WAERFR 2012, 36 (7): 671-680 doi: 10.3724/SP.J.1258.2012.00671
Chinese Journal of Plant Ecology http://www.plant-ecology.com

ER A E IR G B 3 TEL
FERAESEBIZ N

Ao REF EER AT kER BERF om ="

T A bk R AR TR 5 T A S S e, WRVTIG 2 3113005 b0l R 2E MR 15 8 R 22 B, Lt 100091; S SRR T
BEgEHh, FH 310012

B B HEWEN G Ce—CloE R S WM ALEE, K CeC o R A I B R A (PSIDI M, IR
W (Cinnamomum camphora) WA E, K 8h 25 T2 S ARG TRV A BB /A 3%/ 5 0% B A 3R (TDS-GC-MS), S R b 41
5 BT G RETI Co—C o BE AL S AT RAE 5 437, FRRIZEIE T M4l & B A AR e I 2R 32 5B ) 24 54 &5
RRW: R i 5, B REEIUL A OlE. BEE. Sl TR NE IR il LE B Bl 20 0 38 1 2.47
0.99. 1.34, 0.91F128.38f%(p < 0.01); [FJINFIGARERERAL W, SM0E: 2-CURIE . 2,4-C I (B)-2-FIRMERI(E)-2-T45
P o NEaE A B G I LU R BT N 1265 (p < 0.01) 0 PSIIERA S5 3 H 0o 52 A PB4 B 0 B A% Co i sk PR i 203l LU B 40 T 1 %
12.8%7F19.8% (p < 0.01). FRAZHIF S N O R . PSR =8 Wik i R BCR TSR T 2 seda 40 41
CLARAT T N23.3% 24.4%. 22.6%H182.7% (p < 0.01). #1524 hiG, BERAGWIFIZE. B RS A B E A A o
SRR PRI I F SR BTG RTAKT o BLIANUMR A PSR 22451 MRS A By M T, B Co—C oAb &4
DRI, AR 4 1 T 3 358 o B4 TR S R R SR 5 0 B B N I

KR B G, WHEREYOL, B, MU G, FAER/AO /T e A B (TDS-GC-MS)

TAENILEY AT

Effects of mechanical damage of leaves on volatile organic compounds and chlorophyll fluo-
rescence parameters in seedlings of Cinnamomum camphora

ZHOU Shuai', LIN Fu-Ping', WANG Yu-Kui’, SHEN Ying-Bai*, ZHANG Ru-Min', GAO Rong-Fu? and GAO Yan'"

!The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang Agriculture and Forestry University, Lin’an, Zhejiang 311300, China;
“College of Biological Science and Biotechnology, Beijing Forestry University, Beijing 100091, China; and *China Bamboo Research Center, State Forestry
Administration, Hangzhou 310012, China

Abstract

Aims Our objective was to reveal the mechanism of the effects of mechanical damage of leaves on emission of
Cs—Cjpaldehydes and the variation of PSII in Cinnamomum camphora leaves.

Methods We analyzed the composition and content of the C¢—C;¢ aldehydes in seedlings of damaged C. cam-
phora by the dynamic headspace air-circulation method and thermal desorption system/gas chromatography/mass
spectrum (TDS-GC-MS), measured the activity of lipoxygenases (LOX) in leaves after mechanical damage, and
investigated the effects of mechanical damage of leaves on chlorophyll a fluorescence parameters.

Important findings Results showed that the emissions of hexanal, heptanal, octanal, nonanal and decanal were
increased by 2.47, 0.99, 1.34, 0.91 and 28.38 (p < 0.01) times, respectively, and four kinds of C¢—C,( aldehydes
were induced: (E)-2-hexenal, (E, E)-2,4-hexadienal, (E)-2-octenal and (E)-2-nonenal. The activity of LOX was
increased by 1.2 times. The absorption flux per PSII reaction center and trapping flux were significantly decreased
by 12.8% (p <0.05) and 11.1% (p <0.01), respectively. The density of the active reaction centers per cross sec-
tion, quantum yield of electron transport, electron transport chain further than primary quinone acceptor of PSII
(Qa ) and the performance of PSII activity were increased by 23.3%, 24.4%, 22.6% and 82.7% (p < 0.01), respec-
tively. The species and emissions of C¢—Cgaldehydes, activity of LOX and chlorophyll fluorescence parameters
nearly recovered after 24 h. This suggested that the damage caused by mechanically damaged stress is more
prominent at the donor side of PSII. The activity of LOX was increased, and as a result the emission of C¢—Cjg
aldehydes increased. In response to high salt stress, C. camphora seedlings improve the quantity of the active
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reaction centers.

Key words aldehydes, chlorophyll fluorescence, Cinnamomum camphora, mechanical damage, Thermal De-
sorption System/Gas Chromatography/Mass Spectrum (TDS-GC-MS)
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LRI 4 (green leafy volatiles; GLVs) (Sharkey
et al., 2008; Hartikainen ef al., 2009). TR a4 S
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Kishimoto et al., 2005).
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Wi. A, WEIIF; DA, 281, FA, BRI, HA, ClE; HEA, P,
2-HEA, (E)-2-C.J%EE; 2,4-HEA, (E,E)-2,4-C\ )%, 2-NEA,
(B)-2-T-H5; NA, T; OA, “F; 2-OEA, (B)-2- V4l .
Fig. 1 Total ion current of volatile organic compounds in
mechanically damaged leaves of Cinnamomum camphora
seedlings. A, peak area; DA, decanal; FA, furfural; HA, hex-
anal; HEA, heptanal; 2-HEA, (E)-2-hexenal; 2,4-HEA, (E,E)-
2,4-hexadienal; 2-NEA, (E)-2-nonenal; NA, nonanal; OA, oc-
tanal; 2-OEA, (E)-2-octenal.
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Table 1 Variation of the release amount of C¢—C;, aldehydes in mechanically damaged leaves of Cinnamomum camphora seedlings

(mean + SE)

675

CoCiofERL B

I8 Time (h)

C¢—C aldehydes

%} Control 1 2 4 8 24 48
B Furfural 158+0.54 2.61+059" 1.18+042 0.83+025 130+035 1.08+036 1.32+0.34
C\fi# Hexanal 9.53+£1.02 32.53+4.92" 33.05+1.62" 29.03+3.19" 1839+0.86" 14.44+3.01" 7.06=+155
il Heptanal 623+0.97 882+121" 11.22+0.84" 12.53+2.80" 9.45+0.87 7.67+095  6.56+0.84
SEWE Octanal 10.11+2.65 13.34+3.67 23.66+231" 1737+3.33" 1643+3.01" 1432+295" 11.03+2.55
T-#% Nonanal 1426343 22.02+4.07" 2724+334" 2291+3.90" 19.97+2.85" 1897+3.56 15.59+2.77
&% Decanal 1.72+£0.67 44679357 50.53+4.94" 4884+3317 4557+4.06" 3643+2.18" 4.76=123"
(E)-2-C.J%84 (E)-2-hexenal - 20.75+272 2205+125  537+1.63 1.85+004  1.61+£041 122+023
(E,E)-2,4-C. &M% (E,E)-2,4-hexadienal - 12.54+3.46 1643+2.89 381+1.06 132+036 043+0.16 -
(E)-2- T/l (E)-2-nonenal - - 043+0.05 051+0.10 0.64+0.14  0.69+0.13  0.30+0.10
(E)-2-FJfil (E)-2-octenal - - - - 0.68+0.08  055+0.06 030+0.10

- AR EY.

—, no compounds were found. *, p <0. 05; **, p <0.01.

R2 WU R R B T B 2R3 9O S N A CF B bR HE R )

Table 2 Variations of main chlorophyll fluorescence parameters in mechanically damaged leaves of Cinnamomum camphora seed-

lings (mean + SE)
Z¥ I8 Time (h)
Parameter %t Control 1 4 8 24
ABS/RC 235+0.17 221+0.15 2.05+0.04™ 2.30+0.06 237+0.07 2.40+0.17
TRJ/RC 1.84+0.08 1.71 £0.05 1.66 +0.03™ 1.91+0.07 1.86 + 0.06 1.96 +0.14
ETJRC 0.96+0.14 1.04 +0.09 1.01£0.11 1.03 £0.01 1.01 £0.01 1.15+0.06™
Vo 0.52+0.01 0.61 +£0.01" 0.64 +0.08" 0.54 +0.03 0.50 = 0.06 0.51 £ 0.00
@E, 0.45+0.19 0.43 +0.05 0.56+0.01" 0.41+0.01 0.40 + 0.00 0.48 + 0.06
RC/CS 3.82+0.37 426+0.19" 4.71+0.59™ 3.77+0.37 421+0.08 3.91+0.11
FulFn 0.87 £0.01 0.89+0.07 0.89 +0.06 0.85+0.01 0.75+0.07 0.74+0.03
Plags 1.86 +0.46 2.77+1.06™ 3.41+0.83" 227+0.16" 1.99 +£0.36 1.89+0.51
ABS/RC, Sf7 J NI g iy TRYRC, B4 [ ROl 3RIABE L ETYRC, BAL I B ORISR FH-F AR I BE i wo, TZRIVILT

Ho LA B AR P QA NI KA T2 AR IR OF,, ML ARSI M RC/CS, FALIAR RN T EL H; Fu/Fy, PSIHR

FrEH, Plaps, W PERERREL

ABS/RC, absorption flux per PSII reaction center; 7R,/RC, trapped energy flux per PSII reaction center; ET,/RC, trapped energy used for electron
transport per PSII reaction center; v, probability that a trapped exciton moves an electron into the electron transport chain beyond Q4 ; @E,, quantum
yield for electron transport; RC/CS, amount of PSII reaction center per cross section; F,/F,, maximum quantum yield of PSII; Plags, performance

index of leaf. *, p <0.05; **, p <0.01.

RC/CS\ PE My Ak 245107 1 K1 (22).
233 HWIRG X PSHER K EF =R F/F, A8
SH P psHIF M)

DL 1 98 62 U R HE 4, RO
EENGEE RS CiPAd = (R = S ESIEi
55 J5 R B &)y P i PSILER K 51 7 3 F/F o G B A2
A, BRAE IR 2 hAI4 b, 4 hElS
SILEH T G 107551 hAI2 h, M PERETR 2L
Plyps 2 0 35 8 ka4, LB 455 11 2 3 48 11 48.39%

F182.80% (p < 0.01). #1124 hi5, F/Fol& A& 5
HIZKF, Plaps Pk S B0 0T KT (3R2)
24 HUHIRG I LOXE /Y220

K13 35 T WA 10 )5 AN [R) N TR LOX 1 (1) A%
1k, MBI LA, 6515551 h, LOXI& Pk
BT, BB AT R IN.265(p < 0.01). #%
a2 hWEPT R, (AR S . B )54 hIT
i, LOXE 1k B I 5] 4 B i 3 87 1 &2 20 52 47 iy
Ko
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THME) e B, Fol5 Fy [0 A% AT AR 56 e B (VBRI ) (254, V, = (F, —F)/(Fn—F,), FRRR 9600, Fode s iE N Ja 15
INGEHCBRSE, Fo RN IE NG B RO ERIE . C, VSR ZEEAY, AV, = VOEE) -V, GFHR). O, J. 1. P& A& ER

2215 R 45(2005)

Fig. 2 Variation of chlorophyll fluorescence transients in mechanically damaged leaves of Cinnamomum camphora seedlings. A,
0-J-1-P transient recorded in seedlings leaves of C. camphora after mechanical damage (average of three samples). B, relative vari-
able fluorescence (V) between F, and Fy,, V; = (F; —F,)/(Fi—F,), F; description fluorescence at time ¢, F, description minimum
fluorescence intensity after dark adaptation, F;,, description maximum fluorescence intensity after dark adaptation. C, differences
(AV,) of V, to the CK, AV, =V, (treatment) — V, (CK). Meaning of O, J, I and P referred to Li et al. (2005).

3 iWitFnggie

Uk 105155 S M4 J5 3 22 F i BV AL, 51 )
—ANHNEPE I G IE Co—C ool AL AW (P TR 2 SR
TR R AR A o BIFFEER B FAME BE 5T 7 3 (Phrag-
mites australis)M F B UK & (B)-2- CUHilE (Loreto et
al., 2006). (WG LI, W5IE NN I Populus
x canescens™ Jr Be RIS K & SR CLEHE R W)
(Graus et al., 2004), T 556 18 W) 25 75 5
Co—Coltt A & WM E-2- C I8 K BBl (Loreto et
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al., 2006; Hu et al., 2009). OsWf T FK(Zea
mays)~ ] H%%(Helianthus annuus)- W% (Nicotiana
tabacum). 27 (Solanum integrifolium)Fl 2%
(Brassica campestris) NTERE IR CIE . PElE. FlE.

TR ZEBE(Wildt et al., 2003). &= T AR O,
AT I Ak(Acer negundo)®é UE 2 R E W),
T AL COL M 25 b 25 PRI R AL & P 1P R
JECE (Hu ef al., 2009). AHIFFT A IR 517 4744 %)
BRI R S E 2R O (EE) -2.4-C
M. (BE)-2- Ml S5 Cole R B W) S Pl . SF I
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Fig. 3 Activity of lipoxygenase in leaves of Cinnamomum
camphora seedlings at different time after mechanical damage
(mean + SE). *, p <0.05; **, p <0.01.

TRERIZE IS 1107 1-8 hN R R AW 5E R
FRETR U, AT BB S A AR A i —FE
BIRENLME MR TLCo—CrolE A B . LI PRI
PACIR I —— W 8 R TR A ) 0 e T LI SR AL
GV, CENRLEERL SRR A R4
T BRI £ 5T (15 R AR(Wildt ez al., 2003), HE
WEAR W] e HOR AR . HUBEAT P BB B T P
AFAifit, SUREER ORI TR h), ZJEkha
RN I, AR DAy L R A 2 B, S EUAT
i B WD, HI2-4 h IR BURAE . Abha sy
FEAARIR G, BRI BSOS 3 8 45(24-28 ).
FHEEZTN, 9105155 3 1) B 3E Co—Col 244 5 4 5 fh
] 13 Ik LOX 6 o7 45 (R I W I/ i A & i s A2,
DRI Ay 52 56 HhoAS U 2 LOXTE 1 (9 I e P A2 Ak, 5 T
CoCole A G YRR &, JF HiX 40
8 LR I S 57 5T A R BE 1R Co P Co i AL 5 )
(Loreto & Schnitzler, 2010; Feussner & Wasternack,
2002). i 07 RR /M SG4TSR ¢
P ) BB A T IR 0 T2 (A SIE 31 7R 2 1= IV JBR
R “ 21NN B K, ZELOXHEAL T T I 13-(S)-Fodik
AW, 25, 13-«(S)-Z it F ALY 2R
(13-(S)-hydroperoxides, HPL)¥j H 73 fi# Jyn- L% (1
IR 7 A2) MN(Z)-3- A I (o= IV RRIR ™ 2E), R
J& P E— 20 B AT 4 ) (Hatanaka, 1993). AR4f
ARG, SR CoCroMEIAL AKX HH BURE T
e R ] BEL BRI BT, o- 3R 12 5 Bk i

TRUBEWTRL, T 6 BEIN A E B S . o- YV BRI
1275 1 Jo - U T 24, v (R 6t i b R 155 ik iR
T RV R T R AR U A e R R N, [ 2
FIWESE R TR 145 BT 1, B R2- MR,
HET B AT A 2,4- O A G W 30 RE FE VR,
[l REAEAE T TG v A A T 0 g 107 R —— i R 09 5
T Ji 7 RUBEE A 5 A R 24T B - T, [R)INF, 0 9 PR 9
SRR T XU W 2T B 2- T, EREAI2- T,
W20 RN N BRI RI2- 07

BUBRAR 75 DS ) — AN 7P A8 4 2 X PSTTR
I LN R AR AR . 354055 1-2 h, O fRITP s () 98 it
FE T TP R D) R AFDRE R A8 5 5 5 JEE ZEE 9 I, Ui
AR IR 96U « MU 1 S AR 0.5
hig, Fy/Fo 0L PR, 4 h IR B35 55 KT
(PRI, 2008) 0 MMLBRA 15 A5 4% &)y e i (R A 5 [
FERIN, Fo/FonfE4 h IR E B HTKE, (R85
1-2 h#HI 2P0 BT HEW nT 585 40005 72 B 2wy
T O RE I g 1 B LA IR IO G IR TE
AR AN, K 94 6 5 A K (light-harvesting
complex II, LHC-ID)ffi#k, LHC-IL¥Hili 3R (16 BEAK K
151825 P680SZ AN 1y 22 %4 25 (pheophytin, Pheo)
— WP W52 AR (Qa) — IR B2 AR (Qg), TR ML) g
1 T [l 2 CO, 5 HiAth H 1& (Strasser et al., 2000; 4=
S EE A%, 2005). 52457 )5 1-2 h, ABS/RCHITR,/RCHA 5
IR &S, MET/RCUTH L TH(3R2), RILBEA S
H RS EOECEAT W WAk, BTN B 15 b e
AR AT REXT R 2 (0, 320 A 4 8% i, S8R %k
0 ZE WKL) B SR B N H Ol SR () RE S 2D, R
b %78 HABS/RCHITR/RC T %, 1M ETo/RC %M1
Tt FRWIPSIIY HL 1~ 32 A 42 52 /1 IR e ) A
WS BIREA o SR B TR R Y. O B 1) S 4L
RC/CSTEAR i e Pod T+ (32), nI RE Pl ALAA0
P e AR R TR] I, AR P 30 e i i PSTUA I
SN H O (1) 25556 DL BRI F T OR 25 6 35 52 3 1 5 3
FIVEREMMAS AR, PE o A I W HL 1~ 32 31 FL 1
8 336 B PO I O R 26 2 B DL St v P g 4R 2R
PLyps TE403 J51-2 h ETH(EE2), RWIX— B AL
WA T — 8 e et 1 id ) M PE REFREUP s
IANISE BB IR, BFE: Fy/Fos EEIEYESE04BS/RC
MU SR T B 5 BUR FAL AR w, (MY IR AE,
2005), BN K L F/F B8 REAERf Y s R 2 0 & Bl
IR A (Appenroth ef al., 2001; EFFESE, 2011). M
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ANIEER, #1072 WG PLas L0 HT 11 T 82.8%
(p <0.01), MF/Fn G007 1.8%, i A2 R
B KT Jaa, BICERATIA N M e 48 2 PLps A Y
R S AT 53497 1 10 0 PSTI S Y 40 Fy/F o PR 5% W,
] DA WAL ARG A5 497 00 D' G 4 B 6 g WROSCRH FE
1520 (Appenroth et al., 2001; van Heerden et al.,
2003, 2004).

FRAE S0 45 3 S B3k 3 b, MBI 1R 7T e S
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Wi ek, 9 P680 LT /) B ANTE 4. SAALIKIP68O
5 &AM A Pheo st &, A SR LM 4k
B> TR R SE AW N, P RN B %
FIROS (Apel & Hirt, 2004) . ROSHY I S FEAANE 25 14,
B AR 40 R -1 ) B ANV R I 1 R 5 5L I LOX
ek, BT UARS G o SR T ER AV BRIR 2
AT R LS . 2- Ol . Tl AN2- T4 s A oAt
fii*EY)(Hatanaka, 1993). Y5—J71H1, HUARER4% B0
W 4 k), ROS AR 3% M, A8 41 i P9 T A% 1
Co—Crof& KA G INIERE B AR SN o Hr b mT I, L
AT A Ce—CrolE J3 b S R B S 14 Fr
PSIDGAL 2 R U A AR IR . (HIE TR, ALK
B e a0 e b S Ad I R St nT e sz 4, E i e
05 R/ i A 5 Bl I AR R T Co—C oM 2RAL S, AH R4
IR T BT

LA WETER I, 05 75 3= A R e H Bk
[ 2 b 2 S AE A9 () HKAHI BE ) (Engelberth et al., 2004,
Kishimoto et al., 2005), HIRXCo—C ol R E W)
7 A 1S P Bk i A7 75 4+ 1 (Holopainen, 2011),
15 22 B 5206 &5 S B R Co—C o8 5 0 1 S B A AR U
[R50 R (Zeringue, 1991; Shiojiri ez al., 2006; 5K
G, 2007), 1 HBEVE NS 5P s it ik Bl
) R T8 B8 2 45 AR 3T R 52405 5 I R PE (Engelberth et
al., 2004; Kishimoto et al., 2005). S5 Fe 7 4L B
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