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As restoration ecology begins to engage more formally with the role of belowground interactions, we note that there is an even
greater gap in knowledge of the role ectomycorrhizae (ECMs) have in ecological restoration in the Neotropical region. Even
though there are a few records of ECMs in the Neotropics not much is known about their function. Here we highlight the under-
estimated importance of ECMs in Neotropical coastal zones, discuss how we could use the vegetation on the coast of the Atlantic
Forest, called restinga, as a model to investigate tropical ECMs, and explore further possibilities that can be used in restoration

projects.
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Implications for Practice

e A better understanding of the underestimated distribution
and functional roles of ectomycorrhizae should improve
the outcomes of ecological restoration in the Neotropical
region.

e There are advances in examining how ecological restora-
tion can be improved by research on ectomycorrhizae in
coastal zones in Brazil.

Introduction

Consistent with global trends, research in restoration ecology in
tropical and subtropical ecosystems has been more plant than
microbial focused. More focus on microbial communities (espe-
cially mycorrhizae; Sun et al. 2017; Neuenkamp et al. 2019)
likely will enhance the success of restoration projects. Studies
on mycorrhizae and restoration, especially in the tropics and
subtropics, tend to focus on arbuscular mycorrhizal fungi
(Ramos-Zapata et al. 2006; Leal et al. 2016; Bermudez-
Contreras et al. 2020; Ngugi et al. 2020). Even though there
are records of ectomycorrhizae (ECMs) in the Neotropical
region (Singer et al. 1983; Roy et al. 2016) not much is known
about their function.

The lack of studies on ECMs in South America seems to have
been driven by a lack of fungal taxonomists compounded by a
premature generalization that ECMs were considered rare or
absent in the Neotropical region. The latter generalization is
incorrect as ECMs are widespread in the tropics (Corrales
et al. 2018). For example, members of our research group
recently reviewed the fungi in white-sand forests in Brazil

(in Caatinga, Atlantic Forest, and the Amazon), which provided
corroborating evidence for ECMs being much more common in
the Neotropical region than previously thought (Roy et al. 2016,
2017). Since little is known about the diversity of ECMs in this
region, these organisms have been overlooked in restoration
projects, even though they may play an important role in plant
interactions in coastal zones. Thus, our RE-New article focuses
on the importance of considering ECMs to improve restoration
projects, discusses how we are using a Brazilian coastal ecosys-
tem as a model to investigate ECMs, and explores further gaps in
research on ECMs that can be used in restoration.

Recognizing the Roles of Ectomycorrhizae and
Overcoming Knowledge Gaps

It is likely that in Neotropical ecosystems, ECMs increase car-
bon sequestration and soil nutrient mobilization from organic
matter and soil minerals within individual plants (Huang
et al. 2019). Ectomycorrhizae can improve pathogen resistance
of their host plant by direct competition, inducing the production
of pathogenesis-related biomolecules, or developing antagonist
microbiota (Barto et al. 2012). Ectomycorrhizae also can
enhance plant tolerance to drought by improving the plant—soil
contact surface, water conductivity in the host plant, and resis-
tance to high soil salinity by restricting sodium uptake into plant
tissues and activating stress response pathways (Pickles &
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Simard 2017). As in most ecosystems, Neotropical communities
rely on adults (hub trees) to support seedling growth and main-
tain diversity (Simard 2018). Therefore, ecological restoration
should strive to enhance the establishment of these interactions.

Introduced native seedlings (via restoration) may not succeed if
the native microbial communities are not introduced concur-
rently, especially those associated with initial colonization. Resto-
ration efforts often involve controlling invasive species (Weidlich
et al. 2020), which may rely on mutualists (Vogelsang &
Bever 2009; Moyano et al. 2020), but little is known about the
consequences of having exotic soil microbiota in areas where
exotic plants have been removed. For ECMs, interactions
between native plants and exotic fungi do not necessarily cease
after the removal of exotic plant species (Lofgren et al. 2018).

Specific ectomycorrhizal fungi enhance the survival rates and
early growth performance of several plant species (Carey 2016).
Inoculation of nurse seedling species with appropriate fungal
partners is one of the most efficient environmental approaches,
especially in disturbed ecosystems. The presence of endemic
symbionts in an ecosystem is an indicator of a well-diversified
community (Mueller & Halling 1995) either above or below-
ground. Studying ectomycorrhizal fungi in native vegetation in
Brazil began in the 1960s with Singer’s research in the Amazon
(Singer & Morello 1960; Singer et al. 1983). Subsequently,
many other studies continue to reveal the diversity of putatively
ectomycorrhizal fungi in Brazilian forests (Sulzbacher 2013;
Sulzbacher et al. 2013; Roy et al. 2016). Still, the relative dearth
of knowledge about ECMs and many other belowground inter-
actions means that there is ample room and need for further
research in neotropical ecological restoration projects.

Using Brazilian Coastal Atlantic Forest as a Model for
Investigating the Role of ECMs in Restoration

Our research group has been studying the diversity of ECMs in
the Atlantic Forest in Brazil (Sulzbacher 2013; Furtado
et al. 2016; Roy et al. 2016, 2017; Vanegas-Ledn et al. 2019;
Duque Barbosa et al. 2020). We are currently looking more
closely at restinga, an important ecosystem in the coastal Atlan-
tic Forest characterized by high irradiance, salinity, and sandy,
nutrient-poor soils (Barcelos et al. 2012). We are testing the
hypothesis that ECM formation could be one of the reasons
plants manage to establish and survive in harsh environments
like restinga, since the plants rely on belowground interactions,
including mutualism, decomposition, and pathogenicity (Pickett
et al. 2019). These interactions may be quite complex. For
example, Guapira opposita is a facilitator in restinga by acting
as a nurse plant (Dalotto et al. 2018); it is also associated with
more than one species of ectomycorrhizal fungi (Vanegas-Le6n
et al. 2019). We continue to investigate the morpho-anatomical
and molecular evidence of native ECMs and their symbiont
plants in restinga. We are testing if G. opposita ECMs could
be facilitating other plant species to become established by
(1) ameliorating microclimatic conditions on site, (2) changing
soil microbiota to favor other ECM-forming plants, or (3) acting
as a hub tree, directly transferring resources through

ectomycorrhizal connections. Thus, we postulate that ECMs
should be considered a key component in restoration projects
in restinga.

The generally well-established role of ECMs for plant nutri-
ent uptake could be applied to restinga, but we are still lacking
data. This lack of knowledge emphasizes the need to develop
projects that identify the diversity and better explain the ecology
of ECMs and their functions so these organisms can be properly
used in restinga restoration. To use restinga as a model to inves-
tigate using ECMs in restoration, we need to do the following:
(1) learn more about the diversity and ecophysiology of ECMs
in coastal Atlantic Forest; (2) find out if other plants in restinga
form ECM associations and how frequently these associations
occur; and (3) investigate if ECMs in the Neotropical region
function in the same way as temperate ECMs. A better under-
standing of ECMs in the coastal Atlantic Forest will allow us
to infer how we can include them in restoration projects in the
same way endomycorrhizae have been used. We are confident
that by answering these questions we will be able to explore
the role of ECMs in restinga. We hope that our pioneering work
will encourage other groups to join us to explore the diversity,
physiology, and application of ECMs in the neotropical region.
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