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Abstract: Acacia dealbata and A. mearnsii are two invasive species found in coastal, mountain, and
riparian Mediterranean habitats. Seed biology and germination traits are important drivers of the
competitive performance of plants and may significantly contribute to biological invasions. The
seeds of Acacia s.l. have physical dormancy due to an impermeable epidermal layer. The aim of
this study was to assess the germination capacity of scarified and non-scarified seeds of A. dealbata
and A. mearnsii from different areas of the Mediterranean Basin. To test the seed imbibition capacity,
the increase in mass was evaluated. Non-scarified seeds were tested at 15, 20, and 25 °C in light
conditions. Scarified seeds were tested at 5, 10, 15, 20, and 25 °C and 25/10 °C in light and dark
conditions. Scarified seeds increased in mass more than non-scarified seeds. Both species showed
a higher germination capacity at 25 °C in non-scarified seeds; A. dealbata reached a germination
maximum of 55%, while A. mearnsii reached 40%, showing a difference among these populations.
Scarified seeds of both species reached germination percentages >95% at all temperatures except at
5 °C in dark conditions. Scarification was necessary to break dormancy and promote germination.
The present study provides new knowledge about the seed ecology and germinative behaviour
of the two Acacia species under different pre-treatment, temperature, and photoperiod regimes,
contributing to the understanding of their invasive behaviour.

Keywords: germination capacity; invasive alien species; exotic trees; physical dormancy; seed ecology

1. Introduction

Invasive alien species represent the fifth leading cause of biodiversity loss, causing
biotic homogenisation, i.e., a greater uniformity of the species composition of ecosystems,
and changing ecosystems’ functions [1-4]. Biological invasion depends not only on the
characteristics of the species, but also on those of the invaded habitats [5]. Furthermore,
when alien plant species are introduced to extremely sensitive habitats, in particular if they
are already degraded and fragmented, the capacity for invasion may also be favoured by
a high propagule pressure [6]. The Mediterranean Basin is one of the main biodiversity
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mega hotspots in the world and has a high sensitivity to biological invasions due to its
biogeographic, climatic, and socio-economic conditions [7-9]. Mediterranean islands are
particularly vulnerable to plant invasions and there is clear evidence of this phenomenon
being intensified in recent years [9-12]. In Mediterranean ecosystems and habitats, a
high percentage of invasive alien plants are woody species that have been intentionally
introduced for ornamental, reforestation, and afforestation purposes [13-15]. In riparian
and coastal habitats, invasive woody species are featured as transformer species [16,17],
with 21 of them included in the renowned and widely cited list of “100 of the World’s
Worst Invaders’ [18]. Among woody invaders, the genus Acacia Mill. includes many of the
most widely distributed invasive species of Mediterranean coastal, mountain, and riparian
habitats and wetlands [19-21]. It represents one noteworthy example of a group that has
displayed an overall high rate of escape, establishment, and invasive spread [11,22,23]. In
southern Europe, from Portugal to Italy and in the Mediterranean islands, at least seven
species of Australian acacias are considered widespread invaders (i.e., A. cyclops A.Cunn. ex
G.Don, A. dealbata Link, A. longifolia (Andrews) Willd., A. mearnsii De Wild, A. melanoxylon
R.Br., A. pycnantha Benth, and A. saligna (Labill.) H.L.Wendl.) [11,24,25], because they are a
serious threat to native plant diversity and cause detrimental environmental impacts and
management costs. Seed biology, ecology, seedbank density, and longevity are important
drivers of plants’ competitive performance, contributing to the invasion success of Aus-
tralian acacias [25,26]. Invasive plant species with persistent soil seedbanks are particularly
difficult to manage since, even after the mature individuals are removed, they can easily
recruit if germination requirements are met [27-29]. Moreover, many of these species
release organic compounds that act as allelochemicals and can inhibit the germination
and growth of native species [30]. Most species within Fabaceae have seeds with high
physical exogenous dormancy caused by the testa (the outer seed coat), which prevents
imbibition even under favourable environmental conditions [31]. The seed coats of almost
all Australian Acacia species cause physical dormancy (hereafter PY) due to the presence of
a water impermeable layer of palisade cells in the testa; therefore, seeds can remain viable
and with PY unbroken after many years or even decades in the soil, forming persistent
seedbanks [32]. These species are dependent on soil disturbance for establishment, and
germination may be promoted by natural or human-driven scarification (e.g., fire, heat
shock, and animal ingestion) [33,34] or even by the disturbance associated with clearing
interventions [29]. The rate of imbibition depends on the water availability, seed structure
and composition, water permeability of seed coat layers, and temperature [31]. Germina-
tion, that is, recruiting from the seedbank, is a response to environmental factors [35], and
it is considered one of the most delicate phases of the life cycle of any plant [31]. Several
environmental factors (e.g., water, light, and temperature) may determine differences in
germination behaviour and cause specific adaptations [36]. Furthermore, several studies
have highlighted the presence of intra-specific variation (inter-population variability) in
seed germination and dormancy [21,31]. The inter-population variability in seed dormancy
and germination can be due to environmental differences, genetic variations, or a combi-
nation of these two factors [37]. The present study focused on the germination ecology;,
under laboratory conditions, of two invasive tree species, A. dealbata and A. mearnsii, which
are native to south-eastern Australia [38,39]; they were introduced to Europe during the
nineteenth century, and they are presently invasive in coastal, mountain, and riparian
habitats [40—42]. In the literature, there are currently very few studies that investigate the
seed germination capacity of these two species (e.g., [43,44]); therefore, the aim of this
study was to test the effects of scarification on seeds due to the presence of supposed PY
under different conditions and to compare several Acacia populations from different areas
of the Mediterranean Basin.
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2. Materials and Methods
2.1. Study Area and Study Species

The collection area included six locations in the Mediterranean Basin: three from
France, two from Italy, and one from Portugal (see Figure 1 and Table 1). These localities
were chosen in order to cover different Mediterranean areas in which A. dealbata and
A. mearnsii are considered invasive.

0 250 500km
1

Figure 1. Geographical provenance of the A. dealbata and A. mearnsii seed lots tested in this study.

Table 1. Accession code, species, and population data for each of the seed provenances tested.

Code Species Locality Mea?vgcogrgi;lates Me(a; :ltit; de Lithology
DEAIT Acacia dealbata (Sinn?a?,nSS;gigr?ig,oI taly) %99212?/ I]\EI 207 Metamorphytes
DEA FR1 Acacia dealbata (Provence-k?pi;?éxélail?:;ur, France) A(L)?g;%’;%,’ 1]\5I 10 Granites
DEA FR2 Acacia dealbata ( Cauro?ggits(:,.(;rance) 4(1);‘198(;’, 1]\; 35 Granites
MEA IT Acacia mearnsii (Villaci drlé,i%;ﬁﬂ;ia, Ttaly) ?)982131/’1]\51 250 Granites
MEA FR Acacia mearnsii ( Alerii,arClt(,)fs%?Eance) %)292;21/,1}\31 12 Limestones
MEA PT Acacia mearnsii (Castelo Bi?ii\ii)?%seiea Ié;’gi(,’ Portugal) %)97276él’ 1]\5I 100 Metamorphytes

The genus Acacia s.1. belongs to the Fabaceae family, recently assigned to the subfamily
Caesalpinoideae DC. [45,46], and it is distributed in the Australia-Pacific region, throughout
southern Asia, in Africa, and in North and South America. The species studied in this
research were A. dealbata (see Figure 2A—C) and A. mearnsii (Figure 2D-F).

A. dealbata is a large shrub to tall tree (from 2-15 up to 30 m), with brown-grey to
dark grey bark and silvery green to dark green densely hairy bipinnate leaves [47]. Its
flowers are normally golden yellow [48], and its pods are bluish glaucous to brownish-
red and oblong in shape [49], with irregular constrictions between seeds. The seeds
are black [48], and they are shed and remain viable in the ground for many years. The
A. dealbata reproduction strategy includes sexual reproduction through seed dispersion but
also vegetative multiplication through stem layering and re-sprouting (after cutting, fire,
or frost) [50]. In its native area, the species’ altitudinal range goes from 100 to 1000 m a.s.1.
This species has a natural distribution in Australia from 350 to 1000 m a.s.l. [36]. It occurs
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in Australian mountain forests, in dry sclerophyllous forests, and along watercourses. In
dry conditions, it does not reach the tree state but grows as a shrub [51]. It has a great
invasive capacity, especially after fires; it prefers moist but not waterlogged soils, such as,
often, stream-sides. However, it tolerates drier soils, strong winds, moderate frosts, and
snow (down to —7 °C) [52].

Figure 2. Mature individuals (A), fruits (B), and seeds (C) of A. dealbata and plants (D), mature fruits
(E), and seeds (F) of A. mearnsii.

A. mearnsii is a large shrub or a tree (from 2-10 up to 20 m high). The bark of the old
trees is black-brown, and the younger stems and the tops of the old trees are grey-brown
and smooth. The leaves are bipinnate and dark green or olive green. The inflorescence is
globular with light cream-yellow flowers [53,54]. Straight pods are often tight between the
seeds, from dark brown to blackish when ripe; the seeds are black [39]. A. mearnsii is native
to south-eastern Australia [55,56], where it grows in the understorey of tall open forests
or open forests dominated by Eucalyptus sp.pl. on the fringes of closed forests; it rarely
grows in woodland and coastal scrub [52]. It was introduced for ornamental and forestry
purposes, due to its rapid growth, frost tolerance, ability to withstand prolonged drought
periods, and adaptation to a wide range of soils [57].

2.2. Seed Lot Collection and Preparation

Mature pods of A. dealbata and A. mearnsii (Figure 2B,E) were collected during summer
2018 in Sardinia (Italy), Corse (France), Provence-Alpes-Cote d’Azur (France), and Beira
Baixa (Portugal) (Figure 1, Table 1). Seeds were manually extracted from the pods in the
laboratory. All accessions were stored at controlled conditions (20 °C and 40% relative
humidity) for two weeks at the Sardinian Germplasm Bank (BG-SAR) of the Hortus
Botanicus Karalitanus (HBK, University of Cagliari, Italy) before the germination tests.
Seeds were cleaned manually with the removal by hand of all foreign matter [58,59]. After
cleaning, 100 seeds for each accession were randomly selected, and the major (i.e., longest
axis of the seed) and minor (i.e., shortest axis of the seed) diameters were measured.
The average mass of the seeds for each species and for each population was calculated by
weighing three replicates of 100 seeds each, using an electronic analytical balance (Gibertini,
Crystal 100 Model; Milan, Italy) (Table 2).
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Table 2. Seed lot details of the six investigated populations of A. dealbata (DEA) and A. mearnsii (MEA).

Code No. Seeds Avg. Mass of Seed (g)  Major Diameter (mm)  Minor Diameter (mm)
DEAIT 7054 0.011 10.11 £0.73 6.13 £0.59
DEA FR1 4249 0.010 9.28 £0.78 6.69 £ 0.42
DEA FR2 14269 0.013 9.26 £0.84 5.99 £0.43
MEAIT 19048 0.013 8.96 £ 0.90 6.02 £0.38
MEA FR 11508 0.017 9.91 +0.94 6.44 £ 0.66
MEA PT 3387 0.013 9.27 £0.92 5.84 £0.51

2.3. Imbibition Capacity

Imbibition tests were performed to evaluate the capacity of seeds to imbibe water
and to detect the presence of water-impermeable teguments in seeds. Three replicates of
10 scarified (manually scarified with a scalpel) and non-scarified seeds, for each population
and for each species, were tested in beakers containing deionised water for a total of
30 days. The seed mass was recorded once a day with a precision balance, and after this,
seeds were again placed in the beakers containing water. An increase in the seed mass was
a proxy for imbibition capacity. The water uptake was calculated [60] in relation to the
seed mass: Ws = [(Wi — Wd)/Wd] x 100, where Ws = the increase in the mass of the seed,
Wi = the mass (g) of the seed after a given interval of imbibition, and Wd = the seed mass
(g) at the beginning of the test.

2.4. Germination Tests

Non-scarified seeds were sown on a 1% water agar substrate in plastic Petri dishes
with a diameter of 90 mm and were incubated in a growth chamber (SANYO MLR-351,
Japan) at 15, 20, and 25 °C, in light (12 h of irradiance per day), to detect the germination
capacity of untreated seeds. For each condition, four replicates of 25 seeds each were
tested. The temperatures were selected according to the mean conditions after natural
seed dispersal in Mediterranean areas. In the scarified seeds, the seed coats were manually
chipped with a scalpel, and four replicates of 25 seeds each, for each species and each
population, were incubated in growth chambers with constant (5, 10, 15, 20, and 25 °C)
and alternating (25/10 °C) temperature regimes, both in light (12 h of irradiation per day)
and in darkness (24 h of darkness). In the alternating temperature regime, the higher
temperature coincided with the light period. Light in the growth chambers was provided
by fluorescent lamps that emitted white light (Mitsubishi OSRAM 40; 53 watts for each;
photosynthetic photon flux density of 40 tmol m~2 s~ 1), while darkness was achieved by
wrapping dishes in two sheets of aluminium foil. The criterion for germination was visible
radicle protrusion (>2 mm). When no additional germination occurred for two consecutive
weeks and after at least one month from the start of the experiments, tests were stopped,
and the viability of each remaining seed was checked using a cut test with a scalpel and by
the subsequent observation of the seed endosperm under a binocular microscope. Firm
seeds were considered to be viable.

2.5. Data Analysis

The final germination percentage was calculated as the mean of four replicates (+SD).
Generalised linear models (GLMs) were applied to (i) evaluate differences in the seed mass
between scarified and non-scarified seeds, and (ii) evaluate the effect of species, popu-
lation, pre-treatment, and temperature on the final germination percentages. Significant
differences were then analysed with a post-hoc pairwise comparison ¢-test (with Bonferroni
adjustment). GLMs with a log link function and quasi-Poisson error structure were used to
analyse the seed mass, and a GLM with a logit link function and quasi-binomial error struc-
ture was used to analyse germination percentages; F-tests with an empirical scale parameter
instead of chi-squared on the subsequent ANOVA were used to overcome the residual over
dispersion [61]. All statistical analyses were performed using R, version 2.14.1 [62].
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3. Results
3.1. Imbibition Capacity

The two investigated species did not show significant differences (p > 0.05) among
themselves in response to an increase in the mass of scarified and non-scarified seeds.
Conversely, the scarification treatment performed on the seeds had a significant effect
(p < 0.001) (Supplementary Table S1). Scarified seeds increased their mass more (upto1g
in A. mearnsii) than non-scarified seeds in both species (Figure 3). In both scarified and
non-scarified seeds, in all the populations of both species, the maximum accumulation of
water occurred in the first five days of the test, and then the seed mass remained constant
until the thirtieth day (Figure 3). The mass of the seeds at time 0, in both scarified and
non-scarified seeds, was statistically different (p < 0.001) from the mass of scarified and
non-scarified seeds after 30 days for both species and for each population tested (Figure 3).

i @ DEAIT non-scarified
164 Acacia dealbata @ DEA IT scarified
v DEA FR 1 non-scarified
14 A DEA FR 1 scarified
1 B DEAFR 2 non-scarified
B DEAFR 2 scarified
1.2

Seed mass (g)

164 Acacia mearnsii @ MEA IT non-scarified
© MEAIT scarified
Vv MEA FR non-scarified
1.4 A MEA FR scarified
B MEA PT non-scarified
B MEA PT scarified
1.2
14 Cc
(9] P & - a
_ N>, d—D D& T g D
0.8 B &S °c
0.6 2
0.4 = B b
02 T T T T T T T
0 5 10 15 20 25 30

Time (days)

Figure 3. Seed mass of non-scarified and scarified seeds of A. dealbata [DEA IT: population in Italy
(Sardinia), DEA FR1: population in France, site 1 and DEA FR2: population in France, site 2 (Corse)]
and A. mearnsii [MEA IT: population in Italy (Sardinia), MEA FR: population in France (Corse), MEA
PT: population in Portugal] during the imbibition test. Values with different letters are significantly
different, with p < 0.05 (by post-hoc pairwise comparisons of ¢-tests), and indicate the differences
between the seed mass at the start of the test and after 30 days.
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3.2. Germination Test

The results of the seed germination of the two species showed statistically signifi-
cant differences (p < 0.001) in tests performed with non-scarified seeds (Supplementary
Table S2). At the species level, populations of A. dealbata showed no significant differences
(p > 0.05) in germinative behaviour, while the incubation temperature had significant effects
(p < 0.001) on seed germination (Supplementary Table S3). The percentage of germination
of A. dealbata seeds showed a growing trend with increases in temperature; the highest
germination percentage (ca. 55%) was recorded at 25 °C in each population (Figure 4).
The post hoc test highlighted that, between 15 and 20 °C, there were no statistical differ-
ences. At these temperatures, the germination percentages reached 30%, while at 25 °C,
the germination percentage was ca. 50%. Significant differences (p < 0.001) were found in
the germination behaviour of A. mearnsii populations; the MEA IT population showed a
germination percentage of up to 30%, with a different germination behaviour compared to
MEA PT and MEA FR, for which the germination percentage did not exceed 10% (Figure 4).

100 1 DEAIT MEA IT

80

60 |

HHe

40 -

a o
| B [0

100 DEA FR1 MEA FR

80

S
& 60
i b
£
E 40 ‘
D
(] a a
20 J
d d d
0 1 el b
100 DEA FR2 MEA PT
80
60
. b
40 i |
. i 1
20 }
d
0 e d g
15 20 25 15 20 25

Temperature (°C)

Figure 4. Final germination of A. dealbata [DEA IT: population in Italy (Sardinia), DEA FR1: pop-
ulation in France, site 1 and DEA FR2: population in France, site 2 (Corse)] and A. mearnsii [MEA
IT: population in Italy (Sardinia), MEA FR: population in France (Corse), MEA PT: population in
Portugal] for non-scarified seeds tested under different temperature conditions (15, 20, and 25 °C).
The data represent the mean of four replicates (£SD). Values with different letters are significantly
different at p < 0.05 (by post-hoc pair-wise t-test comparisons).

No statistically significant differences (p > 0.05) were found in the incubation tem-
perature of A. mearnsii (Supplementary Table S4). For both species and populations, the
total viability of the seeds calculated from the cut test carried out at the end of the trials
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was over 90%. The germination obtained in scarified seeds tested in both light and dark
conditions and at different temperatures showed a homogeneous trend in the two studied
species and populations, with no significant differences in germinative behaviour (p > 0.05).
The effects of light and the incubation temperature were statistically significant (p < 0.001).
The germination of seeds incubated at 5 °C in the dark showed significant differences
(p < 0.001) compared to the germination of seeds incubated under the other tested condi-
tions (5, 10, 15, 20, and 25 °C and 25/10 °C). All populations of A. dealbata and A. mearnsii
recorded germination over 95% in seeds incubated in light at all other temperatures
(Supplementary Table S5). In dark conditions, except for 5 °C, the germination behaviour
was the same as that detected in light conditions (more than 80% germination for each
condition) (Figure 5) (Supplementary Tables S6 and S7).

DEAIT EAIT
a a aa aa a aa a aa a
100 1 i . 23 % 2 ag 1 z ! ke 5 R R
80 1
60 1 1
40 A 7
20 g
b b
0 ‘ . ‘ . ‘ . ‘ ‘ .
DEA FR1 EA FR
aa a a a a a aa aa

100 A

Germination (%)
N 5y [e:} [+:]
(=] o o [} [=]
=]
1 =
B
S
BH
H
N
Hw
T
| FHo
=i
| o
——

DEA FR2

EAPT

10| & 2a 2a aa aa aa a aa aa aa aa aa
80
60
40

b Light (12112
20 i 1 b Dark (0/24)
S| B . 1

5 10 15 20 25 25 10 5 10 1
Temperature (°C)

Figure 5. Final germination of A. dealbata [DEA IT: population in Italy (Sardinia), DEA FR1: pop-
ulation in France, site 1 and DEA FR2: population in France, site 2 (Corse)] and A. mearnsii [MEA
IT: population in Italy (Sardinia), MEA FR: population in France (Corse), MEA PT: population in
Portugal] for scarified seeds tested under different photoperiod (grey bars for light and black bars for
dark) and temperature conditions. The data represent the mean of four replicates (=SD). Values with
different letters are significantly different, with p < 0.05 (by post-hoc pair-wise t-test comparisons).

4. Discussion

The imbibition test carried out on scarified and non-scarified seeds confirmed that the
seeds of A. dealbata and A. mearnsii, in all the tested populations, have physical dormancy,
which has already been described for many Acacia species [63]. These seeds frequently
require a scarification process to remove the PY. Stimuli like fire chemical scarification via
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ingestion by an appropriate dispersal agent are required to break physical dormancy and
allow the germination of Acacia seeds [44]. According to Passos et al. [64], the seeds of
A. dealbata reached a higher percentage of germination (ca. 70%) if exposed to 60 °C to
simulate the effects of a high soil temperature. In this study, we detected that the non-
scarified seeds of these two species showed a fair imbibition capacity, although it was much
lower than that of the scarified seeds. As described by Morrison et al. [65] in their study on
the seeds of Australian Fabaceae, the non-dormant fraction is very low (0-10%), a condition
that allows the seeds to remain viable for a long time in the absence of scarifying agents
or other stimuli such as high temperatures [64]. The seeds of A. dealbata and A. mearnsii
have shown the ability to germinate even in controlled conditions without scarification,
although with a lower germination percentage compared to scarified seeds. The non-
scarified seeds of A. dealbata populations featured a high viability, which could highlight
the strong ability of this species to adapt to new areas and, therefore, its higher invasive
capacity. Such a germinative potential, even in non-optimal conditions, is confirmed by
Lorenzo et al. [50]; according to them, A. dealbata has some biological traits that play a
key role in its success with addition clonal growth, ensuring that this species can become
dominant once established, with a consequent reduction of biodiversity in the understorey.
Despite the greater germination efficiency demonstrated by A. dealbata non-scarified seeds,
in both species from each population, the high percentages of viable seeds, and, at the
same time, the very low percentages of dead seeds, demonstrate the ability of these
species to maintain dormancy and await the most favourable conditions for germination.
These results support the idea that Acacia seeds have consistently high viability and low
germinability over time in the absence of dormancy breaking factors [44]. Temperature
seems to influence the germination of A. dealbata. Among the temperatures tested, a higher
percentage of germination was shown at 25 °C, which agrees with the findings of other
authors [64]. This could benefit the plant in warmer climatic conditions and in future
scenarios, due to climate change [66]. Some authors reported that seed dormancy breaks
during periods of increasing environmental temperatures, especially in legumes, if there
is a simultaneous absorption of water through the hilum of the seeds [21,67]. It is known
that PY is present in at least 17 angiosperm families, including Fabaceae [31,68], so we
confirm that this dormancy class is also present in seeds of A. dealbata and A. mearnsii.
The tests conducted with scarified seeds showed a more homogeneous behaviour in the
populations of the studied species. Based on the results of these germination tests, the
seeds of both species showed their ability to germinate to a large extent at all temperatures
tested, demonstrating how scarification is effective in breaking dormancy and promoting a
higher germination efficiency, as previously shown in other studies conducted on species
of the genus Acacia (see [21]). These results can be interpreted as a sign of the ability of
these species to quickly adapt to a changing environment. At the end of the germination
tests, all the non-germinated scarified seeds were viable, confirming that these species may
create a semi-persistent seedbank. These results are also consistent with previous studies
conducted by Milton et al. [69] and Richardson et al. [26] on other species belonging to the
genus Acacia.

The ability to germinate over a wide range of temperatures is an important feature of
plants that disturb ecosystems [70], and it is also associated with those species in which
water availability is the main germination factor in the field [71]. The Mediterranean
climate is characterised by sporadic and unpredictable summer rain events, which affect
the soil moisture. Rapid and massive germination can be a positive adaptation to these
environmental conditions [72], and environmental unpredictability might be increased by
climate change [73,74]. The positive response to alternating temperatures can be explained
as an adaptation in which germination occurs mainly near the soil surface, where the
effect and influence of alternating temperature regimes is greater [75-77]. Almost all seeds
showed no photo-inhibition for germination, demonstrating their ability to germinate
both on the soil surface and under the topsoil or the litter layer; they germinated even at
moderate-high temperatures, thus becoming competitive in dry and challenging habitats
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such as the coastal Mediterranean habitats. The capacity of A. dealbata and A. mearnsii
seeds to germinate in both light and dark conditions and at alternating temperatures
highlights their great adaptive capacity to different climatic conditions and, consequently;,
to several habitats even in the presence of a dense native vegetation canopy. The only
limiting factor for both species that emerged from this study was the incubation of seeds
at 5 °C combined with darkness, where the germination percentage was very low (less
than 30%). The combination of dark and cold is therefore limiting for their potential es-
tablishment and distribution, and these results agree with the study by Doran et al. [52],
which states that the minimum temperature limit that these species can withstand is be-
tween 0 and —7 °C. This result, which differs widely from what was previously seen
for the other temperatures tested, suggests that plants that can stand cold and snow
conditions germinate less, awaiting more suitable conditions. This could represent an
ecological advantage for the species. This behaviour prevents germination during un-
favourable climatic conditions, allowing the start of germination after the snow melts
in spring at milder temperatures, ensuring a lower probability of damaging the young
seedlings [32,78,79]. Furthermore, both species are competitive with native species due
to both allelopathic effects and their resistance to periods of drought [30,80]. For most
populations in our study, seeds were collected on the edges of rivers and shelters, where
the soil is moist due to water availability and where habitats have suffered from strong
anthropogenic impacts. The reproductive success of these species in these areas, especially
in the case of riparian habitats, can be explained by the fact that the species and the soil
seedbank have water availability throughout the year [26]. In addition, water facilitates the
dispersal process, and the PY can be broken due to the floods, fluctuations, and alterations
of the soil to which Mediterranean waterways are often exposed. Similarly, in South Africa
and Chile, rivers and soil movement facilitate the dispersion of acacias that invade riparian
areas, such as A. dealbata and A. mearnsii [81,82].

The knowledge obtained in this research about the seed germination of A. dealbata
and A. mearnsii may be an important contribution toward developing a wide management
strategy for the control of the biological invasions of these two alien plants in Mediterranean
habitats [21,59,83]. Knowing the requirements for the seed germination of invasive species,
like A. dealbata and A. mearnsii, might make it possible to predict the potential ability of
each species to successfully colonise new areas via seeds, allowing both the control of
mature individuals and preventive interventions through monitoring and removing young
seedlings. Similar actions (e.g., control and/or mechanical removal) in invaded areas
should be planned and integrated with preventive methods by also including specific
indicators with a long-term vision. In addition, the great ability of the seeds of these
species to germinate after scarification may have important management implications;
mechanical interventions that affect the soil, and consequently also the seed bank, such as
those frequently associated with clearing operations, can easily induce seed scarification
and as such trigger germination en masse.

5. Conclusions

This study confirmed that A. dealbata and A. mearnsii have physical dormancy, a trait
that promotes the establishment of a persistent soil seed bank. The seeds of these two tree
species are highly dependent on scarification for germination, an adaptation that allows the
seeds to wait for suitable conditions for germination, promoting the survival of seedlings
in nature. The higher germination rate of A. dealbata compared to A. mearnsii demonstrates
the greater adaptability of the former and the greater ability of A. mearnsii to establish a
permanent soil seedbank. Once PY in seeds is broken by mechanical scarification, both
species showed a wide plasticity, germinating at all temperatures, in both light and dark
conditions. However, in this study, we detected that darkness at 5 °C limited germination,
confirming, as observed in nature, that these species can withstand only temperatures
above the range from 0 to —7 °C [52]. Water availability after scarification provides a
considerable advantage to germination for the seeds of these two species. For this reason,
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both species are frequently widespread in riparian habitats, becoming invasive and more
competitive due to their ability to germinate in a wide range of temperatures. Germination
can occur in all seasons in the Mediterranean Basin, due to the mild temperatures in coastal
areas. Furthermore, intentional introductions of these two alien trees are (or were—in
Portugal both species have been forbidden since 1999) common for ornamental and forestry
purposes (A. dealbata is a very popular and charismatic tree species in Italy, a symbol of
Woman's Day), continuously increasing the propagule pressure. This, together with the
establishment of persistent soil seed banks that are frequently stimulated by fires, as well as
allelopathic effects, may increase the persistence, spread, and negative impacts of these two
species in the Mediterranean (e.g., [84]). Finally, the present study provides new insights
into the ecology of the seed germination of A. dealbata and A. mearnsii. Although we believe
that the best strategy to reduce the plant invasion risk is to prevent the introduction of
invasive taxa and that, in agreement with Wilson et al. [85], planting the two Acacia species
near points of dispersal pathways should be prohibited, the knowledge obtained in this
research concerning A. dealbata and A. mearnsii may be considered a fundamental basis for
planning mechanical clearing and local control interventions in Mediterranean areas.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/5u132111588/s1, Table S1: GLMs results of imbibition test of the following factors: species
(A. dealbata and A. mearnsii), populations (DEA IT, DEA FR1, DEA FR2, MEA IT, MEA FR, MEA PT)
and treatment (scarified and non-scarified). Table S2: GLMs results of germination test with non-
scarified seeds of the species (A. dealbata and A. mearnsii) factor, Table S3: GLMs results of germination
test with non-scarified seeds in A. dealbata populations of the following factors: populations (DEA IT,
DEA FR1, DEA FR2) and temperature (15, 20 and 25 °C), Table S4: GLMs results of germination test
with non-scarified seeds in A. mearnsii populations of the following factors: populations (MEA IT,
MEA FR, MEA PT) and temperature (15, 20 and 25 °C), Table S5: GLMs results of germination test
with scarified seeds of the following factors: species (A. dealbata and A. mearnsii) and treatment (light
and dark conditions), Table S6: GLMs results of germination test with scarified seeds in A. dealbata
populations of the following factors: populations (DEA IT, DEA FR1, DEA FR2), treatment (light and
dark conditions) and temperature (5, 10, 15, 20, 25 °C and 25/10 °C), Table S7: GLMs results of the
germination test with scarified seeds in A. mearnsii populations of the following factors: populations
(MEA IT, MEA FR, MEA PT), treatment (light and dark conditions) and temperature (5, 10, 15, 20,
25 °Cand 25/10 °C).
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