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Abstract: Robinia pseudoacacia is native to North America and has been introduced into many other
countries in Europe, South and South East Asia, South America, Africa, and Oceania. The species has
been planted intensively in a large area of these countries because of its ornamental and economic
values. However, R. pseudoacacia often infests unintended places, including protected areas, and
causes significant ecological impacts. The species is now listed as one of the harmful invasive plant
species. The characteristics of its life-history, such as the high growth and reproduction rate and
adaptive ability to various environmental conditions, may contribute to the invasiveness of the
species. The defense ability against natural enemies such as pathogenic fungi and herbivores and its
allelopathic potential against the competitive plant species may also contribute to its invasiveness.
The R. pseudoacacia infestation alters the ecological functions of the plant community, including
the soil microbe community, and reduces the abundance and diversity of the native plant species,
including vertebrates and invertebrates in the introduced ranges. R. pseudoacacia is a shade intolerant
and early successional tree species and is replaced by larger and more shade tolerant tree species
in the native ranges, while plant succession seems not to occur always in the introduced ranges
across the different ages of R. pseudoacacia stands. Several other review articles have summarized the
afforestation, utilization, biology, and management of the species, but this is the first review focusing
on the invasive mechanism of R. pseudoacacia and its impacts on species diversity.

Keywords: adaptation; allelopathy; growth potential; microbe; natural enemy; reproduction; plasticity;
succession; symbiosis

1. Introduction

Robinia pseudoacacia L., belonging to the family of Fabaceae, is a hardwood deciduous
tree species and reaches 10–30 m in height and 0.6–1.3 m in diameter. The bark is greyish-
brown to dark brawn, forming longitudinal groves with age. The leaves are alternate
and composed, and each leaf is 10–30 cm long and contains 3–25 leaflets (odd pinnate).
The leaflets are ovate, 2–5 cm long, and 1.5–2.5 cm wide with the entire margin. The species
bears racemes that are 10–20 cm long. The corollas are white to cream and up to 2 cm long.
Each flower contains 10 stamens and a pistil. The fruit is a typical leguminous pod, dark
brown, 5–12 cm long, and 1–1.5 cm wide and contains 2–15 seeds. The typical life span of
the species is 60–100 years [1–4] (Figure 1).

R. pseudoacacia is native to eastern USA and has already spread across the USA and
south Canada due to its extensive planting for silvicultural and horticultural operations [5–7].
The species was introduced into Europe in the early 17th century as a horticultural plant
and became a popular ornamental tree soon after the introduction [7,8]. R. pseudoacacia was
also introduced into many countries in South America, South and South East Asia, Africa,
and Oceania for its ornamental and economic values [5,6,9–11].

R. pseudoacacia has been encouraged to grow as a forestry tree for producing rot- and
water-resistant timber, nectar for honey, and leaf forage for livestock [12,13]. The mechanical
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property of the wood is moderate to high, and the wood has been used for, e.g., furniture,
boats, wine barrels, mine timbers, railway sleepers, vineyards poles, fence posts, roof
shingles, and firewood [2,4,14,15]. R. pseudoacacia is also planted as shade and nurse
trees and for erosion control, soil reclamation, and reforestation of disturbed lands. It is
also planted as an ornamental tree, such as in landscape gardens, parks, and tree-lined
streets [3,11,16,17].

Figure 1. Robinia pseudoacacia. Leaves and infestation.

The extensive planting of R. pseudoacacia increased its population. R. pseudoacacia
stands were reported to be in 42 countries alone in Europe, covering with pure and mixed
forests, e.g., over 460,000 ha in Hungary, 300,000 ha in Poland, 250,000 ha in Romania,
230,000 ha in Italy, and 200,000 ha in France [3,11,18]. R. pseudoacacia occupied approxi-
mately 24%, 6%, and 5% of the forested area in Hungary, Romania, and Slovenia, respec-
tively [11,18–21]. R. pseudoacacia also occupied a large area in, e.g., China, Korea, Japan,
South Africa, and Australia [1,4,6,10].

The infestation of R. pseudoacacia into unintended places had not been documented for
a long time after the introduction. The escape of the species was recorded in 1824 in Bran-
denburg, Germany, in 1830 in Slovakia, and in 1850 in Austria [11]. The increasing trend of
R. pseudoacacia infestation has been recorded since the middle of the 20th century [22]. It was
also documented that populations of spontaneous origin were counted in 615 locations
in Czech Republic, although the plantations of R. pseudoacacia were established only in
36 locations in the country [23].

The high ability of R. pseudoacacia to spread into unintended places and protected
areas makes it an invasive species [24–28]. The species also causes significant adverse
effects on the biodiversity in the introduced ranges [29–34]. R. pseudoacacia has been
classified as highly invasive and listed as an invasive woody plant species [5,6,35] and in
the IUCN Red List of Threatened Species [36]. R. pseudoacacia is being controlled for nature
conservation [3,11].

Several review articles for R. pseudoacacia describing its afforestation, utilization, bi-
ology, and management are available [1,2,4,11,17,18,20]. The information on the invasive
characteristics of R. pseudoacacia has been accumulated over three decades. However, there
has been no review article focusing on the invasive characteristics of R. pseudoacacia and its
impacts on species diversity. This review provides an overview of the invasive characteris-
tics and the impacts of R. pseudoacacia on the species diversity in the introduced ranges. The
literature has been searched using a combination of the predominant online search engines:
Scopus, ScienceDirect, and Google Scholar, and all possible combinations of R. pseudoacacia
with the following words: invasion, adaptation, botany, habitat, plasticity, reproduction,
succession, impact, natural enemy, allelopathy, allelochemical, and secondary metabolite.
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2. Invasive Characteristics of Robinia pseudoacacia
2.1. Growth

R. pseudoacacia is a fast-growing medium-size tree species. The first true leaf ap-
pears within a week after germination, and the seedlings grow to 8–10 cm in height in
two months [37]. The juvenile plants on the riverbank were recorded to become 140 cm
from 8 cm in height in one year [38]. The growth rate of the R. pseudoacacia is 50 cm per
year under sunny conditions, faster than 79 other broadleaf tree species [38]. The annual
growth rate of 5-year-old R. pseudoacacia is recorded to be 30–80 cm in plantations [39].
Compared to other tree species of the same age, R. pseudoacacia grows faster and taller and
reaches reproductive maturity earlier [40,41]. The total biomass of 4-, 17-, and 38-year-old
R. pseudoacacia stands in fertile mesic sites was 33, 174 and 339 ton per ha, respectively,
whereas the biomass of the manure mixed Quercus ilex forest was 198 ton per ha [8].

The rate of photosynthesis was estimated to be 21–26 µmol par leaf m2 s1 [38,42], higher
than 30 other broadleaf tree species, such as Populus maximowiczii and Betula ermanii [38].
R. pseudoacacia increases the synthesis of ribulose-1,5-bisphosphate carboxylase oxygenase
(RuBisCo), which is a key enzyme for photosynthesis, under sunny conditions and allocates
much more nitrogen to the leaves [42]. The high leaf nitrogen concentration leads to an
increase in the photosynthetic capacity [43]. On the other hand, the leaves under shade
conditions increase the chlorophyll contents, which maximizes the light capture ability for
photosynthesis [44].

R. pseudoacacia shows a circadian rhythm for leaflet movement in the day–night cycle;
open in the daytime and closed at nighttime [45,46]. The species also has the ability
to reorient its leaflets to prevent photoinhibition by the excess solar radiation and high
temperature [47–49]. The leaflet movement is known to be caused through the turgor
changes induced by the K+ flux into the cells of the pulvini at the base of the petioles of the
leaflets [45,46].

As a leguminous species, R. pseudoacacia lives associated with rhizobium species,
such as Rhizobium, Sinorhizobium, and Mesorhizobium, and the main symbiotic rhizobia are
Mesorhizobium species [50,51]. Although the symbiotic Mesorhizobium species of R. pseu-
doacacia showed taxonomic diversity in the populations of North America (native range),
Germany, Poland, Japan and China, these rhizobia shared very similar sequences of nodA,
nodC, and nifH genes, and these genes play a critical role in symbiosis [50–53]. This ob-
servation suggests that the symbiotic rhizobia of R. pseudoacacia may have evolved under
strong host plant constraints. The symbiotic nitrogen fixation was reported to be 23 kg to
300 kg per ha per year [54–56]. The symbiosis with rhizobia may contribute to the growth
of R. pseudoacacia under nitrogen-limited soil conditions and to an increase in photosynthe-
sis [43,57]. In addition, R. pseudoacacia may influence the evolution of symbiotic rhizobium
population due to the strong host constraints, such as nodA, nodC, and nifH genes [50,51].

When R. pseudoacacia seedlings were grown together with a native plant species,
such as Quercus robur or Carpinus betulus, in the same pots, R. pseudoacacia allocated more
nutrients to its roots and enhanced the root growth, resulting in the occupation of most of
the rooting capacity in the pots and in the absorption of most of the nutrients and water.
Consequently, these native species suffer nutrient deficiency and growth suppression [58].
Therefore, the competitive ability of R. pseudoacacia may be high against native plant species
through the enhancement of the root growth.

These observations suggest that R. pseudoacacia grows very fast, which may be sup-
ported by the effective nitrogen allocation and nitrogen supply by symbiosis, effective
photosynthesis through the synthesis of RuBisCo and chlorophyll, and the leaflet move-
ment to avoid photoinhibition. Its roots also grow fast and contribute to absorption of
nutrients and water.

2.2. Reproduction

R. pseudoacacia reproduces both sexually and asexually [2]. The flowering occurs
from the late spring to early summer in its native ranges. Although the flower contains
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both stamens and a pistil, the stigma of the pistil is receptive to pollen before the an-
thers of the stamens release pollen, and a hairy collar just below the stigma prevents
self-fertilization. Therefore, the species is considered to be cross-fertilized [59–62]. Insects
such as hymenopteran species mainly contribute to the pollination [59,61]. R. pseudoacacia
produces seeds from the age of 5–6 years old, and good seed production occurs every one to
two years. R. pseudoacacia produces 6–12 kg of seeds per plant per year [60] and 120–150 kg
of seeds per year per ha in a good crop year [18] (Figure 2).

Figure 2. Robinia pseudoacacia. Bearing pods.

The seeds are primarily dispersed around the mother plants by gravity and wind [2,63].
Some of the seeds are carried for long distances by birds and mammals, water streams
including flooding water, rolling on the snow surface by wind, and attachments to motor
vehicles along roads [63–66]. The seeds show dormancy. A seed coat impermeable to water
and oxygen is thought to be one of the reasons for the dormancy [67,68]. Some of the
seeds persist in a dormant state in the soil for 10–40 years with viability, resulting in the
accumulation of long-lived seed banks [18,39,69,70].

The germination rate of the seeds is low, ranging from 3.5–22% under natural condi-
tions [2,71]. The germination rate was significantly increased with mechanical, chemical,
thermal (heat or cold shock), burning, and plasma treatments to the impermeable seed
coats [63,67,68,72]. The infestation of R. pseudoacacia was often observed in disturbed areas
after fire [73,74]. The fire may enhance the germination of the species. In addition, the
germination rate of the seeds obtained from the European populations of R. pseudoacacia
was significantly higher than that from the American populations (native range) [75]. The
higher germination rate in the introduced ranges may contribute to the invasion success of
the species.

R. pseudoacacia spreads asexually through the ramets from adventitious buds at the base
of the main trunks and at horizontal roots [76,77]. Formation of the ramets is associated with
regeneration and propagation. The sprouting of the ramets occurs when R. pseudoacacia is
damaged by, e.g., cutting, disease, and fire [77]. R. pseudoacacia forests are able to regenerate
through ramet sprouting within a few years after clear-cutting [21,76,77].

The horizontal roots of R. pseudoacacia were recorded to grow 1.6 m per year and to
reach 61 m [78]. The propagation potential of R. pseudoacacia from root suckers (ramets
from the horizontal roots) is very high. The mother plants support the growth of these
root suckers for a few years through the nutrient supply [76,77]. One plant produces up
to 45 suckers, and these suckers make the clone stands (genets) [18]. The density of the
root suckers was up to 50,000 clonal plants per ha [21], and one genet covered the area of
several hundred square meters [78,79]. The boundaries between the genets in the local
population were relatively distinct, suggesting that the spatial exclusion of root suckers
from neighboring genets may occur [76]. The exclusion may contribute to the avoidance of
the intraspecific competition.
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These observations suggest that R. pseudoacacia easily escapes to unintended places
through the vigorous extension of horizontal roots and root suckers. Seed dispersal is also
an important strategy for reaching new habitats. Once established, R. pseudoacacia is able to
maintain its stand for a long time and increases the area through the sprouting of ramets
from the base of the main trunk and horizontal roots.

2.3. Adaptivity

R. pseudoacacia grows well in the native ranges in places characterized by a humid and
moderate climate where the annual precipitation ranges from 1020 mm to 1830 mm, mean
temperature ranges from −4 ◦C to 7 ◦C in winter and from 18 ◦C to 27 ◦C in summer, and
mean annual snowfall ranges from 50 mm to 1520 mm [39]. R. pseudoacacia grows in quite
different climatic conditions in its introduced ranges from its native ranges. The species is
abundant in temperate and subtropical regions in Europe, South and South East Asia, South
America, Africa, and Oceania and in the tropical regions of higher altitudes and cooler
places. R. pseudoacacia is distributed in Central Europe, where the annual precipitation
ranges from 480 mm to 800 mm and mean annual temperature ranges from 6 ◦C to 11 ◦C [11].
The species tolerates temperatures from −12 ◦C to 40 ◦C [6]. R. pseudoacacia was recorded
in colder (−8 ◦C) and hotter (38 ◦C) climate regions in New Mexico, USA, and in the dry
habitats in Israel and Cyprus [4,59]. R. pseudoacacia also is distributed where the climate
varies from semi-arid temperate with hot summers in north-west Australia to temperate
and cool regions along the coast in south-eastern Australia and from an annual precipitation
of 1000 mm to 2000 mm in southeastern Australia to 250 mm in the inland and northern
Australia [4].

R. pseudoacacia grows best in moist, rich, loamy soils and soil of limestone origin.
However, the species can grow on a variety of soil types: pH values between 3.2 and 8.2,
nutrient-rich to nutrient-poor soil, moist to dry soils, sandy soil, medium to highly base
saturated soils, but it avoids wet or compacted soils because of a requirement for aerated
soil [6,38,80]. The species grows occasionally as a shrub in rocky places in the southern
foothills of the Alps. The plant shape is distinct from the plant grown in other places [2].

R. pseudoacacia also lives together with arbuscular mycorrhizal fungi (AMF). AMF
are widespread symbiotic soil microorganisms of the phylum Glomeromycota [81]. AMF
symbiosis causes the morphological alteration of R. pseudoacacia roots, such as root length,
average root diameter, root volume, and root tensile strength, as well as the enhancement of
its drought and oxidative stress tolerance [82,83]. The symbiosis may increase the adaptive
ability of R. pseudoacacia against some environmental stress conditions.

Global warming is considered to cause a significant threat to the biodiversity in the
world [84–88]. The global warming trend may contribute to the expansion of R. pseudoacacia
infestation northward in the Northern hemisphere, southward in the Southern hemisphere,
and to the higher altitude because one of the limiting factors of the species distribution is
temperature [89,90]. The species could possibly infest these areas in the near future and
may cause serious threats to the biodiversity. However, increasing temperature may also
affect the south and north distribution of R. pseudoacacia for the Northern and Southern
hemispheres, respectively [91,92].

These observations suggest that the adaptative ability of R. pseudoacacia to various
climate and soil conditions is high. The symbiosis with AMF increases its drought and
oxidative stress tolerance, and contribute to the enhancement of its adaptivity to the
adverse conditions.

2.4. Natural Enemy

Herbivorous mammals, such as Odocoileus virginianus (white-tailed deer) and Cervus
canadensis (elk) browse young R. pseudoacacia plants in Appalachia (native range) with re-
ports of 70–90% of the plant damage [39,93]. Oryctolagus cuniculus (European rabbit) and Le-
pus europaeus (European hare) feed on the bark of young trees, and Cervus elaphus (red deer)
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and Capreolus capreolus (roe deer) eat the young shoots, leaves, and buds [18,20,94]. There-
fore, several herbivorous mammals may disturb the growth of young R. pseudoacacia plants.

More than 75 insect species including 14 monophagous species were identified in the
native ranges as the natural enemies of R. pseudoacacia [95–98]. The most serious pest of
R. pseudoacacia is the locust borer Megacyllene robiniae. The insect is monophagous, and
sympatric with R. pseudoacacia. Its larvae make feeding tunnels throughout the wood
of R. pseudoacacia, resulting in the tree losing its vigor. The tunnels also serve as entry
points for the pathogenic fungus Phellinus rimosus, which causes extensive wood decay
and root rot [28]. A locust leaf-miner Odontota dorsalis is present throughout the year in the
native ranges. The insect causes heavy defoliation to R. pseudoacacia trees, and the trees are
killed when the rainfall is low [6,95]. The larvae of two moth species, a leaf mining moth
Phyllonorycter robiniella and a locust digitate leaf miner Parectopa robiniella, feed on the leaves
of R. pseudoacacia and other Robinia species [6,95]. A gall midge Obolodiplosis robiniae induces
leaf-margin gall on R. pseudoacacia leaves and causes defoliation. Obolodiplosis robiniae is
spreading in the introduced ranges from Europe to East Asia [2,99], and Phyllonorycter
robiniella and Parectopa robiniella are increasing their population in central and eastern
Europe [2].

Although R. pseudoacacia is classified as a species that produces strong and rot-resistant
timber [1,14,15,18,77], many fungal species have been found on the wood and leaves of R. pseu-
doacacia in the native and introduced ranges. Pathogen fungus genera, such as Aglaospora,
Phomopsis, Fusarium, Polyporus, Perenniporia, Ganoderma, and Laetiporus cause, e.g., mildew,
leaf-spot diseases, necrosis, stem canker, and white, brown, and red rots [2,100,101]. Phyto-
plasmas, which are intracellular parasites of plant phloem tissue, cause witches’ broom and
dieback symptoms on R. pseudoacacia [102].

R. pseudoacacia contains a toxic substance, robinin (chemical class, toxalbumin), in leaves,
bark, and seeds. The robinin inhibits protein synthesis, leading to cell death [103–105]. The
toxic property of R. pseudoacacia was reported to cause critical emesis and extensive tissue
necrosis in human bodies [106,107]. The toxicity of R. pseudoacacia was also reported in
livestock, causing symptoms of transient hyperammonemia and encephalopathy and the
reduction of protein digestibility [108,109] (Figure 3). However, it has not been reported if
the toxic substance protects R. pseudoacacia from herbivorous mammals and insects under
natural conditions.
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These observations suggest that R. pseudoacacia has many natural enemies, such as
herbivorous insects and mammals and pathogenic fungi in the native and introduced
ranges. However, the impact of natural enemies on the population and regeneration of
R. pseudoacacia is not clear because the species populations are still increasing in the native
and introduced ranges. Therefore, R. pseudoacacia may have the ability to prevent the
attacks from natural enemies.
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2.5. Allelopathy

Allelopathy is the chemical interaction between donor plants and neighboring receiver
plant species through certain plant secondary substances (allelochemicals). Allelochem-
icals are released from the donor plants to the neighboring environments and suppress
germination and growth and establishment of these neighboring plants, resulting in the
enhancement of the competitive ability of the donor plant species against neighboring plant
species [110–113]. Allelopathy was reported to be involved in the invasive characteristic of
several other invasive plant species [114–118].

Aqueous extracts of R. pseudoacacia leaves and bark suppressed the germination and
growth of four crop species: Triticum aestivum, Hordeum vulgare, Lens culinaris, and Brassica
rapa, under laboratory and greenhouse conditions [119]. Aqueous extracts of R. pseudoacacia
leaves and roots also inhibited the germination of three tree species: Thuja orientalis, Hibiscus
syriacus, and Alnus firma. The root extracts suppressed the germination of Thuja orientali and
Hibiscus syriacus more than the leaf extracts, whereas the leaf extracts suppressed the germi-
nation of Alnus firma more than the root extracts. A growth inhibitory substance, gentisic
acid, was more abundant in the leaf extracts, and vanillic acid and syringic acid were more
abundant in the root extracts [120]. Aqueous extracts of R. pseudoacacia leaves suppressed
the growth of two weed species: Echinochloa crus-galli and Phleum pretense. When the
Echinochloa crus-galli was grown in the soil containing the leaves of R. pseudoacacia, the
growth of Echinochloa crus-galli was significantly suppressed. Three growth inhibitory sub-
stances, robinetin, myricetin, and quercetin, were isolated from the leaves [121] (Figure 4).

Figure 4. Allelochemicals of R. pseudoacacia. 1: gentisic acid, 2: vanillic acid, 3: syringic acid,
4: gallic acid, 5: hydroxybenzoic acid, 6: caffeic acid, 7: coumaric acid, 8: ferulic acid, 9: robinetin,
10: myricetin, 11: quercetin, 12: catechin.

Allelochemicals are synthesized and stored in certain plant tissues and released into
the neighboring environment through, e.g., root exudation, decomposition of plant residues
in the rhizosphere soil, and volatilization from plant parts [110–113]. Therefore, these ob-
servations described above suggest that R. pseudoacacia may contain certain allelochemicals
in the leaves, roots, and bark, and gentisic acid, vanillic acid, syringic acid, robinetin,



Diversity 2024, 16, 773 8 of 18

myricetin, and quercetin may work as allelochemicals of R. pseudoacacia [119–121]. In ad-
dition, several other compounds, such as caffeic acid, coumaric acid, ferulic acid, gallic
acid, hydroxybenzoic acid, and catechin were identified in leaves, flowers, seeds, and
bark of R. pseudoacacia [122,123] (Figure 4). These compounds were known to act as al-
lelochemicals [112,124–127] and possess growth and germination inhibitory activity and
anti-microbe activity [112,128–132]. Some of these compounds were involved in the inva-
sive characteristics of other invasive plant species, such as Tithonia diversifolia and Pueraria
montana [133,134]. However, it is not clear how much of these allelochemicals is released
into the neighboring environment of R. pseudoacacia. It is also not clear how much these
allelochemicals contribute to the invasiveness of R. pseudoacacia.

3. Impacts of Robinia pseudoacacia on Species Diversity
3.1. Effects on Microbial Community

As a nitrogen fixing leguminous species, R. pseudoacacia adds 23–300 kg nitrogen per
ha per year to the ecosystem [54–56]. Such an amount of nitrogen input may affect the
species productivity and composition in the local plant community [135,136]. The input
of nitrogen to the ecosystem depends primally on the litterfall. The green and senescent
leaves of R. pseudoacacia contained higher amounts of nitrogen compared to the leaves of
the native plant species, such as Pinus pinea, Pinus rigida, Pinus nigra, Quercus ilicifolia, and
Quercus ilex [136–138]. The nitrification rate of R. pseudoacacia litter was reported to be no
higher than that of the litter of the native tree species, Fraxinus angustifolia and Ulmus minor
under laboratory conditions [139]. However, under field conditions, the litter nitrification
rate of R. pseudoacacia was much higher than that of the mixed forests of native plant
species, Pinus rigida, Quercus ilicifolia, and Quercus prinoides, and the available nitrogen
concentration in the forest soil under R. pseudoacacia was also much higher than that under
the mixed forests of the native species [136]. It was also reported that R. pseudoacacia creates
nitrogen-rich soil ecosystems [54,138,140–142]. In addition, R. pseudoacacia significantly
increased the proportion of the large size of soil aggregates and decreased the small size of
soil aggregates, resulting in increasing soil stability [143].

Nitrogen availability strongly affects the ectomycorrhizal (ECM) fungal community
in the soil and affects the ECM fungal colonization of the host plant species. The ECM
fungal colonization improves the nutrient and water uptake and increases the pathogen
tolerance of the host plant species [144–146]. R. pseudoacacia alters the ECM fungal species and
abundance in its rhizosphere soil due to the increasing concentration of soil nitrogen [147,148].
The altered ECM fungal populations colonize well with R. pseudoacacia, and increase the
ability for nutrient and water uptake and pathogen tolerance in R. pseudoacacia, but the
altered ECM fungal populations do not colonize well with the native plant species Pinus
thunbergii, resulting in the reduction of nutrient and water uptake and pathogen tolerance.
Consequently, R. pseudoacacia can use nutrients and water with priority, and the competitive
native plants lose their vigor and pathogen tolerance [147,148].

R. pseudoacacia also alters the community of the arbuscular mycorrhizal fungi (AMF)
in the infested soil due to the increasing concentration of soil nitrogen [82,86,149,150]. AMF
colonization also increases the nutrient and water uptake and stress tolerance of the host
plants [151,152]. The altered AMF community provides better conditions for R. pseudoacacia
but not for the native plant species [82,149,150]. In addition, the diversity of the functional
groups of the soil microbial community was significantly affected by the infestation of
R. pseudoacacia [153].

Some other invasive plant species, such as Mimosa pigra, Imperata cylindrica, Chromo-
laena odorata, Ageratum conyzoides, and Fallopia japonica, also alter the soil microbial commu-
nities including AMF and rhizobium communities through releasing certain compounds
from their roots into the rhizosphere soil, resulting in the suppression of the muralism of
the nighening competitive plant species. These established soil microbial communities also
affect the carbon and nitrogen availability and the decomposition rate of organic matter in
the rhizosphere soil [154–159].
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These observations suggest that R. pseudoacacia alters ECM fungus, AMF, and other
microbial communities in the rhizosphere soil. These altered microbe communities increase
the nutrient and water uptake and pathogen and stress tolerance of R. pseudoacacia but not
for the competitive plant species. The alterations of microbial species composition in its
rhizosphere soil may contribute to the invasiveness of R. pseudoacacia.

3.2. Effects on Understory Plant Community

The infestation of R. pseudoacacia into the forests in the introduced ranges results in
the replacement of the canopy species from the native plant species to R. pseudoacacia
and the alteration of the canopy structures. Robina pseudoacacia creates lower canopy
closure forests compared with the native floodplain forests (dominated by Salicion albae
and Fraxino-Quercion roboris), oak forests (dominated by Quercus cerris, Quercus robur,
or Quercus petraea), and mixed oak–hornbeam forests (dominated by Quercus spp. and
Carpinion betuli) [160,161]. The canopy structures affect the microclimate conditions in the
forests. The light irradiance and temperature of R. pseudoacacia forests were higher, and
the humidity of R. pseudoacacia forests was lower than these native forests, although these
forests belong to the same region with the same climate condition [160–162]. R. pseudoacacia
also creates soil conditions with higher C/N ratio and higher phosphate concentration
compared with the soil conditions under the native plant forests [163].

These microclimate and soil conditions created by R. pseudoacacia probably affect the
community of the understory plant species. In fact, the understory plant community was
very different between the R. pseudoacacia forests and the native plant forests in terms
of biomass and biodiversity [164–170]. The understory plant community in the native
forests consists of oligothrophic and acidophilus species. However, the understory plant
community in R. pseudoacacia forests consists of heliophilous, nutrient demanding, and/or
un-forest species, such as Galium aparine, Urtica dioica, Anisantha sterilis, Glechoma hederacea,
and Chelidonium majus. Alien plant species, such as Erigeron annuus, Solidago gigantea, and
Symphyotrichum novi-belgii, were also often observed in R. pseudoacacia forests [160–162,171].
The different understory plant community makes different litter composition on the forest
floor. The different understory plant community, including different litter composition,
is responsible for the replacement of the invertebrate species, such as nematodes, arthro-
pods, and mollusks, and vertebrate species, such as birds and mammals [161,172–174].
R. pseudoacacia also affects the richness and abundance of the epiphytic lichen species in the
forests [175].

Although Siztia et al. [176] did not find significant differences in the richness and
diversity of the understory plant species in the R. pseudoacacia and native plant forests in the
European Mediterranean Mountains, many other researchers have recorded the significant
differences in the richness and diversity of the understory plant species between the
R. pseudoacacia and native plant forests, as described. Therefore, R. pseudoacacia infestation
probably affects the abundance and biodiversity of the understory plant community and
the biodiversity of the residential vertebrates and invertebrates.

3.3. Effects on Plant Succession

R. pseudoacacia is an early successional and shade-intolerant tree species. The species
spreads quickly and colonizes a broad range of habitats, such as grasslands, floodplains,
tree plantations, disturbed lands, and open sites within deciduous forests. R. pseudoacacia
makes up the majority of its stands during the early stages of plant succession [2,4,11].
In native ranges, after 15–30 years, R. pseudoacacia tends to be replaced by larger and more
shade-tolerant tree species such as Liriodendron tulipifera and Quercus spp. [8,54,177].

However, the successional gradient of R. pseudoacacia-dominated forests is not always
observed in the introduced ranges. Plant succession seems not to occur across the different
ages of R. pseudoacacia stands [166,178–180]. As described above, the heliophilous, nutrient-
demanding, and un-forest species dominate in the R. pseudoacacia forests, while most
of the oligothrophic and acidophilus species disappear from the forests [160–162,171].
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R. pseudoacacia may affect the natural successional process by decreasing the regeneration
density of native tree species and by altering the species composition of understory plant
species [166,178–180]. These observations suggest that R. pseudoacacia can maintain its
dominance in the forests for a longer time in the introduced ranges than the native ranges.

4. Conclusions

R. pseudoacacia has been introduced into many continents for its ornamental and
economic values. However, the high ability of R. pseudoacacia to spread into unintended
places, including protected areas, makes it an invasive species [2–4,6,7,35,36]. R. pseudoacacia
grows very fast through rhizobium nitrogen fixation, effective nitrogen allocation, high
photosynthesis ability through the effective synthesis of RuBisCo and chlorophyll, and
leaflet movement to avoid photoinhibition [42,44,47–49]. R. pseudoacacia produces abundant
seeds from the age of 5–6 years old [18,60]. The species also propagates and reproduces
through the ramets from adventitious buds at the base of the main trunks and at horizontal
roots [76,77]. R. pseudoacacia forests were regenerated within a few years after clear-cutting
through the ramet sprouting [21,76,77]. The horizontal roots grow up to 61 m, and the
ramet sprouting often occurs from the horizontal roots [21,78]. R. pseudoacacia has a strong
adaptive ability to the various environmental conditions, such as temperature, precipitation,
and soil type [4,6,39,80]. These characteristics of its life history may contribute to the
invasiveness of the species.

R. pseudoacacia has many natural enemies, such as herbivorous insects and mammals
and pathogenic fungi in the native and introduced ranges [2,39,95,96,99,100]. However, the
impact of natural enemies on the population of R. pseudoacacia is not clear because the species
populations are still increasing in the native and introduced ranges. The species may have
the ability to prevent pathogen infection and herbivore attacks. R. pseudoacacia contains the
toxic substance robinin, which causes extensive tissue necrosis, hyperammonemia, and en-
cephalopathy in animals [106,107]. R. pseudoacacia also possesses allelochemicals [120,121],
which enhance the competitive ability of R. pseudoacacia against the neighboring plant
species due to the suppression of germination, growth, and/or establishment of these
neighboring plant species. The defense ability against natural enemies and the allelo-
chemicals of R. pseudoacacia against competitive plant species may also contribute to the
invasiveness of the species.

R. pseudoacacia was reported to significantly change species diversity and abundance
in the native plant community. R. pseudoacacia alters the symbiotic soil microbe community,
including ectomycorrhizal fungi and arbuscular mycorrhizal fungi, to a species favorable
community from a native plant favorable community [147–150]. The infestation of R. pseu-
doacacia into the native plant forests causes the alteration of the canopy structures and soil
nutrient conditions of the forests [160–163]. The created canopy structures affect the micro-
climate conditions, such as higher irradiation and temperature and lower humidity. These
microclimate and soil conditions affect the community of the understory plant species. The
understory plant community in the native forests consists of oligothrophic and acidophilus
species, while the undergrowth plant community in R. pseudoacacia forests consists of
heliophilous, nutrient-demanding, un-forest and/or alien plant species [162–170]. These
understory plant communities and forest structures are also responsible for the replacement
of the invertebrate and vertebrate species in the forests [161,162,172–174] (Figure 5).

R. pseudoacacia is a shade-intolerant and early successional tree species and forms its
dominant stands quickly. The species’ dominant stands tend to be replaced by larger and
more shade-tolerant tree species after 15–30 years in the native ranges [8,54,177]. However,
R. pseudoacacia may affect the natural successional process by decreasing the regeneration
density of native tree species and altering the species composition of the understory plant
species in the introduced ranges. Plant succession seems not to occur always across the
different ages of R. pseudoacacia stands [166,178–180].
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The management of R. pseudoacacia is difficult due to its fast growth ability and clonal
reproduction by ramets from its lateral roots and the base of the main trunks [21,76,77].
Several review articles have summarized the management of the species [4,18,181,182]. The
species is mainly controlled chemically and mechanically. However, effective long-term
control techniques for R. pseudoacacia infestation have not yet been suggested. Further
investigations into biological and ecological aspects are still required to understand the
species of R. pseudoacacia in more detail and to develop management options. Due to its
invasive behavior in unintended places and protected areas, the species needs to be con-
trolled. If left unmanaged, R. pseudoacacia would continue to spread and cause significant
problems in the species abundance and diversity in the introduced ranges. The global
warming trend may also contribute to the expansion of the R. pseudoacacia infestation.
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