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(TDS-GC-MS)k F £ A AR R AN S H(VOCs AT E; [FIN 5E H AR5 M VERR(NSC) 2 B iR A AU Bl s 4 . 45 R
T R E XS PR ANSCAL S B AN B2 FIVEVERERIEN S B S IR N R R, 7R PR e S 4
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18R 3-F74-3- F R I R B IR AR AL SR B (HMGR) « 1- I SR B - S- i B I6 SR R (DXR)VE PE R I S 5 T B%, ThlESE A
BE(LOX)iE M LB it BT %, =i J5, HMGR. DXRFILOXIEME B3 & Txi . T 2Bl T ki VOCs Bl
RO LT G TRy, BT 2 il A0 i il 20 50 L IR 37.9%F132.3%; B [ il F i 075 8B BB i BRI, T
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Physiological and ecological responses to drought and heat stresses in Osmanthus fragrans
‘Boyegjingui’

WANG Jun-Yu, WANG Xiao-Dong, MA Yuan-Dan, FU Lu-Cheng, ZHOU Huan-Huan, WANG Bin, ZHANG Ru-Min,
and GAO Yan"

The Sate Key Laboratory of Subtropical Siviculture, Zhejiang Agriculture and Forestry University, Lin’an, Zhejiang 311300, China
Abstract

Aims Drought and heat stresses are two critical environmental factors affecting the growth and development of
plants; climate change has exacerbated the occurrence of these conditions in many parts of the world. To elucidate
the mechanisms of responses to drought and heat stresses in Osmanthus fragrans, we studied changes in non-
structural carbohydrate (NSC) and volatile organic compounds (VOCs) emissions using 3-year-old seedlings (cul-
tivar ‘Boyejingui’) under conditions of low drought (LD), moderate drought (MD) and severe drought (SD), in-
teractively with heat treatments (40 °C in daytime (12 h) and 30 °C at night (12 h)).

Methods The VOCs emissions were measured using the dynamic headspace air-circulation method, and the
composition and content of VOCs were analyzed using the thermal desorption system/gas chromatography/mass
spectrometer technique (TDS-GC-MS). We determined the content of NSC and activities of lipoxygenase (LOX),
3-hydroxy-3-methylglutaryl-CoA reductase (HMGR) and 1-deoxy-D-xylulose S5-phosphate reductoisomerase
(DXR) in seedlings under different drought and heat treatments.

Important findings The content of NSC in leaves was not significantly affected by drought stress. The contents
of soluble sugar and starch were significantly reduced by heat stress as well as combination of drought and heat
stresses. The combination of severe drought and heat treatment significantly reduced the contents of glucose,
fructose, sucrose and starch by 47.7%, 46.4%, 34.4% and 38.2% (p < 0.05), respectively. There were differences
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among the activities of HMGR, DXR and LOX in response to drought and heat stresses. Under drought and com-
bined stresses, the activities of HMGR and DXR increased first and then decreased, and the LOX activity in-
creased. The activities of HMGR, DXR and LOX were significantly higher under heat stress than in controls. The
release of terpenes increased first and then decreased with the level of drought treatments. MD and SD stress
stimulated the release of terpenes by 37.9% and 32.3% (p < 0.05), respectively, but the combined stresses induced
a reduction in the release of terpenes. The release of aldehydes increased significantly in response to drought, heat
treatment, and their combination. The results indicated that ‘Boyejingui’ seedlings can enhance resistance to
drought stress by adjusting contents of non-structural carbohydrate and releasing terpene compounds. They also
adjusted the biosynthesis of terpene compounds and GLVs emission to resist against heat stress. However, the
biosynthesis pathway of terpene compounds was blocked in the occurrence of both drought and heat stresses,
when the enhanced release of GLVs facilitated the resistance. Under heat stress, moderate and severe drought
caused severe damage to cell membranes, thus reducing the self-regulatory capacity.

Key words Osmanthus fragrans, drought and heat stress; non-structural carbohydrate; volatile organic com-
pounds; secondary metabolic enzymes

Wang JY, Wang XD, Ma YD, Fu LC, Zhou HH, Wang B, Zhang RM, Gao Y (2018). Physiological and ecological responses to drought
and heat stresses in Osmanthus fragrans ‘Boyejingui’. Chinese Journal of Plant Ecology, 42, 681-691. DOIL: 10.17521/cjpe.2018.0017

S5 IR KA S PI(NSCOPE N Y A4 A 1) AT
YRR EE, MO A KK B Stk 5 feil,
IR VA1 A Y A B G Bl (Hoch et al., 2003); [A] A,
TR INSCHIRA R & —Fh B 20207 15 DR A AL
#l(Lin et al., 2014; Murcia et al., 2015). T FHHiE S
KK 2 (Picea abies) B ARNSCH &g/, 1EH#
R RTHE T A 2R TR R AT S P RS T T
2% 75 5 (Hartmann et al., 2013), B&ET5Hpa 8] 1
#EK:, Ji#%(Robinia pseudoacacia)i i NSC# & [#
fik(Zhang et al., 2015). Marias%%5(2017) 0 7% & L3k
T AL 15 5 75 # FA (Pinus ponderosa) Fll{E A (Pse-
udotsuga menziesii)ie ¥ & B D, FEAH AR S
=EIGIN, SNSCHBERE & &I A 22w, A
T S R R, BriEAd(Pyrus sinkiangen-
SiS) AT NE A B B, TER S R IR R
(FBFEZE, 2015). Z2|EIMHEnt, YA K
A ZREL, PIIETENE AR B2 B B R . RE R AR
SRR AR, AU A 5 A e 8RR,
W YE 55T, BIE T FEEWN, s
FARH Ao AR AR, (RIEEAEK R E L &
Sheen, 2016).

T PR T IR 4 R M LI (VOCs) e 6 4E RF 558
FEARNR I e B, L 2P E A7 H (Velikova et al.,
2011; Arab et al., 2016); 7E LA 55 W38 77 T K 7%
#H E (S 5 1/EH (Loreto & Schnitzler, 2010; Bourts-
oukidis et al., 2014). Arab%5(2016)Hf 7 i % (Phoenix
dactylifera) & I, i 175 5480 7 3 s HETBOK IR 3
o RIS, 7EF S e AR EREE N . Staudt=5(2017)
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R IR FE T g 0% 42 iR Quercus ilexfllQuercus pu-
bescens s 5 I I I HESCE; - 5 B 5 i B R
T, (RIS R > 2 I A R . R S A
JERAE PG KA IR PG O A L B il R TORE Tl
BN P06 et al., 2011). X175 55(2013) 8 5L K 3,
1% F (Rosmarinus officinalis) VOCsH i S FIE %
&Y%+ Fhiail s R BEEMN. VOCs
FBETBCR B T S AR AR Y BB AR T, 1Y R AE )
A IEA= P E 8 BE ) (D AE, 2012).

TEYIVOCSFETIUZ B AH G ()% . R IR
I e T B TR/ AT A R A 2 IR AR A A I I R A A
W) & 42 (Dudareva et al., 2013), 3-8 5E-3-F 5t
% TR ER T 4 BB A I8 JE B (3-hydroxy-3-methyl-
glutaryl CoA reductase, HMGR)F11- it 5 A< i ¥ -5-
1 B2 18 Ji 1 (1-deoxy-D-xylulose 5-phosphate redu-
ctoisomerase, DXR)Z) 7l A& P /™ 18 1% 1Y 5% B I ot iy
(Ramak et al., 2013), EEFIEBIGENEDH A
Y4 i(Moses et al., 2013). FHYIBEIBEEHAE R
(GLVs)#2& H S5 B8 175 % () — BB 40 S Bz, HEL A7) 38
ik i 4 3 ok B il —— JiE % & B (lipoxygenase,
LOX)—HEALANE AN i IR 2 il GLVs (Hassan et al .,
2015). FMHMGR. DXRMLOXEVEI$2 =% S
VOCsIHITE B 3G SR Pt bE §E 77 1) B 22 R 42

A J& (Osmanthus fragrans) A B BHi 4 7 ARk,
WER, HEF KA —, WK, HEREAN,
REEMEMWTEEY .. KRG EEFEE, B
S A 9 R o B O E AN AR B S v A
HAR BT RN . 2B RIS
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s, UNEEFESET R, SEKERYZE
1, BRI 29 2 A Aol vT RS2 Je 1 O B PR |
7~ (% H J&, 2013; Hijioka et al., 2014). 4 T W 7 E
YIRS HIPERR . VOCs KA S BEAR WX+ 5 =i 22
AR R e 2, ASHIEFT DL R O S, T
325 1] 7K 73 0 il P A UL 5 v ek ol 3 5% I ) 1 Tk
B, VOCsHL 5 LR R AR AR W B M 1 52 i 3 7R
U I T AR v R 3B s S R T s PR B R
AR ATVOCs 5 25 YR AE AR i 5 1 1) A B )
FTHLE], AR e S AR T 5 i 2 W IR
o187 TH PR S50 5 [ B DAL 22 FEPE LR A
FRAE G BRI FH DL e nT e e AR Al 25

1 #MRFITTE

1.1 e

IR Ny = A P e (LT 8
T A BR A A4 . 20164F4 H 2 BUK: 34 B0 1
AR T BA 7 72 Lk W L g A R R L 1200,
TR 1.5 kg) e ZH (B AE25 cm, =30 cm), &
40 em/Zi A, AR, 404, WOREIE T E
(B30 ‘C/25 °C, FHXTIEE 40%)BEAT 1E H 1H 55
M, AoZEIANH, HeE Kb .
1.2 RIEALIE

IR 405, FEAL N84, Hoh4H HIfE
TR, Pl R4HT R G AT SR AR R .

TR e G BE 435 K & 5 E W R (CK,
75% H Al FEKE(FC))s B T2 (LD, 60%FC).
JEF 2 (MD, 40%FC). =T F(SD, 20%FC) 417K
SRR . SRR VA H LK &8, R
18:00FK T S I AP FRVHFER I K 7, dEFF 1B S K E.
LS, FEIENT ML EE K, A
FE 3 E oK Bk AR JE 4ERF AR T3 R, B4R 10:000
JE % IHEHR o

P A T R AR A SR B B S 1

MR, NN SAER(E/P40 “C/28 C, 12 1/12 h,

FROF I B 40%, JGHE R EE400 pmol-m 2s ) HEAT &
TR IE AN EE 2 o K X R 2 AT iR A A e R
M, HAfE ARG, FANESE, FEENAD
PhArEE SR
1.3 REHE

AL PERE S R E . FRENO.S gt Fr, WS
B, NMZETR/K9 mL, Fh/KBHEE0 min, AN

TER T4 W St T R R P ) AR ARSI 683

P AL, BE0(3000 romin ', 5 min) 5 I R
TERRE . BB R &7 2 4y SR FH SR AN 7
(R R IR AR A R &R
REEAMZN AT IR AR e, HAR T VA% 3
AR

FER R e K IR RPN S T
FI80% L BEi e 13, Nz&i#E/K3 mL, #HE825),
K15 mine A HE, TN SBR(9.2 mmol-L ™)
4 mL, FEPEHREN20 min, ZZIH/KERE25 mL, 1A,
BI.02(3000 r'min ', 10 min). B FiER, SR A BEEEGE
AT DU 5E

HMGR FIDXREFEHEE: FREL0.5 gUKi%km:
B15 mL Tris-HCIZEM (50 mmol-L™', pHIE7.5), ¥K
WA THFEE 52, 10000 rmin ' 2030 min
(4 °C), B LiEW, A THMGRAIDXRIE PR 2
AR B 0 2 A

HMGR 35 1% 9 5 : W 52 /5 % = J& Toroser Fl
Huber (1998) 1175 ¥4 I BEAE B 2. = BB AR AR A
1 mL. H{980 pL Tris-HCIZZ/ (150 mmol-L™", pH
f87.5), MA20 pLB#R. SERIHER, A4t
FETFE340 nmAbFEINIA JF YA ERIT (NADPH) 4
AEDL, BFRR10 sKl—k, ELHES min, W15
TIRYIB-FE[E]-B- K MR B BFA (HMG-CoA)
(115 L FNADPH )AL 2 (@) ) NAR R IR F, B
940 uL i, h20 puLB§W, Fn40 pL HMG-
CoARHR . #/E S IRA b, MSHHMG-CoAtENL
[FINADPH ) AL % (b) . HMGRIE 1 867 — AN
F1HA7 91 min% AL 1 nmol NADPHF B & (1 U).

DXRyE MM € : 2 Hasunuma2$ (2008) ) 7712
HIEAEE . BRI mL. X980 mL Tris-HCI
22150 mmol-L™', pHIE7.5), MIA20 pLEGFHK .
SRR TR, R AN 4 0 BE T E 340 nm Ak A
NADPHEALIE ML, BERE10 sFll— ik, Eakl e
5 min, W75 JCKPDXPHIE L~ NADPH ) A (b
(@), MARRIE L, HX955 nLI B, Hn20 pLig
W, 25 uL DXPER. #AFSEE L, W5A
DXPI& ML T FINADPH [ &AL iE % (b). DXRiE JJH
fr: —ANE F7807 41 min% 461 nmol NADPHFT 7
g (1 U)o

EAR S ENE: 2 Bradford (1976)1) 75 1%
AT E

LOXE M HE L : FRELO0.5 gt HBTRE, FH9 mL
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Tris-HCIZZ (100 mmol-L ™", pHAE7.8) KIS B 55
AJ3%, 10000 r-min ' 850210 min (4 °C), 53] FiEW.

LOXi% 1 i & 2 8 Hatanaka (1993)f)J59%3F
HETL . 3.25 mLR AR 295 H3.0 mLESBRZZ MK
(100 mmol-L™", pH{#45.0). 0.2 mLJE#F10.05 mLAg
W, M5ETE3 min 234 nmi KA 1481k . LOX
TE 1AL 234 nm AL, PLHIER Y], 1 min
SONAR Z 6 B 00,1 145 1 #A7(1 U)o
1.4 VOCSEERNHZE

££9:00-11:00, K FH 2h 25 T 2= ARG R 4R 1%
KAE W 4HE VOCs, SAAMEBIE 0.1 m’ min ',
KHFE30 min. VOCsh 5 53 K FH TDS-GC-MS¥Z: .
IXER BT TAE %M S 0% B 2l Gao %5 (2005) 1 7
#%:. TDS (TD3, GERSTEL, Mulheim, Germany) T.{F
2 A 120 kPa; BEFE R E250 C; #UBt
BIEEE250 °C, f£45%10 min; A PHEE-100 C, {#
FF3 min; ¥ BHIEFERTIR EEERIR T 22260 GC (7890A,
Agilent, Delaware, USA) TYEZ&A4: 14 30 m x
250 pum x 0.25 umfJHP-5MSH:; THEFERF: HIi6HE
FE40 C, f#+F4 minj5, L6 C-min ' KT+ &
250 °C, f##F3 minjg, LA10 C-min ' {3 R T} &
270 C, f&%F5 min. MS (5975C, Agilent, Delaware,
USA) TAEAF: BT ACAEL T REEAT0 eV,
JRF R EVEE: 28-450; #1280 C; BT
IRE 230 C; DT EE150 C.
15 HIRHSH

FT A B3 R SR B R S BB AR R 2 . R
FOringin 9.0%K {247 £ Hm ab 38 . IR HIVER Sivt
ST, Geit 7R R R U7 2 53 i, 34T Turkey
ZH (P <0.05). KHAXFEER T Z 4Tk brm
< TFRAEMAZHAEH . BT TDS-GC-MSH A 77
BT, R VOCsia B i il i, SR AINIST2008 1%
FE AT e M AT 43, DA T 0 1Y) 06 THI AR s %
IR 5 B

2 R

21 FE. SRXMEMENBEHES 2T
BRI R 115 el S b A e x &ﬂf (Ey
R AR S R . TR AR S R
BlFps: EoHa%s, EEET R TiER s E,
EEGFRESE N 1713.8% (p < 0.05); fRrif flrie I~ 47 0k
BRI, IR T 15.5% (p < 0.05); HrE
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~ 8 C2sc 4w . -
‘90 %k %k
g T
Z 6 1
g
g
2 4 T
2 4l
2 T
i
% 2+ 2 ab b
@ C
&
0
CK LD MD SD
T 538 F Draught intensity
B 5 e il A HGT e < i g A i A A R R 5

Wl AR HE IR ZE, n=5). AFERE FERZRT RAL R
ZSRE, NE/NGF RN SR A IR 2E 57 52 (p < 0.05,
HRIELSDIMEE). **, p<0.01. CK, XH; LD, &+ 5 MD,
g5 SD, HEETR.

Fig. 1 Effects of drought and heat stress on glucose content in
leaves of Osmanthus fragrans cv. ‘Boyejingui’ (mean = SE, n=
5). Different uppercase letters indicate significant differences of
drought and different lowercase letters denote statistically sig-
nificant differences of heat stress treatment (p < 0.05, according
to LSD test). p < 0.01. CK, control; LD, light drought; MD,
moderate drought; SD, severe drought.

T8N L R A R PR E RO, ST IRAR L, &
FE. O REL EEEWREIEE A b 7 25.6% 33.9%
F147.7% (p < 0.05), & B =l AP 5] e 5 35 e
SRR A ATE B D .
22 TE. SEEMEMEX RIESEMEIT
¥$\mmKWH%,ﬁ&H$ﬁHH%ﬁ
TR L E2 . 7T R T R SRR
R, i e R pE A 2 E e R BRI T 15.4% (p
< 0.05); FHEEEAEVEPE SR TR, H5XF
RRAHLL, #RRE. rp FEARER B O e T 2 BB T
ww&zm%ﬁ%m%m<0%)FV@FE%ﬁ
TR —EiR i, %m%ﬁmAm%Amo
23 F&. m/m&’rﬂﬂﬁjll_ﬂrﬁf A
lhmﬂ?ﬁamm&WH%Lﬁ&W$&’
R RERE SRR . RERE S R T R R
(14 588 52 0 T o i PR R 5, 43 e B B AN
J5 5 o s B e B RN AR AR, 5% HEAH L 43 31
BN 12.3% (p < 0.05) 187> 715.3% (p < 0.05);
rE LB RE R L BRI T9.8% (p < 0.05);
B PR, HEEYNE NG T RS AR S AR L
3D T 13.6%- 26.0%H134.4 % (p < 0.05). 5%
T RALHERERECA R, EiE DR bl e A 1
P N L et S 7 S E e P = o
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Fig. 2 Effects of drought and heat stress on fructose content in
leaves of Osmanthus fragrans cv. ‘Boyejingui’ (mean + SE, n =
5). Different uppercase letters indicate significant differences of
drought and different lowercase letters denote statistically sig-
nificant differences of heat stress treatment (p < 0.05, according
to LSD test). **, p < 0.01. CK, control; LD, light processing;
MD, moderate drought; SD, severe drought.
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B3 5 A BT < SR I R RS S R AR (T 2
R, n=5). NRAKEFRHERTRNEREE, &
[A]/NS BRI i ) 22 7 1235 (p < 0.05, HRAELSDINIE).
**,p<0.0l. CK, Xfif; LD, &&ZT5; MD, FET; SD,
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Fig. 3 Effects of drought and heat stress on sucrose content in
leaves of Osmanthus fragrans cv. ‘Boyejingui’ (mean = SE, n=
5). Different uppercase letters indicate significant differences of
drought and different lowercase letters denote statistically sig-
nificant differences of heat stress treatment (p < 0.05, according
to LSD test). p < 0.01. CK, control; LD, light drought; MD,
moderate drought; SD, severe drought.
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P E AR T Ve R & 5 0 FEAIK 120.5% 29.9%
F138.2% (p < 0.05), Br[FIfirE B2 FRAR 1 P4
B B AR R E R
25 F&. SREMEHBEITHMGRIE R0
ST, Bl A T 5 Pl i B A 3 o, <kt
S FFHMGRIG e L E T %, ARE T2
Jolie Rk B B KAE, SXTREAEEIE AN 1757.1% (p <
0.05), =T 5HHE N> 722.1% (p < 0.05); =
I8 T HMGRIE 4 L FEIE TN T 43.2% (p < 0.05);
TRt FEpaE, 55 AN, HMGRIGME
2 BEB ) 3t R 80 7 52.8% (p < 0.05), {EEFEH
[ i N8> 737.7% (p < 0.05).
26 T8. SEREHERMBEXDXRIE RN
wEefTR, TR, b MiEsEE R
W, pema kR B DXRIGE RIS ETHE T %
s, SXTEAMEL, HEFREE TN
56.7% (p < 0.05), HFETFHhE T, il
JoliE T DXRE M L BRI 141.1% (p < 0.05); B
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B4 T RERATIX B b U A VEH) & R T 4
EHRHERZE, n = 5). ARKEFRRRTRZERLE,
ARANGFRR R iR ZE R L < 0.05, HRAELSDI
). **,p<0.01. CK, Xf/#; LD, & T 5; MD, HET5;
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Fig. 4 Effects of drought and heat stress on starch content in
leaves of Osmanthus fragrans cv. ‘Boyejingui’ (mean + SE, n=
5). Different uppercase letters indicate significant differences of
drought and different lowercase letters denote statistically sig-
nificant differences of heat stress treatment (p < 0.05, according
to LSD test). **, p<0.01. CK, control; LD, light drought; MD,
moderate drought; SD, severe drought.
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Fig. 5 Effects of drought and heat stress on 3-hydroxy-3-
methylglutaryl CoA reductase (HMGR) activity in leaves of
Osmanthus fragrans cv. ‘Boyejingui’ (mean + SE, n = 5). Dif-
ferent uppercase letters indicate significant differences of
drought and different lowercase letters denote statistically sig-
nificant differences of heat stress treatment (p < 0.05, according
to LSD test). **, p < 0.01. CK, control; LD, light drought; MD,
moderate drought; SD, severe drought.
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F.MD, TR SD, HETH.

Fig. 6 Effects of drought and heat stress on 1-deoxy-
D-xylulose 5-phosphate reductoisomerase (DXR) activity in
leaves of Osmanthus fragrans cv. ‘Boyejingui’ (mean = SE, n=
5). Different uppercase letters indicate significant differences of
drought and different lowercase letters denote statistically sig-
nificant differences of d heat stress treatment (p < 0.05, accord-
ing to LSD test). **, p < 0.01;. CK, control; LD, light drought;
MD, moderate drought; SD, severe drought.

[F] i F DXRIEME RIS T 5 N &S, B
P E A R 5 BRAR LRGN T 45.6% (p < 0.05), &
JE W3 [RI 38 T AR T36.9% (p < 0.05).
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27 T2, SREMEIEITLOXIE 4 S0
METEULEH, T2, &R LR S,
MG i LOXYE MR A T A RIRE R (AR 4L . b &
T-E A sR i eE, LOXTEME 2 EThash, #=F
T FWriE T EEX RN 1755.4% (p < 0.05); =i
18 TFLOXYE M X 3 I 1739.7% (p < 0.05); #
JEE v RN R P [R5 0t R B 43l 3G m T
60.9%. 67.7%#139.8% (p < 0.05).
28 TE. SiREhEMBITEZ AN
T8 m AR E e, R VOCs
PR R4 E AR, VOCs;i””%tljstJc
B BEE T FHE 08 B RN, VOCsRE TN &
£ EFER, T EEAE T R T VOCSR N &
43 ) LT R 38 0 T 24.1%H122.8% (p < 0.05). T b
T8 T S Ak A PR T S I B 0 S D
I R RN BT B A R A A S R TR
AL HR I T 16.8%F137.9% (p < 0.05), HET
BEWA R T12.1% (p < 0.05); TRl Rk
1A PR T E 3 A LU BB IE N 1735.3% - 46.8% A1
124.5% (p < 0.05), ¥5- RO G A EL T B AN I
Mo myilm RE R L i SN SR AL S 73 ) bk
FEIE N T 83.6%- 32.3%H170.3% (p < 0.05). [AHfi%

- [3J28°C . ok

40 C T ns
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T
1
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I

N
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JeE A BRE M LOX activity (U-mg™ Pro)
o
o

(=]

CK LD MD SD
KbFH3EF Treatment intensity

B7 5w A B AR oo IR SR T R R S
CPHMELRERZE, n=5). RRIREFRERTRNERE
#, NANEFRERERNZEREZ@P < 0.05, LD
M. *, p<0.05; **, p<0.01;. CK, X; LD, &7,
MD, HETF; SD, HETF R,

Fig. 7 Effects of drought and heat stress on lipoxygenase
(LOX) activity in leaves of Osmanthus fragrans cv. ‘Boyejingui’
(mean + SE, n = 5). Different uppercase letters indicate signifi-
cant differences of different lowercase letters denote statisti-
cally significant differences of from drought and heat stress
treatment (P < 0.05, according to LSD test). **, p < 0.01. CK,
control; LD, light drought; MD, moderate drought; SD, severe
drought.

©U 00000 Chinese Journal of Plant Ecology



VERR T4 W St o SR el P A P 2 P A 2 i 3

687

RL WIS E TR R A LGS 3 B (R TARL, A x 10°-10 g (PRI EbRHE IR %)
Table 1 The main components of the volatile organic compounds (VOCs) from the leaf of Osmanthus fragrans ‘Boyejingui’ (peak area, A x 10°10 g™)

(mean + SE)
Fa BRWEENY aF 28 C 40 C
No.  Volatile organic compounds Chemical
& PO e AE RETRE PETR EETRE XMW RETR  PETFR EFTR
Control Light Moderate Severe Control Light Moderate Severe
drought drought drought drought drought drought
1 CUJi% 3-Hexenal CsH,00 333+023 0.58+0.65 2.27+0.12 - 3.61+£0.26 - - 1.15 £ 0.05
, 24U CeHi00 0.99£0.11 236+0.23 - 5.97+0.35 - 2.8840.12 3.14+0.16 1.69+0.13
2-Methyl-4-pentenal
3 2-CV )% (E)-2-Hexenal — CgH; 00 248+0.18 2.14+023 254+021 8.67+1.14 453+0.54 435+0.08 8.01+024 7.03+£0.19
4 HFTHE 4-Phenylbutanal C;oHi,0 - 1.85+0.11 - - - 5.48+0.13 2.58+0.06 2.74+0.06
5 1h%4Es Sorbaldehyde CsHsO 1.08+£0.06 2.82+0.08 1.90+0.04 3.05+0.64 1.80=0.08 - 261+0.11 2.33+0.08
6 ¥ 4%W% 2-Ethylhexenal CgH,40 - 1.91£0.04 4.86+0.81 - 3.77+0.12 137+0.06 0.67+0.02 -
7 T n-Nonanal CoH, 50 - - - - 0.76£0.02 1.21+0.04 0.90=0.05 0.53+0.02
8 J2-3- OV CHLO 6.80+£0.45 807+0.62 7.85+£0.67 4.12+035 926+1.61 250+027 538=1.01 3.20+0.32
trans-3-Hexenol o2
9 (3E)-3- LMz CoHO - - - - - - 1.24+0.07 1.17+0.11
(3E)-3-Nonen-1-ol s
10 2-Z3CEE 428+0.14 1.25+0.08 - 1.93 +£0.07 - 829+0.61 2.08+0.10 2.15+0.09
CgH]gO
2-Ethylhexan-1-ol
11 RZ¥HH Ocimene CioHis 1.65+£0.06 1.53+0.11 2.02+0.08 1.85+0.05 1.55+0.08 - 0.80 + 0.02 -
12 4% cis-p-Menthane  CjoHyp 3.38+0.04 - 2.03£0.06 - 1.50+£0.12 2.48+0.21 - 1.08 £ 0.05
13 ¥ Limonene CioHis 3.83+£0.07 142+0.12 1.61£0.12 1.74£0.10 329+029 1.65+0.15 1.67+0.03 0.94+0.04
14 F#JfOcimene CioHys 0.18+0.01 325+024 258+022 1.44+0.14 1.40+0.10 - 0.94 + 0.05 -
15  o-JEfalpha-Pinene CioHys 0.07+0.01 2.68+0.16 3.13£0.02 2.52+0.09 524+034 483+037 3.60+0.34 2.69+027
16 275/ Perillen CoH 1,0 0.34+0.04 0.53+0.05 1.05+0.11 1.60+0.06 1.03+0.02 0.63+0.01 0.54+0.02 -
17 KM% Longifolene CisHag 1.774£0.13 3.69+0.05 2.05+023 0.71+0.03 0.83+0.01 146+0.04 1.03+0.02 0.88+0.04
18 T #Jfim Caryophyllen CisHas - - - - - 1.07 +0.05 - -
19 JFi-3-ZF RS CHLO 1.55£0.06 1.61+0.86 225+0.61 473+137 611101 2.63+031 220+092 4.09+0.56
cis-3-Hexenyl acetate s
20 HMMRRIECME 1.90 £0.09 - - - - 2.58+0.18 1.55+0.02 1.08=0.04
" CoH,60,
exyl acrylate
21 BTHRpES CoHAO - - 0.96+0.03 5.66+0.63 245+023 6.00+0.93 3.10+0.43 2.47=0.41
Heptyl isobutyrate 1
22 TERPifE Heptyl butyrate C;HpO,  1.39+0.05 1.31+0.03 4.22+0.08 2.05+0.39 502+0.71 440+121 2.79+0.94 2.18+0.52
23 THR TS Butyl butyrate CgHysO,  3.87+0.14 3.07+0.54 593+035 1.71+048 1.25+0.08 - - -
ait 38.89 40.07 4825 47.75 53.4 52.81 44.83 37.37
-, REME S

—, the compound was not detected

FRTG IR RREA R T RRBEER3MOE A .
[] Jp 1 s A5 AL B VR R D, B R SRR T
TN, B, oA E R Y ) i RS
TR 73 ) L HEBE D 1 94.0%. 127.3%4196.3% (p
< 0.05), FrifsFHTHEME. Tl 3-TWHE. FiE
M. RETREAS TR PENS .

3

Wit

NSC2&Z 5 WA MBI M E B, 1EN
O] RS BB N R A KR B SRS BR IR A BE YR,
LW 22 /N R 2H 43 5 ] e B NSCEAB 4R 1

T AR AR G PR RS, 20025 2RI 5%, 2008),
TE 0535 25 A1 T 4 R Ok~ 1 A AR A S P 3 ) IR f
Pl (McDowell et al., 2008; Choat et al., 2012). 1%
LR, — @R T a5 T s e hE
HATBE RS, HUEHARY, TEWhagE s
o SSLRH, BN A R, R Al
VIFEIANSCHE %, FH ALK AL T (Maguire &
Kobe, 2015). il & =1 REE s 4 i /E A, 9H
FEUR Y KRR TTIPERE RN R, A A i o 2 2
frpe s, mA IO, SENSCEH R .
Trifilo%(2017)H 7t & 3L H H:(Laurus nobilis) K %%
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JEE SR AR A RO 2 Tl sk 1, PTVA ENSC R BRI,
TERYE RN, FAh FE T O T A AL A &)
T BRER SR S G N, Ve A R, MNSCHIE
B B 32 B FAAE B ) 50 (Marias et al., 2017);
B 5F (2017) W 5T K B, K % (Manihot esculenta)
NSCH BRI ET R WIE NI, e ™ E T 5 b
R OKHE B2 PR . BT 25 R o, BEE T 5 b
SRS IE R, WANE S B, RS ERK, 5
Trifilo55(2017) W FL 48 A — B, W RE R N TE R
BN AT MR AT IS B T . YO B Skl
R B AR R AR N AR E S, R
IKEE, ST 5 e A ) AN RS2 e, DT PR B U
WA T A BELTE B)R 3 AT HRAE T 52 B (K lein
et al., 2014). & H o SIS i — 7 THERIE T R pE
AER W B (1812, 3); o5 — 7 i e il id o & A
iD= e A I L7 S E N SR A et R AN I ES C
FVER & 2D, HAET FENE G R TR, W
5] 38 5 BT T 4 R S5 2 22 22 (2015) i T 45 R AN —
#;, FEFEA R L WIEA—, BEEQISHH
Xof R 2 A E /K RIS /K A B o v YRR T 2 e i T e fol
H, — 5 R R NG, WA B T PR,
[ I 3 T B SL E 5 (R 1), S EINSCHT A 47y
TEEE N B—mihEbe R B0
I BIR, FBOLEAERZR0E], nTE NS
FAA%(Silva et al., 2010).
TEYIVOCs 2 & N B L1 ik AR =4, 7EHK
FEIPR S5 Jolp e o R 45 3 E B PTG VE FH (Loreto &
Schnitzler, 2010; Silva et al., 2010; Jud et al., 2016).
X175 %5 (2013) iF 7T 2K 3% 75 (Rosmarinus officinalis) &
YL R Wi S EVOCSBE UL J k>, (HARhE n,
i 4 Ak B P R SR R A 6 R R R
Hartikainen%$(2009)#/f 7¢ KM 1L #(Populus tremula)
KPR, TP T v S S B RO SRR R YRR,
{H7E % #(Ocimum basilicum) i 7 254k &4 S B0
FRAR a3 (FE BRI 2, 2015) . HMGRATDXR I P 112
B IHRNE VNG B, 18R RS R 5
BB F « MorshedlooZ5(2017)WF 78 K BN, #21%
b BE 7K 43 ki8R 4 % (Origanum vulgare) ¥ i 5
BWEWN, FHMGRE % L. ABF T, 6
WAL SRR S HMGR . DXRIE AR (#3435
A—F(F1), Ui PHMGRATDXR I M it 9% 1 12 il
IHRAEDREE . 75T 5 a T Pt ke i
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FETBOME A7 R A VB 1B 1 SO B AR, BRI AL
Joh 38 0 1 5, R HE R BOR 57 4 H (Vickers et al.,
2009). [ B =i A 15 3 4 s HMGRFIDXR i PE {2
S i R B W& ORI, A BT R 0 R e
(Arab et al., 2016). 75 5 & T F i ia NG s b 59
%/, HMGRADXRIE VA2 240, 7] fe s ™5
T B RERILCH, WA SRR IR TE 2 3
BELAS o 0 7] 0 A 2 il s AL S D RE TR R RIS, —
75 T /2 HMGRAFIDXRF 14 52 B0, 55— J7 0] §¢
A FE A S EOEE T YINSCE 2D, e &k
FERADIEAE IR/, s 2k i 54 S A
Y& ko

GLVs 2 H g 280 & B (LOX) i 1 A 1o A g 75 1R
TE B 2 S VOCs, & A8 4 B B F2 H = A 11
— R HAHARRE I 1% (Santino et al., 2010), 7E
Z 5 KA B AL ) AR R 0 B HR R S AR
(Hatanaka, 1993; Loreto & Schnitzler, 2010). Nahar
LR A K, miRiE R ENN 4T
(Mgna radiata) ) LOX i 1% ; + 5 Wi F/hN#
(Triticum aestivum) %28 B LOX I 1 &5 3 T s (5
2 2017); VitaleZ5(2008) & B, T-F it i 515 5
X FRk(Quercus ilex) LOXIE N, [FH(E)-2-C
I TEAN(Z)-3- O TR T B A LG N o AR SIZ G 45
REIR, HETRMHE T e LOXIEM B
Hm, 753 GLVSRE ARG I, v RE 2 P4
T 200 S 52 B4 40, P SRR B Al R R I LOX
wAE, (EEGLVSR LLE BRIE A, KIEDUEAIE
Fl(Agrawal et al., 2009). A Fl T3 mLOXE M,
HEINGLV B UL P [ B 36 7™ 5l A 200 Jf e &5 44,
75 T 40 MRS o A A, T 2R B R AR 2 3
mERD).

T P9 B ] AR AR A TR A AR & A2 Ak T 3
AT, NSCA& A BOIR AE AR =9 i & ZE Rk,
VOCs [FHE AT g 22 K1 9D A8 4 1) [ Bk 2 (Dicke
& Loreto, 2010; Pefiuelas & Staudt, 2010; Copolovici
etal., 2014). AT, F5HE N P it
REE A R Vi oy o i AR 2861 ) W 4 5 1 I R AT 2
F; IR, B2 AR AT AR 45 B IR B s
WERAE PR, DL RGP A0 <5 4 ek 4
N SR v =R L B N R R (e I S S s
BEFNUE R Ams a5 A A Y & AR A B = S5 B,
T AL S YRR BN, W F) e S 34
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LERIBIOIIR, B BRIBCRIR Y 52 2 PR, 68 2 A
U@ AR IR A RE IR D, &AL SV
(EpDR TN R EA NS R CE RPN ¢ 8 D
TR i 5T ok S A, A e R R B [ Jb A R < 38
e B 2 O R AT, AT S B GLV SR
I

Zi ERri&, NSCEE VY B B 1 2t ae i A
B, RN AR B E AT E R . T
Ml LS < P <3O o R A R TR R A 2R
B, BEATEE T YERF IR R I, R 5 R AEAR
TS PRI R AR AL S YR A R, TR T
T EE S A S BGLVSREBCR I I, <t
A O B0, mmbE TR
WP AR FTANER, TV Ak W AN JE b B e, DA e
PRUERERANRRIS, [ 52 A A B 1, fe st
W SRAL D G B, TR e iR 3 s 1 [ i
Ja, AITEVERE S B N B, WSS S A
FRAZIE, P R R AR LOXGE M A K
GLVs; B EL 52 Bp ] il 1 X< e R 45 5 2
2oL P AR B B AR B ARG B AR, 4i
JRC 2™ B S AL, Toik e K IEIR
FHLRE.
S 3k
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