypsophila struthium Loefl., Thymus
zygis Loefl. ex. L and Launaea resedifolia (L.) O. Kuntze, which are
beginning to be used in the hydroseeding of certain gypsum
slopes in Spain.

Specific questions addressed in the experiment were: (i) are
there significant differences in the outcome of the different
reared communities in terms of cover, height or biomass? and
(ii) what is the overall effect of the commercial species on the
performance (i.e. survival, growth, biomass) of each individual
gypsum species?

2. Methods

2.1. Conditions of the greenhouse and species

The experiment was conducted from March 2004 to August
2004 in a greenhouse in Madrid (Spain). Air temperature
was measured throughout the experiment with a data log-
ger (HOBO model H08-006-04, Onset, Pocasset, MA, USA).
Mean temperature from March to July in the greenhouse was
20.3 ± 0.15 ◦C, and it ranged from 1 to 45.7 ◦C. The pots were
13 cm × 13 cm × 25 cm (3 l capacity) and were well watered
throughout the experiment. Soil substrate was collected in
different gypsum slopes in the M50 motorway (Madrid, Spain)
just after their construction, in order to recreate in the pots
the soil conditions that the species from the hydroseeding
mixtures would have in the slopes. Due to the recent con-
struction of the road, the substrate in the slopes was mainly
regolith, including gypsum gravels. To avoid germination of
seeds existing in the substrate, the upper layer of the sub-
strate of each pot (5 cm approximately) was sieved (5 mm pore
diameter) and sterilized in an autoclave (121 ◦C) two consecu-
tive times during 30 min. The percentage of soil volumetric
water content was regularly measured with a Soil Mixture
Sensor (ThetaProbe, Delta-T Devices, Cambridge, United King-
dom) and was 16.0 ± 0.3% during the experiment, ranging from
12.1% to 21.3%.
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Table 1 – Species composition and number of individuals of the different experimental mixtures for gypsum slopes

Number of individuals

Colutea
arborescens

Gypsophila
struthium

Lepidium
subulatum

Helianthemum
squamatum

Thymus
zygis

Launea
resedifolia

Lolium
rigidum

Total

Mixtures
A 6 6 6 6 6 6 – 36
B 18 18 – – – – – 36
C 6 6 6 6 6 – 6 36
D 4 4 4 4 4 – 18 38
E 1 1 1 1 1 – 31 36
F 4 4 4 4 4 – 18 38
G 4 4 4 4 4 – 18 38
H 18 – – – – – 18 36

Mixtures D, F and G are identical in composition but differed in the emergence time of L. rigidum.

The species used in the experiment representing native
species were collected by a road construction company in
order to be included in the hydroseeding mixture of the
gypsum slopes in the M-50 motorway, in the section linking
A3 and A4 motorways, in Southeast Madrid (590 m a.s.l.;
40◦20′31.51′′N, 3◦35′’43.63′′W). The climate is Mediterranean,
with average annual rainfall of 425 mm. The species used
were: Colutea arborescens L. (Leguminosae), H. squamatum
(L.) Pers (Cistaceae), Lepidium subulatum L (Cruciferae), Gyp-
sophila struthium Loefl. (Caryophyllaceae), T. zygis Loefl. ex.
L (Labiatae) and Launaea resedifolia (L.) O. Kuntze (Com-
positae). These species are small camephytes and also
gypsophytes (plants that are restricted to gypsum soils),
except C. arborescens, and all are typical from the gyp-
sum outcrops of the Iberian Peninsula (Rivas-Martı́nez and
Costa-Tenorio, 1970). Seeds of all the species were collected
in 2001 in gypsum patches near Aranjuez (South of Madrid
Autonomous Region, 40◦01′49.03′′N, 3◦36′37.11′′W). Seeds from
the selected commercial species, L. rigidum Gaudin (annual
grass, Poaceae), were provided by Intersemillas S.A. (Valencia,
Spain).

A germination test was performed in order to ensure
sufficient amount of seedlings. A pretreatment was carried
out for the species with low germination rate (<50%) in the
germination test (C. arborescens). For this species, an immer-
sion in sulfuric acid (96 vol.%) for 10 min was undertaken
to improve the germination rate. Seeds were sown on 15
March. When the pot reached the number of seedling set
for each species, new emerging plants were immediately
removed from the pot. On 1 April, all the pots had the
corresponding number of seedlings to each experiment
(Table 1).

2.2. Experimental design

We reared eight different communities differing in the diver-
sity, relative abundance and emergence time of both the
gypsum species and L. rigidum. All the communities had
approximately the same number of individuals (36–38 plants),
to allow direct comparisons between mixtures (Table 1). All the
mixtures were replicated in 10 randomly assigned pots. Thus,
the different mixtures were established to tackle the following
four specific questions:

(1) To assess the effect of the presence of L. rigidum, mixtures
A (no L. rigidum) and C (with L. rigidum) were established.
Both mixtures had the same number of individuals (six)
of each species (six), but differed in the presence of L.
rigidum, that was substituted by L. resedifolia in mixture A
(Table 1).

(2) To assess the effect of the relative density of L. rigidum,
mixtures C, D and E were established. The three mix-
tures had the same species composition, but in different
proportions: mixture C, six individuals of L. rigidum plus
six individuals of each gypsum species, mixture D, 18 L.
rigidum plus four individuals of the gypsum species, and
E, 31 L. rigidum plus one individual of the gypsum species
(Table 1).

(3) To assess the effect of the emergence time of L. rigidum,
we established mixtures D, F and G. The three mixtures
had the same species composition and proportions of each
species, but differed in the emergence time of L. rigidum.
In mixture D, L. rigidum and the gypsum species were
simultaneously sowed. In mixture F, the gypsum species
were sowed 1 week after sowing L. rigidum, as the last
species has very quick growth. In mixture G, L. rigidum
was sowed 1 month after the germination of the target
gypsum species, as the growth of these species is slow
(Table 1).

(4) To assess the effect of L. rigidum on the performance of
the target species C. arborescens, mixtures B and H were
established. C. arborescens was chosen because it is a
gypsum-tolerant species able to grow in a relatively wide
range of soils and its potential size (≥1 m high) makes
it very valuable for revegetation projects. Both mixtures
had the same diversity (18 individuals of each of the two
species in the mixture), but in mixture B, L. rigidum was
substituted with G. struthium (Table 1).

2.3. Measurements and data analysis

We carried out a total of seven mortality censuses during the
experiment. The censuses were performed on 1 May (day 30),
18 May (day 48), 1 June (day 61), 21 June (day 82), 2 July (day
93), 23 July (day 114) and 11 August (day 133), in all the indi-
viduals of all the pots. Together with these censuses, seedling
height (length of the stem) was measured in three individuals
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Fig. 1 – Cumulative survival probability of all the gypsum species through time for different mixtures (left, mean across
gypsum species) and for each individual species (gypsum species + Lolium rigidum, mean across treatments, right). Analysis
performed with Kaplan–Meier product-limit. Different letters after each line indicate significantly different groups
(Cox–Mantel test). See Table 1 and text for composition of each mixture.

randomly selected of each of the gypsum species (except
in mixture E, where there was only one individual of each
species, and mixtures B and H, where six individuals were
measured), and in six individuals of L. rigidum. In addition,
cover of the pot was visually estimated to fall in one of
four classes—1: 1–25%, 2: 26–50%, 3: 51–75% and 4: 76–100%.
This estimation was done always by the same observer.
Finally, on days 61 and 93, all the individuals of each species
were collected from three and four pots of each differ-
ent mixture, respectively. This was done by clipping all
the seedlings and drying the samples at least for 48 h in
the oven at 65 ◦C. On day 93, total root biomass was also
measured in four pots of each mixture. In mixtures B and
H, each individual of C. arborescens root system was col-
lected to test the effect of L. rigidum on the gypsum species
biomass.

Kaplan–Meier product-limit method was used to esti-
mate the survival function of every species and mixture.
Cox–Mantel test was used to test for differences in survival
functions among species and among mixtures. To test the
effect of the presence, density and emergence time of L.
rigidum on the mean height of the gypsum species and on total
mean height, we performed a nested one-way ANOVA in every
date, with mixture as the factor, and pot as the nested effect
(within mixture). Tukey’s HSD post hoc test was used to detect
differences between groups. To test the effect of the presence,
density and emergence time of L. rigidum on the aboveground
biomass of the gypsum species, the total aboveground and root
biomass, we performed one-way ANOVA, with mixture as fac-
tor, and Tukey’s HSD as post hoc test. To test the effect of the
presence, density and emergence time of L. rigidum in the cover
of the pots, we transformed each cover class to its midpoint
and performed a Kruskal–Wallis one-way analysis of the vari-
ance on ranks, and Dunn’s test as post hoc test. Results are
expressed as mean ± S.E. throughout the paper, and the level
for statistical significance was set at p ≤ 0.05. All the analy-
ses were performed with STATISTICA 6.0 (Statsoft Inc., Tulsa,
USA).

3. Results

3.1. Gypsum species

Both species and mixtures differed significantly in survival
(Fig. 1). The highest survival rates were found in the indi-
viduals of the mixtures where L. rigidum was not present.
Mixture B (C. arborescens + G. struthium) yielded the highest
survival rate of all the mixtures, followed by mixture A (six
individuals of each gypsum species). The mixtures with 6,
18 and 31 individuals of L. rigidum (C, D and E) and the mix-
ture where this species emerged first (F) yielded the lowest
survival rates. Mixtures H (L. rigidum + C. arborescens) and G
(gypsum species emerged first) had intermediate survival
rates. Differences were also found in species surviving rates.
While C. arborescens and G. struthium had the highest surviv-
ing rates, Lepidium subulatum and Helianthemum squamatum
had the lowest. T. zygis had intermediate surviving rate
(Fig. 1).

The mean height of gypsum species was significantly
lower when L. rigidum was present in the mixture (Fig. 2A
(left), Table 2). No significant differences were found in the
mean height of the gypsum species in relation to the density
of L. rigidum present in the pot (6, 18 or 31 individuals).
Only in the 2nd, 4th and 5th censuses, the mean height of
gypsum species in mixture C (six individuals of L. rigidum)
was significantly higher than in mixture D and E (Fig. 2B left,
Table 2). Also, emergence time had a significant effect on
the mean height of the gypsum species. Plants in mixture G
(emergence of gypsum species first) had significantly higher
height during all the censuses of the experiment but the 6th
(Fig. 2C (left), Table 2). In all the comparisons, the nested effect
(pot within mixture) had no significant effect on the height
of the plants (Table 2). Aboveground biomass of the gypsum
species during the experiment was significantly lower in mix-
tures containing L. rigidum, and this was more important at
increasing L. rigidum densities (Fig. 2A and B (centre), Table 2).
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Table 2 – ANOVA results testing for the effect of the presence, density and time of emergence of L. rigidum on the mean height of gypsum species, total mean height,
aboveground biomass of gypsum species, total aboveground biomass and total root biomass

Variable Date Presence of L. rigidum (mixtures A–C) Density of L. rigidum (mixtures C–D–E) Emerging time of L. rigidum (mixtures D–F–G)

Predictor d.f. F p Predictor d.f. F p Predictor d.f. F p

Mean height of gypsum
species

Day 30 Mixture 1 0.36 0.54 Mixture 2 2.80 0.06 Mixture 2 15.44 <0.0001
Pot (mixture) 18 2.16 0.23 Pot (mixture) 27 1.27 0.17 Pot (mixture) 27 0.74 0.82

Day 48 Mixture 1 2.20 0.14 Mixture 2 3.54 0.03 Mixture 2 15.57 <0.0001
Pot (mixture) 18 1.02 0.41 Pot (mixture) 27 0.65 0.72 Pot (mixture) 27 0.38 0.93

Day 61 Mixture 1 16.35 0.0001 Mixture 2 1.099 0.33 Mixture 2 13.24 <0.0001
Pot (mixture) 18 0.75 0.60 Pot (mixture) 27 0.95 0.48 Pot (mixture) 27 0.32 0.95

Day 82 Mixture 1 6.48 0.01 Mixture 2 4.52 0.01 Mixture 2 12.64 <0.0001
Pot (mixture) 12 1.56 0.14 Pot (mixture) 18 1.78 0.07 Pot (mixture) 18 0.27 0.99

Day 93 Mixture 1 7.02 0.009 Mixture 2 5.52 0.005 Mixture 2 9.75 <0.0001
Pot (mixture) 12 0.92 0.49 Pot (mixture) 18 1.79 0.07 Pot (mixture) 18 0.44 0.95

Day 114 Mixture 1 6.39 0.014 Mixture 2 3.6 0.02 Mixture 2 1.55 0.22
Pot (mixture) 4 2.59 0.09 Pot (mixture) 6 0.98 0.38 Pot (mixture) 6 1.35 0.27

Day 133 Mixture 1 16.76 0.0001 Mixture 2 1.17 0.31 Mixture 2 3.20 0.04
Pot (mixture) 4 2.35 0.10 Pot (mixture) 6 0.82 0.48 Pot (mixture) 6 0.81 0.50

Total mean height Day 30 Mixture 1 50.40 <0.0001 Mixture 2 2.85 0.06 Mixture 2 16.12 <0.0001
Pot (mixture) 18 0.54 0.93 Pot (mixture) 27 0.68 0.90 Pot (mixture) 27 0.17 1

Day 48 Mixture 1 14.87 0.0002 Mixture 2 0.22 0.80 Mixture 2 0.70 0.50
Pot (mixture) 18 0.37 0.89 Pot (mixture) 27 0.80 0.60 Pot (mixture) 27 1.77 0.06

Day 61 Mixture 1 1.47 0.22 Mixture 2 3.46 0.03 Mixture 2 0.10 0.90
Pot (mixture) 18 1.99 0.09 Pot (mixture) 27 1.27 0.24 Pot (mixture) 27 0.64 0.74

Day 82 Mixture 1 7.06 0.008 Mixture 2 5.08 0.01 Mixture 2 2.36 0.09
Pot (mixture) 12 0.89 0.52 Pot (mixture) 18 1.04 0.40 Pot (mixture) 18 0.44 0.94

Day 93 Mixture 1 2.77 0.09 Mixture 2 0.32 0.72 Mixture 2 0.41 0.46
Pot (mixture) 12 1.09 0.39 Pot (mixture) 18 1.70 0.06 Pot (mixture) 18 1.08 0.38

Day 114 Mixture 1 0.72 0.40 Mixture 2 1.35 0.26 Mixture 2 0.94 0.40
Pot (mixture) 4 2.08 0.13 Pot (mixture) 6 1.73 0.16 Pot (mixture) 6 1.33 0.26

Day 133 Mixture 1 0.008 0.99 Mixture 2 3.93 0.02 Mixture 2 1.37 0.25
Pot (mixture) 4 1.20 0.31 Pot (mixture) 6 0.64 0.59 Pot (mixture) 6 2.57 0.06

Aboveground biomass
of gypsum species

Day 61 Mixture 1 22.16 0.009 Mixture 2 34.19 0.001 Mixture 2 16.28 0.004
Day 93 Mixture 1 27.87 0.002 Mixture 2 9.38 0.006 Mixture 2 18.19 0.001

Total aboveground
biomass

Day 61 Mixture 1 7.25 0.04 Mixture 2 34.19 0.001 Mixture 2 16.28 0.004
Day 93 Mixture 1 18.01 0.005 Mixture 2 5.851 0.039 Mixture 2 16.77 0.001

Total root biomass Day 93 Mixture 1 21.38 0.004 Mixture 2 4.096 0.04 Mixture 2 7.07 0.015

Bold values indicate significant results (p ≤ 0.05).
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Fig. 2 – Effect of the presence (panels A, mixtures A–C), density (panels B, mixtures C–D–E), and emergence time of L.
rigidum (panels C, mixtures D–F–G) on mean height and biomass of the five gypsum species. (Left) Mean height
(mean ± 1S.E.) of gypsum species through time in different mixtures. Different colours of the symbols within the same date
indicate significant differences between mixtures (nested ANOVA and Tukey’s HSD). (Centre) Aboveground biomass
(mean ± 1S.E.) of gypsum species in days 61 and 93 of the experiment. Different letters above bars indicate significant
differences among mixtures (one-way ANOVA). (Right) Aboveground biomass of L. rigidum.

Also, the emergence time had a significant effect: above-
ground biomass of gypsum species was higher in both dates
when they emerged first (Fig. 2C (centre), Table 2). Above-
ground biomass of L. rigidum varied across mixtures (Fig. 2
(right)).

3.2. Overall community

No significant differences were found in the total mean height
of the species in relation to the presence of L. rigidum. Only in
censuses 2, 3 and 5, total height was significantly higher in
mixture C (with Lolium) than in mixture A (no Lolium, Fig. 3A
(left), Table 2). Also, the density of L. rigidum did not vary signif-
icantly the total height of the species, except in the 4th and last
censuses (Fig. 3B (left), Table 2). Emergence time had a signifi-
cant effect on total height only in the first census (Fig. 3C (left),
Table 2). Total aboveground biomass and total root biomass
were significantly higher in mixture C (with L. rigidum) than
in mixture A (no L. rigidum, Fig. 3A (centre and right), Table 2).

The density of L. rigidum had no significant effect on the total
aboveground biomass of the plants in mixtures C, D and E
(Fig. 3B (centre), Table 2). However, total root biomass was sig-
nificantly higher in mixture E (more individuals of L. rigidum)
than in the mixtures with less individuals of L. rigidum (Fig. 3B
(right), Table 2). Also, mixture G had significantly less above-
ground and root biomass than mixtures D and F (Fig. 3C (centre
and right), Table 2).

The presence of L. rigidum had a significant and posi-
tive effect on the cover of the pot only at the beginning of
the experiment (Kruskal–Wallis, H = 9.42, p = 0.0021). In the
rest of the censuses, there were no significant differences in
the cover of mixtures A and C (Fig. 4 (top)). The same was
true for the cover of mixtures C, D and E: there were no
significant differences among the mixtures throughout the
experiment (Fig. 4 (middle)). However, emergence time had
a significant effect in the cover of the pots: mixture G had
significantly lower cover than mixtures D and F (Fig. 4 (bot-
tom)).
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Fig. 3 – Effect of the presence (panels A, mixtures A–C, top), density (panels B, mixtures C–D–E, middle), and emergence time
(panels C, mixtures D–F–G, bottom) of L. rigidum on total mean height and total biomass. (Left) Total mean height (gypsum
species + L. rigidum). Different colours of the symbols within the same date indicate significant differences between
mixtures. (Centre) Total aboveground biomass. (Right) Total root biomass. Different letters above bars indicate significant
differences between mixtures.

No consistent differences were found in the mean height
of the target species C. arborescens between mixtures B (C.
arborescens + G. struthium) and H (C. arborescens + L. rigidum),
although in the last census mean height of this species was
significantly higher in mixture B than in mixture H (Fig. 5
(left)). However, plants growing in mixture H had signifi-
cantly higher mean height than those in mixture B during
all the censuses but in the last one (Fig. 5 (right)). In all the
comparisons, the nested effect (pot within mixture) had no
significant effect on the height of the plants. Aboveground
biomass of C. arborescens was significantly higher in mixture
B than in mixture H in both days 61 and 93 (Fig. 5 (left)).
The same was true for the root biomass of C. arborescens
between the two mixtures on both dates, being significantly
higher in mixture B (Fig. 5 (left)). However, total above-
ground biomass was significantly higher in mixture H than
in mixture B on both dates, and the same was true for total
root biomass, which was significantly higher in mixture H
(Fig. 5).

4. Discussion

In general terms, our results revealed that the selection of the
species to use in gypsum motorway slopes is crucial for the
outcome of the revegetation. The highly competitive and fast-
growing species L. rigidum did not benefit the establishment
and development of the gypsum species. In fact, the mixtures
that yielded lower survival rates of the gypsum species were
those containing L. rigidum. Also, the presence of L. rigidum
reduced both the mean height and the aboveground biomass
of the gypsum species. This agrees with other studies suggest-
ing the potential invasiveness and of this species (González
Ponce, 1998; San Emeterio et al., 2004). Increasing densities
of L. rigidum did not significantly influence either the survival
or the mean height of the gypsum species, which suggests
that even small percentages of this species in the commu-
nities can have strong and negative effects on the growth of
the other species, particularly in plant communities of highly
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Fig. 4 – Time evolution of the cover (median, 25% and 75%
percentile) of the pots with different mixtures
(Kruskal–Wallis and Dunn’s test). Effect of the presence
(mixtures A–C, top), effect of density (mixtures C–D–E,
middle), and effect of emergence time of L. rigidum
(mixtures D–F–G, bottom). Asterisk indicates significant
differences.

specialized and stress tolerant species. This is also supported
by the negative effect of the density of L. rigidum on the
aboveground biomass of the gypsum species. Other authors
have also shown the negative effects of the density of an
exotic grass species in the germination, survival and growth
of a native shrub under Mediterranean conditions (Eliason
and Allen, 1997). Emergence of L. rigidum before the gypsum
species also had negative effects on the survival, mean height
and aboveground biomass of the gypsum species.

Despite the conditions in the greenhouse were more favor-
able in terms of water availability compared to Mediterranean
summer drought, the experiment was set to agree with the real
schedule and conditions of the restoration projects carried out
in similar locations, (i.e. hydroseeding in early spring). In these
situations, the slopes are usually watered after hydroseeding
to facilitate vegetation establishment. Even though these set
of conditions could result in an advantageous situation for L.
rigidum, this is commonly done in restoration practices and
may hinder the establishment of the gypsum species in the
very first stages of the community.

Despite the negative effects of L. rigidum on the gypsum
species, total mean height, total aboveground biomass and
total root biomass was higher in the communities contain-
ing more L. rigidum and, in general, cover was also higher in
these communities, due to the fast growth rate of the intro-
duced species. This leads to a conflict between the quick
maximization of plant cover and biomass in the slopes and the
facilitation of native species, which stress the need of defined
goals in the restoration of motorway slopes (Pfadenhauer,
2001; Hobbs and Harris, 2001). While commercial and native
species can have different and complementary roles in the
establishment of a durable plant cover, with the former quickly
stabilizing and enriching the soil and the latter providing
resilience and tolerance to summer drought, their simultane-
ous use in hydroseeding is not likely to render good results.

In general terms, there are no precise guidelines in rela-
tion to the selection of the species to use in the revegetation
projects, although some studies are recently addressing the
importance of species selection (Kobayashi, 2004; Hoy et al.,
1994). Traditionally, the main goal of restoration projects is
to provide high plant cover rapidly in the slope to minimize
erosion (Muller et al., 1998; Bochet and Garcı́a-Fayos, 2004).
A common practice in restoration enterprises is to use fast-
growing commercial, frequently exotic species. Due to this,
roads have become a contribution to the spread of exotic
species (Gelbard and Belnap, 2003; Rentch et al., 2005). Rentch
et al. (2005) found that more than half of the species from
13 highways in West Virginia (USA) were non-native, and
Gelbard and Belnap (2003) found that road maintenance and
improvement (i.e. clearing of vegetation, roadfill, pavement,
etc.) promoted the establishment of exotic seeds. Although
some studies point to the benefits of the use of native species
(HarperLore, 1996; Tyser et al., 1998; Petersen et al., 2004),
quantitative results are scant and they are rarely included in
the actual restoration projects. Even when the inclusion of
native species is explicitly indicated, the selection of native
species is not carried out in detail. In our study, the use of a
fast-growing species such as L. rigidum combined with slow-
growing, late-successional gypsum species led to the failure of
the latter. In fact, the community that we simulated according
to the standard ratio between commercial and native species
fixed in real restoration projects in Spain (mixture E) rendered
very low survival rates, mean height and biomass of the gyp-
sum species.

Species-specific responses were found in terms of survival
in the different mixtures, which suggests that species differed
in their competitive ability. However, the effect of L. rigidum
on C. arborescens, which was the species with the highest sur-
vival rate, was also negative, in terms of both aboveground
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Fig. 5 – Effect of L. rigidum on the performance of Colutea arborescens. (Left) Mean height, aboveground biomass and root
biomass of C. arborescens alone. (Right) Total mean height, total aboveground biomass and total root biomass (C.
arborescens + second species). Different colours of the symbols within the same date indicate significant differences between
mixtures B and H (nested ANOVA and Tukey’s HSD), and different letters above bars indicate significant differences among
mixtures B and H (one-way ANOVA).

and root biomass. Our results, thus, disagree with the idea
that commercial species act as starters of the plant community
(Bautista et al., 1997; Merlin et al., 1999). The presence of pio-
neer, fast-growing vegetation may affect the establishment of
late-successional species in degraded areas by altering micro-
habitat conditions (light, water, and nutrient availability) that
may facilitate or inhibit the establishment of seedlings of late-
successional species (Callaway and Walker, 1997; Bellingham
et al., 2001; Zanini and Ganade, 2005). In support of the notion
that commercial or exotic fast growing species can have neg-
ative impacts on the ecological restoration of degraded areas,
Forbes and Jefferies (1999) found that the introduction of non-
native graminoids species in the restoration of arctic sites
decreased the probability of the re-establishment of native
species.

Therefore, our results show that it is important to include
native species in the hydroseeding mixture but that it is even
more important to select a priori the appropriate native species
and to avoid their simultaneous use with exotic, commercially
available species with a high growth capacity. Inadequate
species selection can render poor results in the long term.
Further studies should focus on the suitability of using herba-
ceous plants tolerant to gypsum soils, as their growth rate is
likely to be higher and, thus, they are less likely to be out-
competed by commercially species. The usage of these species
instead of generalist species such as L. rigidum, would allow a
more gradual and stable colonization of the slopes and would
reduce the use of highly competitive and exotic species, a com-
monplace practice in the ecological restoration of motorway
slopes in most countries.
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