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BVOCs EMITTED FROM PLANTS OF TERRESTRIAL ECOSYSTEMS
AND THEIR ECOLOGICAL FUNCTIONS

WANG Yong-Feng"? and LI Qing-Jun' "
(1 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla> Yunnan 666303, China)
(2 Graduate School of Chinese Academy of Sciences> Beijing 100039, China)

Abstract The classification, biological functions and the ecological roles in the atmospheric chemical pro-
cesses of biogenic volatile organic compounds (BVOCs) emitted from plants of terrestrial ecosystems are sum-
marized in this paper. BVOCs are grouped according to their structure and atmospheric lifetime into four cate-
gories: isoprenes; monoterpenes, other reactive BVOCs and other less reactive BVOCs. BVOCs are emitted
from a diverse array of plants, and these emissions are affected by environmental factors and the chemical traits
and synthesis mechanisms of different BVOCs. From a plant energetic standpoint, BVOC emissions may sub-
stantially reduce the amount of carbon that is fixed by vegelation and consequently may strongly affect plant
productivity. Why plants give off such a relevant amount of resources is still a matter of debate. The most ac-
cepted opinion is the Thermotolerance Hypothesis, which states that isoprenes protect photosynthesis from dam-
age caused by high leaf temperatures. Thylakoid membranes become leaky at moderately high temperatures;
and isoprene could reside in thylakoid membranes for a time and enhance hydrophobic interactions. The second
common hypothesis is that BVOCs serve as an antioxidant in leaves due to the rapid reaction of isoprenes with
ozone and hydroxyl radicals. BVOCs play an important role in some ecological processes> such as deterring
herbivores and attracting pollinators. More recently, isoprenes emitted by plants are thought to be associated
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with the enhancement of nitrogen assimilation from the atmosphere. This idea is based on the fact that early
successional forest communities emit large amounts of isoprenes as a means for converting nitric oxide (NO)
emitted by soils to available forms of nitrogen, such as nitrogen dioxide (NO,), nitric acid (HNO;), and vari-
ous organic nitrates in the canopy atmosphere, which are assimilated by plants. In spite of all these hypothe-
sess the biological function of BVOCs still is unclear due to the lack of direct evidence. BVOCs also play an
important role in atmospheric chemical processes. In the presence of NOx; BVOCs react in the atmosphere to
form tropospheric ozone, an important pollutant in the atmosphere. These reactions may also cause a decrease
in the concentration of the hydroxyl radical (OH) which could lead to the accumulation of methane and other
greenhouse gases. A further consequence of these reactions is the formation of secondary organic aerosol parti-
cles; which has an influence on the regional climate as well as on the atmospheric environment. Compared with
other areas; research on BVOCs in China is in its beginning state; but some basic work has been conducted.
The work includes the identification of BVOCs emitted from some important plants and factors influencing their
emission, BVOC flux at different scales and in various ecosystems, and ozone concentrations in some areass
which are thought to be related to BVOC emissions. In the future, research on BVOCs should focus on the fol-
lowing aspects: 1) BVOC surveys from different plant groups and their chemical and physical properties in the
atmosphere; 2) The biosynthesis and metabolic mechanisms of BVOCs in plants; 3) The roles of BVOCs in
plant-environment interactions; 4) Enhancement of the study of BVOCs in some unstudied regions, such as
tropical Asia; and 5) Modeling of BVOCs.
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0Cs), H AP VOCs RO ZEWJIR VOCs

paren

( Biogenic volatile organic compounds, BVOCs)o J&%
18 iy DXCRE 7 2 30117, AVOCs 7 KA H 32 2411
VOCs Ui, H N4 BR )UK, BVOCs H kT80
KT AVOCs 11 HE i & ( Guenther et al., 1995),
BVOCs M2 BRI L H] 1273 Tg C*a~'(1 Tg C =
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S A8 A BRI AR AL 1) 5 i AR K, (R LRI AT SR AN
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A7 TR S S T A T R — S e i R e B
C Quercus )~ ¥ J& C Populus )~ ¥ J& C Salix )~ % )& ( Euca-
lyptus ) F1 2 42 J& ( Picea ) %5 (Loreto & Sharkey, 1990:
Benjamin, 1996)

F I A — R R AR AR ) T, O B2 A S
A4 P RIS G s B INEHE IR, A WL ER 28 L BTG
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@Bie, Hop MEP & 12 & I i A4 & 3L 19 ( Rohmer
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IPP {5 S R Mg A FH I T ik 3, 3- PP P s ik — 1o 12
(DMAPP), DMAPP 175 5 1% I & il g A FH 1 i £
WEIRTE W5 I 0 £E MVA &%, et 34N &
T Bl A 45 5 A2 B R, B-H R R R AH I A
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T YR A ISP (BVOCS) 2 B JE4s 1
Table 1  Categories and traits of biogenic volatile organic compounds ( BVOCs)

il TERS A i (5N A ERAE HE R B ]

Species Lifetime in air (h) Formula Global emission (Tg C*a~') Example
[ [N
ST 1~2 CsHy 503 SR T
Isoprene Isoprene
i 05-3 Cuoie 127 a-wg/kﬁ , s-mé'kﬁ
Monoterpene o- pinene, [B-pinene
HEintk BVOCs HIE TR, ORI

H,0,

Other reactive BVOCs <A CH,0, 260 Methylbutenol, Hexenal
o i
Hg Uit BVOCs - CHO, 260 IR, ZIE, I

Other less reactive BVOCs

Methanol, Ethanol, Acetone

B KYE Data are derived from Guenther et al ., 1995; Kesselmeier & Staudt: 1999; Pefiuelas & Llusias 2001, 2003
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AR UTAR JE « 2 42 )8 (Staudt & Seufert, 1995: Mar-
tin et al.» 2003), 5T R I Hevea brasiliensis )
HEJBCE RS (Klinger et al .» 2002) o

FAREERAA) A 2 B I MVA &4t £
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WAL T R ERE IR 4 LER(GPP), 2R )5
PR LS PR AL (1) /E B R P AR s . PR AR AR 1A
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1) Wang YF, Owen S, Li QJ (2006). The impact of land use change on the emission pattern of volatile organic compounds ( VOCs) from Xishuangbanna,
southwestern China: I. ecophysiological aspects of monoterpene emissions from rubber trees ( Hevea brasiliensis ). Tree Physiology (in revision)
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PG R A B O FERRUEK [ A IR A
PRSI IR I O A R AL T B O
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HAT S 1 5 8 R, X — g e S LL 45
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FHAED) -
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BVOCs wJ LSS0 490 1) B 24 38 4 H, SR T &0 A7

FEAT EIZHIIESG « 5350, Loreto 55 (1998 Hi AR AH
P BVOCs A& —Flon PR 55 1) 18 N, R A0 I8 1% 5 ik
PR BRI 5 2 110 AN 2 e R AR v 1) S e
A3 BRI S I8 2 4 5 38 R0 R B %, T il 2K
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MR TR e B H Ay b, 5% 0 e 1% 58
R BT 18 I DI BIL AR ATS SR AN 2

2.1.3 EEHEEH

SRUEVF 22 SR A 3R W 5 IR BES DR A
He 2T R IE R RTAET R4, T 280
VE R, 2 A T IR B0 00N Al R B, R AE T
TG I, A A IR RB B R . H
SEBR AR TS A R I, BT AR R HE TR
HAR AL, X ] Be & T AET 54 T ARSI R
VI SE M T S 18— B R, AH R IR R A AL R
B T 52 B A AU, T ERAP T A e 52 A
13 (Gray et al ., 2003).

WA A FTIN A BVOCs AT A4 A2 B2 B i)
TG T — P AR o Loreto 55 (1998 )3 3 X 5
J& 732857 BVOCs RN AH ST TR I, T4y
FEEF NGy 1384 2 B i) 2 B A TR 3 Js B A A [ Y
BVOCs HFBURFPE o RIS 5 IS Y5 T A6 5% | I 1 3
eI DX ) — AR C Quercus ilex ) # A HE I 18—
A3 RLE, FHETCRR 10 090 7T B A2 R R A2 (R RELA R
AR A R DIRE, 28 i) K 2 Rl 2R
HAT MR 1 2D B P AN R IR 0 v e
P AR Ry P A A A s Al 25 2Kk sl 18 14,
BT BVOCs # BME AL 200 RVE ) — MRl 456
gy hrad, mLUEE @ RRJE 1) 2E 4L S (Loreto et al . »
1998)
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BVOCs, 4771 /& ki 28, AR 9 19 £ 2557 DI g
FHAT - DAEAE L, 90 0 e BELAG 2 1 J4 B 5 4 10 Al
P A . 205890 JsL il 2 E P K A A S B0 Lan-
genheim (1994 U\ Ay FRL il 30 & i 47 (E FE YD AR N 7824
I VE-  3Ox Pk R i 1 I E R
TR AR O W 5] R JUR R A T (Pare &
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AEWS 78 24 £ 1 (K45 5 T fiE > Martin 55 (2003) % = 2
( Picea abies ) 1] %)) 3E 47 2 ] B 12 T 1iE ( Methyl jas-
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F0AE AP R AU A AR, B T IR v B R
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Bo IXAMEUE AL 22 ML R U5 T Carter 1 Atkinson
(1996 AT, % BIF 7N 0 7 N g 19 KA 1
LA R — R B SO AR R SR R R
A PSR o 20T 700 oh i e 0 1 4 A
12, 5 EAES R G RIBAR AR SH BERE 3R 43 K i
R 20, X AR T B A AN 7] 0 R e 2 HC 2 i K R
2.5% ~ 9% WLV &

3 BVOCs X K422 1) 52

JE BVOCs ) AEW) ¢ T e & FF 7 2 T 77 #4
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BVOCs X KA 2= R . 35 I 5] o0 &
W], BVOCs fefe ik % it /= 1 (R 75 B BLA o) I B
J8Es FERF R 2 280, H AT HE 0 1 42 sl R 42 11 DT iR
3.1 HUTX®RE 0, KTERK

KARTZT 0y FITERA 3 AN A0
NOx 1 VOC. K VOC X2 05 TE R &
BN # 2 —, 1l BVOCs 75 K"K VOC ™ v 48 K 3645
AT BVOCs XX = 05 I e = A R K 1 o1k
RIS OH B HESH 5 0y KON 7 A4 AL
WRet— 2 AR WL A A I EEC(ROY), RO, BE S I
‘B ROy, HO,» B NO K Wo £E NOx HY o A< JiE i
X, NO B JE 1T (30 ~ 500 1072 m® * m 3K,
RO, JLT-E 115 NO KM= 4 NO,» NO, 25 # 6 AF ik
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