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Abstract-The qualitative and quantitative composition of the floral fragrance of Plutanthera strictu was determined by 
trapping fragrance components on charcoal or Tenax adsorbents in the field. Analysis (GC-MS) showed the fragrance 
to consist largely of lilac aldehydes, lilac alcohols and other monoterpene alcohols, monoterpene hydrocarbons (of 
which sc-pinene is the predominant constituent), and aromatic aldehydes and alcohols. Rates of emission of fragrance 
among mature inflorescences varied greatly (cu 50-O pg/hr/inflorescence). Neither charcoal nor Tenax alone effectively 
trapped the full range of floral fragrance compounds. When Tenax was used as the trapping agent, lilac aldehydes. lilac 
alcohols, aromatic aldehydes, aromatic alcohols, and some of the monoterpenes were recovered, but a-pinene, a major 
component of the fragrance, was recovered only in trace amounts. By contrast, r-pinene and lilac alcohols were 
effectively recovered from charcoal, but aromatic aldehydes and alcohols were poorly recovered, and lilac aldehydes 
decomposed. 

INTRODLiCTlON 

Floral fragrances, together with visual cues, are the 
primary means by which plants attract potential polli- 
nators. Reviews of the chemistry of floral fragrances and 
the analytical techniques used in determining their 
composition are available [l, 21. The purpose of the 
present study was to identify the floral fragrance com- 
pounds produced by the slender bog orchid Plutanthera 
stricta Lindley (Orchidaceae) as part of a more general 
study of the pollination biology of this species [3]. 
Plutuntheru strictu is a member of a morphologically 
diverse and taxonomically difficult species-complex 
occurring in northwestern North America [4]. It has been 
reported both as being scentless [4] and that a scent 
emitted by the flowers of P. strictu induced foraging 
behavior in Empis and Rhumphomyia (Diptera: Empidi- 
dae) species [3], two of this orchid’s several pollinators. 
Nilsson [5-73 has examined the floral fragrance chemistry 
of two Eurasian-Mediterranean species of Pkztuntheru, 
P. bifolia (L.) Rich. and P. chlorunthu (Custer) Reichb. and 
their hybrids. He trapped fragrance constituents on 
Porapak Q and subjected the eluants to GC-MS analysis. 

RESULTS AND DISCUSSION 

The floral fragrance of P. stricta consists largely of 
monoterpene aldehydes and alcohols, monoterpene hy- 
drocarbons, and aromatic aldehydes and alcohols (Tab- 
le 1). Three monoterpene aldehydes (compounds 18-20) 
were the predominant fragrance constituents trapped on 
Tenax. They were tentatively identified as lilac aldehydes 
[stereoisomers of 2-( 1’-formyl)ethyl-5-methyl-5-vinyl- 
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tetrahydrofuran] by comparison of their MS with data of 
ref. [S]. Lilac aldehydes were absent from the charcoal- 
trapped samples which contained considerable quantities 
of three compounds (lo,13 and 14) which were not present 
in the Tenax-trapped samples. It was not possible to 
elucidate the structures of these compounds by mass 
spectroscopy. Lesser quantities of two lilac alcohols 
[stereoisomers of 2-( 1’.hydroxymethyl)ethyl-5-methyl-5- 
vinyltetrahydrofuran; 27 and 281 were trapped from some 
plants on Tenax and charcoal. An additional lilac alcohol 
(23) was trapped from one plant with charcoal. The 
structures of these compounds were determined by com- 
parison of their mass spectra with data of refs [9, lo]. X- 
Pinene was a major constituent of some of the charcoal- 
trapped samples, whereas it was present in only trace 
quantities in the Tenax-trapped samples. Benzaldehyde, 
/I-pinene, myrcene, limonene, benzyl alcohol, linalool, and 
2-phenylethanol were observed in at least trace quantities 
in charcoal and Tenax-trapped samples. Salicylaldehyde, 
verbenone, and two 3,7_dimethyloctatriene isomers were 
observed in some ofthe Tenax-trapped samples but not in 
any of the charcoal-trapped samples (Table 1). The 3,7- 
dimethyloctatriene isomers were identified by compari- 
son of mass spectra with literature values [9, 1 l] whereas 
the identity of each of the completely characterized 
compounds was established by mass spectral comparison 
[9, 111 and by comparison of its R, with that of an 
authentic sample. Small quantities of various unknowns 
were also present in both Tenax and charcoal samples 
(Table 1). Control air samples collected at the study sites 
on charcoal and Tenax showed no appreciable quantities 
of trapped volatiles. 

The considerable differences in composition of the 
materials collected from the floral fragrance on Tenax or 
charcoal suggested the following: lilac aldehydes decom- 
pose on charcoal during collection and storage of the 
samples to produce 10, 13 and 14 and trapping or 
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desorption efficiencies of other fragrance compounds on 
charcoal vary greatly from those on Tenax. In particular. 
r-pinene is more effectively trapped on or desorhed from 
charcoal than from Tenax and vice Lersa for the aromatic 
aldehydcs and alcohols. Strong support for both these 
conclusions was obtained in subsequent experiments. 

Instability of the lilac aldeh)des on charcoal wa< 
investigated by allowing a soIutIon 4’ frapranzc corn.. 
pounds in dicthyl ether (a combination (IF samples T, ~ 
and T,; Table 1) to ciaporate intr: A contamer and 
sampling(sce Experimental). The Tenax trap was found to 
contain lilac aldehydes 18 20 btit no derr:utable levels of 
10, 13. and 14. lshereas. both charcwl trap\ contained 
compounds having the same K, as 10. 13. ,~nd 14. hut no 
lilac aidehyde\. There was little diflerencc in composition 
of the material desorbed from each oi the charcoal traps. 
It is unlikely that the lilac aldehydr:!, arc themselves 
artifacts produced by autoxidation of lil,rc alcohol\. 
considering that aldehydes arc more readily oxidized to 
carboxylic acids than alcohols XC olr~dwzd ~(3 aldeh~d~h, 
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products trapped on charcoal (samples C,-C,,) or Tenax (samples T,-T,,) during the day, at dusk, and at night. 
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widely among individual plants. Total emissions sampled at the various times of day, but in two cases 
(pg/hr/inflorescence) trapped on charcoal varied between (samples from individuals C,, C, and C,; C,, C, i, and 
26.26 and 0.02 during the day, 2.11 and 1.11 at dusk and C, 3r Table 1) the same inflorescences were sampled 
1.20 and 1.26 at night. For Tenax-trapped samples the sequentially during the day, at dusk, and at night. Both of 
corresponding figures were 53.59-4.85 (day), 2.40-0.00 I these orchids showed a trend for lower rates ofemission at 
(dusk); and 39.35-0.00 (night) (Table 1). These variations 
occured in spite of the fact that all sampled inflorescences 
were of similar size and stage of maturity. Such high 
quantitative variation in fragrance emissions between 
individual plants does not appear to have been previously 
observed. It may explain why P. stricia has been reported 
as scentless 141, but the ecological significance of the 
variation is unexplained and mysterious, because it might 
be expected that individuals with low emissions would 
have low evolutionary fitness and, consequently, would be 
selected out of the population. Conceivably, fragrance 
emission of P. stricta occurs in pulses, since no infor- 
mation was obtained concerning the emission rate of any 
individual plant over the entire course of its blooming 
time. In most cases, different individual plants were 

dusk and night than during the day (Table 1). Overall, day 
emissions trapped on charcoal and Tenax averaged 14.96 
+ 19.14 (sd., n = 7) pg/hr/inflorescence, whereas those of 
dusk and night samples averaged 1.41 + 1.09 (n = 4) and 
8.75 + 17.12 (n = 5) respectively. These average rates of 
emission were not significantly different (ANOVA F 
~0.91, p > 0.5). Therefore, although the present study 
found no conclusive evidence for quantitative diurnal 
variation in floral emissions of P. stricta, it is possible that 
further studies with large sample sizes would reveal such 
variation. In addition, no consistent differences in chemi- 
cal composition were observed between day, dusk, and 
night samples (Table 1). 

Using Porapak Q to trap the volatiles, Nilsson [7] 
found that the fragrance of P. chlorantha was dominated 
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comparing their FID peak areas with that of the int. standard, 

allowing for their individual response factors. Percentage com- 

positions of the fragrances and rates of emission of fragrance 

(Table 1) were then calculated taking into account the known % 

recoveries of the individual components (Table 2) and assuming 

recovery values of 50% (charcoal) and 20% (Tenax) in the case of 

unidentified and partly characterized components. Two Tenax 

samples (T3 and T,, Table l), that together contained the full 

range of Tenax-trapped components were selected, evapd to a 
small vol. with N, and individually subjects to GC-MS using the 

same column and chromatographic conditions previously de- 

scribed. The EI MS parameters were as follows: scan speed 280 

mass units/set, filament emission current 20 PA, ionization 

voltage 70 eV, unit mass resolution set at 1000 mass units, mass 

range scanned 2@400 mass units, source temp. 200”, direct 

interface temp. 250”. For GC-MS analysis of the charcoal 

samples, all samples were combined, evapd to a small vol. and 

the composite was analysed as previously described. Completely 

characterized fragrance components were identified by 

comparing both their R,s with those of authentic compounds and 

MS with those of ht. values [S-11]. Partly characterized compo- 

nents were identified by MS only. Mass spectra of unidentified 

and partly characterized components of the fragrance are 

available from the authors on request. 

Decomposition of lilac aldehpdes on charcoal. The desorption 

solutrons from Tenax-trapped samples T,, and T, (Table 1) were 

combined and evaporated to ca 50 pl with N, on a watch glass 

which was then placed in a I .5 1 bottle. The top of the bottle was 

sealed and the atmosphere in the bottle, containing volatilized 

fragrance and Et,0 solvent, was simultaneously drawn through 

one Tenax and two charcoal traps, each connected to a vacuum 

pump (85 ml/mink for 30 min. Charcoal-filtered air was admitted 

to the bottle during sampling to compensate for that removed by 

the sampling system. The traps were sealed and stored at 25” for 

20 hr in order to simulate the field sampling and storage protocol. 

The compounds on the Tenax trap and one charcoal trap were 

then desorbed and analysed as previously described. The other 

charcoal trap was stored for a further 2 weeks at -20” before 

desorption and analysis. 
Recouery of monoterpenes and aromatics from Tenax or char- 

coal. A 5 ~1 aliquot of a mixture of equal vols of the compounds 

listecl in Table 2 and 7 other volatile organic compounds, was 

injected through a heated block (180”) with N, carrier gas 

(50 ml/min) into a sealed Plexiglas chamber (920 I) equipped with 

a fan to equilibrate vapour concns throughout the chamber. 

Chamber air was then sampled for 200 min with a Tenax and a 

charcoal sampling cartridge, each connected to a vacuum pump 

(85 ml/min). Air was admitted to the chamber through a small 

orifice to compensate for that removed by the pumps, Trapped 

compounds were desorbed, analysed and quantified as pre- 

viously described. Recovery efficiencies (Table 2) were then calcd. 
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