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ABSTRACT
Three species of Cymbidium spp., Cymbidium faberi, Cymbidium goeringii, and Cymbidium goeringii var.
longibracteatum were collected from two different habitats in southwestern China, including a subtropical forest and a
transplanted site nearby. Two hundred and ninety isolates, obtained from the roots of the three orchids, were
characterized through both morphological and molecular methods. Among a total of 32 taxa, 8 were classified to the
level of species and the other 24 to genus. One comprising 205 isolates belonged to ascomycetes (69%), another of 48
basidiomycetes (16%), and the last of 43 belonged to zygomycetes (15%). This revealed high taxonomic diversity in
fungal composition, including typical orchid mycorrhiza of the Tulasnella and several other endophytic fungi of the
Pezizales and Helotiales. The compositions of the fungal communities correlated with host identify or preference.
Because of their relatively closer phylogenetic distance, the fungi communities between Cymbidium goeringii and
Cymbidium goeringii var. longibracteatum shared more taxa than any others, whether the comparisons were within wild
plants or transplants. Two different regions significantly affected the root-associated fungi assemblages. Besides the
predominant one, the overlap, even between the common hosts at two sites, shared extremely limited taxa. Orchids of
Cymbidium spp. from the wild habitat had a higher number and taxa of root-associated fungi besides the Tulasnella sp.
than the transplanted orchids. For the purpose of propagation and conservation, both the host species and the spatial
structure of orchids deserve attention as important factors influencing the compositions of fungal communities. It might
be important to pay attention to mycorrhizal associations when transplanting orchids of Cymbidium spp. from the wild
habitats.
Keywords: Cymbidium spp., Orchid mycorrhizal fungi, Tulasnella, Diversity, ITS sequences.
Endophytic fungi have a vital influence on the
structure of plant communities, fitness, and ecology
(Brundrett, 2006). Fungal endophytes, especially
mycorrhizal fungi obtained from orchids, may contribute
to the vigor of propagations, including seed germination
and seedlings (Yam and Arditti, 2009). Dependency on
the fungi that form mycorrhizas with terrestrial orchids
may persist into adulthood (Gebauer and Meyer, 2003;
Abadie et al., 2006). A few studies have researched the
differentiation of fungi under changed ecological
conditions, and the results show that they differ in ability
to accommodate new conditions (McCormick et al., 2004;
Yuan et al., 2010). Despite broad and historic
transplanting from the plants' natural habitats in China,
there have been relatively few studies of mycorrhizal
fungi symbionts in Cymbidium spp. when in new
environments. Identifying the root-associated fungi and
the specificity of the relationships is crucial for
understanding how orchids interact with their
environment; this will help us determine how susceptible
orchids are to habitat alterations and assess how to
conserve and propagate endangered orchids (Bougoureet
al., 2009).
In the present study, twenty individual plants
were collected from both a tropical forest and a human
disturbance region to screen for root-associated fungi in

INTRODUCTION
The term "Chinese orchids" (Cymbidium spp.,
Orchidaceae) traditionally refer to some terrestrial species
of Cymbidium that includes five major species, like
Chunlan (Cymbidium goeringii) and Huilan (Cymbidium
faberi) (Chen and Tsi, 1998; Huang et al., 2010). Besides
the two species, ISSR was applied to detect the
relationships between 16 Cymbidium species, and thus
the genetic distance was closest between Cymbidium
goeringii and Cymbidium goeringii var. longibracteatum
(Wu et al., 2008). As the king of fragrant plants,
Cymbidium spp. has an extremely high economic and
ornamental value (Chen and Tang, 1982). It is famous for
its magnificent inflorescence and leaves, its wide array of
colors, and fascinating varieties of shapes and size
(Huang et al., 2010). Cymbidium spp. is one of the most
popular and significant orchids and has been cultivated in
China for more than ten centuries (Wang et al., 2009).
But the number of Chinese orchids has greatly reduced
due to over-exploitation and habitat destruction for
economic benefit. In addition, many wild orchids have
been transplanted from their native habitats for
cultivation in human disturbance regions.
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three species: Cymbidium orchids, Cymbidium faberi,
Cymbidium goeringii, and Cymbidium goeringii var.
longibracteatum. The study attempts to solve the
following questions: (1) Do the compositions of fungi
from Cymbidium spp. show richness and diversity? (2)
Do the three different terrestrial orchids have identity or
preference for their mycorrhizal associations even in the
same habitat? (3) Are the fungal communities of orchids
shaped by locality between wild and cultured regions?

stap of 1000 replications (Saitou and Nei, 1987). If the
similarities between the new and original sequences were
greater than 97%, they were considered to belong to the
same species or species complex; others were identified
to genus level (O’Brien et al., 2005).
Data analysis
Fungi diversity: Relative frequency (Pi) was calculated
as the number of particular taxon divided by the total
number of all taxa in each host. Fungal dominance was
determined by Camargo’s index (1/S), where S represents
species richness. A species was defined as dominant if
Pi>1/S (Camargo, 1992), where Pi is the relative
abundance of the species i, defined as the number of
competing species present in the community (Camargo,
1992). The Shannon (Shannon and Weaver, 1949)
diversity indices were estimated for each tissue and the
total population. The Shannon-Weiner index (H΄) was

MATERIALS AND METHODS
Study Site and Sampling Strategy: The study was
carried out in SichuanProvince in China. The three orchid
species chosen in December 2012 were Cymbidium
faberi, Cymbidium goeringii, and Cymbidium goeringii
var. longibracteatum. The wild plants were collected
from a typical subtropical forest, while the cultured
individuals had been transplanted from the forest for two
years. The transplant orchids were cultured by local
residents at the foot of the mountains near their former
habitat. Fungal isolation was performed from the
rhizomes of the three kinds of orchids, both wild and
cultured.

i

- Pi  lnPi

calculated according to the formula: H΄= k
,
where k is the total species number of one plot, and pi is
the relative abundance of the endophytic fungus species
of one host (Pielou, 1966).
Similarity index: To describe the taxonomic affinity of
fungi among the various parts of the two hosts, Jaccard’s
coefficient (JI) was used to measure the similarity
between pairs of samples (Arnold et al., 2000):
JI = x/ (x+y+z)
In the above formula, x represents the number of
species occurring in both samples, y represents the
number of species restricted to sample 1, and z represents
the number of species restricted to sample 2. JI ranges
from 0 (no taxa shared) to 1 (all taxa shared).

Isolation of the root-associated fungi: The study used
Warcup and Talbot's (1967) isolation method of rootassociated fungi with slight modifications. The root
samples were cleaned in tap water to remove excess soil
and litter, and then thoroughly washed under running tap
water. Their surfaces were sterilized by consecutive
immersion for 60 seconds in 75% ethanol, 60 seconds in
2.0% sodium hypochlorite, and 30 seconds in 75%
ethanol. They were then dried with sterile paper towels
and cut into segments of about 2-5 mm long. In total, 960
sections (3 species × 20 individuals × 2 sites × 8
segments) were isolated and cultured. Sets of four
segments were each evenly placed in 90 mm Petri dish
containing malt extract agar (MEA). 50mg/L
Streptomycin sulphate was added to suppress bacterial
growth. Petri dishes were sealed, incubated for 5-20 days
at 28°C, and examined periodically. When colonies
developed, they were separated by morphological
appearance and characteristics (Rivera-Ordun˜a, 2010)
and transferred to new cultured medium.

RESULTS
Composition of root-associated fungi and fungal
diversity: A total of 296 fungal colonies were isolated
from the roots of the three terrestrial orchids at the two
different habitats. ITS sequences were obtained for 86
representative isolates by their morphotypes. The
phylogenetic analysis (Fig. 1) for these sequences was 32
taxa, which were classified to 8 species with 24 to genus.
One comprising 205 isolates belonging belongs to
ascomycetes (69%), another of 48 basidiomycetes (16%),
and the last of 43 belonging to zygomycetes (15%). All
of the taxa were assigned to 15 orders: Cantharellales,
Xylariales, Helotiales, Pezizales, and Mucorales. The
dominant species included Ilyonectriasp., Xylariasp.,
Nemaniadiffusa and others (Fig. 2). Regardless of sites or
hosts, the most dominant species in our study (Pi>10%)
were Mortierella sp. and Tulasnella sp..

DNA extraction, PCR amplification and sequencing:
Total DNA was extracted from fresh cultures following
the protocol of Guo et al. (2000). The internal transcribed
spacer (ITS1, 5.8 S and ITS2) regions were amplified
using primer pairs ITS1 and ITS4 (White et al., 1990).
The Gene Bank database of National Center for
biotechnology information (NCBI) was used to blast the
reference sequences of the isolates. Clustal X software
aligned and adjusted all the sequences to optimize their
sites (Thompson et al., 1997). The phylogenetic tree was
performed by the neighbor joining method, after the boot

Effect of habitat: The fungal communities of Cymbidium
spp. from the two habitats were differentiated. The wild
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orchids had approximately fifty more isolates than the
hosts from the other site. In addition, the species
abundance of the wild orchid fungi was higher than that
from the transplanted site. The dominant species varied
between the two habitats, except for Mortierella sp. (Fig.
2). The strains of Nemaniadiffusa and Xylaria sp. were
most frequently isolated from the wild orchids and
seldom isolated from the transplanted orchids. The wild
orchids also showed a higher Shannon index of diversity
than the transplants (Table 1). The comparison between
the root-associated fungal communities recovered from
the different hosts and sites was computed using the
Jaccard coefficient for any possible pairs. The values of
the Jaccard similarity index of the comparison of hosts in
the same regions were more than 0.45, except that
between Cymbidium faberi and Cymbidium goeringii var.
longibracteatum from the transplanted region. Each
overlap between the wild and transplanted plants was
lower than 0.45, including the comparisons between the
common host species (Table 2).

Regardless of the site, the number of strains of
Cymbidium faberi exceeded the other two species. The
Shannon index of diversity of Cymbidium faberi was the
lowest, with the highest in Cymbidium goeringii var.
longibracteatum. As the most dominant taxa, Mortierella
sp. was found from the three host species, while
Tulasnella sp. was only predominantly found in
Cymbidium faberi (Fig. 2). With 41% shared taxa, the
three species compositions of the two regions showed a
little overlap. The common taxa up to 53% between
Cymbidium goeringii and Cymbidium goeringii var.
longibracteatum were most within comparisons of the
two different host plants. The Jaccard similarity index
was highest between Cymbidium goeringiiand and
Cymbidium goeringii var. longibracteatum in the same
environment. The overlap was less between the wild
orchids and the orchids that experienced human
disturbance. The taxa of Tulasnella sp. were isolated
more frequently from the orchids in the wild than the
transplanted plants. Cymbidium faberi and Cymbidium
goeringii var. longibracteatum shared the lowest overlap
among the comparisons within host species.

Effect of host species: Although the Chinese orchids
were collected from identical environments, the fungal
communities between two plants were different.

Table 1. The root-associated fungi isolated from the three kinds of orchids in Chinaand their fungal diversity.

No. of total isolates
Species richness(S)
Camargo’s index (1/S)
Shannon index of diversity (H′)

YH
62
16
0.063
2.397

YL
55
15
0.067
2.399

YJ
53
17
0.059
2.628

H
47
12
0.083
2.170

L
40
14
0.071
2.180

J
39
14
0.071
2.347

Note: YH-Cymbidium faberi in wild, YL-Cymbidium goeringii in wild,YJ-Cymbidium goeringii var. longibracteatum, H-Cymbidium
faberi in the human disturbance region, L-Cymbidium goeringiiin the human disturbance region J-Cymbidium goeringii var.
longibracteatumin the human disturbance region. The instead of name were all followed by the tables and figures.

Table 2.Jaccard similarity index calculated for the fungal communities isolated from the different host species
and sites.

YH
YL
YJ
H
L
J

YH
1

YL
0.63
1

YJ
0.57
0.60
1

H
0.33
0.23
0.35
1

L
0.20
0.26
0.24
0.3
1

J
0.38
0.35
0.43
0.47
0.59
1

Proceedings of International conference on Agricultural and Biological Sciences (ABS 2015) held in Beijing, China on July 25-27, 2015

272

Huang and Zhang,

J. Anim. Plant Sci. 25 (3 Suppl. 1) 2015 Special Issue

Fig.1 Neighbor-joining tree generated from the ITS 1, 5.8 S gene and ITS 2 sequences showing the relationships of
the isolates with reference taxa within the GeneBank database. Bootstrap values greater than 50% (1000
replicates) are shown at branches.

Fig.2 Relative frequencies (Pi) of dominant taxa in the three orchids at two regions.
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2005; Suarez et al., 2006; Tan et al., 2012). Many
mycorrhizal orchid fungi were classified as Rhizoctonialike fungi, including the anamorphic genus Epulorhiza
and the teleomorph (Rasmussen, 2002; Nontachaiyapoom
et al., 2010). To our knowledge, Ceriporia lacerate
within Basidiomycetes is the first time it has been
isolated from orchid roots. Mortierella sp., belonging to
Zygomycetes, have been indentified from the roots of
orchids and conformed to the mycorrhizal fungi
(Ochoraet al., 2001; Jiang et al., 2011). Only one strain
of Umbelopsis sp. was isolated in this study and was
rarely found in the orchid roots.

DISCUSSION
Fungal diversity: In our study, the majority of rootassociated fungi from the Cymbudium spp. belonged to
Ascomycetes, including the orders of Pezizales,
Helotiales, Hypocreales, and Xylariales. Previous studies
have revealed that the fungi from Pezizales and
Helotialeswere also isolated from the orchid roots (Stark
et al., 2009; Jiang et al., 2011). These fungi were to
comprise some taxa of the orders interacting as
mycorrhizas (Julou et al., 2005; Tedersoo et al., 2006;
Zhang et al., 2009). Stark et al. thought that the
ecological function of the Helotiales was difficult to
assess, because they are an ecologically diverse order that
includes plant endophytes, both ectomycorrhizal and
ericoid fungi, and even plant pathogens (Vralstad et al.,
2002; Wang et al., 2006; Zhang et al., 2009).
Fusarium sp. (anamorphicGibberella) within
Hypocreales was found among the roots of the three
orchids. Many previous studies have claimed that
Fusariumwas recorded as an orchid plant pathogen that
could cause root and stem rot, among other problems
(Burnett 1975; Benyon et al., 1996; Ichikawa and Aoki,
2000; Kim et al., 2002). But some authors believed that
Fusarium was able to promote germination and was
beneficial to the host orchid (Rayner, 1927; Vujanovicet
al., 2000). The possible reason for the argument is that
the genus plays a different role in orchids during their
growth phase. We suggested that comparable viability
techniques should used independently for each orchid
species tested. These taxa, Neonectriaradicicola
(anamorph: Cylindrocarpondestrustans) (Jiang et al.,
2011; Tan et al., 2012), Xylariasp. (Tremblay et al.,
1998; Yuan et al., 2009), Hypoxylonsp. (Jiang et al.,
2011), Nemaniasp. (Jiang et al., 2011), Trichoderma sp.,
and Pestalotiopsis sp. (Nontachaiyapoom et al., 2010),
were also found to be associated with the roots of
orchids, including Chinese orchids.
On rare occasions, ascomycetous fungi were
recovered and reported in Orchidaceae (Jiang et al.,
2011). The Ascomycetes have been studied less
frequently, and so their taxonomy and ecology have not
been examined; their importance as mycorrhizas are
probably seriously underestimated (Stark et al., 2009).
Previous studies have identified the orchid mycorrhizas
as Basidiomycetes of the Rhizoctonia group. The
common orchid associated with Tulasnella contains many
un-described species and some phylogenetically
problematic taxa, like T. calospora, which require more
extensive sequence analysis (Suarez et al., 2006).
Overall, the main mycobionts found in epiphytic orchids
are similar to terrestrial photosynthetic species, including
the Tulasnella species (Dearnaley and John, 2007). The
Tulasnella
species
(anamorph:Epulorhiza)
was
commonly isolated from terrestrial orchids and may form
mycorrhizal associated with the host plant (Pereira et al.,

Effect of host: From the total of 32 taxa, 11 were
widespread and occurred in the different orchids from the
natural forest, and nine taxa occurred in the human
disturbance site. Regardless of region, ten taxa of fungi
were not from the common taxa collected from the three
host species, and five dominant fungal taxa were
recovered within one of the hosts. The isolates of
Candida sp. were only found within the root segments of
Cymbidium goeringii var. longibracteatum. Rootassociated fungi of Cymbidium spp. have been shown to
be strongly influenced by the host species. In addition,
the general groups of fungi were common at the two
sites. Previous studies have also showed that there were
preferences for fungal partners on some orchids (Otero et
al., 2004; Suarez et al., 2006). Cox et al. (1997) argued
that no identical taxa were shared between Cypripedium
and Paphiopedilum. However, on fungal ITS sequence
types in common, some shared fungal taxa were isolated
either from the Cypridium or the Paphiopedilum (Yuan et
al., 2010). Our study revealed that fungal assemblages
between Cymbidium goeringii, and Cymbidium goeringii
var. longibracteatum with closer phylogenetic
relationships shared more taxa, including the predominate
one. For example, the most frequent taxa were up to five,
with either shared both Cymbidium goeringii and
Cymbidium goeringii var. longibracteatum, or only
Cymbidium faberi. Our findings support the concept that
the phylogenetic breadth of mycorrhizal fungi should be
evolutionary traits of some orchids (Shefferson et al.,
2007).
Effect of Locality: The fungal species compositions of
Cymbidium spp. were greatly influenced by region. A
higher diversity of fungal assemblages was collected
from the forest than from the transplanted habitat. The
rate of overlapping taxa between the wild and transplant
habitats was from only 20% to 43%. Except for the taxa
of Mortiella sp., the most dominant fungi were
completely different. Dearnaley (2007) concluded that
fungal-orchids associations are sensitive to environmental
stimuli, and suggested some strategies to make
adjustments in favor of the plant partner's survivor. Of
the two closely related genera of slipper orchids
transplanted from the wild to the greenhouse, over 80%
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plants of Paphiopedilum grew well and flowered
normally, while most of plants of Cypripedium either
died or did not flower (Yuan et al., 2010). The authors
suggested that the reason for the above phenomenon was
that there were no mycobionts available for the plants of
Cypripedium to thrive or the plants had no plasticity to
switch to mycorrhizal fungi in the greenhouse.
Despite historic transplant and cultivation from
the wild habitats in China, this study is the first to
compare the transplanted plants of mycorrhizal fungi
symbionts in Cymbidium spp. The wild orchids had a
greater number and taxa of mycorrhizal associations than
those sampled from the transplant region. The roots of the
orchids in wild were preferably associated with
mycobionts of the Tulasnella sp., while transplanted
orchids had mycorrhizal associations of other tulanelliod
taxa. The distributions of fungal taxa influenced by
sampling sites differed in their geographic and ecological
characteristics, such as the immediate climatic conditions
and plant associations and so on (Go¨re and Bucak, 2007;
Wu et al., 2013). In this study, the transplant site was the
site with the close longitude and latitude to the forest in
the province of Sichuan. Obvious differences between the
two regions were the environmental factors, including
humidity, temperature, and rainfall. Besides the climate,
the orchids obtained from the forest interacted with the
rich species variation, including plants and
microorganisms. In contrast, the transplanted species may
be affected by human activity, thus potential inoculum is
lower. It is meaningful to take some measures for in or ex
situ conservation and propagation by mycorrhization.
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