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he oaks of the world are a complex group. Determining which oak 
species throughout the world release isoprene to the atmosphere is 
also complex. 1 oprene is produced in oak leaves only when the 

leaves are in sun shine~ and i not produced in the dark. A11 of the oaks of 
Nor th America release 
la rge qu antiti es of iso
prene to the atmosphere, 
and a much as 2 to 10 
pe rce nt of the carbon 
fixed during photosynthe
sis is lost this way. 

Isoprene is a C
5
H

8 
hy

drocarbon that has two 
unsaturated bonds, allow
ing it to react very quickly 
in the atmosphere. It is the 
n1ost reactive hydrocar
bon released into the air 
in large quantities. Essen
tially, all of the i oprene 
e tnitted into the a tm o-
phere comes fron1 plant 

foliage during the daylight 
ho urs . Isoprene parti c i
pates s trongly in smog
ty pe chemical reaction 
and one of the byproduct 
of the e reactions in ur
ban areas is the formation 

Table I. The Statu · of Isoprene Emissions for 
Oaks from China and Japan. 

Species 

Quercus acuta 
Q. acutissimo 

Q. aliella 
Q. aliena 

Var. Acuraserrata 

Q. acutadentara 
Q. bambusaefoila 
Q. chenii 
Q. dentata 
Q. elmerii 

Q. gilva 

Q. glandulifera 

Q. glauca 

Q. leucotrichophora 
Q. I iaotungensis 
Q. mongolica 
Q. myrsinaefo/ia 
Q. phillyraeoides 
Q. stenophylla 

Q. variabil is 

Isoprene Emission 

NO 
NO 
YES 

YES 
YES 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
YES 
YES 
NO 
NO 
NO 
NO/YES 

Page 94 Proceedings I December 1999 



International Oaks 

Table 2. The Status of Isoprene Emissions for 
Oaks from Europe and the Middle East 

Species Isoprene En1ission 

Quercus Brantii NO 
Q. boisseiri YES 
Q. caliprinos NO 
Q. canariensis YES 
Q. castane1folia NO 
Q. CelTiS NO 
Q. coccifera NO 
Q. faginea YES 
Q. haas YES 
Q. iberica YES 
Q. ilex NO 
Q. ithaburensis NO 
Q. libani NO 
Q. macrolepis NO 
Q. perraea YES 
Q. pontica YES 
Q. pubescens YES 
Q. robur YES 
Q. xru tne ri i YES 
Q. suber NO 
Q. trojana NO 
Q. vallonea NO 
Q. xhispanica NO 

of excess ozone, on a scale comparable to that 
produced from auto exhaust. Along the eastern 
seaboard and Appalachian highlands, where the 
oaks have replaced the American chestnut tree, 
the oaks contribute especially large amounts 
of th is very reactive hydrocarbon to the ai r 
corridors of the local urban areas. CurTent pho
tochemical model suggest that these sun11ner
time emissions from the forests intetfere with 
the achievement of the Environmental Pro
tection Agency (EPA) n1andated ozone stan
dard in and between the urban air heds in Penn
sylvania, New Jersey, New York Connecticut. 
Rhode L land and Massachusetts. 

But not all of the oaks of the world release 
isoprene to the atmosphere. The oaks of China 
and Southeast Asia that belong to the 
Cyclobalanopsis section in the genus Quercus 

do not produce isoprene (Table I). However 
the white oak in these regions do produce i o-
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prene at rates imilar to tho e produced by the 
Lepidobalanus and Er) throbalanus oaks in 
North America. Throughout northern Europe 
the h igh production of i. oprene from the white 
oaks occurs as well. However, in the Mediter
ranean area 1nany deciduou, and live oak spe
cies do not produce i oprene (Table 2). This i 
highly unusual since, in the Mediterranean re
gions of the world. the occurrence of i oprene
ernitting plants i ' very high. The deciduou 
species around the Mediterranean that do re
lea .. e isoprene seem to be n1ore closely related 
to the common white oak of Europe, Q. robur. 
The dominant deciduous pecie~ that release 
very little to no isoprene are Q. castaneifolia , 
Q. ce1-ris Q. trojana and ometimes Q. petraea. 
None of the evergreen oaks (Q. calliprinos, Q. 
coccifera, Q. ilex, Q. ithaburensis and Q. suber) 

produce isoprene. A very interesting twist is 
that both Q. ilex and Q. suber have n1onoter
pene (C

10
H

16
) errus ions instead (Table 3), siini

lar to tho. e from pine trees, but at much higher 
rate and only when the fo liage js in sunshine. 
This is also ob erved in the deciduous fo liage of 
Q. cen·is. 

The hybrid oak Q. Xturneri- a cross between 
Q. ilex and Q. robur - produce n1oderate 
amounts of both isoprene (inherited from Q. 
robur) and n1onoterpene (inherited frorn Q. 
ilex). In the ca e of the hybrid Q. xhispanica, 
a cross between Q. suber and Q. cerris, no iso
prene is produced. This active phy. iological 
emission of oaks is very different from the 
tnore passive them1al en1ission of monoterpe
nes from pines. 

In my surveys exploring for plants that pro
duce isoprene, a fa cinating array of phy i
ological and taxonomic relationships ha been 
observed. Currently we have identified with gas 
chromatography and mass spectrometry mea
surements more than 280 cotnpounds emitted 
from the intact fo liage of several dozen tree 
spec ies. Surpris ingly, biogenic ources of 
monoterpene hydrocarbons have been ob. erved 

contd. on pg. 96 
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Emission ollsoprene . •. 

contd. from pg. 95 

being released in other tree species not known 
for having terpenoid oils in their leaves. These 
emissions occur under physiological conditions 
similar to the light-dark regirnen required for 
the on-off production of isoprene, and in a 
variety of important forest broadleaf genera 
including Ace1; Betula, and Lithocarpus, in ad
dition to Quercus. How these studies relate to 
the oaks and their close relatives is very inter
esting. For example, the volatile organic com
pounds in the foliage emissions from Q. robur 

are 97 percent isoprene, with almost no monot
erpenes. However, the foliage actively emits 

higher molecular weight sesquiterpene (C
15

H
2
) 

compounds like beta bourbonene, which are 
normally beyond the range of routine mea
surement of the volatile emissions. But it is 
these higher molecular weight hydrocarbons 
and their oxygenated products that most prob
ably have a role in the co1nmunication between 
plants through their volatilized emissions. To 
my know ledge isoprene does not function in 
this role, but rather is believed to protect the 
photosynthetic apparatus in the leaf from 
short- term high temperatures. Clearly, oaks 
continue to be the most interesting of trees. 

Table 3. The Status of Monoterpene Emissionsof Oak Species that do not release Isoprene. 

Section Cerris 

Q. acutissilna 
Q. castaneifo!ia 
Q. cen·is 
Q. m.acrolepis 

(Q. aegilops) 
Q. ithaburensis 
Q. trojana 

(Q. macedonica) 
Q. variabilis 

Section Suber 
Q. calliprinos 
Q. coccifera 
Q. suber 
Q. Xhispanica 

(Q. cen-is X suber) 

Section Uex 
Q. clvysolepis 
Q. ilex 
Q. phillyraeoides 
Q. virg iniana 
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Isoprene 
Emssion 
NO 
NO 
NO 
NO 

NO 
NO 

NO/YES 

NO 
NO 
NO 
NO 

YES 
NO 
NO 
YES 

Monoterpene 
Emission 
SOME 
NO 
YES 
NO 

YES 
NO 

NO/YES 

YES 
YES 
YES 

NO 
YES 
YES 
YES/NO 
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