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Introduction

ORCHIDS ARE well known for their beautiful foliage
and attractive flowers of varying shapes and sizes. They
produce a large number of seeds, but less than one
percent of these germinate under natural conditions.
For this, there is an obligatory requirement of a suitable
mycorrhizal partner, which helps orchid host in a
number of ways (Rasmussen, 1995). It is believed to
augment carbohydrate nutrition by breaking down the
complex organic compounds in the soil and facilitating
their subsequent release in the plants (Hijner and Arditti,
1973). This includes carbon, phosphorus, nitrogen,
water and vitamins (Hossain et al., 2013a). Role of
mycorrhizal fungi in orchid seed germination was first
indicated by Bernard (1909). It was later confirmed that
the mycorrhiza not only promotes seed germination but
also stimulates the growth and development of
protocorms and seedlings (Aggarwal et al., 2012;
Bertolini et al., 2011; Bhatti et al., 2016; Qua-Xia et al.,
2014; Sathiyadash et al., 2013, 2014). Therefore,
symbiotic seed germination signifies an efficient
technique to investigate the orchid–fungus association
and specificity (Stewartand Kane, 2007).

Aerides multiflora Roxb. is an ornamental orchid, which
bears beautiful pink flowers arranged in long pendulous
inflorescences. Poor natural regeneration and
unregulated commercial collections have resulted in
shrinkage of its natural populations throughout the
Himalayan region (Vij et al., 2013). Destruction of its
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Abst ract

Aerides multiflora Roxb. is an epiphytic orchid well known for its beautiful and long lasting flowers. Poor natural regeneration and
unregulated commercial collections have resulted in shrinkage of its natural populations. Present study was planned to isolate the
mycorrhizal associates of Aerides multiflora and to investigate their role in inducing symbiotic seed germination in vitro. Surface sterilized
root segments were cultured on Oat Meal Agar medium, and two fungal associates (AM301-AM302) were isolated based upon micro -
morphological features (colony colour, hyphal characteristics, presence/absence of conidia and/ moniloid cells, etc.) and molecular
characteristics (sequencing the internal transcribed spacer regions of ribosomal RNA gene). Seeds from undehisced yellowish green fruit
were then co–cultured separately with both of these fungal isolates. Embryos swelled after two wks and the testa ruptured after three
weeks in more than 74.28% seeds. Further morphogenetic changes, however, occurred only in seeds cultured with isolate AM301
(Ceratobasidium sp.). The fungal hyphae made entry inside seeds from their general surface (rarely through micropylar end), and
colonized the embryonic cells. Protocorms developed after 8.00±0.40 wks. First leaf and root emerged after 12.50±0.60 and 15.40±0.49
wks respectively. Seedlings were transferred to greenhouse with 98.10±0.46% survival rate.
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natural habitats and cutting down of host trees for varied
purposes have also added to its scarcity (Verma et al.,
2009). An attempt was presently made to isolate the
mycorrhizal associates of this species and to
investigate their role in inducing symbiotic seed
germination and seedling development in vitro.

Materials and Methods

Collection of Plant Material, and Isolation and
Characterization of  the Fungal Associates

Roots of a vigorously growing Aerides multiflora plant
(Fig. 1A) were collected from Tihra town (31046’ N
longitude, 76040’ E latitude, 1057 m) of Sarkaghat
subdivision (District Mandi, Himachal Pradesh) during
its active vegetative growth phase (mid June, 2013).
They were rinsed with tap water and scrubbed with a
soft brush to remove surface debris. Transverse
sections of the roots were cut and stained with
lactophenol cotton blue. Only those with fungal
colonization were selected for fungal isolation, which
was carried out following Currah et al. (1987) with slight
modification. For this, roots were cut into approx. 15
mm long segments and washed with detergent (Teepol)
under running tap water. Further surface sterilization
was carried out under aseptic conditions in a laminar
air flow cabinet. Root segments were initially dipped in
70% ethanol for 5 seconds and then treated with 0.1%
solution of HgCl

2
 for 3–4 min. They were thoroughly

rinsed twice in sterile distilled water and their cut ends
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discarded. The segments were then inoculated on Oat
Meal Agar (OMA) medium in 6"×1" test tubes. The
cultures were incubated in the dark at 25±2°C until
hyphae emerged out from the inoculated segments and
spread on the medium. The mycelium of the isolated
fungi was taken on glass slides for microscopic
observation (colony color, hyphal characteristics,
presence/ absence of conidia and/ or moniloid cells,
etc.). Molecular characterization of the isolates was
done by amplification and sequencing of the internal
transcribed spacer (ITS) regions using primers ITS1
(5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-
TCCTCCGCTTATTGATATGC-3’) as described earlier
by White et al. (1990). The PCR recipe consisted of 11
µl of Go Taq Green Master Mix 2X (Promega
Corporation, USA), 0.5 µl of both primers (10 pmol), 2
µl of DNA template and final volume was made to 25 µl
with nuclease free water. This reaction mixture was
subjected for PCR amplification using the following
temperature profile: initial denaturation at 940C for 5
min. followed by 50 cycles which consisted of
denaturation at 940C for 25 seconds. annealing at 570C
for 27 seconds. and elongation at 720C for 30 sec. final
elongation at 720C for 7 min. The PCR amplified
products were sent for custom sequencing at Chromous
Biotech, Banglore, India. After sequencing, the
sequences were searched for similarity in the database
available at National Centre for Biotechnology
Information (NCBI) using Basic Local Alignment Search
Tool (BLAST) algorithm. A dendrogram was constructed
using MEGA4 software (Saitou and Nei, 1987).

Symbiotic Seed Germination and Morphogenetic
Changes

Seeds were procured from an undehisced yellowish
green fruit (16 wks after pollination) of the same plant
that previously yielded roots. To clean outer surface, it
was scrubbed with detergent (Teepol) using a soft brush
and washed under running tap water for 10 min. Further
sterilization was done in laminar air flow cabinet by
treatment with 0.1% HgCl

2
 for 5 min with occasional

hand-stirring. The fruit was washed with sterile distilled
water thrice, dipped in absolute alcohol for 2 seconds
and flamed. It was then placed on a sterilized filter paper
in a 90 mm glass Petri dish and dissected longitudinally
with the help of sterile surgical blade. Seeds were
scooped out and distributed over the surface of a sterile
filter paper (Whatman No. 1) strip (10×30 mm) resting
on the surface of OMA medium dispensed in 6×1 inch
test tubes. A PDA block (10 mm3) with isolated fungus
was placed at the lower edge of this strip. Both fungal
isolates, delimited initially on the basis of morphological
characteristics, were tested for symbiotic seed
germination in vitro. The test tubes were incubated at

25±2°C under continuous 12hr/12hr light/dark
photoperiod.

Symbiotic germination and subsequent development
was scored on a scale of 0-4 following Aggarwal et al.
(2012) with slight modification. Stage 0: Swelling of
embryo but no rupture of seed coat; Stage 1: Further
swelling of embryo and rupture of seed coat; Stage 2:
Development of polarity and formation of protocorm;
Stage 3: Emergence of first leaf; and Stage 4:
Differentiation of first root. Seeds that entered Stage 1
were considered germinated irrespective of further
changes occurring in them. The data were collected in
five replicates and the values were expressed as means.
Results were analyzed using a completely random
design and subjected to one–way analysis of variance
(ANOVA), and post hoc tests were employed to detect
the significant differences (p < 0.05) among different
treatments using SPSS 17.0 (SPSS Inc., USA).

Results and Discussion

Mycorrhizal Characterization

Transverse sections of the roots of Aerides multiflora
revealed that their cortical cells were colonized with
mycorrhizal fungi (Fig. 1B). Fungal presence inside
orchid roots is a well known fact now, and according to
Harley (1963), these plants are associated with
mycorrhizal fungi at one or other stage of their life cycle
under natural conditions. The mycorrhizal fungi are
generally observed to colonize in that organ of the orchid
plant which is in contact with soil or some other
substrate (Bernard, 1899). Therefore, most of the fungal
endophytes in orchids have been investigated from their
roots (Roy et al., 2009). Presently, the fungal
colonization was noticed only in the outer and middle
layers of the cortex. A number of root hairs were found
protruding out of the epiblema layer, but none of them
was found containing fungal hyphae (Fig. 1C).
Therefore, fungal hyphae were believed to have entered
into the root tissue directly through epiblema cells or
probably, the fungus might have entered inside the
tissue well before root collection. Literature studies also
revealed that the fungus penetrate inside root either
through root hairs, or directly through epiblema cells,
or even through both of these structures (Burgeff, 1936;
Muthukumar et al., 2011; Nurfadilah et al., 2013;
Nurfadilah et al., 2016; Sathiyadash et al., 2012;
Senthilkumar, 2001; Vij and Sharma, 1983). Earlier, the
mycorrhizal associa tes  were identif ied using
micromorphological characteristics. But with the
development of biotechnological tools, the molecular
methods are now commonly employed for this (Hossain
et al., 2013a; Rasmussen, 1995). There are a number
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Fig. 1A-K. Symbiotic seed germination of Aerides multiflora Roxb.: A, Plants used as the source of roots; B, Root cortical cells colonized
with mycorrhizal fungi; C, Root hairs protruding out of the epiblema layer; D, Seeds used for culturing; E-F, Hyphae penetrating inside seed
from its general surface; G, Hyphae making entry from the micropylar end; H, Swelling of embryo and rupturing of seed coat; I, Fungus
colonizing in the embryonic cells; J, Formation of protocorms; K, Well developed seedlings.

Colored
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of such reports available in the literature (Ding et al.,
2014; Hoang et al., 2017; Hossain et al., 2013a; Ma et
al., 2015). Presently, two fungi were isolated from the
roots which fall under two groups based upon colony
characteristics and micromorphological studies. In
Group I (isolates AM301) the young colonies were
cottony white and the mycelium growth followed a
pattern of concentric zonation. The hyphae were
septate and binucleate or multinucleate. They were
branched at nearly right angles. Under Group II (isolate
AM302) the colonies were light brown (initially grayish)
with abundant aerial mycelium. The hyphae were
septate, binucleate and irregularly branched. Both of
these fungi were also characterized by using ITS
sequencing method. The isolate AM301 (Accession No.
KR149123) showed 98% similarity with Ceratobasidum
sp. (Accession No. JX913820), and the isolate AM302
(Accession No. KU323895) showed 99% similarity with
Lasiodiplodia theobromae (Accession No. KR260802)
of NCBI Data Bank (Figs. 2, 3).

It is worth mentioning here that more than two hundred
orchid genera have been investigated for their
endophytic fungal diversity (Ma et al., 2015), and the
fungal endophytes isolated from these mainly belong
to Basidiomycetes (Ceratobasidium, Ceratorhiza,
Epulorh iza, Mycena, Rhizocton ia , Sebac ina,
Thanatephorus, Tulasnella, etc.) and Ascomycetes
(Alternaria, Bionectria, Cladosporium, Cochliobolus,
Fusarium, Trichoderma, Xylaria, etc.) genera (Alexander
and Hadley, 1983; Bhatti et al., 2016; Chen et al., 2011;
Downie, 1940, 1957; Dugger, 1915; Hossain et al.,
2013a,b; Ma et al., 2015; Parmeter et al., 1967;
Rasmussen, 2002; Sathiyadash et al., 2012, 2014;
Warcup and Talbot, 1966). Interestingly, nearly one
hundred species of non–mycorrhizal endophytic fungi
(i.e. Alternaria, Cercospora, Lasiodiplodia, Phyllosticta)
were also found associated with orchids (Salifah et al.,
2011; Sawmya et al., 2013). Since the procedure of
root surface sterilization has a significant influence on
the fungal associates obtained, it is possible that some
surface contaminants could be mistakenly identified
as orchid mycorrhizal endophytes (Salifah et al., 2011;

Sommer et al., 2012). Similarly, a non-mycorrhizal
endophyte (Lasiodiplodia theobromae) has been isolated
presently.

Symbiotic Seed Germination and Seedling Development

Owing to the production of dust seeds, the orchid
requires mycorrhizal fungi, which provide carbon and
mineral resources to stimulate the protocorms as well
as seedling development in nature (Arditti, 1967;
Clements, 1988; Rasmussen, 1995). Presently, for the
in vitro symbiotic germination of Aerides multiflora,
seeds from yellowish green and undehisced capsules
were used (Fig. 1D). They were co-cultured with both
(AM301, AM302) of the fungal isolates on OMA
medium, which is most commonly used substrate for
symbiotic germination experiments (Clydesdale, 1994;
Rasmussen, 1995). Various morphogenetic changes
recorded during the course of present investigation have
been summarized in table 1 and presented below in
detail.

Initial swelling of embryos (stage 0) was observed after
2.10±0.22 - 2.20±0.17 wks of co-culturing. Time taken
to reach this stage varied significantly in case of different
fungal isolates. It was, however, not significantly
different from the control in both cases (Table 1). The
highest seed germination percentage (87.00±1.32) was
noticed in cultures inoculated with Ceratobasidium sp.
(isolate AM301), whereas it was lowest (74.28±1.10)
under control. As many as 78.66±2.10 percent seeds
germinated when co-cultured with Lasiodiplodia
theobromae (isolate AM302). The fungal hyphae of both
of these fungi surrounded the seeds and penetrated
inside from their general surface (Fig. 1E-F). In a few
cases, hyphae also made entry from the micropylar
end (Fig. 1G). These modes of fungal entry are well
documented in literature (Aggarwal and Zettler, 2010;
Bhatti et al., 2016; Chen et al., 2014; Hossain et al.,
2013a; Rasmussen, 2002; Salifah et al., 2011;
Sathiyadash et al., 2014). The seeds swelled and their
thin coats ruptured (stage 1) after 3.15±0.28 wks in
AM301 cultures (Fig. 1H). The time taken to reach this

Table 1. In vitro symbiotic germination and successive morphogenetic stages of Aerides multiflora seeds co-cultured with two fungal
isolates on Oat Meal Agar medium.

Mycobiont Per cent seed                                  Time taken in wks for onset of
germination Stage 0 Stage 1 Stage 2 Stage 3 Stage 4

AM301 87.00±1.32c 2.10±0.22 a 3.15±0.28a 8.00±0.40a 12.50±0.60a 15.40±0.49a

AM302 78.66±2.10b 2.20±0.17b 3.61±0.22ab — — —

—- 74.28±1.10a 2.18±0.12ab 4.58±0.13b — — —

Data are shown as mean ± standard deviation. Values in a column with the same superscripts are not significantly different at p < 0.05.
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stage was 3.61±0.22 and 4.58±0.13 wks in case of
AM302 and under control, respectively. Further
morphogenetic changes were observed only in case of
seeds co-cultured with isolate AM301. Isolate AM302
and control successfully invoke germination in seeds,
but they ceased to develop beyond spherule stage.
Salifah et al. (2011) isolated six species of Fusarium
from roots of Grammatophyllum speciosum but not all
of them were able to induce germination in its seeds.
Literature studies revealed that such fungi might have
some different functional consequences during some
other life stage(s) of orchid plant (Aldana et al., 2013;
Hamilton  et al., 2012; Ma et al., 2015; Mahdieh et al.,
2014; Singh et al., 2011; Suryanarayanan  et al., 2012).
The fungus started to colonize the embryonic cells and
later formed loose networks (pelotons) therein. Such
seeds subsequently entered stage 2 (protocorm) after
8.00±0.40 wks (Fig. 1I). Once the protocorm developed
chlorophyll (9.80±0.14 wks), they were subcultured on

PDA medium without any fungal partner because they
became less dependent on the fungal partner (Fig. 1J).
The protocorms differentiated first leaf after 12.50±0.60
wks and first root after 15.40±0.49 wks of co-culturing.
Subsequently, they developed into seedlings after
18.10±1.10 wks (Fig. 1K). Aggarwal and Zettler (2010)
recorded cent percent seed germination and seedling
development of Dactylorhiza hatagirea seeds with
fungus (Ceratobasidium sp.) isolated from its own roots.
Earlier, Rasmussen (1995) utilized both Ceratobasidium
and Tulasnella to successfully germinate seeds D.
majalis, but only the Tulasnella strains prompted further
seedling development. Sathiyadash et al. (2014)
successfully germinated the seeds of Coelogyne
nervosa by co-culturing with Epulorhiza sp. isolated for
the roots of Eulophia epidendrea. Yamamoto et al.
(2017) studied the successful symbiotic germination
of Bletilla striata with Tulasnella sp. Therefore, the
symbiotic seed germination signifies an efficient
technique to look into the orchid-fungus relationship and
specificity in a precise manner.

Park et al. (2013) recommended that seedlings or
plantlets should have 2-3 leaves and 2-3 roots for their
better hardening. In present study, the in vitro raised
seedlings with 2-3 leaves and 1-2 roots were potted in
6 cm diameter clay or plastic pots containing bark,
charcoal, and brick pieces in the ratio of 1:1:1. The
survival rate of these in vitro raised seedlings was very
high (98.10±0.46 percent) when transferred to the
greenhouse. This is in line with earlier investigations
that symbiotically raised seedlings exhibit higher
survival rate during lab to land transfer (Bhatti et al.,
2016; Clements, 1988; Zet tler et al .,  2007).
Symbiotically raised seedlings are easy to harden
because of the presence of mycorrhizal endophytes in
their roots that help in supplying the requisite nutrients
in the newer environment (Johnson et al., 2007; Muna
et al., 2016).

Acknowledgement

The authors are thankful to The Director, Directorate of
Mushroom Research (ICAR), Chambaghat (Solan), India
for help in photography.

References

Aggarwal, S. and L. W. Zettler. 2010. Reintroduction of an
endangered terrestrial orchid Dactylorhiza hatagirea (D.
Don) Soo assisted by symbiotic seed germination: First
report from the Indian subcontinent. Nat. Sci., 8: 139-45.

Aggarwal, S., C. Nirmala, S. Beri, S. Rastogi, and A. Adholeya.
2012. In vitro symbiotic seed germination and molecular
characterization of associated endophytic fungi in a
commercially important and endangered Indian orchid Vanda
coerulea Griff. ex Lindl. Eur. J. Env. Sci., 2: 33-42.

Fig. 2. A dendrogram constructed employing neighbor–joining
method by alignment of ITS 1 and ITS4 regions of rRNA gene with
Rhizomucor miehei out–group. The numbers in the branches
are percentage bootstrap value (out of 1000 trials) as indicated.
Accession numbers followed by names represent sequences
from Gene Bank. Name preceded by a triangle represents
sequence obtained presently.

Fig. 3. A dendrogram constructed employing neighbor–joining
method by alignment of ITS 1 and ITS4 regions of rRNA gene with
Rhizomucor miehei out–group. The numbers in the branches
are percentage bootstrap value (out of 1000 trials) as indicated.
Accession numbers followed by names represent sequences
from Gene Bank. Name preceded by a triangle represents
sequence obtained presently.



J. ORCHID SOC. INDIA (DECEMBER 30,

90

Aldana, B. R., V. D. G. Bills, and G. Zabal. 2013. Are endophytes
an important link between airborne spores and allergen
exposure. Fungal Diversity, 60: 33-42.

Alexander, C. and G. Hadley. 1983. Variation in symbiotic activity
of  Rhiz oc tonia  is olates  f rom Goodyera
repens mycorrhizas. Trans. British Mycological Soc., 80:
99-106.

Arditti, J. 1967. Factors affecting germination of orchid seeds.
Bot. Rev., 33: 1-97.

Bernard, N. 1909. Evolution dans la symbiose, les orchidee’s
leures chamignons commensaux. Annales Des Sciences
Naturelles Botanique. pp.1-196.

Bernard, N. 1899. Seances Sur la germination du Neottianidus-
avis. Academic Sci., 128: 1253-55.

Bertolini, V., A. Damon, and A. N. R. Velaquez. 2011. Symbiotic
germinat ion of t hree s pec ies of epiphyt ic  or chids
susceptible to genetic erosion, from Soconusco (Chipas,
Mexico). Eur. J. Env. Sci., 1: 60-68.

Bhatti, S. K., J. Verma, J. K. Sembi, and A. Kumar. 2016. Mycobiont
mediated in vitro seed germination of anendangered ‘fox-
tail’ orchid, Rhynchostylis retusa (L.) Blume. J. Pure Appl.
Microbiol., 10: 663-70.

Burgeff, H. 1936. Die samenkeimung der Orchideen. Gustav
Fisher: Jena.

Chen, J., K. X. Hu, X. Q. Hou, and S. X. Guo. 2011. Endophytic
fungi assemblages from 10 Dendrobium medicinal plants
(Orchidaceae). World J. Microbiol. Biotechnol., 27: 1009-
16.

Chen J. H., S. S. Wang, Y. Liu, Y. Li, and S. X. Guo. 2014.
Ul tr as tructure of symbiot ic germinati on of  t he
orchid Dendrobium off ic inale wit h its  mycobiont,
Sebacina sp. Aus. J. Bot., 62: 229-34.

Clements,  M. A. 1988. Orchid mycorrhizal associations.
Lindleyana, 3: 73-76.

Clydesdale, F. M. 1994. Whole grains: healthy and nutritional
Issues. In: Critical Reviews in Food Science and Nutrition.
(ed. F. M. Clydesdale). Cambridge, Cambridge University
Press, Cambridge.

Currah, R. S., L. Sigler, and S. Hambleton. 1987. New records
and new taxa of fungi from the mycorrhizae of terrestrial
orchids of Alberta. Can. J. Bot., 65: 2473-82.

Ding, R., X. Chen, L. Zhang, X. Yu, B. Qu, R. Duan, et al. 2014.
Identity and specificity of Rhizoctonia like fungi from different
populations of Liparis japonica (Orchidaceae) in northeast
China. PLos ONE, 9: 172-77.

Downie, D. G. 1940. On the germination and growth of Goodyera
repens. Trans. Bot. Soc. Edinburgh, 33: 36-51.

Downie, D. G. 1957. Corticium solani and orchid seed. Trans.
Bot. Soc. Edinburgh, 33: 383-90.

Duggar, B. M. 1915. Rhyzoctonia solani in relation to the mopopilz
and the Vermehrungspilz. Ann. Miss. Bot. Gard., 2: 403-
58.

Hamilton, C. E., P. E. Gundel, M. Helander, and K. Saikkonen.
2012. Endophytic mediation of reactive oxygen species

and antioxidant activity in plants: a review. Fungal Divers.,
54: 1-10.

Harley, J. L. 1963. Mycorrhiza. In: The Ecology of Soil–borne
Plant Pathogens. pp. 218-29. Berkley.

Hijner, J. A. and J. Arditti. 1973. Orchid mycorrhiza: Vitamin
production and requirements by the symbionts. Am. J. Bot.,
60: 829-35.

Hoang, N. H., E. Michael, E. Kane, N. Radcliffe, L. W. Zettler, and
L. W. Richardson. 2017.  Comparative seed germination
and seedling development of the ghost orchid, Dendrophylax
lindenii (Orchidaceae) and molecular identification of its
mycorrhizal fungus from South Florida. Ann. Bot., 119: 379-
93.

Hossain, M. M., P. Rahi, A. Gulati, and M. Sharma. 2013b. Improved
ex vitro survival of asymbiotically raised seedlings of
Cymbidium using mycorrhizal fungi isolated from distant
orchid taxa. Sci. Hort., 159: 109-12.

Hossain, M., M. R. Kant, T. V. Pham, B. Winarto, S. Zeng, and J.
A. T. Silva. 2013a. The application of biotechnology to
orchids. Critical Rev. Plant Sci., 32:  69-139.

Johnson, T. R., S. L. Stewart, D. Dutra, M. E. Kane, and L.
Ric hardson. 2007.  Asy mbiot ic and sy mbiot ic s eed
germination of Eulophia alta (Orchidaceae) preliminary
evidence for the symbiotic culture advantage. Plant Cell
Tiss. and Organ Cult., 90: 313-33.

Ma, X., J. Kang, S. Nontachaiyapoom, T. Wen, and K. D. Hyde.
2015. Non-mycorrhizal endophytic fungi from orchids. Curr.
Sci., 109: 72-87.

Mahdieh, S. H. M. and J. Soltani. 2014. Bioactivity of endophytic
Tri choderma fungal s pec ies  fr om the plant f ami ly
Cupressaceae. Ann. Microbiol., 64: 753-61.

Muna, S., S. Beura, and S. K. Patra. 2016. Standardization of
media mixture for hardening of in vitro plantl ets of
Dendrobium cv. Sonia-17. Agr. Sci. Digest., 36: 78-80.

Muthukumar, T., E. Uma, A. Karthikeyan, K. Sathiyadash, S.
Jaison, P. Priyadharsini, et al. 2011. Morphology, anatomy
and mycorrhizae in subterranean parts of Zeuxine gracilis
(Orchidaceae). Anales de Biol., 33: 127-34.

Nurfadilah, S., N. D. Swarts, K. W. Dixon, H. Lambers, and D. J.
Merritt. 2013. Variation in nutrient-acquisition patterns by
mycorrhizal fungi of rareand common orchids explains
diversificationin a global biodiversity hotspot. Ann. Bot., 111:
1233-41.

Nurfadilah, S., N. D. Yulia, and E. E. Ariyanti. 2016. Morphology,
anatomy and mycorrhizal fungi colonization in roots of
epiphytic orchids of Sempu Island, East Java, Indonesia.
Biodiversity, 17: 592-603.

Park, E. J. and W. Y. Lee. 2013. In vitro symbiotic germination of
myco-heterotrophic Gastrodia elata by Mycena species.
Plant Biotechnol. Rep., 7: 185-91.

Parmeter, J. R., H. S. Whitney, and V. D. Platt. 1967. Affinities of
some Rhizoctonia species that resemble mycelium of
Thanatephorus cucwneris. Phytopathology, 57: 218-22.

Qui-Xia, W., Y. Ning, J. I. Da-Gan, L. I. Shu-Yan, H. U. Jiang-
Miao, and H. U. Hong. 2014. Mycorrhizal fungi promote



VERMA ET AL. - SYMBIOTIC SEED GERMINATION2017)

91

growth and nitrogen util ization by Dendrobium nobile
(Orchidaceae). Plant Divers. Res., 36: 321-30.

Rasmussen, H. N. 1995. Terrestrial Orchids: From Seeds to
My cot rophic  Plant s. Cambridge Univers ity  Pres s,
Cambridge, UK.

Rasmussen, H. N. 2002. Recent developments in the study of
orchid mycorrhiza. Plant Soil, 224: 149-63.

Roy, M., S. Watthana, A., Stier, F. Richard, S. Vessabutr, and M.
A. Selosse. 2009. Two mycoheterotrophic orchids from
Thailand tropical diptero-carpacean forests associate with
a broad diversity of ectomycorrhizal fungi. BMC Biol., 7:
1186-41.

Saitou, N. and M. Nei. 1987. The Neighbor-joining method: A new
method for reconstruction phylogenetic trees. Mol. Biol.
Evol., 4: 406-25.

Salifah, H. A. B., M. Muskhazli, G. Rusea, and P. Nithiyaa. 2011.
Variation in mycorrhizal specificity for in vitro symbiotic
seed germination of Grammatophyllum speciosum Blume.
Sains Malays., 40: 451-55.

Sathiyadash, K., T. Muthukumar, E. Uma, and P. R. Rama. 2012.
Mycorrhizal association and morphology in orchids. J. Plant
Interactions, 7: 238-47.

Sathiyadash, K., T. Muthukumar, S. B.  Murugan, R. Sathishkumar,
and R. R. Pandey. 2014. In vitro symbiotic seed germination
of South Indian endemic orchid Coelogyne nervosa.
Mycoscience, 55: 183-89.

Sathiyadash, K., T. Muthukumar, S. B. Murugan, R. Sathishkumar,
E. Uma, S. Jaison, and P. Priyadharsini. 2013. In vitro
asymbiotic seed germination, mycorrhization and seedling
development of Acampae praemorsa (Roxb.) Blatt. and
Mc Cann, a common south Indian orchid. Asian Pacific J.
Rep., 2: 114-18.

Sawmya, K., T. G. Vasudevan, and T. S. Mural. 2013. Fungal
endophytes from two orchid species pointer towards organ
specificity. Czech Mycol., 65: 89-101.

Senthilkumar, S. 2001. Problems and prospectus of orchid
mycorrhizal research. J. Orchid Soc. India, 15: 23-32.

Singh, S. K., G. A. Strobel, B. Knighton, B.  Geary, J. Sears, and
D. Ezra. 2011. An endophytic Phomopsis sp. possessing
bioactivity and fuel potential with its volatile organic
compounds. Microbiol. Ecol., 61: 729-39.

Sommer, J., J. Pausch, M. C. Brundrett, K. W. Dixon, M. I.
Bidartondo, and G. Gebauer. 2012. Limited carbon and
mineral nutrient gain from mycorrhizal fungi by adult
Australian orchids. Amer. J. Bot., 99: 1133-45.

Stewart, S. L. and M. E. Kane. 2007. Symbiotic seed germination
and evidence for in vitro mycobiont specificity in Spiranthes
brevilabris (Orchidaceae) and its implications for species
level conservation. In vitro Cellular Dev. Biol. Plant., 43:
178-86.

Sury anarayanan, T. S. , N. Thirunavukkarasu,  M. B.
Govindarajulu, and V. Gopalan. 2012. Fungal endophytes:
An untapped source of biocatalysts. Fungal Divers., 54:
19-30.

Verma, J. J. K. Sembi, K. Thakur, Promila Pathak, and S. P. Vij.
2009. Epiphytic orchids of Himachal Pradesh. J. Orchid.
Soc. India, 23: 49-61.

Vij, S. P. and M. Sharma. 1983. Mycorrhizal associations in North
Indian Orchidaceae. A Morphological study. Bibli. Mycol.,
91: 467-503.

Vij, S. P., J. Verma, and C. Sathish Kumar. 2013. Orchids of
Himachal Pradesh. Bishen Singh Mahendra Pal Singh,
Dehradun, India.

Warcup, J. H. and P. H. B. Talbot. 1966. Perfect states of some
Rhizoctonias. Trans. British Mycol. Soc., 49: 427-35.

Yamamoto, T. C.  Miura, M. Fuji, S. Nagata, Y. Otani, and T.
Yagame. 2017. Quantitative evalution of protocorm growth
and fungal colonization in Bletilla striata (Orchidaceae)
reveals less-productive symbiosis with a non-native
symbiotic fungus. BMC Plant Biol., 17: 50-55.

Zettler, L. W., S. B. Poulter, K. I. McDonald, and S. L. Stewart.
2007. Conservation-driven propagation of an epiphytic
orchid (Epidendrum nocturnum) with a mycorrhizal fungus.
Hort. Sci., 42: 135-36.


