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ABSTRACT
Orchid mycorrhizal fungi (OMF) and endophytic fungi isolated from the roots of orchid 
species Calanthe discolor and Cephalanthera longibracteata were inoculated onto C. discolor 
seedlings to examine the effects of symbiotic fungi on orchid growth. Seedlings were 
inoculated with nine fungal strains representing eight species and cultured for 140 days. Root 
and leaf growth, as well as fresh weight, were measured. The OMF species Ceratobasidium 
sp. and three endophytic fungal species Diaporthe hongkongensis, Pezicula ericae, and 
Phialocephala fortinii significantly increased seedling growth. These results indicate the 
potential value of orchid-symbiotic fungi to aid in the conservation and restoration of 
endangered and rare orchids.
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INTRODUCTION
Orchidaceae plants are highly vulnerable to extinction due their sensitivity to climate change and 

reliance on specific pollinators [1]. Orchid restoration has become a critical research priority because their 

populations are rapidly declining, to the extent that eight of the 11 endangered plant species designated 

by the Ministry of Environment in Korea are orchids [2]. Orchids of the Calanthe genus are generally 

distributed in tropical and subtropical regions, and six species have been found in Korea, particularly in 

its southern regions and on Jeju Island [3]. Calanthe orchids have aesthetic value and potential medicinal 

applications as producers of anti-inflammatory and antibiotic agents [4]. However, their cultivation without 

specialized facilities remains challenging, and habitat destruction combined with climate change has led to 

their classification as endangered species in Korea [5].

Plants belonging to the Orchidaceae family establish symbiotic relationships with orchid mycorrhizal 

fungi (OMF) and endophytic fungi [6], which enhance nutrient uptake and influence seed germination and 

growth [7]. In Korea, while considerable studies have been conducted to identify and characterize species 

diversity of OMF and endophytic fungi [8–12], studies on the effects of symbiotic fungi on orchid growth 
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Pumice stones (Youngpoong Industry, Korea) were sterilized twice at 121℃ for 20 min and used as 

the culture medium. Sterilized pumice stones (50 g) were placed in plastic pots (9.5 cm diameter) and 

disinfected with 1% sodium hypochlorite (NaOCl). Healthy seedlings were selected and planted in pots, 

and the remaining space was filled with 25 g of pumice stones. Five inoculum discs (diameter 0.95 cm × 

are limited.

We aimed to inoculate sterile C. discolor seedlings with symbiotic fungi isolated from to roots of the 

species and determine their effects on plant growth. The objectives were to elucidate the roles of symbiotic 

fungi in orchid plant growth, select useful symbiotic fungal resources for enhancing orchid growth, and 

utilize them to propagate and restore rare native orchids in Korea.

MATERIALS AND METHODS
Axenic seedlings of C. discolor Lindl. were obtained in the protocorm state from the Shinangun 

Agricultural Technology Center and cultured until roots formation. Environments for 150 seedlings were 

prepared by laying sterilized pumice stones (Youngpoong Industry, Korea) in plastic pots (9.5 cm diameter). 

The seedlings were then transplanted.

Nine strains belonging to eight fungal species, previous isolated from surface-sterilized orchid roots [13], 

were used as inocula (Table 1). Eight strains were isolated from C. discolor and one from Cephalanthera 

longibracteata (Table 1). The fungal strains were identified by analyzing the sequences of the internal 

transcribed spacer (ITS) region of rDNA using the primers ITS1 and ITS4 [14]. Sequences were deposited 

in GenBank. The fungal species included two OMF (Ceratobasidium sp. and Tulasnella sp.), and six 

non-mycorrhizal endophytic fungi (Diaporthe hongkongensis, Dactylonectria pauciseptata, Ilyonectria 

cyclaminicola, Leptodontidiup orchidicola, Pezicula ericae, and Phialocephala fortinii). Two strains of I. 

cyclaminicola were used to determine whether different strains of the same species isolated from different 

hosts would exert varying effects on plant growth. The fungal strains were cultured on potato dextrose agar 

(PDA) medium for two weeks at 25℃. Inocula were prepared by harvesting discs from established cultures 

using a 0.95 cm diameter cork borTer.

Table 1. Fungal strains used for orchid inoculation in this study.
Strain Species GenBank Accession No. Collection Sites Hosts
Lo Leptodontidium orchidicola PQ517212 Taean, Chungcheongnam-do Calanthe discolor
Tul Tulasnella sp. PQ520467 Jeju, Jeju-do
eIc Ilyonectria cyclaminicola PQ517213
Pf Phialocephala fortinii PQ520468 Seogwipo, Jeju-do
Pe Pezicula ericae PQ517243
Dp Dactylonectria pauciseptata PQ517225
Cb Ceratobasidium sp. PQ517224
Dh Diaporthe hongkongensis PQ517227
Ic Ilyonectria cyclaminicola PQ517223 Yesan, Chungcheongnam-do Cephalanthera longibracteata
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height 0.4 cm) per seedling were attached to the roots, ensuring contact between the mycelium and roots. 

Nine treatment groups and one control group were established, each with 15 replicates. Discs soaked in 

sterile PDA medium were placed in the control group to account for potential effects of PDA medium.

After inoculation, seedlings were cultured for 20 weeks at 23 ± 1℃ and 60 ± 10% humidity with a 

12-h photoperiod. Fertilizer (Hyponex 6.5-6-19, Hyponex Japan, Osaka, Japan; diluted 1000-fold with 

water) was applied weekly. Pot locations were randomized periodically to eliminate location effects. 

Watering was discontinued three days before harvest. After 20 weeks, seedlings were carefully harvested.

Shoot and root fresh weights (FW) for all seedlings were measured before inoculation and after harvest. 

The number of roots and the length of the longest root were measured at both time points. The number and 

length of leaves were recorded every two weeks. Leaf length, root number, and FW data were analyzed 

using one-way ANOVA, followed by post-hoc comparisons conducted using Fisher's least significant 

difference test in SPSS (version 22.0, IBM Corp., Chicago, IL, USA).

RESULTS AND DISCUSSION
The inoculations of D. hongkongensis produced the highest number of new leaves, but no statistically 

significant differences were observed among the treatment groups (p > 0.05; data not shown). A significant 

post-inoculation difference (p < 0.05) in average leaf length was observed among the treatment groups. The 

average leaf length of seedlings treated with D. hongkongensis was significantly greater than those treated 

with L. orchidicola. However, no significant difference was noted compared to the control group (Fig. 1). 

A significant difference in the number of new roots was also observed among treatment groups (p < 0.05), 

with a significantly increase in seedlings treated with D. hongkongensis compared to that in the control 

group (Fig. 2). No significant difference in the length of the longest root was found (p > 0.05).

Fig. 1. Leaf length of Calanthe seedlings inoculated with different fungal strains. Each different letter (a, ab, b) indicates that p < 0.05.
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Measurements of FW of seedlings revealed significant differences among treatment groups. In 

aboveground tissue (shoot) FW, D. hongkongensis, P. ericae, and P. fortinii increased significantly compared 

to that in the control group (p < 0.05), and in belowground tissue (root) FW, only P. ericae increased 

significantly (p < 0.05). Total FW increased significantly in seedlings treated with P. ericae and P. fortinii (p 

< 0.05). FW growth rate from inoculation to harvest increased significanTtly with Ceratobasidium sp., D. 

hongkongensis, P. ericae, and P. fortinii treatments (Table 2, Fig. 3)

Fig. 2 Number of roots of Calanthe seedlings inoculated with different fungal strains. Different letters above each bar indicate significance at p < 
0.05.

Table 2. Fresh weight (FW) of Calanthe seedlings inoculated with different fungal strains.
Strain Shoot (g) Mean ± SE Root (g) Mean ± SE Total FW (g) Mean ± SE FW increment rate a Mean ± SE
None 0.55 ± 0.11 0.54 ± 0.08 1.09 ± 0.18 0.01 ± 0.02
Cb 0.75 ± 0.15 0.56 ± 0.11 1.32 ± 0.25 0.34 ± 0.10*

Dh 1.01 ± 0.14* 0.67 ± 0.10 1.69 ± 0.21 0.41 ± 0.11*

Dp 0.48 ± 0.09 0.42 ± 0.07 0.91 ± 0.15 0.02 ± 0.08
eIc 0.62 ± 0.09 0.50 ± 0.07 1.12 ± 0.15 0.12 ± 0.10
Ic 0.64 ± 0.16 0.51 ± 0.12 1.15 ± 0.27 −0.03 ± 0.13
Lo 0.62 ± 0.10 0.57 ± 0.09 1.18 ± 0.18 0.16 ± 0.07
Pe 0.97 ± 0.21* 0.97 ± 0.22* 1.94 ± 0.42* 0.71 ± 0.20*

Pf 0.99 ± 0.14* 0.85 ± 0.19 1.83 ± 0.31* 0.58 ± 0.12*

Tul 0.70 ± 0.12 0.67 ± 0.12 1.37 ± 0.24 0.15 ± 0.14
Asterisks indicate that p < 0.05.
a FW increment rate = FW of seedlings after harvest / FW of seedlings before inoculation.
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Fig. 3 Growth increment of Calanthe seedlings inoculated with different fungal strains. Asterisks indicate significance at p < 0.05.

The growth response of orchid seedlings to endophytic fungal inoculation varied depending on the strain 

used. Compared to the other strains, P. ericae and P. fortinii promoted an overall increase in FW in seedlings, 

and D. hongkongensis effectively increased the number and length of leaves, as well as the number of roots. 

P. ericae forms erichoid mycorrhizae in Ericaceae plants and enhances host plant resistance to water stress 

[15]. The results of this study suggest that P. ericae may act as an endophytic fungus in orchids to promote 

growth. Further research is needed to confirm its specific role and relationship with the host. P. fortinii is 

known to promote orchid germination and seedling growth by forming a specific endophytic symbiosis 

called the dark septate endophytes in orchid roots [16]. Similar results were obtained in this study. D. 

hongkongensis is recognized as a pathogen in Prunus spp.[17,18]. However, it promoted seedling growth 

in orchids, suggesting that it can function as an endophyte under certain conditions. Further studies are 

required to confirm its role in orchids. Seedlings treated with the OMF strain Ceratobasidium sp. showed a 

significant increase in FW compared to the control group, similar to the results of previous studies showing 

its positive effect on orchid seedling growth [19]. This result demonstrates that Ceratobasidium sp. is an 

OMF effective in promoting C. aristulifera seedling growth. In contrast, no significant differences were 

observed with Tulasnella sp. inoculation. OMF can transfer nutrients for absorption by orchids only when 

pelotons are decomposed. Orchid growth effects may thus depend on the relative rates of peloton formation 

and decomposition within the root cells [20]. In the present study, the absence of a significant promotional 

effect due to symbiosis may have been influenced by factors such as host specificity, experimental duration, 

or other variables. Further studies are required to explore this hypothesis.
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To investigate potential strain-specific effects, we compared two strains of I. cyclaminicola, Ic and eIc, 

isolated from different hosts. No significant differences were observed between these two strains, and 

neither strain showed a significant growth effect compared with the control group for all values. The Ic 

group showed a decrease in FW compared to the control group, but the difference was not statistically 

significant (p > 0.05). I. cyclaminicola has often been isolated as an endophytic fungus from domestic 

orchids [21], and a previous study reported that it promotes growth and development of the medicinal plant 

Epimedium koreanum [22].

Although the effects varied depending on the growth index measured, when the overall results were 

summarized, Ceratobasidium sp., D. hongkongensis, P. ericae, and P. fortinii contributed to increased 

biomass compared to the other species and were considered to be effective species for orchid growth. These 

results suggest that symbiotic fungi can be used for the restoration and conservation of endangered orchid 

habitats.

We confirmed the growth response of orchid seedlings following inoculation with symbiotic fungi, and 

showed that the growth effect varied greatly depending on the fungal species. We also confirmed that both 

OMF and endophytic fungi could effectively promote orchid seedling growth. These results suggest that the 

application of symbiotic orchid fungi is an effective tool for the conservation and restoration of endangered 

and rare orchids.
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