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Short Communication

Naturally germinating seeds of the achlorophyllous orchid
Galeola septentrionalis contained no fungal pelotons
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Abstract

Galeola septentrionalis is an achlorophyllous myco-heterotrophic orchid and has been known to establish a symbiotic
association with several biological species of Armillariella mellea (Basidiomycetes). However, there have been no suc-
cessful reports elucidating an association between a mycobiont and seeds of this orchid during germination. In this study,
a field sowing experiment using seeds from this orchid was conducted for more than 14 months in the natural habitat of
this species. Approximately 0.1% of the seeds germinated as the enlarging embryos ruptured the outer seed coat. Seeds
that failed to germinate were collected and cultured in vifro on an agar medium containing mannitol, yeast extract, and
other nutrients and incubated at 27.5C. Approximately 4% of the seeds germinated six weeks after sowing. In this case,
however, the two valves of the seed coat opened to release the enlarged embryo. The embryos of germinating seeds
were devoid of fungal pelotons. Seed germination appears to take place in the absence of mycobiont infestation in this

species.
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found to germinate only in the presence of a mycobiont (Umata,

Introduction
1995).

Because achlorophyllous orchids lack the ability to perform
photosynthesis and so derive an independent source of organic
nutrition, they are thought to be dependent throughout their lives
on the mycobionts within their roots or tubercles. Furthermore,
the seeds of achlorophyllous orchids are very small in size and
contain only minimal nutritional reserves within their embryos,
and it is therefore generally assumed that an external supply of
carbon is required for germination. Mycobionts are capable of
satisfying this requirement for germination. For example, the
seeds of the achlorophyllous orchid Erythrorchis ochobiensis

(Hayata) Garay (formerly Galeola altissima Reichb. f.) were

The achlorophyllous orchid Galeola septentrionalis Reich. f.
has been shown to be symbiotic with the Basidiomycetous fun-
gus Armillariella mellea (Vahl.: Fr.) Karsten (Hamada, 1939)
and several biological species of 4. mellea (Cha and Igarashi,
1996; Terashita, 1996). When protocorms of this orchid were
co-cultured with 4. mellea, they showed successive further
growth to develop roots. Pelotons were formed within the roots
and these pelotons exhibited the same microscopic characteris-
tics as those observed within the roots of wild plants (Terashita,
1985). However, there have been no reports of an association

between a mycobiont and seeds of G. septentrionalis during
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Discussion

Though it was anticipated that a germination process similar
to that of G. elata might occur also in G. septentrionalis, the
present study showed that the germination processes were not
identical in the two species. According to Xu & Mu, (1990) and
Hong et al. (2002), G. elata requires mycobionts for germination
of the seeds. And according to our unpublished data, a positive
germination response was also observed in seeds of G. elata that
had been buried i situ in a field sowing experiment similar to
that conducted in the present study; seeds that germinated were
found to contain fungal pelotons within their embryos (Fig. 7,
8). Thus the results suggest that whereas G. elata requires direct
association with mycobionts for germination under natural con-
ditions, G. septentrionalis does not. Given that seeds of G.
septentrionalis germinated even on a simple agar medium in
vitro (Nakamura, 1964), it appears that this orchid has the ability
to germinate without an exterior nutrient supply in the wild. An
association with mycobionts essential for subsequent develop-
ment must be established after germination.

The outer seed coat of G. septentrionalis is made up of two
hard valve-shaped structures attached tightly to one another, as
in a bivalve (see illustration in Nakamura (1964)). These protect
the embryo. The results of the present study suggest that this
seed-coat structure is intrinsically linked with the mode of ger-
mination, as either Type-Burst or Type-Open, depending on the
manner in which the growing embryo is released from the coat.
As to the nature of Type-Burst germination, this can be inter-
preted as a result of the enlarging embryo being unable to split
open the two valves along their seal, because they are too tightly
bound. Thus, only the few growing embryos strong enough to
break through weak points in the seed coat were seen to germi-
nate in this study (field sowing experiment and 31% March ex-
periment). Because the culture methods for germination
developed by Nakamura (1967, 1975) were not applied in the
March and the April experiments here, the occurrence of Type-
Burst germination may reflect either that some embryos had al-
ready enlarged within the seed coats, or that dormancy had been
broken prior to 29" March. An interpretation of the manner in
which the seed coat behaves may also be applicable to those
seeds that exhibited Type-Open germination (24" April experi-
ment). That is, following an event that loosens the seal between
the two valves, the growing embryo is able to split open the seed
coat. E. ochobiensis, which has a seed similar in structure to that

of G. septentrionalis, also has a similar germination mode,

Type-Open germination in the presence of mycobionts (Umata,
1998). In G. septentrionalis, given that the number of seeds that
exhibited Type-Open germination far out-numbered those that
exhibited Type-Burst and germination under asymbiotic culture
is Type-Open as can be inferred from the illustration in
Nakamura (1964), it is suggested here that majority of the seeds
may go through Type-Open germination in nature.

It was reported that some myco-heterotrophic plants germi-
nated without direct mycobiont-seed contact. That is, seeds of
the two myco-heterotrophic plants belonging to Monotropaceae,
Pierospora andromedea Nuttall and Sarcodes sanguinea Torrey
can germinate if the seeds are placed at the edge of mycobiont
colonies or on cellophane covering the colonies (Bruns and
Read, 2000). It is suggested that a diffusible or volatile com-
pound unique to the mycobiont stimulates germination. The em-
bryos of germinating seeds of G. septentrionalis are also devoid
of fungal pelotons. However, germination was accelerated when
cultured on an agar medium containing nutrients and seeds ex-
hibited Type-Open germination. In addition, various microor-
ganisms were observed colonizing the medium. These suggest
that nutrients or microorganisms probably accelerate the loosen-
ing of the seal between the two valves forming the seed coat.

In conclusion, the present investigation demonstrates that
seeds of G. septentrionalis germinate independently from
mycobiont invasion in nature. The germination process probably
works as follows: firstly, the embryo swells within the seed coat
and keeps swelling until the seed coat opens. Then, the seed coat
opens as the seal between the two valves is loosened releasing
the swelling embryo. However, the factors that bring about the
enlargement of the embryo under natural conditions, whether at-
mospheric conditions as proposed by Nakamura (1975) or other-
wise, have yet to be determined. Furthermore, the means by
which the seal between the two valves of the outer seed coat are
loosened to release the growing embryo and what kinds of
mycobionts, 4. mellea or other species as observed in G. elata
invade first the germinating seeds, also remain unknown.

Further work is required in order to resolve these issues.
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