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In vitro germination of a myco-heterotrophic orchid, Erythrorchis ochobiensis, was tested in the presence of ectomycor- 
rhizal fungi, Lyophyllum shimeji and Tricholoma fulvocastaneum. Lyophyllum shimeji stimulated the germination after 
incubation for 1.5 mo. Although most germinated seeds did not grow further after 3 too, several seeds developed into 
small protocorms but showed amorphous profiles. Fungal mycelia were observed in the germinated seeds and pro- 
tocorms, but pelotons were not detected. Since the seeds did not germinate axenically, it may be suggested that the 
fungus has the ability to stimulate germination. 
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Some agarics and polypores have been obtained from 
achlorophyllous Orchids as their symbionts, and most of 
them have active wood-rott ing or parasitic life styles, as 
stated by Smith and Read (1996). These include the 
fungi from Erythrorchis ochobiensis (Hayata) Garay ~, an 
achlorophyllous and liane-like orchid. This orchid shows 
strong affinity to Castanopsis sieboldii Hatusima 
(Fagaceae), especially to dead materials of the species as 
its habitat in the field (Umata et al., 1994). Four species 
of wood-decomposing polypores which were collected 
on dead C. sieboldii and a species on an unknown dead 
woody plant in the forest of C. sieboldii stimulated the 
seed germination of the orchid in synthetic culture (Uma- 
ta, 1995). These results suggested that the fungi close- 
ly associating with C. sieboldii might act as endophytes 
of the orchid though those fungi are not specific to the 
tree species. 

Fungi have been reported to form two types of 
mycorrhizas: endomycorrhizas with achlorophyllous or- 
chids and ectomycorrhizas with woody plants (Campbell, 
1963; Warcup, 1985, 1991; Zelmer and Currah, 1995). 
This study was carried out to test the biological functions 
of ectomycorrhizal fungi on E. ochobiensis by the method 
of synthetic culture of the orchid seed with such fungi. 
As a first step, Lyophyllum shimeji (Kawamura) Hongo 
and Tricholoma fulvocastaneurn Hongo were tested: the 
former associates with trees of the Quercus (Imazeki et 
al., 1988) and the latter wi th Quercus and Castanopsis 

* Erythrorchis ochobiensis is synonymous with E. altissima (BI.) 
Blume [=Galeola altissima (BI.) Reichenbach f.] (Garay, 
1986). 

(Ogawa, 1977, 1978). 
Isolates used in this investigation were L. shimeji 

IFO8335, a culture of the Institute for Fermentation, Osa- 
ka (IFO), Japan, and T. fulvocastaneum F243, which was 
obtained and cultured by the present author from a fruit- 
body collected in a mixed forest of C. sieboldii and Pinus 
luchuensis Mayr at Tokunoshima, Kagoshima Prefecture. 
Synthetic cultures were conducted by the method of 
Tashima et al. (1978) wi th modification. Seeds were 
sterilized in 75% ethanol for 1 min, then in 10% solution 
of calcium hypochloride for 10 min and rinsed 3-4t imes 
in sterilized distilled water. Seeds were dried aseptically 
for about 3 h or more, then attached to sterilized bamboo 
needles (4 mm diam • 50 mm long). For microbial con- 
tamination check, seeds attached to needles were precul- 
tured at 25~ for 1 wk in test tubes containing lOml  of 
sucrose-agar medium consisting of 1,000 ml of distilled 
water, 10 g of sucrose, 10 g of dried yeast powder and 
10g of agar. For the synthetic culture, the modified 
medium of Mori et al. (1969) was used. The medium 
contained, per 1,000 ml of distilled water: Ca(NO3)2.4H20, 
170 mg; MgSO4.7H20, 240 mg; KCI, 80 mg; NH4NO3, 
60mg;  KH2PO4, 40mg;  EDTA-Na-Fe Salt, 38.5mg; 
MnCI2.4H20, O.4mg; H3BO3, O.6mg; CuSO4.5H20, 
0.05 mg; ZnSO4.7H20, 0.05 mg; H2MoO4. H20, 0.02 mg; 
yeast extract (Difco), 2.0g;  glucose, 20.Og; agar, 
10.0 g. The pH of the medium was adjusted to 5.7___ 0.1 
wi th O.5M HCI or 0 . 5 M  NaOH. Test tubes (18mm 
diam •  long) containing lOml  of the above 
medium were autoclaved for 20min at 121~ The 
Lyophyllum and the Tricholoma isolates were inoculated 
into test tubes and incubated at 30~ for about 5 wk. 
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Then, the needle w i th  seeds was  planted in each test  
tube and cul tured at 3 0 ~  in darkness for  3 mo. 

Here, germinat ion was  def ined as seed-coat  rupture. 
Microscopic  examinat ion of the presence or absence of 
fungal coils in the cells of germinated seeds and pro- 
tocorms were  made w i t h  squash preparat ions or free- 
hand sect ions mounted in aqueous methy lene blue. 

No germinat ion was  observed in the presence of T. 
fulvocastaneum and in the absence of both fungi,  but af- 
ter incubat ion for ca. 1.5 mo germinat ion was  observed 
in the presence of L. shimeji (Figs. 1, 2). A l though most  
germinated seeds showed no further g row th  af ter 3 mo, 
several seeds g rew to the small p ro tocorms but showed 
amorphous profi les (Fig. 3). The largest p ro tocorm 
spherule was  0.6 mm in d iam.,  whi le  the embryo of un- 
germinated seed was  0 . 2 0 - 0 . 2 2  ram. Fungal mycel ia 
were  observed in the germinated seeds and pro tocorms,  
but  no pelotons were  detected.  The present results sug- 
gested tha t  L. shimejihas the abi l i ty to s t imulate germina- 
t ion. 

Warcup (198 5, 1991 ) demonst ra ted that  the Rhizoc- 
tonia isolated f rom the roots of an achlorophyl lous orchid 
R. gardneri fo rmed ectomycorrh izas on Melaleuca 
unicinata R. Br. ex A i ton f., w i th  wh ich  the orchid is 
closely associated in the field. Zelmer and Currah 
(1995) also noted tr iple symbiosis among Corallorhiza 
trifida Chatelain, Pinus contorta Douglas ex Loudon and a 
bas id iomycete  isolated f rom the root of the orchid. 
These results indicate the fungus may funct ion as nutri- 
t ional l ink be tween a heterot rophic  orchid and an auto- 
t rophic  plant,  such a link having been already noted for 

Monotropa hypopitys L. (Bjhrkman, 1960). In this inves- 
t igat ion,  since the peloton of the fungus was  not ob- 
served in the cells of germinated seeds and pro tocorms 
and the p ro tocorms did not g row  fur ther,  it is unknown 
whether  the fungus has the potent ia l  to form normal en- 
domycorrh izas w i t h  E. ochobiensis. 
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Fig. 1. Ungerminated seeds of Erythrorchis ochobiensis with wing-like coat (inner seed-coat) and shell-like coat (outer seed-coat). 
Bar= 1 mm. 

Figs. 2, 3. Seed germination and protocorm formation of Erythrorchis ochobiensis, cultured synthetically with an agaric ectomycor- 
rhizal fungus, L yophyllum shimeji. 
2. Germinated seeds putting out the swollen embryo from shell, after incubation for 1.5 mo. Shell dehisced at one end but wing is 
not yet burst. Bar= 1 mm. 3. Protocorms showing amorphous profile, after incubation for 3 too. Wing was burst. Bar= 1 mm. 
E, enlarged embryo. P, protocorm. S, shell-like coat. W, wing-like coat. 
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