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Abstract-Monoterpene volatilization in Salvia melllfera 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 [l-4] 
and fohar emissions which have been identified 
include the hemlterpene 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 volatllizatlon 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 its relationship to the meta- 
bolic activities of the plant. 

RESULTS 

The steady state rate of camphor volatilization 
from the Sulviu sample increased with tempera- 
ture (Fig. 1) although photosynthetic rates 
reached a maximum at 20” Cl]. Camphor volatlli- 
zatlon was not light dependent. At a constant 
temperature the volatilization rate was propor- 
tlonal to humidity but not proportlonal to trans- 
piration rate (Table 1). The effect of humidity 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 CO2 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 volatihzation 
by S. melliferu was determined in the light after 

Temperature. “c 

Fig 1 Temperature curve for camphor volatlhzatlon by S 
nwll&w (sohd hne) and for camphor vapor pressure (broken 

hne) 
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Sample 

Lwz branch 
Excised branch 
(after 1 da) ) 
Excwd brdnch 
(U/WI x duy\) 

High Lou High 
humId@ hurmdlt) humIdIt> 

(UP = 32) (DP = 0) (DP = 21) 

5 x (2 4) 3 I (75) 57 (2 I) 
I3 I (0) 7 4 (01 1 I 9 (0) 

6 3 (0) 3 2 (0) 6 I (0) 

Tr,insplrntlon rates m g Hz0 ‘dm’ hr drc glvcn m parenthew 
DP = dcu pomt ( ) 

12 hr pre-treatment m the dark at 10‘ and 40” 
The plant exhibited a higher steady state voIat& 
Latlon rate when pretreated at a low mght tem- 
perature (LNT) than at a high mght temperature 
(HNT) (Table 2) OnIy the 40 , LNT volatlhzatlon 
rate showed slgmficant variablhty which was due 
to the contmuous declme m the LNT volatlhza- 
tlon rate to a level approachmg that of the HNT 

steady state volatlhzatlon rate. The effect of light 
\\a\ to Increase the volatllizatlon rate for the first 
30 mm and after the mltial increase, the rate 
reached a steady state which has equal to the 
mltlal dark rate. 

Our results indicate that the volatlhzatlon rate 
of monoterpenes in S. nwlllfiw IS dependent on 
the vapor pressures of the terpenes The steady 
state volatlllzatlon rate of camphor and the calcu- 
lated camphor vapor pressure are proportlonal 
to the temperature (Fig I). These data, together 
with the observation that camphor volatlhzatlon 
is not light dependent, Indicate that terpene vola- 
tlhzatlon m S r~l/r~~u 1s not directly dependent 
on the photosynthetic actlvlty of the plant, 

A second factor which affects the monoterpene 
volatlhzatlon rate m S. me/&~ 1s humidity. An 

Table 2 Camphor volatlhzatlon rates (II& from St& ~1 ~wilrfcrtr 
dm’ ‘hr) after HNT and LNT pretreatment* 

till 0 XI (0 30 0 50, I 10 ,/ 05 I Ii, 4 51) (4 70 4 x0, 
I b&T ! ‘;i (1 25 & 15’ , _ _,I \_ I,. 1 T// I, ,I< 2 >,<,; < y (: O() 6 :y,i 

*: The branch was placed m the cuvctte under elt cr HNT 
(40 ) or LNT (10 ) condltlons m the dark at least I? hl before 
sample collectton After this pretreatment the cuvette was 
adjusted to the samphng temperature. the hght was turned 
Zrn diTd the St&idj 5ldiC vdablr/iitrorr Kite (P‘[b drtrrmlned 

increase m volatlhzatlon rate when the air was 
changed from dry to humid was observed m both 

intact, physlologlcally active branches and 

excised. physiologically mactlve branches (Table 

1) Camphor volatlhzatlon 1s not dependent on 
transpu-atlon but humid@ does affect volatlhLa- 
tlon by a mechanrsm which may be strictly physl- 
cal since its effects arc observed m both physlolo- 
glcally active and mactlve trssue The high rates 

observed m the branch which had been excised 
24 hr prior to measurement 1s probably due to 
breakdown of the structural Integrity of the leaf. 

A third factor which affects monoterpene vola- 
tlhratlon rates m S. ~~rcl~~l~~r IS the amount of 
011 present on the surface of the leaf The effect 

of this factor 1s demonstrated by the higher volatl- 
hzatlon rate of the LNT sampIes since the HNT 
regime would be expected to cause high volatlli- 
zatlon rates and deplete the surface 011 available 

The mdependcnce of camphor volatllizatlon 
and stomata1 openmg indicates that terpenes are 
volatlhzed from the surface of the leaf rather than 
from Its mterlor This observation dltfers from the 
proposal that terpene volatlhzatlon from leaves 
of conifers occurs via the normal gas exchange 
pathwavs [X5]. Scannmg electron mlcrographs 
show that the upper surface of S r~llrfcra leaves 
are covered ulth glandular structures of two 

types, these arc slmllar to those found on Mrnthu 

ppcrrta [6,7] One consists of a spherical. cutlcle- 
bound structure contammg material which 1s pre- 
sumably terpene. The other is a three-celled struc- 
ture with material at the apex This material 
resembled an 011 droplet when examined under 
a dissecting microscope Thus there appears to 
be a slgnlficant surface area of 011 on the upper 
side of the leaf from which the tcrpenes volattllze. 

The HNT and LNT results are consistent with 
the report of Increased tcrpene accumulation m 
cool night plants when compared ulth warm 

night plants [8] Loomls and Croteau IX] pro- 
posed that these differences were due to the 
greater avallablhty of photosynthate under cool 
night condltlons. The observed dl&rences m 
volatihzatlon rates at high and low temperatures 
could also account for the reported pattern The 
volatih7atlon rates for both HNT and LNT ex- 
periments converge toward a slmllar value as the 
amount of 011 on the leaf of the LNT pretreated 
pkifrr drcreast5 and appr_Oaches that Of tile HNT 
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pretreated plant. This rapid depletion is apparent 
only at 40” where the volatllizatlon 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 light induced increase 
in the volatllizatlon rate from HNT pretreated 
branches comes from an examination of available 
mformation on the physiology and biosynthesis 
of monoterpenes. It is proposed that terpene syn- 
thesis occurs in oil glands which are Isolated 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 [lo]. Loomis and Croteau [8] 
suggested that 1n viva blosynthesls of lower ter- 
penes might be directly influenced by the presence 
of sucrose or equivalent products of photosyn- 
thesis, which might m turn be controlled by the 
balance between photosynthesis and the utiliza- 
tion of photosynthate. The sudden illumination 
m the experimental procedure might result in a 
short term accumulation of photosynthate that 
could be utilized by the terpene synthetic systems 
m the oil glands 

EXPERIMENTAL 

Net photosynthesis (under saturatmg hght) and dark respir- 
ation of potted plants of Cahforma black sage, Sulu~a mel&ra 
Greene, were measured m an Intact branch usmg a gas analy- 
sls system like that previously described [l l] The branch was 
contamed wlthm a cuvette where temperature and hum&y 
were controlled Light could be excluded by placmg a dark 
cloth over the cuvette The volatile constituents in the air flow- 
mg out of the gas exchange cuvette were trapped m stainless 
steel loops wluch were packed with Pyrex wool and immersed 
m liquid N, A cryogenic pump was used to mamtam a flow 
of. 1 !.,/!n!.Q. t&o,u&. tthhp- lflQ.ps. OrgaIX Y&It!.!& U!i%r SPZX&d 

from the H,O wluch accompanied them and analyzed quahta- 
tlvely by GGMS [12] GLC was used for quantltatlve analy- 
sis, Only the maJor volatile component, camphor, was mea- 
sured quantitatively m tlus study The only other malor com- 
ponent was 1.8-clneol (25%) whose levels correlate; closely 
with those of camphor (50%). The remammg teroene hvdro- 
carbons (cc-pmenei /3-pine&, camphene, hmonene, cymene, 
myrcene, fi-phellandrene and y-terpmene) were difficult to 
quantltate and were not monitored 

The steady state rate of camphor volatlhzatlon was deter- 
mmed at a given temp by placmg a branch m the cuvette 
and taking samples at 3s-60 mm Intervals for a period of 
3 hr After 1 hr of equdlbration the values obtamed showed 
httle varlatlon and they were averaged to give the volat&za- 
tlon rate for that temp Volatlhzatlon rates were determined 
at 10, 20, 30 and 40’ The effect of transplratlon on the cam- 
phor volatlhzatlon rate was deterrmned by altering the trans- 
plrahon rates and measurmg the release of camphor while 
the temp was kept constant Transpiration was altered by 
changing the hurnldlty m the cuvette 
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