university of copenhagen

Interactions between decomposing wood, mycorrhizas, and terrestrial orchid seeds
and protocorms
Whigham, Dennis F.; O'Neill, John P.; McCormick, Melissa K.; Smith, Cynthia L; Rasmussen,
Hanne Nina; Caldwell, Bruce A.; Daniell, Tim
Published in:
Trends and fluctuations and underlying mechanisms in terrestrial orchid populations

Publication date:
2002
Document version
Publisher's PDF, also known as Version of record

Citation for published version (APA):
Whigham, D. F., O'Neill, J. P., McCormick, M. K., Smith, C. L., Rasmussen, H. N., Caldwell, B. A., & Daniell, T.
(2002). Interactions between decomposing wood, mycorrhizas, and terrestrial orchid seeds and protocorms. In
P. Kindlmann, J. H. Willems, & D. F. Whigham (Eds.), Trends and fluctuations and underlying mechanisms in
terrestrial orchid populations (pp. 117-131). Backhyus Publishers.

Download date: 08. jan.. 2023

Interactions between decomposing wood, mycorrhizas,
and terrestrial orchid seeds and protocorms
Dennis F. Whigham l , Jay O'NeilJl, Melissa McCormickl , Cynthia Smith l ,
Hanne Rasmussen 2, Bruce CaldwelP and Tim Danie1l4
1. Smithsonian Environmental Research Center, Edgewater, MD, USA, email:
whigham@Serc.si.edu
2. Danish Forest and Landscape Research Institute, Hoersholm, Denmark
3. Oregon State University, Corvallis, OR, USA
4. Scottish Crop Research Institute, Invergowrie, Dundee, Scotland

Abstract
We describe field and laboratory experiments designed to determine if wood in various stages of
decomposition is a suitable substrate for terrestrial orchid symbionts. Five orchid species (Goodyera
pubescens (WILLD.) R. BR., Liparis Wifolia (L.) L.C.M. RICH EX LINDL., Tipularia discolor (PURSH)
NUTTALL, Aplectrum hyemale (NUTT.) TORR., Corallorhiza odontorhiza (WILLD.) NUTTALL) were
used in the experiments. Seeds of G. pubescens were the only ones to readily germinate in the field
and the presence of a symbiont reduced the time that it took for seeds to germinate in the laboratory. Seeds of L. Wifolia germinated best in the presence of a symbiont in laboratory experiments.
Protocorms of G. pubescens and L. Wifolia only grew when they developed mycorrhizas. Goodyera
pubescens protocorms were able to develop mycorrhizas with fungi that had been isolated from
adults and protocorms of the same species as well as some fungi isolated from other orchid species.
Goodyera pubescens is, thus, more of a generalist species than L. Wifolia, which developed mycorrhizas with only a single type of fungus. Protocorms of both species grew on all types of wood
media used in the experiments. Seeds of the other species probably did not germinate in the field
because the germination substrates lacked the required fungi. Seed of the other species did not germinate in the laboratory because the fungi that we isolated from field collected plants may have not
supported seed germination.
Key words: Aplectrum hyemale, asymbiotic, Corallorhiza odontorhiza, Goodyera pubescens,
Liparis Wifolia, protocorm, seed germination, symbiotic, Tipularia discolor, wood substrate.

Introduction
Terrestrial orchids receive essential nutrients (e.g., carbon and phosphorus) from
mycorrhizas (Smith 1966, 1967, Purves and Hadley 1975, Alexander and Hadley
1985, Hadley and Pegg 1989, Rasmussen 1995) and orchid-mycorrhizal interactions are essential for some life history stages. Orchid seeds, for example, contain
few stored resources and many terrestrial orchids will not germinate unless their
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seeds are exposed to an appropriate fungus (Masuhara and Katsuya 1994, Zettler
1996, Zettler and Hofer 1998). Protocorms of most terrestrial orchids are achlorophyllous and dependent on mycorrhizas for most, if not all, of their resources
(Zelmer et al. 1996).
The importance of mycorrhizas in providing resources to mature terrestrial
orchids is less clear even though most individuals contain pelotons (hyphal coils)
(Alexander and Hadley 1985, Rasmussen 1995, Ramsey et al. 1996). Mycorrhizas
are, however, essential to species that are achlorophyllous (e.g., Corallorhiza) and
the association has been shown to involve the movement of carbon through ectomycorrhizal fungi that connect such orchids with green plants (Zelmer and Currah
1995, Taylor and Bruns 1997, McKendrick et al. 2000a, 2000b). In these three-way
interactions, the orchid functions as an epiparasite on another plant with the mycorrhizal fungi serving as a transfer agent (Taylor and Bruns 1997). The ecological roles
ofthe parts of mycorrhizas that occur outside the orchids, however, are poorly understood (Currah et al. 1997, Peterson et al. 1998 and references therein) and there is
also little information on the substrates that orchid mycorrhizas use in situ. Some
orchid mycorrhizas are saprophytes and others are pathogens (Zelmer et al. 1996).
In an earlier study, we found that seedling recruitment was rare in monitored
populations of Tipularia discolor (PURSH) NUTTALL (Whigham and O'Neill 1988,
1991). Further exploration showed that T. discolor seedlings occurred on decomposing wood of several tree species (Rasmussen and Whigham 1998b). We also
found that seed germination only occurred when seeds of T. discolor were placed
in soil that had been amended with decomposing wood collected from sites that had
seedlings (Rasmussen and Whigham 1998b). The results suggested that decomposing wood contained the fungi that seeds of T. discolor required for germination. It
also suggested that wood may provide essential resources for the fungus.
In this paper we report on additional field and laboratory experiments in which
we used decomposing wood as a substrate to support the symbiotic germination of
orchid seeds and the growth of protocorms. Our goal was to test the hypothesis that
orchid fungi are able to obtain carbon from decomposing wood to support seed germination and protocorm growth. More specifically, we wanted to determine if
decomposing wood provided a suitable substrate for seed germination and protocorm growth of other species of terrestrial orchids.
Field and laboratory experiments were conducted at the Smithsonian
Environmental Research Center (SERe) located near Annapolis, Maryland (USA).
A field experiment was conducted at three forested sites. The sites were all in
mature forests, estimated to be more than 135 years of age. There are more than 20
tree species in the forests and the most common tree species are Quercus alba L.,
Quercus falcata MrcHX., Liriodendron tulipifera L., Liquidambar styraciflua L.,
Fagus grandifolia EHRH., Carya glabra (MILL.) SWEET, and Carya tomentosa WALT.
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Methods
Seed collection, processing, and storage
Mature fruits of Goodyera pubescens (WILLD.) R. BR., T. discolor, Corallorhiza
odontorhiza (WTLLD.) NUTTALL, Liparis Wifolia (L.) L.C.M. RICH EX LINDL., and
Aplectrum hyemale (NUTT.) TORR. were collected locally in the autumn of 1997.
Fruits were air-dried in the laboratory and seeds were stored at room temperature
for use in subsequent experiments. To insure an adequate supply of 1. Wifolia seeds,
a self-incompatible species, plants were cross-pollinated during the flowering season. Seeds used in laboratory experiments were pretreated for 2 hours in a saturated solution of calcium hypochlorite with 0.05% Tween 80. The seeds were then
rinsed in sterile water before sowing onto media plates.
Wood collection, processing, and storage
Fresh wood and wood representing two stages of decomposition (wood decomposing for 5-15 years, wood decomposing for> 15 years) were collected for two tree
species (Q. alba, 1. tulipifera). Wood samples were collected from one ofthe forest
sites, air dried for 1 week at 60°C then processed through a commercial wood chipper. This coarse material was then further reduced in a Wiley Mill to obtain material for use in laboratory and field experiments described below. The dry ground
wood samples were stored at laboratory temperatures until they were used in experiments.
Field experiment - seed germination in decomposing wood
At each of 3 forest sites, seeds of the 5 orchid species were buried in small plots
(18 x 35.5 x 10 cm). Seeds were placed into seed packets (Rasmussen and
Whigham 1993) before they were buried. Seed packets were retrieved after 1 year
to determine germination rates, measure the sizes of protocorms, and isolate endophytes from protocorms.
At each forest site, we first removed the leaf litter and humus layers from the
area where the plots were located, an area of approximately 2 x 2 m. We then excavated soil from 9 plots and lined each with fine mesh fiberglass screen to minimize
the in-growth of tree roots and burrowing by small mammals. The bottoms of 6
plots were each lined with one of the types of wood described above. Two plots were
lined with soil that had been removed during the excavations and one plot was lined
with humus that had been removed from the surface.
Two plastic slide trays, each containing 5 seed packets of each orchid species
(N = 10 per species) were then placed into the lined plots. The trays were standard
2 x 2 slide projector trays. In the laboratory, seed packets had been placed into the
slide trays so that no seed packets containing seeds of the same species were next
to each other. The trays were then filled with wood from one of the age-species
combinations described above, with soil excavated from the plots, or with humus
removed from the study area. The wood had been soaked in distilled water before it
was packed into the trays. The goal was to place each seed packet into contact with
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the surrounding matrix of wood, soil, or humus. The trays were then taken to the
field and placed into the appropriate plots. The plots were then filled with wood,
soil, or humus.
Laboratory procedures for processing seeds and endophytes
Processing ofseed packets - After one year, one set of trays was retrieved from each
plot. In the laboratory, each seed packet was cleaned with tap water, opened and
scored for percent germination or seed condition using a Leitz microscope at 20-32
x magnification. Protocorms in a subset of the seed packets were removed and their
lengths were measured to the nearest rom using the Leitz microscope at 6.2-32 x
magnification. The presence or absence of mycorrhizal infection was noted for each
measured protocorm.
Isolation and management ofmycorrhizal fungi - Pelotons were isolated from protocorms to establish fungal cultures that could be used in laboratory experiments
and for purposes of identification using molecular techniques. Procedures for collecting, isolating, and culturing protocorms were as follows. Protocorms were
washed with anti-bacterial detergent and dissected to extract tissues containing
pelotons. Small pieces of infected tissue were gently macerated in sterile water to
release pelotons that were then removed with a micropipette. After several transfers
through rinses of sterile water, pelotons were incubated individually in Petri dishes
with nutrient agar at 20°C. Several substrates were tested for their ability to support
hyphal growth from pelotons. The most successful media was a basal salt media.
Novobiocin was added to the media before autoclaving to suppress bacterial
growth. The same procedures were used to extract, isolate, and culture pelotons
from adult orchids of each of the 5 species.
After pure cultures from single pelotons were obtained, replicates of each were
stored in multiple locations to assure redundancy and culture preservation. The isolates have been maintained on potato dextrose agar (PDA) media stored at 4°C. An
additional set of isolates has been maintained on modified Melin-Norkrans (MMN)
media (Marx 1969) and stored at 20°C. Cultures have been transferred every six
months and checked for viability. Fungi that were used in the following experiments
are described in Table 1.
Laboratory experiments - seed germination and protocorm growth
Asymbiotic germination - We initially screened the 5 orchid species for asymbiotic germination to determine if the seeds that were used in the field experiment were
viable, the effects of stratification on germination, and the effectiveness of MMN
as a media for promoting germination. Approximately 20-100 pretreated seeds (see
above for pretreatment procedures) of each species were put into Petri dishes (N =
5 for each species) containing a modified Melin-Norkrans (MMN) media. Half of
the Petri dishes were incubated at 22°C and percent germination determined after
16 weeks. The other half of the Petri dishes were chilled for 8 weeks at 5°C and then
incubated for 8 weeks at 22°C before percent germination was determined.
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Table 1. Description of fungi used in various laboratory experiments. Codes refer to numbers used
in the text and in figures.

Code

Orchid host

Life history stage

Isolation date

MlOl-l
M102-1
M109-1
M120-1
MI21-1
M128-1
M141-1
M144-1
M148-1
M149-1
M187-l

Goodyera pubescens
Aplectrum hyemale
Goodyera pubescens
Liparis lilifolia
Corallorhiza odontorhiza
Tipularia discolor
Goodyera pubescens
Goodyera pubescens
Goodyera pubescens
Goodyera pubescens
Tipularia discolor

Adult
Adult
Adult
Adult
2 year old plant
Adult
Adult
Protocorm
Protocorm
Protocorm
Adult

January 21, 1997
January 20, 1997
October 21, 1997
December 2, 1997
December 3, 1997
April 7, 1997
May 25,1998
Oct. 27,1998
Oct. 28,1998
Oct. 28, 1998
March 24, 1999

Symbiotic germination - Symbiotic germination of all 5 species was evaluated on
water agar and water agar amended with 0.5% wood from each of the tree speciesdecomposition categories described above. There were 10 replicates for each treatment combination. Fungal isolates (MI02-I, M109-I, MI20-I, MI2l-I, and
M128-I in Table I) were inoculated onto Petri dishes before the seeds were added.
Percent germination was determined after the agar plates had been incubated for 4
and 8 weeks at 22°e. The lengths of protocorms were measured after 8 weeks incubation at 22°e.
Growth of G. pubescens protocorms inoculated with fungi isolated from G. pubescens - Seeds of G. pubescens were plated onto Petri dishes containing water agar
amended with 0.5% fresh L. tulipifera wood. Five Petri dishes were used as asymbiotic controls. The other Petri dishes were inoculated with fungi isolated from three
adults and three protocorms (MIOI-I, MI09-I, MI4I-I, MI44-I, MI48-I, and
MI49-I in Table 1).
Growth of G. pubescens protocorms inoculated with fungi isolated from different
orchids - Seeds of G. pubescens were plated onto Petri dishes containing water agar
amended with 0.5% fresh L. tulipifera wood. Five Petri dishes were used as asymbiotic controls. The other Petri dishes were inoculated with fungi isolated from
adults of T. discolor, A. hyemale, L. lilifolia, G. pubescens and a protocorm of G.
pubescens (MI02-I, MI09-I, MI20-I, MI44-I, and MI87-I in Table I).
Statistical analyses
Data on percent germination and protocorm length were analyzed using ANOYA
(SAS 1990). Percent germination data were transformed prior to analysis. When
there were significant differences for main effects or interactions, differences among
means were compared using the Tukey test and LSMEANS options in SAS. Because
there were instances in which there was no seed germination, a value of 0.01 was
added to all values for purposes of conducting the analysis of variance tests.
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Results
Seed viability
Seeds of all species germinated asymbiotically in the laboratory on MMN (Fig. 1)
and there was a significant difference among species (F = 4448.89, df = 4,
p < 0.0001). The treatment (chilled or not chilled) effect in itself was not significant
(F = 0.37, df= 1, P = 0.5453) but the interaction term was significant (F = 9.88, df
= 4, P < 0.0001). Seeds of L. lilifolia had a very low germination percentage but, as
will be described below, germination almost never occurs unless an appropriate
fungus is present. Germination percentages were also low for T. discolor and
A. hyemale but seeds of C. odontorhiza and G. pubescens germinated readily on
MMN in both treatments. The significant interaction term was most likely due to
significantly higher germination of chilled seeds of A. hyemale compared to a lower
germination percentage of chilled seeds for G. pubescens (Fig. 1).
Field experiment - Seed germination and protocorm size
Goodyera pubescens was the only species with seed germination in all substrate
types and at all sites after one year in the field (Figs. 2 and 3). There was a significant difference in percent germination among sites (F = 6.01, df = 2, P = 0.0037)
and substrate types (F = 9.66, df= 7, P < 0.0001) but the interaction term was not
significant (F = 1.67, df= 12, P = 0.088). Germination ranged from approximately
40-60% and germination was significantly higher at Site 3 (Fig. 2). Germination
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Figure 1. Germination percentages for asymbiotic seeds. Seeds were sown on a modified MMN
agar. One set of plates (N = S for each species) was maintained at 22°C and germination was determined after 16 weeks. A second set of plates (N = S for each species) was chilled at SoC for 8 weeks
then incubated for an additional 8 weeks at 20°C.
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Figure 2. Germination percentages for Goodyera pubescens seeds in seed packets at three forested
sites. Means that are not significantly different share the same superscript. Values are means ± I
standard error.
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Figure 3. Germination percentages for Goodyera pubescens seeds in seed packets in soil, humus,
and Liriodendron tulipifera and Quercus alba wood.. Means that are not significantly different share
the same superscript. Values are means ± I standard error.
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was higher in the two non-wood substrates (Fig. 3) and there were significant differences among substrate types.
Goodyera pubescens seeds that germinated but did not develop mycorrhizas
were significantly smaller (F = 13.55, df = 1, p = 0.0003) than protocorms with
mycorrhizas (Fig. 4) and there were significant differences among the sites in protocorm size (F = 7.13, df= 2, P = 0.001). The Site x Infection interaction was not
significantly different (F = 1.23, df = 2, P = 0.30). Protocorms with mycorrhizas
were significantly smaller at Site 2.
We found 2 germinated seeds of A. hyemale in one seed packet in humus at Site
2 and almost 100% germination in one seed packet at Site 1. Two protocorms of A.
hyemale were found in a seed packet in fresh Q. alba wood at Site 1. We were not
able to successfully isolate a mycorrhizal fungus from either protocorm. No seeds
of L. Wifolia germinated in seed packets at Site 2 but we found a few germinated
seeds in single seed packets at Sites 1 and 3 and were able to isolate a fungus from
a protocorm in the seed packet in Q. alba wood at Site 1. A small number of T. discolor seeds germinated in seed packets buried in humus at Sites 1 and 2 and a seed
packet buried in L. tulipifera wood at Site 3. We isolated pelotons from T. discolor
protocorms from Sites 1 and 3 but none of them grew in the laboratory. A few seeds
of C. odontorhiza germinated in a seed packet buried in L. tulipifera wood at Site 2
and a seed packet buried in humus at Site 3. A peloton was isolated from a protocorm collected at Site 1 but it failed to grow in the laboratory.
Laboratory experiment - seed germination and protocorm size

Seeds of C. odontorhiza, T. discolor and A. hyemale did not germinate under symbiotic or asymbiotic conditions on wood media in the laboratory. Goodyera pubescens seeds germinated after 4 weeks when they were exposed to a fungus isolated
from an adult of the same species (Figs. 5A). After 8 weeks, asymbiotic seeds had
also germinated (Fig. 5B) but percent germination was significantly higher (F =
102.54, df= 1, P < 0.0001) for seeds exposed to fungus MI09-1 growing on water
agar supplemented with 0.5% ground wood of either L. tulipifera or Q. alba (F =
3.54, df = 2, P = 0.03). The interaction term between the ± fungus treatment and
substrate was not significant (F = 0.58, df = 2, P = 0.56). Protocorms of G. pubescens were significantly larger (F = 255.82, df= 1, P < 0.0001) on symbiotic (mean
= 1.57 ± 0.08 mm) compared to asymbiotic media (0.32 ± 0.01 mm).
Seeds of L. Wifolia only germinated when they were exposed to a fungus
(MI20-1) isolated from an adult of the same species (Fig. 6). There was a significant effect of substrate on germination (F = 31.11, df = 6, p < 0.001) with the highest germination occurring on a non-wood substrate (Fig. 6). Protocorm size, however, was significantly affected by substrate (F = 12.94, df= 6, p < 0.0001) and they
were significantly larger on the agar supplemented with wood (Fig. 7).
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Figure 4. Size of Goodyera pubescens symbiotic (M I09-1) and asymbiotic (Control) protocorms in
a laboratory experiment. Means that are not significantly different within treatment (i.e., symbiotic
or asymbiotic) share the same superscript. Values are means ± 1 standard error.
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were significantly different for all substrates. Values are means ± 1 standard error.
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Figure 6. Percent germination of Liparis Wifolia seeds on agar amended with wood of Liriodendron
tulipifera or Quercus alba and on water agar (WA). The asterisk (*) indicates no germination. For
the two wood type, the bars (left to right) represent wood age: fresh wood, wood decomposing for
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Figure 7. Size of Liparis Wifolia protocorms after 8 weeks on agar amended with wood of
Liriodendron tulipifera or Quercus alba and on water agar (WA). Agar plates were inoculated with
fungus Ml20-1 (Table 1). For the two wood type, the bars (left to right) represent wood age: fresh
wood, wood decomposing for 5-15 years, wood decomposing for> 15 years. Means that are not significantly different from each other share the same superscript. Values are means ± 1 standard error.
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Figure 8. Size of Goodyera pubescens protocorms on plates containing water agar amended with
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Figure 9. Size of Goodyera pubescens protocorms on plates containing HI media (Rasmussen and
Whigham 1998a). Seeds were placed onto plates inoculated with fungi isolated from Tipularia discolor (MI87-I), Liparis lilifolia (M 120-1), Aplectrum hyemale (MI02-I), or an adult (MI09-1) and
a protocorm (MI44-1) of G. pubescens (Table 1). Means that are not significantly different share
the same superscript. Values are means ± I standard error.
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Laboratory experiment - Goodyera pubescens protocorm size and source of
fungal isolate
Results from field and laboratory experiments had shown that G. pubescens seeds
germinated on a wide variety of substrates but protocorm growth only occurred following development ofmycorrhizas (Fig. 4). We evaluated protocorm growth using
fungi isolated from different adults and protocorms of G. pubescens (Fig. 8). There
was a significant effect of source material (F = 79.9, df= 6, p < 0.0001) on protocorm size and protocorms that developed mycorrhiza with fungi isolated from
adults were larger, even though differences between adult and protocorm fungi were
not always significant (Fig. 8). Seeds of G. pubescens were also exposed to fungi
isolated from adult A. hyemale, L. lilifolia, T. discolor and fungi isolated from an
adult and a protocorm of G. pubescens. The symbionts from T. discolor and G.
pubescens supported protocorm growth but symbionts from L. lilifolia and A. hyemale did not (Fig. 9).

Discussion
Goodyera pubescens protocorm growth was clearly supported by fungi growing on
wood substrates (Figs. 3, 4, and 6). Similar to our results in this study and results
from an earlier experiment (Rasmussen and Whigham 1998a, 1993), Tomita and
Konno (1998) found that seeds of Goodyera species did not require the presence of
a fungus to germinate but protocorms did not grow unless they developed mycorrhizas. Our results demonstrate, however, that seeds will germinate faster when an
appropriate fungus is present (Fig. 4).
Like G. pubescens, germination of L. lilifolia seeds occurred when orchid symbionts grew on wood substrates and wood substrates supported protocorm growth.
The germination percentage was, however, higher for seeds growing with a symbiont that had been inoculated onto water agar. This result demonstrates that for
seed germination, the presence of the appropriate symbiont may be more important
than the type of substrate. Rasmussen and Whigham (1998a) also found that L. lilifolia would not germinate unless they were exposed to an appropriate symbiont. In
a preliminary experiment (data not shown) we compared germination rates of L. lilifolia seeds exposed to fungi collected from L. lilifolia as well as fungi isolated from
other orchid species (Platanthera lacera (MICH.) G. DON. F., C. odontorhiza, G.
pubescens, A. hyemale). Seeds germinated only when they were exposed to L. lilifolia endophytes, suggesting a high degree of specificity. It thus appears that a single fungus supports both germination of seeds and growth of protocorms and ongoing studies demonstrate that symbionts of L. lilifolia are genetically similar across
the species range.
Specificity has been observed in other orchid species. Warcup (1981) found evidence for specificity between symbionts and both adult orchids and seed germination and suggested that it was remarkable that specificity was common in orchidfungus interactions because orchid seeds do not carry endophytic fungi with them.
Taylor and Bruns (1999) and McKendrick et al. (2000b) found evidence for specific orchid-fungal interactions, in species of Corallorhiza. Perkins et al. (1995) found
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specificity between Microtis parviflora and its fungal symbiont but also found that
symbionts from other orchids were able to initiate mycorrhiza in the lab. There is a
clear need for additional studies of specificity in orchid-fungal interactions.
It is unclear whether decomposing wood is a suitable substrate for orchid symbionts that also develop ectomycorrhizas with living plants. Symbionts of several
species of Corallorhiza are ectomycorrhizas (Zelmer and Currah 1995, Taylor and
Bruns 1999, McKendrick et al. 2000a, 2000b) and we have germinated seeds of C.
odontorhiza in situ at the one site at SERC where the species occurs (Rasmussen
and Whigham 1998a). The most likely reason that seeds of C. odontorhiza did not
germinate in situ in this experiment was that symbionts were not present or, if they
were present, they had not developed ectomycorrhizal relationships with plant
roots. Symbionts of C. odontorhiza may have a limited distribution at SERC as
there is only one population and we have only been able to germinate seeds when
seed packets have been buried in the area where adult plants occur (Whigham and
Rasmussen 1998a). The reasons for lack of germination of T. discolor and A. hyemale seeds are less clear because we know little about the ecological requirements
of their symbionts. Neither do we know if the symbionts required for seed germination and protocorm growth are the same as those that are associated with adult
plants (ZeImer et al. 1996, Peterson et al. 1998). To date, we have not been able to
germinate A. hyemale seeds in situ or in vivo and we are not aware of any previous
studies of mycorrhizas isolated from that species. Symbionts that we have isolated
from an adult and a protocorm of C. odontorhiza both had clamp connections, indicating that they differ from typical Rhizoctonia. The failures of scarified and stratified seeds of T discolor and A. hyemale to germinate on a symbiotic wood substrate suggests that symbionts isolated from adults may not have been the ones
required for seed germination. Another possibility, not yet tested, is that, like
species of Corallorhiza, both species require ectomycorrhizas to support seed germination and protocorms growth. In an ongoing study, however, we found that protocorms of T. discolor have the same isotopic signature as their mycorrhizas and
cellulose in decomposing wood where the protocorms were collected (McCormick
pers. comm.). The ongoing isotope study indicates that mycorrhizas that support the
growth of T. discolor protocorms are involved in decomposition. In an earlier
experiment (Rasmussen and Whigham 1998b), T. discolor seeds germinated in seed
packets placed into decomposing wood that had been collected from sites that had
T. discolor seedlings. In this instance, symbionts that support seed germination and
protocorm growth most likely moved with the wood.
Other orchid symbionts have been isolated from a variety of substrates and it has
been demonstrated that they are able to degrade cellulose (Smith 1966, 1967) and
wood (peterson et al. 1998). Fungi isolated from field-collected orchids were able
to use wood substrates to support seed germination and protocorm growth of G.
pubescens and L. lilifolia. The two species, however, show contrasting patterns in
their ability to utilize symbionts. Goodyera pubescens appears to be a generalist and
L. Wifolia appears to be a specialist.
Several Japanese terrestrial orchids have been shown to be generalists.
Masuhara and Katsuya (1994) demonstrated that Spiranthes sinensis var. amoena
protocorms grew when infected with more than one orchid symbiont. Tomita and
Konno (1998) also found that several fungi supported germination and growth of
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Japanese terrestrial orchids. Goodyera pubescens also appears to be a generalist
species in the context of the number of symbionts that it associates with and the
types of substrates that support germination and protocorm growth. Seeds germinated in all substrates in the field experiment (Fig. 2), with or without a symbiont,
and protocorm growth was supported by fungi collected from an adult of T. discolor (Fig. 9) as well as from adults and protocorms of G. pubescens (Figs. 8 and 9).
Fungi from L. Wifolia and A. hyemale did not, however, support protocorm growth.
Symbionts associated with L. Wifolia appear to be very species specific (see below
and Fig. 6) and we know little about symbionts of A. hyemale. Symbiont M187-1
supported G. pubescens protocorm growth (Fig. 9). It was isolated from an adult T.
discolor growing near individuals of G. pubescens. Ongoing genetic studies suggest
that orchids share similar symbionts when they are growing in close proximity to
each other (McCormick pers. comm.).
In summary, we found that wood substrates support germination and protocorm
growth of G. pubescens and L. Wifolia. Responses of each species in laboratory
experiments further suggest that there are differences among symbionts in their
ability to support protocorm growth. This aspect of orchid-mycorrhiza interactions
clearly deserves further study. The lack of seed germination for C. odontorhiza, T.
discolor and A. hyemale also warrants further investigation, especially to determine
if symbionts required for seed germination and protocorm growth are different from
those that are utilized by adult plants.
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