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Effects of elevated atmospheric CO, concentration on biogenic volatile organic compound
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Abstract; Biogenic volatile organic compounds (BVOCs) play an important role in the formation
of near-surface ozone and secondary organic aerosols. Elevated atmospheric CO, concentration can
significantly affect the BVOCs emission from plants. We carried out a meta-analysis with the rela-
ted published data. Our results showed that: (1) BVOCs emission from different woody plants
(evergreen vs. deciduous) significantly decreased with elevated atmospheric CO, concentration.
(2) In terms of different functional types, increased atmospheric CO, concentration mainly
reduced the BVOCs emission from deciduous plants but increased that from evergreen plants. (3)
For BVOCs species from plants, elevated atmospheric CO, concentration significantly reduced
isoprene emissions from deciduous and evergreen plants, while it had no effect on monoterpene
emissions. Our results can provide a basis for clarifying the response of BVOCs emission from ter-

restrial ecosystems to the elevated atmospheric CO, concentration.
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(7{‘5,11315145%,2008;Fu et al.,2017; Yuan et al.,2017;
Mochizuki et al.,2018) , il ,BVOCs KEA 43 H 3
2 5% M (isoprene, 1SO) | L 45 ( monoterpenes ,
MTs ) FE AR 4% K& P WL ( Other VOCs, OVOCs)
Forp 180 A1 MTs 235115 BVOCs HERLIY 509% K 15%
( Guenther et al.,2012) , % OVOCs 1M 5 , HFh2
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£5, BRI BHESSE T 1000 Fi VOCs MAF ) %
JECH K (Knudsen et al.,2006) . HEHI R BVOCs
ALY A BFE A B AR A G 3& 7] B
AW F AR A W40 3 1 B ( Penuelas et al.,2010; 83
AL 2018) , [HIAT, BVOCs AR )2 R AATE i
RRTARY) (285G % 45,2005 ; Carriero et al.,2016) , 1M
H R U HILA S A T A E R Y BT R
( Mochizuki et al.,2015) . X2 T b 36 WA S —
SE VR B 20t N B 3 S, A LR Il
SRR I . L, BVOCs X R fb
PRGBS,

SCMAAEY) B BVOCs W R AR Z, B 4E
CO, RE RE SR T 2EHFH E (Penuelas
et al.,2010) , AL F5 AL T B A W B Ah X R
BVOCs & i 45 PN &8 K 2% ( Loreto et al., 2001 ; Cal-
fapietra et al.,2007) ,

Tolk i KA, KPRy €O, #EE M 280
ppm Z Wi T+ 5] 400 ppm ( Allen et al.,2007), H
BT, R CO, WBEHS A YR BVOCs Y520 2
ZoE T REEN KT BERAGE—, ATZE
WFFEHRGE , CO, W B 1 I = S AR ) 15O IRk
(Arneth et al., 2007 ; Wilkinson et al., 2009 ; Calfapi-
etra et al.,2013; Tai et al.,2013; Niinemets et al.,
2015) ,3X AT REJE I R e FE B CO, 3kl ATP B9 &
J, B R AR IS0 & TG M, SR, KA €O,
VIR T8 T Xk 4B ) B MTs A AS [] 52 ), 3k 2 PR Oy
MTs BE W] DA BURS Jil AT LA AE 78 % 1T 4548 )5 B
Jil, Tiiva 5¢(2016) 5K W], 510 ppm #) CO, FJ 7
AR 5 & L ( Deschampsia flexuosa ) MTs B¢
JRCE D, 3k % P O A 2 B N BRI, T RE 2 7
ATP A5 W/ (4 B it B 3 — 2D MR ) MTs 19 R
i, R W& B, 600 ppm 1 CO, 1] & 3 [%
K742 75 M #2 hybrid larch F1( Larix gmelinii var. ja-
ponicax Larix kaempferi) [ 5. MTs HERL, 7] BE /2 B A
& e SRAREE I i DA SR ns TR 2CHE 8D (Mo-
chizuki et al.,2017) . #R1, A2 FE 700 ppm CO, 5%
1T BRI IR ( Pinus sylvestris L. ) a-pinene Bl i
EEIGN T A MTs 4070 B 2784k, x5 HAR G
FH PR I 1) 45 SR %5 UT A OC (Heyworth et al.,1998)

AR T RERAE Y AN L SE L1 A2 ( Sequoia semper-
virens ) ( Llorens et al.,2009 ) FI i H i 24 75 Bk ( Quer-
cus ilex ) . % B Bk ( Quercus pubescens ) ( Rapparini
et al.,2004) %5 H LAY 5 A (Ginkgo biloba) ( Li

et al.,2009) . FE 1114 ( Populus tremuloides) ( Darbah
et al.,2010) 553 M4 BVOCs HYREI CO, Wi
AR 22 AR . AIFFEARIE , KA CO, He 4 n
(800 ppm ) {235 52 M 75 A ol Gl MITs R i3 38, %)
H LR RN TCEZ IR ( Llorens et al. ,2009) , X ] g2 Al
NS [F ) B E R 2 S 5 W AR A B B I
AR 22 S A G, 3 W BRLTRE R T AR 1) o 22
S P AR TR RS

ARSI B AE 1988—2018 4F 30 4E[A] & T CO,
WRIETH R BVOCs B2 00 i SCHR , 7R 29 A AH
KREFRA I ST PR RO 1Y L 508 , 98
Jriiz ] Meta-analysis J5 32X 8088 HE&, 0 r A~
[l D RESS R BVOCs BN CO, e AR AL 1Y) il
IOL, WFFE4E FXHR AN 5T B AR A S FR B FI R IR
e A EEA IR L,

1 #R57EE

L1 kiR

1F Web of Science I, iz i /K 1% %8 2 Title
(“elevated CO,” ) AND Title (BVOC * OR “2-meth-
yl-3-buten-2-01” OR “green leaf volatiles” OR “iso-
prene” OR “monoterpenes” OR “sesquiterpenes” OR
“herbivore-induced volatiles™ ) , ¥ 2 CO, ¥4 INXI ALY
B BVOCs 52 B AR JCSCHIR , e 26, 3 158 2
SRR B 2R 55

HRAfE TR R Y SCHR, AT i e, WU i
A < 1) STERARHS D7 ¥R 3 0 o7 A0 25 AR R RS |
Qgg/ﬁﬁﬂ‘ IEJ\ ggg/ﬁﬂﬂ)?\\ ?JX;%E\ i*ﬁ%iﬁ ( pot vs.
ground) AFIEAME B (3R 1) 52) STk P S 31 A9 5
B4k B % /D A 5 X B4 (ambient CO,, 360 ~ 430
ppm, CK) F1 CO, F+ & 4 (elevated CO,, 520 ~ 1200
ppm,EC) P AL B, 3) SCHik TP 5 & BVOCs BEJiGHE =
F18) S 9 R AR B HE AR S ARG B A, SC
BRIB AR 5 BVOCs B HCIE & 1Y bR i 22 SD i i
W2 SE FIH L n S50 HEUE; 4) AR C T
BVOCs B A 57 149 Ay Ay B Aoz P[] ) B A7 i T
Fl(nmol » m™ « s ) AL E (pg + g7 - b)) IF
PTG, YR KPR, Gl — ki, e
31 R SCHRAT & 25 1F . TERTAF G 25 A STk, 9256
P IEAAE B (AL S FAY)) WK 1,
1.2 Hdesb s

TR A TR PR R B rh i SEE | H
A b EE R EORA P HEF 8 E K A
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Table 1 Basic information of experimental tree species

ol Jm 1 L] EP3 AR IR SCHR KR
Species Types Year State Rooting environment Literature resources
Ginkgo biloba deciduous 2007 China ground Li et al.,2009

2004 UK pot Llorens et al.,2009
Metasequoia glyptostroboides deciduous 2004 UK pot Llorens et al.,2009
Taxodium distichum deciduous 2004 UK pot Llorens et al.,2009
Aspen clone 271 deciduous 2006 USA ground Darbah et al.,2010

2005 USA ground Calfapietra et al.,2007
Aspen clone 42E deciduous 2006 USA ground Darbah et al.,2010

2005 USA ground Calfapietra et al.,2007
Betula papyrifera deciduous 2006 USA ground Darbah et al.,2010
Aspen clone H200 deciduous / / pot Sun et al.,2012; Niinemets et al.,2015
Aspen clone H55 deciduous / / pot Sun et al.,2013
Acacia nigrescens evergreen / / pot Possell et al.,2011
hybrid poplar deciduous / Germany pot Trowbridge et al.,2012
hybrid larch F1 deciduous 2011 Japan ground Mochizuki et al.,2017
Populus deltoides deciduous 2003 USA ground Pegoraro et al.,2007
Aspen clone 8L deciduous 2005 USA ground Calfapietra et al.,2007
Aspen clone 216 deciduous 2005 USA ground Calfapietra et al.,2007
Liquidambar styraciflua deciduous / USA pot Wilkinson et al.,2009
Quercus robur deciduous 2002 UK ground Possell et al.,2004
Sequoia sempervirens evergreen 2004 UK pot Llorens et al.,2009
Nothofagus cunninghamii evergreen 2004 UK pot Llorens et al.,2009
Eucalyptus globulus evergreen 2007 USA pot Wilkinson et al.,2009
Quercus ilex evergreen 2000 Ttaly pot Rapparini et al.,2004

1997 Italy ground Loreto et al.,2001

1998 France pot Staudt et al.,2001

2000 Ttaly ground Kreuzwieser et al.,2002
Quercus pubescens evergreen 2000 Ttaly pot Rapparini et al.,2004

2000 Italy ground Kreuzwieser et al.,2002
Pinus ponderosa evergreen 1996 USA ground Constable et al.,1999
Pseudotsuga menziesii evergreen 1996 USA ground Constable et al.,1999

ORI WebPlotDigitizer X {4 #2 BUATF 45 #F 55 H 9 1Y
SEYS I , B B HE A B 1306 1>, R SPSS
17.0 FEATISTFEA T-RE56, 0T CO, X AS [l 4L
P B 2T BVOCs B 52 Wi, ok A SigmaPlot
12,51,

2 ERE5SH

2.1 BVOCs B CO, He B8 hin A i 1
SRS, KA CO, MREEHE NS AE 4 BVOCs
FIRERL, CO, ¥R BE 1A N T 2 BVOCs B0 /D 1 B
ARBE BEEARBUY 59.1% ,39.3% EEA 7R CO,
AIHEIAE Y BVOCs IR, A 1.6% M FEA SR
NEY) BVOCs BN SZ CO, sz (& 1) ,
LR T CO, YR BER XA [F 2 BVOCs B
I REMAT 5, CO, V& B2 380 3 2 1SO Bkt ak /b 11

FEAEL G MAEAR T 61.3% , K T H S 3 MTs BiX
DI A (56.4%) , AR, BRI F CO, B 5]
MTs B IO R G M RE AR B (41.4% ) RFH5|
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Fig.1 Sample number of BVOC emission under elevated
Co,
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I1SO FERCHS M AIREA KL (37.3% ) (Kl 1),

HE CO, ¥ B2 38 i XA [A] A 4% 2 E 2K A BOVCs
BERCEA T 7, CO, ¥R BE 3G N 307% M (66.2%) Fl
HAR(62.5% ) FY BVOCs B 2 F A AY R A 5k
S T Y (46.7%) o MREEREA CO, 1
TG S BVOCs B (& 1) .

2.2 AREIARAFEY) 1SO X CO, He & 34 T i) g 1z

CK &b iy 7 it Fn Qiiﬁ% 1SO A9~V B ik il
394 39.95 .5.44 nmol - s EC ALBRAYVE
- FH SR AE ) ISO E’J%i’ﬁ*ﬁh_ HAr 0 3152,
6.60 nmol - m™ - s7' (& 2), H7E CK AL # A1 EC 4k
b FEIAEY) 1SO BB TICHE 5 1 35 R T S

Y1(P<0.05) . Ak, CO, HeFE 8 i b 2 FRAR Y% A
% 1SO Bt & (P<0.05) , (H X # ZRAE Y 150 Bk
AN
2.3 T[‘thzmrﬁ% MTs X} CO, ¥ 380 i) v S
CK M@zﬁﬂ‘r%ﬂ SR MTs S 240 R &l
1.46 3.18 pg - g - h™' ; ECAL Y% M- Fl ¥ Stk )
_uor
; or . Ab
ggmo- i :
?é% 80 T Y
Eg 40 : :
L
Al 125 12?8 31 23
#EH-CK YEHEK HECK HEREC

Deciduous CK Deciduous EK Evergreen CK  Evergreen EC

2 FREIZHREXBEY RIK Z BB ER
Fig.2  Isoprene emission rate from different functional
types of plants

o RS BB B AR I AR AR B 5 B Y P I RS UK
g}?ﬂv?‘ﬁﬁiﬁiﬂﬁﬂf]@ﬁ, BT RN IR ) 22 70 39 3 7R S I I e
HCH SR TR P 4357 0 435 B, 8 7 g 1) A SEE K 2 i) A B
R e/AMEA, P Y 5200 JE 3R 5 I R RS e 4 3
L5 i 6, AR/NEFHE a b FoRTEM Y CK 4LFLS EC 40
T IS0 B AY 8.3 22 5 (P<0.05) s KR RS F8: A B Fom i
55 SRAEY) 1S0 BRI 135 22 57 (P<0.05) .
Note: The number at the bottom of the box represents the corresponding
sample size; the central line in the box represents the median value of the
isoprene emission rate; the bottom and top lines of the box represent the
25 and 75 percentiles of the isoprene emission rate, respectively. Whisk-
ers represent the minimum and maximum values. Filled circles represent
outliers with isoprene emission rates those exceed 1.5 times the inter quar-
tile range. Different lowercase letters a and b indicated significant differ-
ences of isoprene emission rates between CK treatment and EC treatment
of deciduous plants (P<0.05). Different capital letters A and B indicate
significant differences of isoprene emission rates between deciduous and

evergreen plants ( P<0.05).
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Fig.3 Moneterpene emission rate from different functional
types of plants

: R TR IR A BT AR I IR AR 5 & T 10 ) 2 3 s B
ﬁbﬁlﬁ$lﬂﬁqﬂlﬂﬁ, BRI THURE 114 2 73 3] 2 70 B 8 T 4 Y
OGS N s R, T i 1) R K B 2 23 39 O B R R
18, P A0 S0 J s R B R o 5 5 O oz i 1.5 A A S
W,
Note: The number at the bottom of the box represents the corresponding
sample size; the central line in the box represents the median value of the
isoprene emission rate; the bottom and top lines of the box represent the
25 and 75 percentiles of the isoprene emission rate, respectively. Whisk-
ers represent the minimum and maximum values. Filled circles represent

outliers with isoprene emission rates those exceed 1.5 times the inter quar-

tile range.

MTs 3R i 8 & R 2.41.3.49 pg - g*‘ - h7'(
3) . MK, WS MTs B & T 78 A
Y B LREESR,

3 it 8

3.1 T CO, HEEHI XTI BVOCs BETL i
Al

SIS, A FIARAAY BVOCs BIRETHRT CO,
R EE B vy o 157 DA /b Sy (B 1) o — D5 3 AT
REJEA g CO, ¥ J3 1 o 2 At il A A5 A0 D65 4
it ZE I AP 4 ] S 58 s B4 HE T (Possell
et al.,2005; Loreto et al.,2010) , 55— J7 1, X 5
i B ERERY CO, YRIE DL I CO, SEZE I H) 45 [
2AK,

TEfm THEL CO, WEEM AT, /%ﬂffﬁ%ﬂlﬁ

AN BVOCs RS2 240 (E 1) ,3X 5 Llorens
25(2009) F Tiiva % (2016) W5 45 - — 2, Pego-

raro 5 (2004) WFFER BT, 7R & 25 A AH R A TS O T
HERAER UL CO, BT T B SE WA (Populus del-
toides ) SO BYREICSZ B H] , 1X m] BEZ A K< €O,
VI S BEINTE 5o R CO, 1 5 38 AT S5 9t R 4
NP ( phosphoenolpyruvate , PEP ) f4) 1] FH 4 2l A2 6
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PRI, T30 IS0 A U B AT — WP R —
@?ﬁf{( dimethylallyl-diphosphate , DMAPP ) R ,
HETID R 1SO MRS, 5 7% I R A A )
A, W SAEPITE R €O, 205 F BVOCs BRI 2
FIfEHE, Staudt 5F (2001) IORFTE IR, & T ARLE Bk
JE CO, A MTs M RECRIEIN T 1.8 %, X AT HE
JER KA CO, WeBERE T, mT LA J st [v] py i 4 42
1A= A A 77 0145 B 42 - ( Koerner, 2006 ) , H 4
PSS FEIE , CO, VR S Bt e e Y5 14 in , v B
Femie o BE B AR ARG =, JE0fE BVOCs HE i
Jin. 15 Loreto % (2001) Ay SZ G A1 R B, A= K 7E =
CO, ¥FEET (700 ppm) 47 #R AT MTs HE ik ik 2
X PR g v EE Y CO, AR T B A R
PR, S R Y MTs B, = BRIk, Y
BVOCs RO CO, ¥ 82 38 fin i il 137 1 I B 4 1)
558,

3.2 CO, WREERGIMATAS [R) D) GE 2 BUAE 4 1SO BT
A 5 ]

V&Y 1SO 1) BRI B 35 5 T SR A )
(P<0.05) (&l 2) , 2 B T 5 SR Ai 4, ¥ i A
YA B e A EURH ACR (R IS, 2008 ) | i i
TR B S AR 1SO FEAN[R] CO, ¥R BE T 19 R i
K (Peter et al.,1994; Rosenstiel et al.,2004) , —%
vl FERE BN T DL AHE R KT 150 Bl
R I 1SO B AR 4 Ak, HEH
WFFT 2B 1SO 11 R0 256 i 5 2801 FH 23 1 188 v 1
J(Peter et al.,1994) ISP AKX CO, He i 4
Jinfy o v B2 B[R 4E FH ( Oren et al. ,2001)

CO, B4 bk 25 6k /0 Y - AE W) 1SO 1) B Tk %
(Kl 2),%5 Calfapietra %5 (2008 ) A 7E CO, ¥
FAETT IS0 1 RE R 250k D I ST 245 3 — 3K, X
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