Review Article

Mycorrhizal Associations in Orchids: A Review

Paras Chauhan, L.K. Attri*

Department of Biosciences, Chandigarh University, Gharuan, Punjab, INDIA.

Submission Date: 22-06-2024; Revision Date: 27-07-2024; Accepted Date: 18-08-2024.

ABSTRACT

Aim/Background: Orchids, known for their exquisite beauty of flowers and ecological diversities,
invariably depend on mycorrhizal fungi partner to obtain the essential nutrients and growth factors
at the time of their seed germination and further growth and development. This paper will explore
the multifaceted roles including importance of mycorrhizal associations in orchids, mechanisms,
specificity, and ecological implications. Therefore, the specificity in orchid mycorrhizal associations,
including the high selectivity level of the fungus by different orchid species, signals co-evolutionary
dynamics in orchids and their fungal partners. Besides, fungal partners are recorded to have
indispensable roles including nutrient acquisition, water uptake and resistance to the stresses
of the environment, improvement of orchid fitness etc. Materials and Methods: An extensive
literature study was done to understand and explore the basis and mechanism of orchid mimicry
using variety of genuine search engines including google, Wikipedia, online libraries, books and
monographs available online and offline. Results and Conclusion: This review highlights intimate
and intricate symbiosis of orchid plants with fungal partner. The mycorrhizal associations in orchids
are not only shaped by the specificity of interactions (molecular recognition) between different
fungal partners and among different orchid species but also by the co-evolutionary mosaic that
has contributed to the current diversity and distribution of orchids around the globe. It also
sheds light on the intricate plant-fungal encounters that support the biology and ecology of the
charismatic orchids and opens tantalizing research opportunities to conserve these captivating
plant-fungal unions in their natural habitats. Further investigation into the mechanisms underlying
orchid mycorrhizal interactions is pivotal in the quest to reveal the beneficial significance of these
symbiotic relations.
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INTRODUCTION
Mycorrhizal Associations

Mycorrhizal association is a mutualistic association
involving one or more kinds of fungi and the roots
of plants, including those of orchids."” Generally,
most of the mechanisms are important for the growth
and survival of many plant species growing on sites
where conditions are not conducive for their life.l'l In
a mycorrhizal interaction, the fungal partner colonizes
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the root system of the plant and forms specialized
structures, called mycorrhizae, whose function is mainly
to facilitate the exchange of nutrients between the
fungus and the plant.” It is recorded that the orchid
propagation from seed is difficult due to their micro
size of seeds (0.1-6mm), therefore dependence on
fungi as mycorrhizal associations for germination and
nutritional requirements.”! Further, the orchid embryo
has no endosperm and it gets nourishment from the
endophytic B4 Therefore, the
mycorrhizal association as Orchid Mycortrhiza (OM)
is imperative and therefore exists.! The importance of
fungiliesin the supply varied nutrients including nitrogen,
phosphorous, and carbon, very essential at the time of
the establishment of the developing orchid seedlings
and hence able to grow in harsher habitats.*”) Orchids
depict a wide diversity of mycorrhizal associations,

fungi requirements.
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with different orchids forming a certain symbiotic
association with a certain type of fungi. Relationships
may be highly specialized to only a few partners, for
instance, certain orchid species when their seeds may
have a narrow range of fungal associates required for
germination and growth.” Specialized interactions have
a great contribution to forming the unique ecological
niches occupied by orchids and their adaptation to
diverse habitats.” In mycorrhizal associations, the orchid
absorption capacity in relation to water and nutrients
from the soil is bigger and thus promotes its overall
fitness and competitiveness in natural ecosystems.®
Additionally, mycorrhizal fungi can protect orchids
from pathogens and other damaging factors therefore,
promote their survival and success . It is recorded that
numerous orchid species face endangered due to habitat
loss, climate change, and many other anthropogenic
activities. Therefore, the fungi that make a mutualistic
relationship with orchids has a contribution to securing
orchid populations and their surrounding ecosystems.
[ Plant-linked microbiota also confer survival rewards
to the plant host, including growth promotion, nutrient
uptake, stress tolerance and resistance to pathogens.!"! In
general, mycorrhizal associations in orchids are of basic
importance to biology and ecology, since they do affect
nutrient acquisition, growth, and survival. therefore, it is
critically important to know the mycorrhizal associations
in orchids as this is important for the conservation and
restoration of orchids. Further study of the biological
aspects of such symbiotic relationships is thus an
important way towards the unveiling of more about
the biology and new strategies for conservation and
restoration of orchids.

MATERIALS AND METHODS

For the present studies related to “Mycorrhizal
Associations in Orchids: A Review”, genuine search
engines including PubMed, Google, Research gate,
Wikipedia, Google scholar, Science direct database,
shodganga, online libraries, books and other authentic
data available online and offline are considered across
countries

RESULTS
Orchid Mycorrhiza

Orchid Mycorrhiza (OM) is a highly important
symbiotic relation of plant and fungal partner because
it is needed for the successful germination, growth,
and development of orchids.'!! Unlike in most plants,
orchid seeds lack endosperm.!""'? the food-tich tissue to

aid in the normal growth of seedlings in conventional
plants.'”? Orchid seeds, in turn, do not germinate or
grow without their establishment by mycorrhizal fungi.
In orchid mycorrhizal symbiosis, the fungal partner
colonizes an orchid seed and forms within the seed
tissue, a specialized structure named a peloton.!'>!
The peloton acts as the exchange point of nutrients via
the fungus, which in turn supplies to the young orchid
seedling essentials such as carbon and nitrogen. In
exchange, once mature, the orchid supplies the fungus
with carbohydrates produced during photosynthesis.!"”)
Orchid mycorrhizal association is often specific, with
different species associated specifically with certain
groups of mycorrhizal fungi. These fungi associations
sometimes supply essential nutrients for the seed
germination because they provide nutrients and growth
factors do not present in the seed.’! Secondly, the
fungal partner associated with the orchid’s roots has
the ability to uptake water and nutrients from the soil
even in nutrient poor habitats.'”) The importance of
orchid mycorrhiza does not end with the germination
of the seeds, since the mycorrhizal associations might
happen at different periods during the life history of an
orchid."" Mycorrhizal fungi help in nutrient acquisition,
disease resistance, and environmental adaptations of
the orchids that contribute to fitness and survival in
different ecosystems.'"*”! Besides, the knowledge of
the orchid mycorrhizal association is indispensable to
orchid conservation, as its disturbances can be adverse
on the orchid populations and habitats involved in
them. The involved relationship is one of the plants, the
fungus, and the mycorrhizal partner, and a balance with
the preservation of all three is important in maintaining
this unique and ecologically important balance.

Symbiotic Relationship

Symbiotic relationships between orchids and fungal
partners, referred to as orchid mycorrhiza, play
fundamental roles in the survival, growth and ecological
success of orchids from a wide range of habitats."
Orchids are renowned for their diversity and widespread
habitat dominance and even nutrient-poor soils,
where access to essential nutrients limits growth and
reproductive processes.'” In order to overcome these
important constraints, orchids have evolved nutritional
symbiosis with fungi that are essential for mediating
nutrient acquisition processes and facilitating ecological
adaptation.""¥'The fungal partner colonizes the roots of
orchid plants in web intimate connections that facilitate
the flow of nutrients between the partners." Orchids
supply their partner with carbohydrates synthesized
through photosynthesis, acting as the fungi’s carbon
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source.l” It is observed that the mycorrhizal fungi
take up nutrients like nitrogen, phosphorus, potassium,
and micronutrients, from the soil and transport them
to orchid roots. The specificity of these symbiotic
relationships is a hallmark of orchid mycorrhiza.'"*
Different orchid species are in symbiotic association
with varied groups of fungi, forming partnerships
so specialized that they can be exquisitely adjusted to
each species particular ecological requirements. The
specificity of the orchid-fungus partnership reflects the
orchids specificity for specific nutrients, provided in the
right qualities and at the right time during its life cycle,”
Dearnaley writes for The Plant Press.” This specificity
ensures that orchids receive the appropriate nutrients
tailored to their physiological needs, enabling growth,
development and reproductive success in diverse
habitats.® The associations in orchid mycorrhiza go
beyond nutrients as they cover ecological interactions
and adaptations. Mycorrhizal fungi can help in a variety
of ecological functions such as protection against
pathogens, tolerance of drought, and colonization
of new habitats. Noteworthy, the mycorrhizal fungal
association affects the diversity, distribution and
abundance of orchid species in natural systems.*"?!]

The ecological significance and evolutionary implications
of these associations is the possibility to unravel the
dynamics of symbiotic interactions between fungal
partners and orchids. This information provides
important information about the factors contributing
to the large number of orchid species in the tropics and
adaptation to diverse habitats, by allowing us to understand
the symbiotic relationships that have been a requisite
step in the evolutionaty history to this diversity.*"* In
addition, an understanding of the symbiotic relationships
that exist in orchid mycorrhiza may further bring to light
the possibilities for conservation and restoration of these
plants, as well as their fungal associates, in times when

these communities are under environmental stress.™?

Fungal Partnership

Fungal partnerships are keys to the mycotrophic
nature of orchid mycorrhizas, which, in turn, underpin
nutrient acquisition strategies and ecological adaptations
of orchids to diverse habitats.” These symbiotic
intricate interactions between
orchid plants and unique assemblages of mycorrhizal
fungi, with both parties playing essential roles in resource
exchange and nutrient uptake. It is the specificity of
fungal partnerships that is most characteristic of orchid
mycorthizas.?*! Different orchid species exhibit strong
preferences for particular lineages of fungal taxa. They

associations involve

form highly specialized associations that are finely

tuned to their ecological requirements.*! As, orchids
depends on these fungi for access to nutrients like
carbon, nitrogen, and phosphorus and growth factors
especially during germination and early establishment
orchid seeds are effectively devoid of
endosperm.” While the orchids benefit from nitrogen
uptake from their mycorrhizal fungi, the fungi receive
carbohydrates synthesized by the orchids through
photosynthesis. These relations of reciprocal resource
transfer between the two mutualistic partners also
sustain both the beneficiary. Plant-fungal interactions are
primarily localized, where orchid roots release chemical
attractants, such as sugars and organic acids, that

when

stimulate fungal hyphae proliferation towards the roots
and physical contact.>”! Mycorrhizal fungi on meeting
orchid roots, form highly specialized structures, such as
pelotons or coils, within root cells, which serve as sites
of nutrient exchange, facilitating the bidirectional flow
of carbon compounds from the orchid to the fungus
and essential nutrients, including nitrogen, phosphorus,
and micronutrients, from the fungus to the orchid.””*
Finally, plant-fungal interactions in orchid mycorrhizae
are characterized by a sophisticated web of signaling
pathways and molecular dialogues between partners.
Chemical signals released by orchids and mycorrhizal
fungi control the development of mycorrhizal
structures within the roots of orchids and they regulate
the transport of nutrients in fungal hyphae, thereby
ensuring effective exchange of resources and their
prolonged association.®"!

Rhizosphere

The numerical account of fungi occupies in orchid roots
are reported to belongs to at least 150 families contained
in 28 orders of Basidiomycota and Ascomycota. These
fungi were determined to diverse ecological station
belongs to typical orchid fungal partner (‘rhizoctonia’),
ectomycorrhizal, wood- or litter-decaying saprotrophic
fungi, and other endophytes/pathogens/saprotrophs
and among the four different mycorrhizal types.
Microbiologists have long been intrigued by the
complexities of orchid mycorrhizal associations, in the
rhizosphere, the vital microenvironment that flanks plant

roots.P>34

Typically, orchid exquisite flowers boasting
remarkable ecological diversity reside in ecosystems
defined by extremely nutrient-poor soils, where the
ability to efficiently access nutrients is critical to survival
and success.’*? Mycorrhizal fungi emerge as key allies
in this context, establishing symbiotic relationships
with orchids that markedly enhance nutrient uptake
and overall plant fitness.”” In the rhizosphere, a suite

of compounds that includes organic acids, sugars and
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amino acids actively released by orchid roots attracts
mycorrhizal fungi to their host™ and specialized fungal
hyphae navigate toward orchid roots and form intimate
associations that enable bidirectional nutrient exchange.
B The fungal partner have an impressive capacity for
nutrient acquisition including the ability to solubilize
organic and inorganic forms of nutrients, as well as
transport nutrients over large distances through their
hyphal networks. This nutrient scavenging ability is a
real boon for orchids which are often found in nutrient
poor environments.” By bartering these scavenged
nutrients, the orchids can draw down a constant supply
of vital resources,P! very essential as orchids normally
be otherwise in hostile habitats, allowing the orchids
to easily outcompete neighboring plant species.
Similarly, the rhizosphere is also a hub for the complex
signaling pathways and crosstalk between orchids and
mycorrhizal fungi. The chemical release that takes place
between provides the cues for distinct physiological
engagements that engender mutualistic alliances, such
as the establishment of mycorrhizal structures within
orchid roots and the trigger of nutrient transport
processes in fungal hyphae.® The hitchhiker’s guide
such intimate mycorrhizal alliances, furthermore, are
also bound by the element of specificity that further
complicates them. That is, different orchid species
have affinities for different assemblages of mycorrhizal
fungi, producing highly specialized partnerships
the proliferation of which contribute to the broad
ecological niche differentiation and diversity of
orchids in varied habitats. And thus underscores the
co-evolutionary dance of the inner realm that has led to
the global prevalence of orchid species.” Beyond their
ecological significance, orchid mycorrhizal associations
have profound implications for orchid conservation and
restoration efforts. By gaining a in depth knowledge
of the complexities of these symbiotic relationships,
and the ecological and genetic factors that influence
their stability and functioning, conservation biologists
can develop highly targeted strategies for conserving
both orchids and their associated fungal communities,
helping to safeguard the delicate dance of plant-fungal

interactions in natural ecosystems.”!

Plant Fungal Interactions

Plant-fungal interactions in orchid mycorrhizae are
critical for nutrient exchange, plant growth, and
ecological adaptation of orchids. The rhizosphere is a
primary location of plant-fungal interactions in orchid
mycorrhizae. Chemical signaling from orchid roots to
attract fungal hyphae to the roots (e.g., sugars, organic
acids are released from orchid roots) and facilitate

hyphal contact by reducing physical distance between
the fungal hyphae and orchid roots species is best
known.’ In the rhizosphere, physical contact promotes
the colonization within roots by mycorrhizal fungi by
formation of specialized structures (e.g, pelotons,
coils) within the root cells and thus, intimate association
with host orchid.”” These structures serve as the sites
for nutrient exchange, which facilitate the movement
of resources between the orchid and the fungus.*”
Orchids are dependent on mycorrhizal fungi for the
essential nutrients including nitrogen, phosphorus and
micronutrients especially in the early stages of seed
germination and seedling establishment.*!! The fungi, in
turn, are supplied with the carbon compounds that the
orchids produce through photosynthesis. This affords
the partners a balanced, reciprocal symbiotic association.
Moreover, the plant-fungal interactions that underpin
orchid mycorrhizae involve complex signaling pathways
and molecular crosstalk."”) Chemical signals that are
traded between orchids and mycorrhizal fungi guide the
construction of mycorrhizal structures within orchid
roots and regulate the nutrient transport processes
that unfold their fungal hyphae, thereby guarantecing
efficient nutrient exchange and the perpetuation of the
mutualistic partnership 4. Plant-fungal interactions in
orchid mycorrhizae exhibit high inner specificity that
is essential in orchestrating symbiotic relationships.
Different orchid species demonstrate preferences for
narrow taxonomic groups of mycorrhizal fungi, leading
to associations that evolved under fine ecological tuning
to their ecological requirements and to the diversity
and adaptation of orchids to a large variety of habitats,
which underlie their wide distribution and the diversity
of ecological niches they occupy.*”) The understanding
of plant-fungal interactions in orchid mycorrhizae
is essential to reveal the ecological significance
and evolutionary consequences of these symbiotic
relationships, ultimately providing critical information to
understand the processes undetlying the diversification
and adaptation of orchids in natural ecosystems.*!
Furthermore, understanding these interactions can
inform conservation and restoration efforts aimed at
preserving orchid populations and their associated fungal
communities in the face of environmental challenges.

Nutrient Uptake

Orchid mycorrhizae represent an intriguing evolutionary
development that involves the intricate relation between
orchids and their fungal partners that enables them
to acquire essential nutrients from their surroundings,
particularly in nutrient-poor soils!*? (Table 1). Orchids
are widely known for their astounding diversity of
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often highly specialized ecological niches. One shared
attribute among even the yet-unknown orchids awaiting
discovery is their masterful ability to create and inhabit
environments of limited nutrient availability." To
overcome this
orchids have evolved mycorrhizal associations with
fungi. Mycorrhizal fungi, with their vast hyphal networks
extending throughout the soil, can exploit nutrients in
soil that are unavailable to plant roots. Nutrient uptake
within orchid mycorrhizae is dominated by the fungal
hyphae. Mycorrhizal fungi scavenge for nutrients, such
as nitrogen, phosphorus, potassium, and micronutrients,
within the soil matrix and carry them, via their hyphal
networks, to the orchid roots.*” This nutrient transfer
is facilitated by specialized structures (e.g., pelotons or
coils) formed within the orchid root cells, which allows
the fungal hyphae to directly interface with plant cells.
Nutrient uptake by the orchid mycorrhiza is so efficient
that orchids can thrive in nutrient-poor soils where other
plant species may struggle. Mycorrhizal associations
vastly increase the surface area that is available for
nutrient absorption, thus enabling the orchid to
acquire essential resources. But this is not the only way
mycorrhizal fungi help. They also have mechanisms for
solubilizing organic and inorganic forms of nutrients.
This increases the nutrient pool available to the orchid
even further.® The specificity of orchid mycorrhizal
associations is critical for nutrient uptake. Different

universal environmental condition,

orchid species have preferences for certain groups of
mycorrhizal fungi. These highly specialized partnerships
are finely tuned to the orchid’s ecological requitements.
This specificity allows orchid to obtain the right nutrient
tailored to their physiological need, which contributes to
their growth, development and ecological success in a

wide range of habitats.!*!

Table 1: Nutrient Uptake in Orchid Mycorrhiza:

Comparative Analysis of Direct Root Absorption and
Fungal Facilitation.

Nutrient Direct Uptake Facilitated by Source
by Orchid Mycorrhizal
Roots Fungi

Nitrogen (N) Yes Yes 46
Phosphorus (P) Yes Yes 46
Potassium (K) Yes Yes 40
Calcium (Ca) Yes Yes 49
Magnesium (Mg) Yes Yes 59
Sulfur (S) Yes Yes 49
Iron (Fe) No Yes 59
Zinc (Zn) No Yes 50
Manganese (Mn) No Yes 59
Boron (B) No Yes 46
Copper (Cu) No Yes 50

Broader significance the findings from this work furthers
our ability to elucidate the ecological significance and
evolutionary implications of the mutual relationships
between orchids and their fungal partner by providing a
means by which to understand the dynamics of nutrient
exchange between the partners, the mechanisms
generating and maintaining diversity in how these orchids
are adapted to diverse habitat conditions, including
some of the most nutrient challenged environments
known, and the means by which we can leverage this
knowledge to guide orchid conservation and restoration
efforts aimed at maintaining orchid populations and
their fungal communities in the face of the powerful
anthropogenic forces now driving orchids toward global
endangerment and extinction.

Mycorrhizal Diversity

Mycorrhizal diversity in orchid mycorrhiza refers to
the wide range of mycorrhizal fungi species that form
symbiotic relationships with orchid plants, contributing
to the ecological success and adaptability of orchids
in various habitats. Otrchids, with their remarkable
diversity and ecological versatility, exhibit a broad
spectrum of mycorrhizal associations with different
groups of mycorrhizal fungi.*” These associations vary
in specificity, with different orchid species forming
partnerships with fungal taxa are finely tuned to their
ecological requirements. The diversity of mycorrhizal
fungi associated with orchids reflects their complex
interactions with fungal partners. These interactions are
shaped by a number of factors including soil conditions,
environmental gradients, and the ecological niches of
orchid species. Orchid mycorrhizal partners include
diverse fungal taxa such as Rhizoctonia, Tulasnellaceae,
Ceratobasidiaceae, Sebacinales, and others.”>!! Each
orchid species may have preferences for specific groups
of mycorrhizal fungi, which result in highly specialized
associations. These associations contribute to orchid
adaptation and ecological success in different habitats
and can play crucial roles in nutrient acquisition and the
growth and reproductive success of orchids, particularly
in nutrient-poor soils where orchids often occur.P?
Moreover, mycorrhizal diversity in orchid mycorrhiza
has important implications for orchid conservation
and restoration efforts. Preserving the diversity of
mycorrhizal fungi associated with orchids is essential
for maintaining the ecological integrity and resilience
of orchid populations in the face of environmental
changes and habitat disturbances.

Orchid Conservation

Orchid conservation is an important endeavor expected
to save the notable diversity and ecological importance
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of orchid species around the world. Orchids confront
countless dangers, including habitat destruction,
overharvesting, climate change and the escalation of
the illegal trade in the highlights of an impressive series
of review papers. These pressures have resulted in the
decline of populations of many species of orchids and
the elimination of genomes of value.” In order to work,
orchid conservation must be multifaceted, employing
a mix of scientific research and technical advances,
habitat restoration, community involvement and policy
advocacy. Habitats require conservation, specific sites
need to be identified, conservancies must be created,
and regulations on collection and trading must be
enforced.” Seed banking, tissue culture, and captive
breeding are other important ex situ conservation
measures that help to safeguard orchid species at risk
of extinction. Conservation of orchid species and their
associated ecosystems requires global collaborations
among scientists, conservationists, governments, and
local communities. Only through proactive conservation
efforts that are informed by scientific research and
consultation with stakeholders can the current threats
to orchids be reduced and the conservation of global
biodiversity enhanced.”

Orchid species and their habitats, efforts to conserve
orchids should also include raising awareness and
promoting education about the value of these plants
and their habitats. Public outreach programs, school
curricula, ecotourism opportunities, and information
shating can help build an appreciation among local
communities and the public.” Conservation planning
and a conservation decision-making process that engage
all stakeholders including landowners, indigenous and
local communities, and relevant government agencies
are also necessary to ensure the sustainability and
effectiveness of orchid conservation initiatives.’ Other
important steps include the establishment of monitoring
and research programs that would provide information
on the status of orchid populations, emerging threats
and the effectiveness of conservation action over time.P’
Orchids also need to be developed as key indicators of
the health of ecosystems and the natural systems that
underpin biodiversity around the planet, highlighting
their potential value as iconic symbols of the natural
world and not just scarce commodities. Securing their
future will take science to develop practical ways of
conserving species that can be used by conservationists
and land managers;* and site support ensuting at-risk
species and habitats are owned and managed by people
with the incentive and skills to protect them; and
policy support ensuring proper governance of the
environmental impacts of land use and development,

and the protection of vulnerable species like orchids.””*

There is neither time nor money to take individual
orchids in their delicate, critically endangered habitats
and grow them up to be photographed, name-checked
in papers and then die. The knowledge and power
centers of the world must now come together and
tackle this thing.

Ecological Significance

In recent years, the study of the ecological significance
(Table 2) of orchid mycorrhiza has led to a burgeoning
appreciation of the complex roles that these symbiotic
associations play in the generation of ecosystems."
Several review papers have been written indicating
how the interactions between orchids and mycorrhizal
fungi are critical for the maintenance of biodiversity
and ecosystem function. Orchid mycorrhiza plays
a significant ecological role within ecosystems by
mediating nutrient flows and redistributions. Since
orchids, especially those adapted to nutrient-poor
soils, are dependent on mycorrhizal fungi to obtain
essential nutrients, such as nitrogen, phosphorus and
micronutrients, these symbiotic relationships enhance
nutrient cycling by more effectively utilizing limited
resources and redistributing nutrients within ecosystems.
Thus, this nutrient cycling not only benefits orchids but
influences the availability of nutrients to other plant
species and ultimately, the composition and diversity of
plant communities.””) Orchid mycorrhizal associations
function in a variety of ways that contribute to
ecosystem functioning. In the context of soil health and
microbial diversity, orchid research shows that they rely
upon these and other poorly understood mycorrhizal
processes. Mycorrhizal fungi play pivotal roles in soil
aggregation, organic matter decomposition and nutrient
mineralization, thereby increasing soil structural and
fertility; by increasing microbial diversity and activity
in the rhizosphere, orchid mycorrhizal associations
contribute to soil biodiversity and ecosystem resilience,
which in turn supports the productivity and stability of
ecosystems. These consequences permeate ecosystems
as they flow into changes in species diversity, abundance,
and ecosystem functioning, Not only that, but also
orchid mycorrhizal associations play the critical roles in
ecosystem resilience and adaptation to environmental
change. Orchids, together with their mycorrhizal
partner, show extraordinary abilities to grow in a wide
variety of environments, many challenging including
disturbed habitats, very nutrient-poor soils and highly
variable climatic conditions. Mycorrhizal associations
may confer numerous advantages to orchids such
improved drought tolerance, disease resistance, and
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seedling establishment, thus enhancing their capacity to
persist and adapt in changing ecosystems. %"

In short, “they’re not all the same” Orchid mycorrhizal
fungi have ecological importance extending beyond the
individual species level, to broader ecosystem processes
and dynamics. They have the potential to affect nutrient
cycling, soil health, plant community dynamics and
ecosystem resilience, shaping the functioning and
stability of ecosystems across the globe.["

Mycorrhizal fungi are reported as sources of both
positive and negative neighbor effects mediated by
orchids, in some cases acting as mycorrhizal bridges
facilitating establishment and growth, and in other cases
transmitting inhibitory signals.[”

Table 2: Ecological Significance of Orchid
Mycorrhiza.

Ecological Role References

Nutrient Acquisition

Orchids rely heavily on mycorrhizal fungi to obtain 45
nutrients, especially nitrogen and phosphorus,

from the soil. Mycorrhizal associations enhance

nutrient uptake efficiency, particularly in nutrient-

poor environments.

Mycorrhizal fungi facilitate the absorption of 39
mineral nutrients from the soil, aiding in the

growth and development of orchids.

Orchids may exhibit high specificity in their 1
mycorrhizal associations, forming symbiotic

relationships with particular fungal species.

Habitat Adaptation

Mycorrhizal associations contribute to orchids’ 39
ability to colonize diverse habitats, including

forests, grasslands, and even disturbed or

degraded ecosystems.

Orchid mycorrhizal fungi can help orchids adapt 61
to environmental stressors such as drought,
salinity, and heavy metal contamination.

Mycorrhizal networks may provide orchids with 39
increased resilience to changing environmental
conditions, including climate change.

Conservation

Understanding the role of mycorrhizal fungi in 61
orchid ecology is crucial for conservation efforts,

as many orchid species are endangered or

threatened due to habitat loss and other human

activities.

Conservation strategies for orchids often involve 61
preserving their associated mycorrhizal fungi and

restoring suitable habitats to support their growth

and reproduction.

Conservation strategies for orchids often involve 62
preserving their associated mycorrhizal fungi and

restoring suitable habitats to support their growth

and reproduction.
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Understanding and conserving these delicate plant-
fungal interactions is crucial to maintaining biodiversity
and ecosystem function in the face of human disturbance
and environmental change.

SUMMARY AND CONCLUSION

The review of mycorrhizal associations in orchids
highlights the pivotal role of these underground
partnerships in ecological and evolutionary strategies
of orchid species. Their
symbioses with mycorrhizal fungi are exemplified in
their soil nutrient acquisition growth and adaptation
to a variety of habitats. Their mycorrhizal associations

intimate and intricate

are not only shaped by the specificity of interactions
(molecular recognition) between different mycorrhizal
fungal partners and among different orchid species
that show a high degree of fungal selectivity but also
by the co-evolutionary mosaic that has contributed to
the current diversity and distribution of orchids around
the globe. More generally, mycorrhizal associations
contribute to the stability and preservation of orchid
populations, especially when faced with deforestation,
climate change, and other human perturbations. Moving
forward, further investigation into the mechanisms
underlying orchid mycorrhizal interactions is pivotal
in the quest to reveal the ecological and evolutionary
implications of these symbiosis unions. By opening
the black box of the subterrancan dialogues between
orchids and their mycorrhizal fungi, the present review
sheds light on the intricate plant-fungal encounters that
underpin the biology and ecology of the charismatic
orchids and opens tantalizing research opportunities to
conserve these captivating plant-fungal unions in their
natural habitats.
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