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Research perspective for the effects of nitrogen deposition on biogenic volatile

organic compounds
HUANG Juan™, MO Jiangming, KONG Guohui, LU Xiankai, ZHANG Wei

Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystems, South China Botanical Garden, Chinese Academy of Sciences,

Guangzhou, 510650, China

Abstract ; Biogenic volatile organic compounds ( BVOCs) are volatile hydrocarbons emitted by plants with boiling point in
the range of 50—260°C and saturated vapor pressure at room temperature beyond 133.322 Pa. Because these compounds
have high reactive activities and participate in atmospheric chemistry process of troposphere, they potentially affect
atmospheric environmental quality, global change and the cycling of carbon(C) and nitrogen (N). BVOCs belong to plant
secondary metabolites and are considered to be plant defensive matters. Some species among BVOCs even take important
ecological roles, such as resisting environmental changes, stresses and mechanical injuries, being transferred as signals
among plants or between plants and insects. As a result, the functions of BVOCs and the relationship between BVOCs and
global change are increasingly concerned. Nowadays, N deposition is globalizing and has become one of the new global
change phenomena, and is projected to increase rapidly with development of industry, agriculture and urbanization.
Elevated N deposition has been known to seriously disturb the pattern of ecosystem C and N cycles, threat the ecosystem
health and services, such as inducing forest soil acidification, reducing forest plant biodiversity, ecosystem N saturation,
and so on. Increasing N deposition, as a new environmental factor, is stealthily and rapidly affecting BVOCs emission rates
and species, and their functions in ecosystems. However, there have been so far few reports related to the effects of N

deposition on BVOCs. In this paper, based on the available information from the literature, we firstly reviewed the affecting
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factors of BVOCs, secondly discussed the effects of N availability on BVOCs, and then proposed a model of possible impacts
of N deposition on BVOCs. The proposed model showed that, in an N-deficient ecosystem, if N deposition offseted N
deficiency and favored plant growth, huge BVOCs release would be happened; while in an N-enriched ecosystem, if N
deposition accelerated N saturation or N eutrophication of the system and threated plant growth, BVOCs emission would be
stimulated. In addition, we also proposed feasible methods for studying the effects on BVOCs from N deposition (e. g.
potted experiment, simulated N deposition sites and different atmospheric N deposition gradient), and emphasized the
significance and urgency to conduct such researches in China with high N deposition rate and sources. Because the total N
deposition in some cities (e. g. Guangzhou and Guiyang) is estimated to be higher than 30 Tg N hm™a™", and China has
been considered to be one of third nitrogen deposition regions in the world. The aim of the paper is to provide research
progress and perspective at home and abroad for studying the responses of BVOCs to N deposition, and to simultaneouly
increase our understanding on forest C sequestration, C and N cycles and their coupling into ecosystems. More importatnly,
the research on BVOCs affected by N deposition can lay a strong basis to further explore the roles played by BVOCs during
the process of the reduction of forest biodiversity and to correctly evaluate C loss as BVOCs in ecosystems under the

condition of increasing N deposition in the future.

Key Words; BVOCs; N deposition; carbon and nitrogen cycles; global change

BVOCs S48 4 B AZHE R 0 »5 Y5 FITE 50—260 C Z 0], =i PR MZR KR 133,322 Pa WS A
PR EEY ., FEARFIEP PRI (Ll m 5 A e FE AR B R T R R AR R R AT L
Y1, BVOCs MHEICE 5 2 BRIE 2509 90% VU L, 250 1150 Tg C/a, Hid | 5 — M (CsHy ,2-F 3-1,3-T
T AR e b S R AR AR HE R A S A HE R R R A —2 D BVOCs B TR
BT, J& ik (C) ZRAGIRAY— D F L R 53, 1 HLR SR AR A Kk B b = AR g S BB PR B, BVOCs A HER
SR F BB AN, R R A RIS, A S Rk, Rk, BVOCs FYHERLH & 5 b 25
A EHDIER

AN BBV ERMAEFTIENRKEERITRZ —, N ZEI G ALTER T — RS A IE G —
AT IR A PR B IR B——N TR H 25380 0 245, N DO AY 23 %5 10 kg N hm~a™ 51 2050 4F- N
TR (0 R 2 2 B I | AT B Hb X B TR 6 234 51 50 kg N hm a5 A BRokUL, N PIREHE 2 A Sk 19 3
RS RGBSR TR L X B D VAR WM A A B R G, il TR TR shad AR e A N
DRI I, 3] 2050 47, I HLIX Y N YRR R AR S e i X, G o [ —— 5 Ok T
RACHH T 5 [ 56 =K N IR IX ' N ULRE (1503 22 1 N R ik A KA R HE KR, 453858 A0 i A
IS R GE S T BE 5 ok T PR 0 N DR A S R G A I — RPN R, B 45k
TREEFRAARMTZ 2 N TUFSE R R i A K & B 5 i SRR R, Rt 2 5 )5 i)
P C Z W EE , B RS CO, Fikae Sy, E s 2] C ZAEIF, WFFERIA, N UTRERE (T HY Hb DR A
EFERAYHY CEREIN 0.31 Pg C/a, R T IRAF HUIX ZRARIG C AFRE S,

N UURERR T2 Aa Y%t C B9 [ 2 Ab, J& 5 1 2 XA 9 HE B ik BVOCs (AH 9 K IR W #5 R e LY,
Biogenic volatile organic compounds ) iX —i3 B/ AL B AR ? N PIRERGIN T HEY) N R 0RIE A R TR 1)
ARKER HME N R, B TP N R R KT R, N TR T IR AE K AR T, Y
N ULRE L T AL A K G K 7B, BVOCs B R A 45 X6 22 A A R A R R, 76 N DT BRI 15 52T,
BVOCs ZEFE U] B XF N TR AR, 2 7538 2 52 0 SR 0 5 B 888 10038 7 B ) FZE S R G Thfige 0 N DTREAf
2252 BVOCs FUHERL , HoZmga SR e vt Sl sl s m £ 50 HoZ mpli 2 a7 5Tk & 5 R e
78 N UURE H 25 7™ 5 AR 33X 2 iR i 7] 245 g ] R

AR SCHEAR T BVOCs 1 EEZAE F B s i HE B 22 7, N Z X BVOCs B 52, 35 R N YR XT
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BVOCs (7] BESZ M a4 ML, A BEA SCRES R T ZRHE TAEE X BVOCs 5 N LR KX 23R R A8 b 2 (7]
AHEL DG ZR I T FIGHR | IR TT R AR SC W9 A%
1 EYEELZERVY (BVOCs)
1.1 BVOCs (i ZAEH]

BVOCs 3T 20 a RKZFVHVICHE (R 1) ,BR T HAERBREAT B RIHICERSN, L K

1) BA SRR % M, BB 2 5 R A2k 8 S R AR BT i it R AR5, B2 NSRRI
VOCs( Volatile organic compounds, VOCs) ,BVOCs EAG 5 & 14 S W 6 1P , B AT T#E RS B A7 336 I Ta) 2 4 ( 36
1) ARE G WOCHIE A 3, 8L A A2 SO 6 A8 i HA A S . R, B AT X i 2 R 2 fE v 4y
T Ay L R — 2 DX i 4 R S R R ) R, AL & SR (0,) DB E S | IR LR
JE R LG e (G A G B RSRR TR ) SR A A E AR

2) HAEEMAERIIEE, WERP By A5 B TR 0 28 R R ez i . A
AR AE I E SO R R S UR S B AR G 5 5 BUR T . —4£8 BVOCs it B A 1k
JEAE T, BEM R A PR T 0BT R A A AR

3)Z 5 AES RS C ZIE3H ., BVOCs 11 C RIETOLEEM, BMNaREBm A M50 Co,, i
AR ARG, R AE S RS C RIGIHMAMERZ " Bk BVOCs XF C 6 (C P-4 ) s FE A T
FEMYTEEEE 220 R T a5 F s WA R BVOC R, TS I BVOCs 7 C i3 it 53
Wk AR Ay 38 AT {d 5 ( Pueraria lobata ) BRI VOCs (5 HOCEVERIFIML C 219 20% ', Cistus albidus 35
#10%

%£1 7F[E VOCs FzgHEa
Table 1 Lifetime of different VOCs species

HES ZFfi Lifetime 24

Species K Daytime % I Nighttime Examples

Sk T Isoprene 3h 1.5 h Isoprene

A Monoterpene 2—3 h 5—30 min a-pinene, B-pinene, sabinene
40—80 min 5—20 min Limonene, B-ocimene, myrcene
15—20 min <1 min Terpinolene, a-phellandrene

<5 min <2 min a-terpinene

5211 Sesquiterpene <4 min <2 min -caryophyllene

ORVOCs ( Other reactive VOCs) <ld 2-methyl-3-buten-2-ol

OVOCs (Other VOCs) >1d Methanol, acetone

1.2 20 BVOCs HE M EE N R

HYIHEEL BVOCs LB K25 5 R iS5 i B S A BAE 25 3, L, R B B e E
B MR AR R, HAHERUY BVOCs Fh2E T BE A SRR ML , A 22 52 1 I A s HEORD 258, 7 S 2 o
W RS ARRORN Sk R B2 (A BH A ST B ) PO R B B AR R 2 Xt BVOCs HE i ik
B, R AR T I RS 2, Kesselmeier and Staudt™ ' Ak, ZEAE 9 A6 16 B9/ NE S AT AT 24
B AR AT 520 BVOCs RYHEICA A28 4k . BVOCs BIHERON RS AR L AR & BUsk , U HUR AR RIS, 2R BE
BVOCs HEB AN S HE R RS . 520 BVOCs HE R 193358 IR 3o Ry AR 4 7 A AR R -2 2 B R
F, YA T, MY e R R B R R A BRI AR B T AR R R R K
CO,MRZ5E

B PE 2 B RS N T BOGIR FIRE . FL7E 1966 4F | g A BF5E K I, S — 0 i HER 56 S 1 kit
FICHRABE AN D IF B IR AR E R — e i R A, 2 G T R SR IR S
FMIHIRR AT 03 TS, & AR X% BVOCs FSEMH e iT o . A s iR a1 in S — B g )
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R B, P A S 542 (Picea abies L. ) B VOCs RS A5 2B (C15) M 748 R LU
BRI (C10) A EDT RS RN A IR ST B2 BVOCs MK EHER ™ . i, BVOCs # #i 4
MR BT . BVOCs FREHGA I R & Al 38 1 e BRAR K g —Fh 3 ms 40 0 COo, M O, Ve BE 1
SR BVOCs FIHERL
2 BVOCs 5 Nk
2.1 N ZXf BVOCs H5E 00

ZEHAFCA IR, EPR R B EXT N IR 20 BVOCs B LT I iGE . T N 2RO ER Y 4
KK BRI REERITTRZ—, B N RENFR A (I N Z T F ) X BVOCs RS2 IRIF I8 IT e 4
20 g N JU AR 7B I TR IR 223 N R0 BVOCs & MU HLEE, HFE R, N KAl F| R
{18 Tn ik 4 254 & W 69 BE B, WA 3 Heterotheca subaxillaris ™ R A% 2 6 5 1 & RN AL 22 384 i iy 28
( Anethum graveolens ) XJ B F 4B, 38 IN4R 1 46 ( Parthenium argentatum ) WS 0% e BE 541 0 5 SR BF5E
2 UEB] N 22 AT I AR 3 2 5 M R A0 R TS0 ) s R 4 3007 R e, DT 522 Wi A 40 g %o B, e o 79 s g
ﬁﬁjj[%] o TEHLMEAR B volicitin (N-(17-hydroxylinolenoyl ) -L-Gln,—F VOCs Batis Sy YALHR)E N £yl
I FAME R S5 AR 1 TR H AR5 R BRI, PRSI N K- R ARG M R 35 3 6. 5 pe/h! Y, HUAR N
FXF BVOCs [HEBOE A K RS B B SR e N 2K P A EICR, SR i N 275K
I (41<0.01% Fi10.04% ) , Sl (Y HERC S N RIS Rt i NRPAR @, S Hl i it 2R AR s, an
Pseudotsuga menziesii™>" | BZHZ( Picea mariana) HEHT A BARE 1A SREHLAY N ¥ BEAHC |

N Z AL SR 57 SIS SRS VOCs IR > o N ] I Ik (9 28 3h3d 2517 St 1 8 7 ) 4k
B VOC K2R B3RS S Tt U8 3 ) B R A 7= & KA rh K S i M C A B — A B ORI,
Brown %1 IRy N TR X i R 7 4 b I AL A R O AR, IR R, N DTRE X 7
C RS MHIAEH], Al s A 28 R G C IHER

N ZAE N EE S HECE Z R Bt 57 Gershenzon ™ il N A R EEAPIAN & N L&
MR EE BN BROK AL G ) 2, NTHIE SER AL S WG i, BIFTE R N 3 (30 2 39 fin - 7
W AT RBERIE R 1 A B D X SRR B K AL S W R VOC RYFTIRY . el VA P KT (4
RIS 5 SR A 192 MG A0 00 T 755 1) g % 2 11 TR D o R0 ) i PR 3K R S A A A KA G Y I A A B Y
O I, N RN AT S E i M BVOCs A S AR 55 T4 oF ) 5 i LA ORI HE B, (R LA
FHPLBLA 5 2 — D IR R .

I8 N 8 N ZA R FEGEYHBORE R VOCs, fil A B 19 C [FAL ™ Py i ok, MW A4 A W s b i xof
A AR R AN A 5 1T ELAL ] I AR T AR R CO, BT (AR 11 5 1Y € LA S Sb—F )5 :——VOCs B2
KA M RIS i S A2 RO i B . JRA IR 2B, BVOCs HES N JEZEARE ) /) N Z AT
FIPESG 2 et BVOCs BIHEMC, PRI, AT, by N UTRE TS 2080 N f AR 3g inde 2 i ik BVOCs 14 A
HERL , (H 5 A G TR BAIIE
2.2 NI BVOCs (7] e IR B HALA

TE N RA R RS, AW IR 20 B 3 2 Rk AL & W0 VE S HRAR 138 9 5, B AT 6 BE 22 iR ) AR K ) o
AN R A Z 8 BVOCs, N ULRERIIE T N AN, A F T N A9 1E A 1 I8 R N AR5 0 19
T IR0 T AP X 1 e B A ) A B, B BVOCs A& BORIXT I b, SR, 76 N E TR R R 50, N ULREff
RGERF N HLFD, IR 2 A B3 o0 00 AR 4 AR e s, b B AR AR OGE P Y A Bl 22, i
ZHRRK AL & PIE O BAE #3642 0E T BVOCs AYA BUFIHERL , X343 BVOCs AL T YA Nt £
BRI, LLBT IE Sl 3, A A TR R AR T . SRR L BVOCs & 75 U A 54 10 3 B A Y1 4R AE 16
T BREATE, B TE N WA RS, MY RO B2 5 sz 2 AL, I, iX 28 BVOCs R HH A DI RERL
BRI, AMEAL RS HXHE i B AR, G HAE R P iy B £ €0

http ; //www. ecologica. cn



6620 A E = 31 &

ST UL RRA 4R 1 N JUREEXT BVOCs #5213 BVOCsHiHE it
BYREALN 7R N RO 2 BR8N JLREI 2> BVOCs i
B 24 N DTREACERREERS I, i3 RGN RAKFAF
A YA KIS B, N UUFEXT BVOCs A HERC i
AW EE N R SRS, N UIREIMEE BVOCs HEiL

(E1),

3 IR REE

3.1 HRIE N U200 BVOCs 15 B AIHEL NULFEH I
R CHEE T N UUFEXT BVOCs FE1E [ AT RES I M NEA R NEZiEY N

HLEEO N ?ﬁﬁﬁxﬁiﬁ%ﬁgiﬁﬁ 2 ﬁﬁiﬂﬁ'@l)s‘%ﬁ’ﬂf E1 Nﬁﬂ%i‘]’ BVOCs %;pmmﬁg;[:ﬁgg

. BN UURERREAC DI, B R TR AR B INXT  Fig. 1 The proposed model of possible effects of N deposition
KA CO, M E , NITTHESRAGE YIAE R RS CO,BIE YY) on BVOCs
fig, 2) W EFRML, A NIESEESREN N Zidit,
N UIREE ARG N sl N R, RS & E AL, AR N ORI AT 5™ 5 5 i KA A B B, an
PR AL S I IAE D A SRR RAE R KA CO, ML TIRE

POk, T B TR 2L AR AT T AOAREIE . N DTRE AR 42 (%) 5 i) PRI A A B R R1 T A8 8k 25 5%, IR, 7
WFFE N ULFEXT BVOCs HERUA S MR, 5550 % & N LR A9 R 5 0 AR FI 51, R T AR UERIF T i v e e
B T XA T AR I N 2B IR B N J2AE s 35 40 R -0 2 38 R - (340 id i) | 38 1 2% TR b X
B4 AT 1 2 S, ARG L DX 4 R 42 45 R T M DX A 0 G A R N TR K ST 13 9 25 5, SR T SR AR TR N UL
FEXt BVOCs MYSEMARIESTE , F-4R B AR A8 r i b 2
3.2 WIS

1) AR [l

K2 BVOCs HE R 322 M K 52 o ik S & BB S s 2R R R A OG, AR e
(1330 T DA o] - 498 R DGR A S5, PR FF I B AR 38 b A 5, o] LA IE 5T N TR [) —Af 4 b 2
FEARTR] PR 25X BVOCs HERUA 2R, 28Rk i 2 R HTASTAEL N D0 OHE S 0 B3 0 5 B2 458 11 AR SRR 1Y
L2 U] PR

2) BPAMEHIETL N IR

B HMNEEHIARAL, N TR IS S Pt 2 F 5 A AR MR A 10— F e A AR SR8 . A T Sl i 1 e %
K AR XTI T AN N B N DRSS AR R RS N il 754 400 Z24F g 52 i 2 XU 4t ] it e
HoEAT AN N AL FERES . SEEA Tl 4 AL (BEANALER 3 NEE) /BRI (Control ;0 kg N hm™ a™') &
N(Low-N;50 kg N hm™ a™') .H' N(Medium-N;100 kg N hm™ a™") Fl{5 N(High-N;150 kg N hm™ a™") (AU fE
KAV N &) O

S AMEHIAEALL N ORI AT, wT DACRUE IR AT Fh A ], S0 R — 3, AH /NS (A 4 32 B ) 0
OB RES, Hss fon] bk B a0 22  (HH B SU i

3) KA N JUFEAKEXT BVOCs A5 M0 5

PEBRAL T AR N LRS- ) A G2 X 4 0 7E F AR N UOREAS IR BE AR R AR HEJL BVOCs (1)
225, USR] N GRS DX A 00 | 1408 55 I 3R 22 3K AR Al S A B ORIE 58 4 — 35, (B L S 30 25 1L Y

e AERTTE 7 TR Z AR | BPAMEALL N IURESS &, e Jrofs HEAT T4 IR 5 11 28 N DR b6 S 1 AT L
AL,

3.3 WL IRE N UUEXT BVOCs 500 it i Bk
24 FRE T O TR =K N UIRREE R X, SR AR RE 0 b, Al 36 B ik o 9 1 FH AR A 4 PR 25 il 45
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IR EPE AR K — B ] N N DR e R AN m ke . MLshE RSP AR St 2 N Tl —A41
Sy E BRI, BTSRRI SRR 2 —, MBS R L KRR AR A xt
PR B DTk IETRGE Y K, T ARE G TTHE 2010 47 1 H 4 A& A0 A IR TR W I 25 28 57,2009 45 I H BLER TR
PIVEAE_ LT, AR RK 96% SEFRYE 77 % SEsm Bt , BR TR HH AR (1 Lb B 78 3 AL 4 K Mlsh ZE RSP AU E Ak
Yrnl gt Koe X, HET, I TLT145 9 TR Bk — M MR % X (pH<4.5;4. S5<pH<5.0 AR
MR > 50% ), N PIREAR RIS T RS,

BVOCs JEAHY) BB B I, Ho— R S RARAE A AL K A R B AR AL O AR R A B, FR A B VOC AAF &
HERCE 294 17.1 Tg C(1T g C =107 g €)' i 3R E BRIT. = M Hb X (REBE AL 4. 7x10°km® ) . 2006 4F- K4k
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