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which indicate that fungus augments orchid development through regula-
tion of varions trauseription factors (DM, NSP, WRKY, GRAS, SWEET,
CCaMK. ENODL, TPP etc.), involved in plant growth and development. Tn
addition to this, tissue culture studies invelving symbiotic seed gernmination
and further development in the presence of the specific mycorrhizal part

promotes sced germination and rabusiness of the scedlings. The studies on
orchid mycorrhizal associations provide a conceptual fiamework to under-
stand the mechanisms of selection of fungal partner, establishment of the
symbiotie association, sutritional aspects, and ecological adaptations. The
present chapter provides an outline on possible physiolagical, molecular and
ecological approaches involved in the study of OMF inte

14,1 INTRODUCTION

1t is believed that almost all land plants are, 1o some extent, engaged in
symbiotic relationships with mycerhizal fungi (Dickie et al., 2015), These
murally beneficial interactions act as important drivers of global plant
biogeographical paterns (Delavaux et al., 2019). The interactions are
constantly evolving where the mycorthizal fangi have gradually widened
their biotrophic capabilities 1o take advantage of their hosts for food and
protection wiile the hosts have developed sisategies fo accomniodate the
fungal associates (Genre ¢t al., 2020). Such relationship is quite crucial in
Orehidaceae, where right from the germination of seed 10 the establishment
seedlings, all the processes are positively corvelated with ssful mycor-
thizal associations under natural conditions.

Orchids are well known worldwide for their unique and long-lasting
flowers, and immense therapeutic properties. Presently, there are more than
28,000 species recorded across the globe (Govaerts et al, 2020). Opting
chiefly for an epiphytic life mode, and the presence of velamen tissue in
roats, and labellum (lip), gynostegivm (column), and compound pollens in
flowers, are some of the importamt characterist res, which make them
different from other plants. They represent the pinnacle of plant evolution
but still depend upon suitable fingi and pollinators to complete their life
cycle. Orchid seeds are the smallest in plant kingdom and are produced in
large mumbers. These seeds lack necessary nutritional reserves 1o sustain
its ewn gemuination, and this inability forms the basis of various orchid-
mycorchizal interactions (Rasmussenand Rasmussen, 2009), The fuy
in genmination of these microscopic, nonendospenmic seeds by providing
the requisite mutrients. This association s so important that the abundance

Orchids and Mycorrhizal Endophytes 27

and distribution of mycorrhizal fungi act as a key factor affecting orchid
population dynamics (MeCormick et al., 2019), According to MeCormick
and Jacquernyn (2014), orchid mycorthizal fungi (OMF) not only drive the
local abundance and dynamics of individual orehid populations but also
influence the coexistence and the regional distrbution of various orchid
species

Association of fungi with orchid roots was first observed by Reissek
(1847), and Frank (1885) proposed the term mycorrhiza, for this association
Walwlieh (1886) and Janse (1897) later confirmed the occurrence of nycor-
thizal fungi in orchids. Fusther research carried out by Bemard (1903, 1904)
and Buigell (1936, 1943, 1959) demonstrated that orchid seeds cannot
geninate without these fungal association. Orchids remain associsted with
fungal mycelia at least at some stage of their life eycle, but the requirement is
cifical during the early stages of their development when ambient nutritional
resources are scarce (Harley, 1963; Jacquemyn et al, 2012).

142 MYCORRHIZAL ASSOCIATION VARIES WITH ORCHID LIFE
MODE

Myconhizal association is more prominent in terresirial orchids (Rasmussen,
1995, Sathiyadash etal., 2020; Phillips et al., 2020) as the mycorhizae aid in
survival of ground growing taxa under comparatively harsher conditions by
mal Tabitats (Burgeff, 1959; Rasmussen, 1995;
Swarts and Dixon, 2009; Saih et ol 2010), The leafless mycohererotiophs,
which prefer to grow in moist and humus-rich habitats, possess comparatively
stronger mycorthizal obligation, which is usually lifelong (Vij and Shanma,
1983; McKendrick et al., 2000; Sith and Read, 2008; Martos et al., 2009,
Merckx, 2013). Such orchids involve a wider variety of mycorthizal fungi
belonging to Gl Basidiomycota, and Ascomycota, as well
a5 some saprobic 1axa of \n.mmuu-um (like Hydropus, Gymmapus,
and Sordariomy fungi (like Clonastachys, Resinicitm).
and also exhibit higher degree of specificity with respect to their association
(Furman and Trappe, 1971; Richardson et al., 1993; Taylor and Bruns, 1997,
MecKendrick et al, 2000; Taylor et al,, 2002; Tsujita et al,, 2009, Deamaley
et al, 2012). According to Merckx (2013), the retention of an entirely
mycoheterotrophic state, where the plant remains totally dependent on the
fingus even at manuity, bas alo evolved sporadically neross Orchidaceae
Interestingly, under certain the
IITition via eclomyes | fungi which

of some
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neighboring autotrophic plants (Zelmer and Curvah, 1995: Taylor and Bums,
1997: MeKendrick et al, 2000; Selosse and Roy, 2009; Rasmussen et al.,
2015 thereby making them behave as epiparasites (exploitative association)
o the (Tayler and Bums, 1997; Cullings et al., 1996; Bidartondo and
Bruns, 2001; Ogura-Tsujita et al., 2009).

In epiphytic orchids, on the other hand, the myeonhizal dependency is
rather less as their protoconms become photosynthetic at early life stages
(Hadley, 1982; Vij and Sharma, 1983; Arditti, 1992; Deamaley, 2007;
Manoharachary and Tilak, 2015). These orchids can partially meet their
mineral mutrition dust, organic debris, and stemflow along the host
bark (Arditti, 1992; Zeuler ¢t al,, 2011; Rasiussen et 5) and, there-
fore, generally have facultative mycorthizal associations (Gol et al., 1992;
Richardson et al., 1993; Rasmussen, 2002, Benzing, 2004; Motomura et al
2008: Zotz and Winkler, 2013). Comparatively lesser ocenrrence of pelotons
in many adult epiphytic orehids has led some researchers to question their
..y.lmum\.\. for plant unumuu.\.\;n-cm\l\ during their adulthood (Bayman ey

12). According to Rasmussen et al. (2015) and Phillips et al, (2020),
our understanding about the mycorrhizal ecology of wopical epiphytic and
lithophytic orchids is quite limited. Tnterestingly, habitat-driven mycor-
thizal associations have also been mdicated by O)a et al. (2015) and Ruibal
etal (2017) while investigating Neottia ovata and Chiloglottis populations
growing in varied substrates and locations.

143 ORCHID MYCORRHIZAL FUNGI (OMF) HELP THE HOST IN
MANIFOLD WAYS

Lack of chlorophyll and fail llize il labl reserves make
orchid seeds completely dependent upon their fingal associates for nutrition
(Rasmnssen and Rasmussen, 2009). OMF augment carbohydrate nuirition
by breaking down the complex organie compounds in the soil/ substrate and
facilitates their subsequent el 1 the orchid host (Rasmussen, 1995; Smith
chra et al., 2016). This includes carbon
8 ey, 1985; Trudell et al., 2003, Cameron et
L, 2006, 2005, Bougonre et al, 2010; Rasmussen et . 2015, M et 1
2016), phosphorus (Alexander et al, 1984; Smith and Read, 1997; Cameron
et al., 2007; Nurfadilah et al., 2013; Zhao et al., 2014), nitrogen (Burgeff,
1936; Barrosso et al., 1986; Rasmussen, 1995; Smith and Read, 1997; Trudell
et al., 2003; Cameron et al., 2006; Bougoure et al,, 2010; Nurfadilah et al.,
2013: Ding et al,, 2014; Zhao et al,, 2014; Rasmussen et al., 2015), water
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