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L~~otsna Sharma, Dqiirtmeni qfHorttcuifurr, Iowa Siute L'izivers-szl), Ames iA5001 I USA 
it%' Fan Sambeek, -21'orth Centrai Researc!~ Stallon, LiS Separfrne~~t qf.4grtculture Forest Servlce, Coiumbzsi MCI 6521 1 USA 
Chrrsropher Starbuck, Phnr Science h z t ,  hzverslty qfitilzwourr, Coiumblc? MO 5521 i USA 

Abstract: ktrestern prairie fringed orchid i"Platanrheru prucciara Sheviak and fiowles), listed in 1989 as federally 
threatened, has been ex-tirpated from 75% of histctric sites throughout its range. \%'e describe i a i  threats to the 
orchid; ib)  seed germination on synthetic medium; and i c) in vitro germination with mycorrhizal fungi. Destruction 
of prairies for farming and cornmerclal development not only eliminates suitable habitat for prairie species, such 
actlL~ties add new threats such as loss of pollinators, alteration of site hydrology, dnd changes in vegetation 
composition. Certain m~or rh iza l  fungi essential for seed germination and protocorm development may also be 
affected by such changes. Several fungal isolates were used to evaluate in vitro germination of stratified seeds. Seed 
stratification for 4 and 5 mo enhanced germination while chemically scarified seeds without stratification failed to 
germinate, Stratified seeds inoculated with a seedling-derived fungus developed leaf primordla. Seed culture on 
synthetic nutrient medium resulted in poor germination and development. Reliable in vitro symbiotic propagatlon 
methods would be important for producing rnycotrophic seedlings for transplant projects for conservation of the 
cvestrrn prairie fringed orchid and its mycorrhizae. 
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\Vestern prairie fringed orchid (Platanthera praedara 
Sheviak and Bowles) is a terrestrial orchid native to midwest- 
ern prairies of the United States. The species, extirpated from 
7590 of historic sites, was listed as federally threatened on 28 
September 1989 (Federal Register, 54 FR 39857-89862)'. The 
orchid now occurs mostly in remnant native prairies and 
meadows. Large populatiorls of several thousand plants are 
restricted to the northern part of the range, but populations 
in other parts of the range vary from a few individuals to a few 
hundred individuals. Xorthern populations frequently occur 
in calcareous wet prairies and sedge meadows, whereas the 
species is more likely to occupy mesic upland prairies in the 
southern part of its range. Ideal habitats are prairies subirri- 
gated by near-surface groundwater, but the orchids also occur 
in rnesic surales in sand dune complexes. Surafes harboring the 
species are reported to have significantly higher surface mois- 
ture co~npared to those western prairie fringed 
orchid', Considering the orchid's preference for high mois- 
ture substrate, it is likely that tile draining of nearby agricui- 
turd fieids wouid have a negative effect on the availability of 
soil moisture in orchid habitat. 

Although found growing in diverse prairie communities, 
western prairie fringed orchid most often occurs in associa- 
tion with woolfy sedge {Carex Itrnuginose), northern 
reedgrass ICal~amagrctstis stricta), and Baltic rush (Juncus bal- 
ticus) in wet-mesic sedge meadows or in the transition zone 
between those and the big Huestern Mndropocgon geerrzrdi+ 
little bluestem {'A. scoparius~switchgrass ifinicum vir- 
gaturn,-type wet-mesic prairies'. At Sheyenne National 

Grasslands in North Dakota, Kentucky bluegrass fPoa prat- 
enszs), leafy spurge {Euphorbia esuiaj, reed canary grass 
iSpartina pectinata), sandbar wilioav (Salzx exig-ua), and Bebb 
willow iSalix bebbian~) are reported to occur in swales sup- 
porting the orchid2*". 

The spindle-shaped tubers of the herbaceous, perennial 
western prairie fringed orchid regenerate during the growing 
season by forming a new tuber and an underground apical 
bud which develops into the vegetative shoot the next growing 
season1-'. Once the orchid has produced aboveground parts, it 
may appear in subsequent years as a flowering plant or a vege- 
tative plant, or be absent for 1 or more years'. At Sheyenne 
National Grasslands, blooming in 2 consecutive years was rare, 
and once absent the plants were unlikely to reappear3, Flowrr- 
ing appears to be positiveIy correlated with soil nloisture levels 
in the growing season prior to the year of flowering3. Recently 
a phenomenon has been observed in some popdations of 
westen:! prairie fringed orchid in hlinnesota whereby up to 
95% of plants had aborted flower buds i?; Sather, hlinnesota 
DSR, personal communication, 1999; and J Shrlrmd, personal 
observation, 1999). 

Ten or more creamy-white flowers are borne on a 
raceme, and each flower has a long nectar spur. Long- 
tongued sphinx moths (Family Sphingidae) pollinate this 
outcrossing species" Cuthrell and hderqdentified achemon 
sphinx rEumorpha achcmon,' and wild cherry sphinx {Sphinx 
drupiferarum) as pollinia-carrying vectors at the Sheyenne 
National Grasslands. Gallium sphinx i y l w  gallij) and wild 
cherry sphinx moths have been observed pollinating western 
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prairie fringed orchid in Manitoba IAR Wesmood. Univer- proportion was calculated by dividing the number o 
sity of \lTinnipeg. hfanitoba, personal communication, 2000). nated seeds by the number of viable seeds in a plate. 
Gross-pollnation success is important because sexual repro- 
duction is the primary means for generating new individuals. Germination ' tGermination On 

Onl! a few species of hawkmoths may pollinate western prai- Medium '' 'ymbiotic Germination' 
rit: fringed orchid because of the characteristic long nectar T h ~ s  experiment was conducted to compare gernlin 

spur of the flowers; this ma!- further limit and P""ntages of seeds 'Own On 'ynthetic and 

reproductive succcss4. sotzrn on oatmeal-agar and inoculated with eithcr a 

Terrestrial orchids on mycorrhiza~ fungi to derive i ~ r h ~ i a  species. Bic-70, derived from a western prairie fr 

energy throughout their life cvcIei. This re]ationihip 1s espe- orchid protocorm, or with PpB? E ~ u i u r i i i z ~  species r 

ciafly important in germinating seeds when fungal coloniza- ered from purple fringeless orchid Pla:~?ztiiein pernrrio 

is required both to synthesis of sugars and Seeds from the Bicmtennial, Highwa? 56, Little Tar& 

mobilization of reserves to provide ongoing nutritional sup- He'ton populations were stratified for mo at '" 
port before photospthesis begins7. Therefore an additional steriil"ed, and placed On the appropriate 
threat to the recruitment of rare terrestrial orchids is a possible Mdlrngren's modified terrrstriai Orchid medium t M j j l ,  

lack of suitable fungal symbionts, Other biologics] threats totechno'og~ Laboratories) was used for the 'Yllt 

herbivory, invasive species, erratic flowering. and lime medium treatment because terrestrial orchid growers 

itcd poUinatkon. Further, reduced genetic vigor and seed ria- used this for propagation of other terrest 

bility-phenomcna documented in small populations of ot.ler orchid species Ken  Torres, Phytotechnoiogi; Shawnee M 

rare plants~--might be contributing to decline of smaller pop- sion, Kansas, personal communication, 2001 1. For symhi 

ulations of the orchid. culture, seeds were pldced on oatmeal-agar medium I OMA; 

~h~ orchid's threatened status makes it necessary to con- 2.5 @L ground oats. 7.0 glL agar) and inoculated with fungal 

serve its habitat as well as the species' gerrnplasm However, 
seeds stored in conservatories are of little use if reliable germi- Germinatioll Experiment (Germination Response of 
nation methods are not available. Because rn~corrhizac supply Stratified Seeds from Populations Exposed to 8 Fungal 
critical nutrition for growth and development of terrestrial Treatments) 
orchid seedlings6*'," recovery and conservation of suitable Seeds from the Bluestern, Highway 56, Little Tarkio, and 
fungal symbio~lts and inclusion of in the Hrlton populations were tested with 6 hngal $trains isolated 
P ~ ~ P ~ ~ ~ ' ~ ~  be for successfui propagation. The from western prairie fringed orchid, Fungal isolates 
objectives of this were to 'Ompare seed germination from young plants were selected to represent seed collection 
on synthetic nutrient medium and that obtained by symbiotic sites and genera of orchid fungi. Three of the selected 6 iso- 
culture with m)icorrhizal fungi, and :b/! evaluate total germi- ]ates were Crratorhiza spp. (Glu-86, Ler-94, and Bic-70), and 
nation and deveio~ment of s~mbio t i ca l l~  stratified the other 3 Epiiiorhizn (Hel-ih6, Blu-hi, and Bit- 
seeds from several populations. 68). h o t h e r  fungal treatment was included where 2 fungal 

strairis {Bic-68470) were simultaneously cultured in a Petri 
METHODS plate. Fungi used for this co-inoculation treatment were those 

General derived from the youngest seedlings found in the field because 

A limited nulllbrr of normal-appearing, mature capsules i"oiates from a Protocorm were expected to he 

of prairie fringed orchid were coi~eited from popuia- most successfu! in supporting in vitro germination. Petri 

tions in hlilsouri i ~ e l t o n  and Little rarkio) in 1g99 and plates with stratified seeds sown on oatmeal-agar without any 

in Minnesota iBiicntcnnia;, Bluestein and ~ i ~ h ~ ~ ~  56) in fungal isolates represented the con trol treatmmt. 

August 1999. Seeds were transferred to glass vials and stored Experimental Design and Data Analysis 
over desiccant at -20°C until further treatment. A portion of In Experinlent 1,  stratified seeds were randomly assigned 
the seeds was transferred to viais with sterile deionized water to M5 OMA %.ith Bic-70, or OMA with PpB, Tb,elvr Petri 
and stratified in the dark at 5'C for 4 and 6 mo. Stratified seeds plates I ,I= represented each treatment. .llodei 
\yere surface sterilized for 6 min in 590 ethanol, 10% household variable the arcsine-transformed germination propor- 
bleach, and 85% stcriic deionized water. Following surface ster- tion, The linear statistical tested the main eEects of 
ilization, 25 to 35 seeds were placed in a Petri plate containing population and fungal isolate along with testing fo r intesac- 
the groi\.jng medium isee foilowing Proce- tion between population and isolate. Orthogonal partition of' 
dures described by Dixonm. Plates were incubated in the dark the degrees of freedom conducted to germina- 
at 23°C for the first 60 d, then at 5°C for 4 rno. tion of seeds sown on synthetic medium with those cultured 

Seeds were observed under a dissecting microscope to esti- on OiMA (seeds with eirher Bic-70 or PpBl. Few 
mate viability. Tl~osc with round or ovoid, seemingly healthy, new germinants were observed over incubation, and 

were counted A seed was recorded as ge rmi  therefore data over the first 90 d were used in statis- 
nated when at least 2 or more rhizoids developed. Germination ticaj analvses. 
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1 Mean percent germination 15, 45, and 90 d after sovJing cold-straefied seeds of isol 
prairie frioged orchid iPlolontheio praeciara) 

PUCAnON MEDIUM FUNGUS VIABLE 
SEEDS DAY 15 DAY 45 DAY 90 

OMA Bit-70 

ObfA Ppli 39.2 40.5 

OMA BIG-70 23.5 3U.i 

MS5i None 194 1.9 J .  i 5.5 nated wrthin 15 d. Sh-month stratification - m 

combined with inoculation with Bic-70 
Orvfii Bit-70 YO 8 1 14.5 15.0 

resulted in higher germination in response to 
an interaction between stratificativ~l and iso- 
late treatment. Beyond 15 d, onlv the popula- 
tion and isolate affected total germination and 

OhlA Bii-70 205 0.4 3.6 4.0 development in western prairie fringed orchid 
0.MX PpB 143 0.8 6.2 7.0 seeds. The fungal isolate Bic-70 ia Ceratorhzza 

sp,) significantly improved germination and 
development of protocorrns. 

Although highest germination percentage 

nt 2, seeds from 4 populations (Bluestern, was observed in seeds collected from the High- 

Tarkio, and Helion) were randomly way 56 population [Table 21, few of these protocorrns 

ation periods and 8 isolate treatments, advanced to higher developmental stages idevelopment of a 

tion experiment (n= L6).  The populations were pooled to Bluestem, the largest population included in this study, had 

producc the linear statistical model containing the main effects fewer seeds and low germination, but 

of stratification, population, isolate, and ail possible 2- and 3- Protocorm' from P ~ P ~ ' ~ ~ ~ ~ ~  leaf pri- 

interactions. Degrees of freedom for treatments mordia within 60 d when inoculated with Bic-70 or Bic- 

were orthogonally partitioned to compare germination with 68170. 

or without isolate Bic-70. Data collected during the first 60 d Germination $$-as observed in seeds exposed to each fun- 

were used for purposes because germination gal treatment including those incubating without an\- fungi, 

response was minimal after this period. that is, noninoculated controls 'Table 3 1. However, germina- 

hlean diEerences for all analyses were obtained by using tion without fungal inoculation was low compared to any 

Fisher's LSD at 5%. The reported means and LSD values were 
bv back-transforming the arcsinr-trdnsformed Table 2 Mean percent germination 35, 45, and 60 d aBer r o l n g  

means and LSD. SAS sohwarc was used for performine srraufied seeds of western prairie f i nged  orchid jP;otanthem proedoro) 
tistical analyses Version 8; SAS 1ristitutt.l- '. from 4 popuiations" 

NO. VIABLE @I;, GERMINAnON 
POPULAnB1.I 

SEEDS BAY 15  DAY 45 DAY 60 

was observed in the experiment conducted to compare gerni- ~ 1 ~ ~ h ~ ~ ~  56 1351 14 0 55.8 611.5 

nation of seeds sown on synthetic medium and those sown on 
Helton MO 17i7 9.3 18.9 20.5 

OMA and inoculated with either Bic-70 or PpB isolate. Ger- 
mination occurred under ;ill treatments in seeds from the Bb~estern 01?: 3.5 ! 6.8 24.3 

Helton and Highway 56 populations. Bicentennial and Little LSD ,a=1),05) 0.5 0.6 0.6 

Tarho seeds did not germinate when sown on artificial nutri- 
ent medium, ~5~ 1. seeds inoculated with either of the fungal 'Data were pooled over 8 fungal treatments and 2 stratification periods* 



other treatment, and protocorms in controi plates only devel- 
oped 1 or 2 rhizoids. Inoculation with Bic-70 resulted in high- 
est germination percentage and protocorms developed to 
leaf-bearing stages; several protocorms incubating with Bic- 
t58i.70 also developed leaf primordia. The success of Bic- 
S8+7O is tikefv due to Bic-70 because protocorms did not 
develop leaves when inoculated with Bic-68 alone. 

Table 3 Fean percent g e r m i n a ~ o n  15, 45, and 50 d after sowing coid- 
stratified seeds of irvestern prairie fringed orchid (Platan~hera praec1ul-a) 
inoccliateti wjth 7 f u n g a l  treatments and a controta 

NO, VIABLE O/o GERMINATION 
ISOLATE - 

SEEDS DAY 15 DAY 45 DAY 60 

LSD i az0.05) 1.0 1.1 1. .2 

"Daw were pooled orer 4 poyulstlons arid 3 stratlfiiatron perloas 

D I S C U S S I O N  
Results indicate the irrlportance of stratificatiorl and 

mycorrhizal fungi in seed germination of western prairie 
fringed orchid. Nonstratified seeds did not germinate in other 
 experiment^"^^^, whereas even some of the noninoculated 
seeds germinated after they were stratified for 4 or 6 mo. Seeds 
incubated in the absence of fungi or those placed on artificial 
nutrient medium M551 resulted in considerably lower germi- 
nation percentages. Further, none of the protocorms growing 
on M531 developed a leaf primordium. iittcfiough some shoot 
development occurred in seeds intjculated with the isolate 
PpB, leaves did not develop unless Bic-TO was included in the 
culture. Chang and ChouH report better germination of Hae- 
maria discolor on s9thrtic media compared to spb io t i c  ger- 
mination on oatmeai-ag,ar but recommend subculture on 
oatmeal-agar and inoculation with fungi for development 
beyond germination. Germination of western prairie fringed 
orchid, however, was higher on oatmeal-agar when inoculated 
with Bic-70 or PpB. Ric-70 : Gerntorhzzlz sp.) individually and 
in combination with Bic-68 i an Epulorhizia sp.), supported 
development of protocorms in seeds from aU popuiations. 
Both isolates Bic-70 and Ric-68 were derived from a proto- 
corm, but leaf-bearing seedlings deseloped only when seeds 
were cultured with Bic-'70. Our hypothesis that hng i  obtained 
from young western prairie fringed orchid plants would pro- 
mote best in vitro development is supported by these results. 

Terrestrial orchids routinely shotv erratic and slow 
nation and development in ~itro"."~-'" 
reported here, very few new germinants were observe 
extended incubatiort {up to 9 moj of seeds, However, 0th 
have reported germination in vitro over a period of up 
rnoki'. Delayed germination can occur in seeds of some 
perate speciesX,and the phenomenon likely occurs in or 
seeds6. It is conceivable that 1 or more winters may pass be 
seeds of wrestern prairie fringed orchid germinate or 
into photosynthetic seedlings. Field-sowing of western prairie 
fringed orchid seeds placed in nylon mesh bags only yielded 
protocorms with a few rhizoids and no leaf primordium dur- 
ing a 20-1110 period". In comparison in vitro stratification and 
symbiotic germination strategies appear to consiberabiy 
improve germination and developnlent of western prairie 
fringed orchid and may  allow production of seedlings for use 
in ex vitro consenration project&. 
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