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Recently, the role of the plant-associated mycobiome (i.e.

plants on ecosystem structure and function resulting in changes

the fungal community) in inﬂuencing the competitive suc-

to native vegetation composition and productivity, nutrient cycling,

cess of invasive plant species has received increasing atten-

soil characteristics, and even human well-being1.

tion. Fungi act as primary drivers of the plant invasion
process due to their ability to form both beneﬁcial and

Many factors regulate exotic species naturalisation and invasion

detrimental relationships with terrestrial plant species. Here

success, including the ability to rapidly access resources, allelop-

we review the role of the plant mycobiome in promoting or

athy, and the modiﬁcation of ecosystem processes (reviewed in

inhibiting plant species invasion into foreign ecosystems.

Levine et al.2). However, an increasing body of evidence suggests

Moreover, the potential to exploit these relationships for

a pivotal role for the plant-associated mycobiome (i.e. the fungal

invasive plant control and restoration of native communities

community) in inﬂuencing the competitive success of invasive

is discussed. Incorporating fungal community ecology into

species3–6. Fungi are important terrestrial ecosystem components,

invasion and restoration biology will aid in the management

acting as mutualists, pathogens, decomposers, and food sources.

and control of invasive plant species in Australia.

Because of their primary role as drivers of many ecosystem functions and their ability to establish intimate relationships with

Alien invasive plant species represent an ever-increasing worldwide

terrestrial plant species (e.g. mycorrhizal fungi or leaf endophytes)

problem. The expansion of invasive species in non-native ranges

(Figure 1), fungal communities can critically inﬂuence plant

can dramatically alter the structure and population dynamics of

ﬁtness and survival and, hence, their colonisation and invasion

the invaded community, with the negative impact of invasive

patterns5,7.
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Foliar epiphytic fungi
Foliar endophytic fungi

(grow on the surface of plant leaves)

(grow asymptomatically inside
the cells of plant roots, stems
and leaves)

Root pathogenic fungi

Arbuscular mycorrhizal fungi
(grow in symbiotic association with the plant roots;
release iP and iN to the plant in exchange for C)

Ectomycorrhizal fungi
(grow in symbiotic association with the plant roots;
release iP, N and iN to the plant in exchange for C)

Figure 1. The plant-associated mycobiome. Fungi live in close association with many plant compartments, where they carry out different functions
(see Peay et al.7). iP, inorganic phosphorous; N, nitrogen; iN, inorganic nitrogen; C, carbon.

Understanding the mechanistic interactions underpinning the
invasion process is predicted to be particularly important for
Australia, where invasive species pose not only a threat to the
biodiversity of its unique vegetation, but also an economic problem8. Following accidental and deliberate introductions after
European colonisation of the continent, approximately 2700
exotic plants species are now considered established within the
continent, with almost 250 having been declared harmful or being
under some form of legal control measure9. In terms of economic
burden, the control of alien plant species is calculated to cost
approximately AU$4 billion annually for agriculture alone10. The
cost associated with managing native plant communities, although
difﬁcult to estimate, is predicted to also be considerable.

Mechanisms and effects of fungi-plant
interaction during invasion
Pathogenic relationships: The interactions between invasive
species and their fungal communities are complex, with invasion
success often being deﬁned by the nature of such relationships.
For example, during invasive plant establishment, pathogenic
fungi can form novel associations detrimental to the invasive
plants11. This possibility is usually ampliﬁed if the invasive and
native plants are not phylogenetically related, resulting in speciﬁc
targeting of the invasive species, and thus prevention of invasion
through inhibition (Figure 2). In contrast, successful invasion is
often promoted by the loss of detrimental microbes, such as
pathogenic fungi, particularly when they are not present in the

Given the environmental and economic implications of invasive

newly colonised habitat12. Invasive species can also act as reservoirs

plant species control, the need to ﬁnd effective strategies for

for microorganisms that are pathogenic for the invaded commu-

the prevention, early detection, and eradication of invasive species

nity, with a consequent enhancement of the negative impact of

now represents a priority in many economic and scientiﬁc agendas.

invasion on the native vegetation, as observed during the invasion

Here we discuss the role of the plant mycobiome in promoting

of non-native Spartina alterniﬂora and its fungal pathogen

or inhibiting invasive plant species incursion into foreign ecosys-

(Fusarium palustre) on native Chinese saltmarsh plants. This

tems, and propose ways through which these relationships can

instance implies the ability of the invader population to resist or

be exploited for invasive plant control and native communities

tolerate native pathogens within the invaded areas, causing an

restoration.

increase in pathogen loads detrimental to the native community13.
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MUTUALISTIC
RELATIONSSHIPS

PATHOGENIC
RELATIONSSHIPS

PLANT–FUNGI
INTERACTIONS

INVASION
OUTCOME

MECHANISM

Invasive plants’ natural
enemies are absent in the
invaded range

Invasive plants may benefit from the
occurrence of fewer co-evolved
pathogens in their invaded range
(Enemy Release Hypothesis)

Invasive plants are sensitive
to the native pathogens

Native pathogens novel to introduced
plants contribute to biotic resistance
and prevent invasion (Biotic
Resistance Hypothesis)

Invasive plants release
pathogens in the native
community

Alien pathogens from alien plants
colonise native plants in the native
range, enhancing invasion and
invasion impact (Accumulation of
Native Pathogens Hypothesis)

Invasive plants don’t depend
on obligate mutualistic
symbioses

Invasive species that are less
dependent on mutualistic symbionts
are favoured

Invasive plants depend on
obligate mutualistic
symbioses

The lack of an appropriate symbiont in
the invaded range may limit invasion
success. However, the spread of
invasive plants may be assisted by the
occurrence of mutualists already
present in the invaded range or cointroduced

Invasive plants can form
novel relationships in the
invaded range

Novel mutualistic associations may
increase the invading plant fitness and
enhance invasiveness

Invasive plants can disrupt
mutualistic relationships in
native communities

If limited fungal partners are shared
with native species, invasive plants
can not support native fungi in the
absence on the native host, resulting
in the loss of fungi that are specific
and beneficial to natives

Figure 2. Role of the plant mycobiome in facilitating and/or constraining plant invasion success. The outcomes of the invasion process are
represented by arrows pointing up or down, indicating favourable or disadvantageous conditions for the establishment of alien plants, respectively.

Symbiotic relationships: An equally important aspect of the plant-

American species Ambrosia artemisiifolia. Alternatively, the co-

fungi relationship during the invasion process pertains to the role of

introduction of associated symbionts in the colonised habitat may

symbiotic interactions, such as mycorrhizal interactions. Mutualism

favour the invasive plants5. Co-introduction is usually due to the

preservation is often vital for the invaders, and the occurrence of

transport of infected plants or propagules, or from the transloca-

such beneﬁcial interactions in the invaded habitat can be enhanced

tion of contaminated soil. The presence of a suitable symbiotic

by the presence of native arbuscular mycorrhizal fungi with low

partner, either native or alien, can signiﬁcantly enhance invader

endemism and low speciﬁcity in their range of associations .

ﬁtness in the newly colonised habitat, as observed in the case of

Invading plants able to form novel symbiotic associations are also

non-native willows introduced with their native fungal symbionts

typically more successful. This strategy is particularly relevant for

in Southern Australia riparian systems16.

14

arbuscular mycorrhizal plants, which tend to establish novel associations in their exotic range, resulting in increased ﬁtness and
15

enhanced invasiveness , such as in the case of the invasive North
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In some instances, co-introduced symbionts may also be able to
modify the native microbial community structure, including
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substantial loss of belowground diversity and native mutualists,

Conclusions

with detrimental repercussions for the native host’s ﬁtness. Such

In the past decade, a mounting body of evidence from ecological

invasive processes can result in negative modiﬁcations of the
functional attributes of the invaded system5. For example, the
invasion of non-ectomycorrhizal communities by ectomycorrhizal
plants causes both a decrease in soil carbon and a co-release of
nutrients from the soil17. Plant-fungus co-invasion may also cause
shifts in the total plant biomass; a change either enhanced by the
increase in mutualistic fungi18 or decreased by the pathogenic
invaders

19,20

. Both the biomass shift and the plant compositional

modiﬁcation can critically alter important ecosystem processes in
the native community invaders19,20.

studies has contributed to unravelling the pivotal contribution of
the plant-fungi interaction in mediating the successful plant invasion. Much of this novel insight converged to recognise that
invasion dynamics cannot be understood or predicted without a
thorough characterisation of the relationships occurring between
invasive and native plants together with their respective microbiomes5,21. We therefore believe that approaching the plant-fungus
relationships during invasion ecology studies in a mechanistic
framework represents a fundamental prerequisite to better understand the processes underpinning the competitive success of
invasive plant species, and thus design effective and long-lasting

Implications for management
A better understanding of plant-fungi interactions can have important repercussions for the mitigation of negative impacts of invasive
plants and the design of better restoration strategies5. Novel
microbe-mediated approaches for invasive plant control may include the inhibition of fungal symbiotic relationships that provide
competitive advantages to invasive plant species (e.g. through the
introduction of pathogenic microbes or inhibition of beneﬁcial
fungi)4,21. In particular, the co-introduction of native pathogens has
been proposed as an effective strategy to manage alien plant
species. An example of the successful application of fungi as
biocontrol agents is represented by Phragmidium violaceum,
used to control invasive blackberry trees in Australia22. Similarly,
the rust fungus Uromyces pencanus has been proposed as a
promising biocontrol agent to reduce the spread of Nassella
neesiana (Chilean needle grass), a grass species invasive to the
southern hemisphere23.

management and restoration strategies. Particularly, the characterisation of the microbial diversity and temporal variability, including endophytes and rhizosphere microbes, relevant to both the
invasive and native plants at different growth stages, as well as the
identiﬁcation of their functional role and their effect on plant
growth, development and tolerance21, will represent the foundation to design effective microbiome manipulation strategies and
predict possible invasion outcomes. Exploring new venues to
protect and restore native vegetation communities may be particularly relevant for Australia, a continent where many terrestrial
systems are experiencing a rapidly increasing environmental pressure related to climate change, habitat loss and fragmentation, and
growing human populations. Further research focused on elucidating the impact of linked plant-fungal invasions in the context of
ecosystem-level and community assembly processes holds promise
to provide a solid scientiﬁc framework to predict invasion trajectories, and thus improve the outcomes of alien plant invasion
management approaches.

In addition to the invading plant management, the plant-mycobiome relationship can be harnessed to mitigate the legacies of
disrupted fungal communities resulting from processes such as
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