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Abstract—Monoterpene volatilization in Salvia mellifera is primarily dependent on the vapor pressures
of the terpenes as they are influenced by temperature, the humidity of the air surrounding the leaf

and the surface area of oil present on the leaf.

INTRODUCTION

Plants synthesize organic compounds which are
subsequently released into the atmosphere [1-4]
and foliar emissions which have been identified
include the hemiterpene isoprene and several
monoterpenes. The physiology of terpene produc-
tion has been extensively studied but the
mechanism of terpene volatilization is still largely
a matter of speculation. Rasmussen and Went [4]
observed a correlation between air temperature
and levels of atmospheric organics, and Ras-
mussen [3] noted that terpene volatilization by
several tree species was temperature dependent.
The objective of our present study was to examine
the mechanism of monoterpene volatilization in
Salvia mellifera and 1ts relationship to the meta-
bolic activities of the plant.

RESULTS

The steady state rate of camphor volatilization
from the Salvia sample increased with tempera-
ture (Fig. 1) although photosynthetic rates
reached a maximum at 20° [1]. Camphor volatili-
zation was not light dependent. At a constant
temperature the volatilization rate was propor-
tional to humidity but not proportional to trans-
piration rate (Table 1). The effect of humdity was
also examined using an excised branch. The cam-
phor volatilization rate in dry and humid air was

measured once after 24 hr and again after 8 days.
The branch had ceased CO, fixation and transpi-
ration prior to the 24 hr measurements. Although
the camphor volatilization rate for the 24 hr
excised branch was higher than that for the intact
branch or the 8 day excised branch, the rate was
proportional to humidity in all cases (Table 1).

The steady state rate of camphor volatilization
by S. mellifera was determined in the light after

ug/dmZxhr

20

Temperature, °C

Fig 1| Temperature curve for camphor volatilizatton by §

mellifera (solid line) and for camphor vapor pressure (broken
line)
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lable I Camphor volatilization rates fiom Saeivie meihifera
in pg/dm? hr at 40

High Low High
humdity humdity hunmdity
Sample (DP =22) (DP = () (DP = 22)
Live branch S8 (24 31(75) 57224
Excised branch 131 () 74 () 119 {0
(after 1 day)
Excised branch 63 (0) 32{(y 61 (0)

(after 8 days)

Transpiration ratesin g H,0O'dm? hrare given in parentheses
DP = dew pomt ()

12 hr pre-treatment m the dark at 10 and 40°
The plant exhibited a higher steady state volatili-
zation rate when pretreated at a low night tem-
perature (LNT) than at a high mght temperature
(HNT) (Table 2) Only the 40 , LNT volatilization
rate showed significant variabihity which was due
to the contimuous dechine 1n the LNT volatihza-
tion rate to a level approaching that of the HNT
steady state volatilization rate. The effect of hight
was 1o 1ncrease the volatilization rate for the first
30 min and after the initial increase, the rate
reached a steady state which was equal to the
mitial dark rate.

DISCUSSION

Our results mdicate that the volatilization rate
of monoterpenes in S. mellifera 18 dependent on
the vapor pressures of the terpenes The steady
state volatilization rate of camphor and the calcu-
lated camphor vapor pressure are proportional
to the temperature (Fig 1). These data, together
with the observation that camphor volatilization
is not hight dependent, indicate that terpene vola-
tihzation m S mellifera 1s not directly dependent
on the photosynthetic activity of the plant.

A second factor which affects the monoterpene
volatilization rate in S. mellifera 15 humidity. An

Table 2 Camphor volatilization rates (ug from Salvia meflifera
dm? hrj after HNT and LNT pretreatment”

Prctreatiment 2 ki) Y

HNT
INT

040 (030 0 50)

L3S L 2R 1S

THO 1105 115

2204205 235

450 {430 4x0)
S 25 (400 635

* The branch was placed in the cuvette under et .er HNT
(40 ) or LNT (10 ) conditions in the dark at least 12 h1 before
sample collection After this pretreatment the cuvette was
adjusted to the sampling temperature, the light was turned
o aied tho steady state votatiaton rate was determmed

W D DimiNnt B J Tyson and H A MooNry

increase 1 volatihization rate when the air was
changed from dry to humid was observed n both
intact, physiologically active branches and
excised. physiologically mactive branches (Table
1) Camphor volatilization 1s not dependent on
transpiration but humidity does affect volatiliza-
tion by a mechamsm which may be strictly physi-
cal since 1ts effects are observed n both physiolo-
gically active and mactive tissue The high rates
observed 1n the branch which had been excised
24 hr prior to measurcment 1s probably due to
breakdown of the structural integrity of the leaf.

A third factor which affects monoterpene vola-
tilization rates wn S. snellifera 1s the amount of
otl present on the surface of the leaf The cffect
of this factor 1s demonstrated by the higher volati-
lization rate of the LNT samples since the HNT
regime would be expected to cause high volatii-
zation rates and deplete the surface o1l avadable

The independence of camphor volatilization
and stomatal opening indicates that terpenes are
volatilized from the surface of the leaf rather than
from 1ts mterior This observation differs from the
proposal that terpenc volatihzation from leaves
of conifers occurs via the normal gas exchange
pathways [3.5]. Scanning clectron micrographs
show that the upper surface of S mellifera leaves
arc covered with glandular structures of two
types, these are sumilar to those found on Mentha
piperita [6,7] One consists of a spherical. cuticle-
bound structure containing material which 1s pre-
sumably terpene. The other is a three-celled struc-
ture with material at the apex This material
resembled an o1l droplet when examimed under
a dissecting microscope Thus there appears to
be a significant surface area of o1l on the upper
side of the leaf from which the terpenes volatilize.

The HNT and LNT rcsults are consistent with
the report of increased terpene accumulation 1n
cool night plants when compared with warm
night plants [8] Loomus and Croteau [8] pro-
posed that thesc differences were due to the
greater avatlability of photosynthate under cool
night conditions. The obscrved differences 1n
volatilzation rates at high and low temperatures
could also account for the reported pattern The
volatilization rates for both HNT and LNT ex-
permments converge toward a similar value as the
amount of o1l on the leaf of the LNT pretreated
plant decreases and approdches that of the HNT
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pretreated plant. This rapid depletion is apparent
only at 40° where the volatilization rate is high.
This value may represent either the rate of ter-
pene synthesis or the rate at which terpenes are
added to the external pool.

An explanation of the hght induced increase
in the volatilization rate from HNT pretreated
branches comes from an examination of available
information on the physiology and biosynthesis
of monoterpenes. It is proposed that terpene syn-
thesis occurs in oil glands which are 1solated from
the rest of the plant [9]. These structures, because
of their isolation, may be somewhat energy defi-
cient and rely on exogenous energy sources for
active synthesis [10]). Loomis and Croteau [8]
suggested that in vivo biosynthesis of lower ter-
penes might be directly influenced by the presence
of sucrose or equivalent products of photosyn-
thesis, which might in turn be controlled by the
balance between photosynthesis and the utiliza-
tion of photosynthate. The sudden illumination
in the expermmental procedure might result in a
short term accumulation of photosynthate that
could be utilized by the terpene synthetic systems
in the oil glands

EXPERIMENTAL

Net photosynthesis (under saturating light) and dark respir-
ation of potted plants of Cahfornia black sage, Salvia mellifera
Greene, were measured 1n an ntact branch using a gas analy-
s1s system like that previously described [11] The branch was
contained within a cuvette where temperature and humidity
were controlled Light could be excluded by placing a dark
cloth over the cuvette The volatile constituents 1n the air flow-
ng out of the gas exchange cuvette were trapped 1n stainless
steel loops which were packed with Pyrex wool and immersed
m lhiquid N, A cryogenic pump was used to mamtain a flow
of 11 /mun throngh the loops. Qrgamc volatiles. were separated.
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from the H,O which accompanied them and analyzed qualita-
tively by GC-MS [12] GLC was used for quantitative analy-
s15, Only the major volatile component, camphor, was mea-
sured quantitatively in this study The only other major com-
ponent was 1.8-cineol (25%) whose levels correlated closely
with those of camphor (50%). The remammng terpene hydro-
carbons (x-pinene, f-pinene, camphene, limonene, cymene,
myrcene, f-phellandrene and y-terpinene) were difficult to
quantitate and were not monitored

The steady state rate of camphor volatilization was deter-
mined at a given temp by placing a branch n the cuvette
and taking samples at 30-60 mun ntervals for a period of
3hr After 1 hr of equilhbration the values obtained showed
httle variation and they were averaged to give the volatihza-
tion rate for that temp Volatilization rates were determined
at 10, 20, 30 and 40° The effect of transpiration on the cam-
phor volatilization rate was determined by altering the trans-
piration rates and measuring the release of camphor while
the temp was kept constant Transpiration was altered by
changing the humidity in the cuvette
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