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INTRODUCTION
Most orchids form a symbiotic relationship with Rhizoctonia-like fungi that include those assignable to Ceratobasidium and 

Tulasnella [1-6]. Tulasnelloid fungi have been isolated with regularity in North America [7]. These strains are typically extracted from 
masses of fungal hyphae (pelotons) present in the cortical region of lateral (branch) roots in living specimens. Pure cultures ac-
quired from pelotons are used as a tool for generating large numbers of seedlings in vitro [8]. 

According to Rasmussen, orchid mycorrhizal fungi are not guaranteed that they are associated with an orchid unless isolated 
from pelotons [6]. As orchid populations continue to decline, securing material (roots) will become increasingly difficult [6], raising 
concerns that potentially useful fungi will be lost before they are recovered and safeguarded for use in conservation. This study 
determines if orchid mycorrhizal fungi could be cultured from herbarium specimens. We are testing the hypothesis that these 
specimens may represent an untapped resource of orchid mycorrhizal fungi. The Jacobs Herbarium at Wittenberg University 
(Springfield, OH) was chosen for this study. Methods for preservation and storage used in this herbarium are common for small 
liberal arts colleges throughout North America. The Jacobs herbarium is a model facility because it contains a mixture of newer 
(1986) and older (1884) orchid specimens (Figures 1A and 1B). Specimens were preserved and stored on acid-free paper with-
out high heat or drying treatments. To verify the effectiveness of our fungus isolation technique, roots of a live orchid (Phalae-
nopsis sp.) maintained in the Wittenberg University greenhouse for many years (Figure 1C), was examined to serve as a control.

MATERIALS AND METHODS
Sections of roots (1 cm portions) were excised from the orchid, and they were soaked in 20 ml of sterile deionized double-distilled 

water (DI water) in Syracuse dishes for one hour (fresh water, twice for 30 min). The root portion was then surface sterilized following 
the method outlined in Zettler [9]. The root portions were then cut into smaller pieces in a 100 × 15 mm sterile Petri dish and covered 
with 20 ml molten agar: modified Melin-Norkrans agar (MMN), potato dextrose agar (PDA), and modified potato dextrose agar (MPDA, 
pH lowered to 5.5. with lactic acid) (Fisher Scientific, Pittsburgh, PA). Three different agar media were used in order to obtain as many 
different fungi as possible. Petri plates were incubated at 20 ± 1°C and total darkness once the agar solidified.
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Figure 1. (A) Herbarium specimen of an orchid (Cypripedium calceolus; 1957) showing intact root system taken from the Jacobs Herbarium, (B) 
magnified view of root system from a century old orchid herbarium specimen (Goodyera repens; 1898), and (C) live Phalaenopsis sp. from the 
University greenhouse showing living root system. Photo credit: M. P. Dameron, Department of Biology, Wittenberg University, Springfield, OH 
(Canon EOS 20D Digital SLR camera; Melville, NY).

Plates were examined daily by light microscopy (40/100x) for emerging fungal hyphae (each one was an isolate). Hyphae that 
could not be traced back to the internal content of the root portion were not used. Subcultures for fungal identification were con-
ducted by plating excised hyphal tips as a 1 cm3 block that was placed on to fresh solidified agar media. Fungal identification was 
based on macroscopic (colony) and microscopic (conidia) characteristics at 1000x under oil. Fungi were identified according to 
Currah and Barnett and Hunter and by pure culture comparison once spore characteristics appeared [10,11].

Each experiment was replicated three times. Nine 1 cm root portions (main and lateral roots) from each orchid specimen 
were cut into thirds and plated on each type of agar media. Root samples from a live orchid (Phalaenopsis sp.; n=5 plants in 
different pots) acted as a control. The numbers of Tulasnelloid isolates from the herbarium specimens to the number of isolates 
in the control were compared using an analysis of covariance (ANCOVA, P=0.05; SPSS 14.0 for Windows; IBM, Armonk, NY) [12].

RESULTS AND DISCUSSION
Seven of the 33 herbarium specimens spanning 23 orchid taxa (n>800 plates) yielded fungi: Corrallorhiza maculata (Rafin-

esque) Rafinesque (1927, PDA only), Cypripedium acaule Aiton (1965, 1970, PDA only), Cypripedium passerinum Richardson 
(1973, MPDA only), Goodyera pubescens (Willdenow) R. Brown (1936, MMN only), Liparis liliifolia (L.) Richard ex Lindley (1982, 
PDA only) Listera cordata (L.) R. Brown (1969, PDA only), Platanthera hyperborean (L.) Lindley (1973, MMN only), and Spiranthes 
ovalis Lindley (MPDA only) (Table 1). These fungi were identified as common saprophytic molds verified by microscopic examina-
tion of asexual propagules and cultural morphology on PDA, consisting of: Mucor (two isolates), Cunninghamella (one isolate), 
Aspergillus (one isolate), Penicillium (one isolate), Trichoderma (two isolates), and Mycelia sterilia (four isolates). Fungal isolates 
from Cypripedium passerinum and Spiranthes ovalis appear to require a lower pH, because these isolates are restricted to growth 
on MPDA that contained lactic acid, pH 5.5. The majority (5/8) of the isolates were acquired from thinner lateral root sections im-
mersed and cultured on MMN (Table 1). Common saprophytic molds were also evident in roots of the live orchid, and these were 
identified as: Aspergillus niger (one isolate), Penicillium glabrum (two isolates), and Cladosporium cladosporioides (one isolate). 
In addition, more fungal isolates were acquired from the live orchid than any of the herbarium specimens (P<0.05 in each pair-
wise comparison), the majority of which were obtained using MMN (Table 1). In contrast, most of the fungi from the herbarium 
specimens were cultured on PDA (Table 1).

Fungi recovered from root cortical cells in the live orchid control (Phalaenopsis sp.) matched published descriptions for 
ubiquitous orchid mycorrhizae, in particular Tulasnelloid fungi (with many examples provided in a review by Currah [13]. Despite 
inspection of >800 plates, we did not isolate any Rhizoctonia-like fungi from the herbarium specimens in dated (1884) and more 
recently collected (1986) orchid material. The presence of Tulasnelloid fungi in the live orchid control rules out that our isolation 
protocol was ineffective. These findings support an earlier report by Zettler et al. [9]. which attempted to isolate mycorrhizal fungi 
from four orchid specimens housed in the Illinois College Herbarium (Jacksonville, IL) spanning four species: Epidendrum conop-
seum– syn. E. magnolia Mühlenberg (1995), Goodyera repens (L.) R. Brown (1895), Orchid spectabilis– syn. Galearis spectabilis 
(L.) Rafinesque (1890), and Platanthera integrilabia (Cornell) Luer (1995). In that study, fungi from cortical pelotons failed to initi-
ate growth on MMN, even in recently preserved specimens collected approximately five years earlier. As to why common molds 
were successfully cultured whereas orchid mycorrhizal fungi were not remains to be determined, but it is conceivable that 
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Table 1. Isolation attempts of endomycorrhizal fungi using three different agar media from orchid herbarium specimens taken from the 
Jacobs Herbarium (Wittenberg University, Springfield, OH) and live orchid (Phalaenopsis sp.) from the Wittenberg University greenhouse. MMN, 
modified Melin-Norkrans agar; PDA, potato dextrose agar; MPDA, modified potato dextrose agar (PDA, pH lowered to 5.5 with lactic acid). Data 
are the number of fungal isolates that were obtained from nine–1 cm portions of roots, three portions on MMN, three portions on PDA and three 
portions on MPDA.

Orchid species (from 
collection label) Year collected

No. fungal isolates on agar media
Total

MMN PDA MPDA
Live specimen 2012 5 0 2 7

Phalaenopsis sp. 2008 3 1 1 5
Herbarium specimens

1894 0 0 0 0
Aplectrum hyemale

Corallorhiza maculata 1927 0 2 0 2
Corallorhiza multiflora 1884 0 0 0 0

Corallorhiza odontorhiza 1937 0 0 0 0

Cypripedium acaule

1979 0 0 0 0
1970 0 1 0 1
1968 0 0 0 0
1965 0 1 0 1
1899 0 0 0 0

Cypripedium calceolus 1957 0 0 0 0
Cypripedium passerinum 1973 0 0 1 1

Goodyera oblongifolia 1927 0 0 0 0

Goodyera pubescens

1979 0 0 0 0
1974 0 0 0 0
1973 0 0 0 0
1936 1 0 0 1

Goodyera repens 1898 0 0 0 0
Habenaria clavellata 1912 0 0 0 0

Habenaria hyperborea 1969 0 0 0 0
Habenaria obtusata 1969 0 0 0 0
Habenaria orbiculata 1885 0 0 0 0

Habenaria repens 1968 0 0 0 0

Liparis liliifolia
1982 0 2 0 2
1912 0 0 0 0
1899 0 0 0 0

Listera cordata 1969 0 1 0 1

Orchis spectabilis
1974 0 0 0 0
1894 0 0 0 0

Platanthera hyperborea 1973 1 0 0 1
Spiranthes cernua 1960 0 0 0 0
Spiranthes gracilis 1968 0 0 0 0
Spiranthes ovalis 1966 0 0 1 1

Spiranthes 
romanzoffiana 1951 0 0 0 0

mold spores (conidia) might be more resistant to prolonged desiccation on specimens in storage. Although many strains of orchid 
mycorrhizal fungi do produce spore-like structures they do not typically produce asexual spores common to many of the molds 
recovered in the present study (conidia, sporangiospores) [13,14].

We emphasize that a living orchid must have a fungal symbiont to allow for proper growth, reproduction and development. 
Therefore, the orchid specimens we sampled possessed a fungal symbiont, where the specificity of both fungus and host orchid 
are codependent [15-19]. Although pelotons may be present in the cortical cells of our preserved specimens, they did not produce 
viable fungal isolates as evidenced by our study. For conservation purposes, targeting herbarium specimens as a source of living 
orchid mycorrhizal fungi does not appear to be a viable alternative to collecting live material. Thus, conservation programs that 
enlist mycorrhizal fungi for orchid species recovery projects and symbiotic seed germination will likely require the persistence of 
extant orchid sites as a source of fresh root material. As natural populations continue to experience environmental degradation 
accelerated by human activities, securing orchid material for this purpose will become increasingly more difficult in the coming decades [20-22]. 

CONCLUSION
We recommend that professional botanists consider sending fresh root samples to specialists (mycologists) from orchid 
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specimens destined for herbaria as one possible mechanism for safeguarding mycorrhizal fungi for conservation purposes [23,24].
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