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HoA wE S, B, A8 Oyama-Okubo
2 10T e T S [ St o IS 6 75 Jo L 0 A A A
3 AHSC T AN ISR AT R H IR A /K A7 1R TR TG X AR 4 A
AEAHR R L3 52 W T 5 1 oK ILARGE . B s Al
A I P ZWENA, 455 AR SR AT 5T Ik
PEAN [ e 22 B9 < 0 1R FY 55 R 7 A T Y i Ak B (380
R 4 A AL o , WA I He B A L O 3034 e i o
B R T AE R RN, LI N J5 S 7E 2B 7 b k%
A 18 R B MR BT MeJA Fl MeSA B AR 4 7 AL 2=
AR PR
1 #wRE5FE
1.1 XM R FEmALE

5 A4 ORE D AR 4 7 il B T8 B (Tulipa X
gesneriana ‘Dow Jones’ ) , W4 3K Ji Rl BR & T 52 50 4%
5 CRPERAT o AR 7 Fh Bk Fh R T BB IR 28, IR 2
PEi e 18~22 °C, B Bs B B e ¢ 1 g 41 - B ER
A= 1TORBE) R & 10 6000~7000, 38 KU R
U B3 dBE LUK, TRAERE BTG 6, B AT
F MeSA FI MeJ A 2b HAR 4 A £ 4

$ie HE G R XHAB 4 B A6 2 KB W Beiy R 4y O
e, UK F K BT — B IR 4 T AL i
AT, 2 R 52 1y A5 1 Ab BV B, 3 99048 T 50,
200,600 pmol/L B MeSA Fl MeJA T 08:00—10:00
Wit AERL . 73 oh, B 596 ToK L BE(MeSA Fl MeJA
IRV ) ) W it ) AL R AR S X B BB IT IS 5 3 K
08:00—10: 00, B R H ALK/ BIT AR HE — 2K
FR 00 T SR 4 7 AL e HEA T AE T 45 R W WU B, 4540
AT 3N EY) A
12 REFE

SR T0 25 [ AR A2 I - AORE 3 T B (HS-
SPME-GC-MS) By 77 5 E i Fr A6 1oy . W1
{1 SPME A Bk b HAi AR 11T 260 CA&AF
T he BOREE ARG A AL 2R3 TR, BR
HIFC SR BURESE RS, Sz BV B ik
4 8.447 mg/mL 9 10 pL 28R L FaAfE il TR
i B R VIR O B G o %R (2522)°C R -1
30 min,, 4 A SPME # ik T 0 B 30 min, fJ7 Bt
HE ARG AT 43k 48 A GC ERE A 2 min.
1.3 ®MFmE

o 1) = B P A OR35S T A (Gas
Chromatograph Coupled Triple Quadrupole Mass
Spectrometer, Thermo Fisher Scientific) #f 17 5 il ,

TR 450 S OB AR A ik

M 3% 4 1F . TRACE TR-5MS F 40 45k
(30 m><0.25 mm X 0.25 pm; Thermo Fisher Scientif-
ie) s AR E R 1 mL/min; FHE R - AR GE AR IR
50 ‘CHEFE 1 min, 2R J5 LA 5 °C/min A 3 % T iR &
220 C, AR +F 5 miny 8 A mATA AR, AR R
1 mL/min; $FEAEREEC: SR HERE , 20U LE 30 15 HEAE 1
T 220 °C; AR R 1 pl.

i sk s R EL - FREER 70 eV, IE T
B B IR 230 °C5 DUBRAT IR 150 “Cs f& 42k
B 220 °C; Bis 494 - 244 5l m/z 50~350, 1
Hi 2% 500 Da/s.
14 BERYRNEEEESNH

FEVE YT S OB A 5 . K TR (3
U SoF 17 1) S 1 P 55 NTSTOS A v S5 33 45 st Fog 2 17 D
Bl , 45 G FRAF B 115 B S WU . 7ERE P T
A — B R T, 38 13 52 (C8~C20) IEM ke ks
Z R AR R ] S R B FE B (RD . 284 RI
{8 N T3 AT 205 50 DA S SCHR R, e &g i B A
453 1 PERf A

SE NIRRT AT . 252 558 C BR1E N
WERY)  AKHE B AR R Y 5 R LU E  TH A5
YR AR, BFSAS RN R
(DR

C=(S,/S,XC))/M (1)

LD, CHEFEIL 0 E 5 ng/g; S A
SR TR 5 S, o N AR B TR C) Sl IR 7 2, pgs
M NFES TR, g0
1.5 HIBESH

i A Microsoft Excel 2010 4 34732 56 B 3 1)
#5553 FI) ) IBM SPSS Statistics 20.0 #4547
Duncan’ s 1 & # 22 1 B MK 5% ; >R Origin 2021
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ERaDEY P e T ey : e e
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a b d e f

c
{58 B} [4)/min Retention time

A ¥R CK;B: 50 pmol/L MeSA 4b B 50 pmol/I. MeSA treatment; C: 200 pmol/L MeSA AbH 200 pmol/L. MeSA treatment; D: 600
pmol/L MeSA 4 HH 600 pmol/L MeSA treatment. a: 2,2- " F13E-1-T % 2,2-Dimethyl-1-butanol;b: 3 -3-C4-1-B (E)-3-Hexen-1-ol;
c: (E)-B-% il trans-B-Ocimene;d: 3-F13+—4ht 3-Methylundecane;e: 4-1 % 4-Dodecanol; [: 352 i Decanoic acid, methyl ester.

B 1l AEKEMeSARERHEFEEERNSWSHEEEE
Fig. 1 Gas chromatography-mass spectrometry of tulip floral components after treatment
with different concentrations of MeSA

22 SMEMeSAREMMEEARTHRLETEL
MR R E RN

i1 3 ] %, 28 50,600 pmol/L MeSA 4b B j
AR AP A 45 A ) & YW W 1S n L 200 pmol/L
MeSA b3 BN 0 R A 0 A A 5 i A2
% MeSA b HEFZ I B ., 78 50 pmol/L MeSA 4 FE T
AR YR W] 42 R 3 T X R A 11 4%,
£ 200,600 pmol /L MeSA AbH R Bl 5 34 4 %) H 2
1 4.24%.
2.3 SMEMeSAREMMEERFTELTEL
MR R E K200

BB 4 B AL B AR Z Wb 4-+ B (E)-B-2 ¥ i
AR 3 -3- O - 1B B B A A v, 0K 3 3 Pl AE
VR YWNE AR & B i EBALF LY IR

[V JE MeSA b X $6) Jl ( Bes it. eh 181 4]
W, (E)-B-% i H52 MeSA b B SE i it i 3%, A R ve
TR IZ ) B R R 24 S 2 RN, £ 50 pmol /L Me-
SAKFT, (E)-B-% i ) B 15 3 T 4 B4 1)
104%. 750 pmol/L i MeSA 4L BEF , 4--+ —FEF1 )
3 -3- - 1B BB 16 B B e, 00 kv HEAL 7
4.6 451 13.4 4%, H7E 200 pmol/L i MeSA 4L F T,
A I BRI 0T ORGSR R B 1R B
24 SMEMeJARMENEELETELMERN
EMMN

i 11 5 146 2 AT, 200 pmol/L 1Y MeJA 43R
Bl 4 A AL B R WAL HE 13 R 2 43, 3X 5 0 IR 2]
R 235 5 — 3, 1717 50 pmol/L F1 600 pumol/L 4b ¥ J5
B R YA 57 ¥4 B2, 43 50k 11 Fp A 12 Ff
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F1 MeSAWMBREBEELTELVENE
Table 1 Release of volatiles from tulip fragrance after MeSA treatments ug/g
i 1A 914 Fk Compounds name ol qu]’uj /min XFHECK MeSA/(umol/L)
No. Retention time 50 200 600
452 Terpene
1 Bl Ocimene 9.35 1.38 £0.09 20.24 +10.01 10.00 £4.02 6.85 +0.52
2 (E)-B-F#fs trans-B-Ocimene 9.65 33.69 43.90 334.33 £183.07 123.66 £4.22  133.69 +13.29
3 B-fif1H Caryophyllene 20.06 1.51 £0.45 10.21 £5.91 0.41 +0.20 1.99 +0.64
41l Subtotal 36.58 364.78 134.07 142.53
2% Alcohol
4 S-2-HETEE (S)-2-Methyl-1-butanol 2.85 5.38 £2.14 52.16 +£28.23 — —
5 2,2-"HEE-1-TEE 2,2-Dimethyl-1-butanol 4.37 25.66+E7.49 199.07438.07 13.95+5.08 80.42+25.28
6  Ra-3-C-1-F (E)-3-Hexen-1-ol 4.86 14.66 +2.04 196.71 £9.07 11.76 £1.53 60.85 +0.16
7 2-ZE:C W 2-Ethylhexanol 9.19 0.89 £0.29 5.16 £3.10 0.46 £0.37 1.51 +0.48
8  4-1 [ 4-Dodecanol 17.49 292.13 +53.70  1337.69 +104.55 259.66 +£19.41 615.65 +36.80
411 Subtotal 338.72 1790.79 285.83 758.43
B Ester
9  HJLBRMHEE Methyl isovalerate 3.24 2.06 +£1.02 31.28 +28.77 0.78 £0.03 2.73 +0.09
10 2R Hexanoic acid, methyl ester 6.48 0.27 +0.06 5.25 +4.28 0.80 £0.08 2.67 £0.64
ZEERH R Decanoic acid, methyl ester 19.33 2.00 £0.17 8.22 +0.53 2.69 +0.26 3.65 £0.20
411 Subtotal 4.33 44.73 4.27 9.05
JelE2s Alkane
3-H 34—kt 3-Methylundecane 13.47 85.19+12.34 486.92 +32.83 82.31 +24.40  223.96 +£45.11
! 411 Subtotal 85.19 486.92 82.31 223.96
fililZ& Ketone
6-H 3-5-Pifi-2-il 6-Methyl-5-hepten-2-one 8.05 1.62 £0.43 10.26 +2.06 243 +1.14 7.57 +0.39
12 41T Subtotal 1.62 10.26 2.43 7.57
ZEHZE Benzenoids
3,5-H I 3,5-Dimethoxytoluene 16.04 0.93 £0.15 9.20 £2.61 5.34 +2.99 3.22 +1.64
e A3t Subtotal 0.93 9.20 5.34 3.22

1 : Note: — A #:A5 H Not detected, " [d] The same as below.
30001

a

2 000

1 000

TEFER Y S (ue/e)

Total amount of floral volatiles

CK 50 200 600
AL E /(umol/L) Concentration

AN ) /NG R R 7R AN [ b B ) 22 55 i % (P<<0.05) , FIA]. Dif-
ferent lowercase letters indicate significant differences between treat-
ments(P<C0.05) , the same as below.

2 ARREMeSAREFHEFTLEELNSRNE
Fig. 2 The total release of tulip fragrance volatiles after
treatment with different concentrations of MeSA

H &1 6 AT AL, A6 4 ) MR TICEE AE 200 pmol/L &b
PR I8 21 i i {8, Bt B AL B0 4 B AL B HE 2 D1
SRR T 1.6 4% 57 50 pmol/L #1600 pmol/L
(1) MeJA Ab Y5 XIAR 4 AL 7 F2 R ) I R ™= A 1
IV, 3 H 50 pmol/L 59 MeJ A &b 40 ] 55 5
B,

25 SMEMeJARERMEEARMERETEL
LUE=Yig—{=0pA !

i I8 7 AT, 221 200 umol /L MeJA Wit J& ,
IS IS (RS RIS RN AR A F AL R W)
B A T o RIS (2 2 AR 2 AR
200 pmol/L Y MeJA b F Bt 1k 3 fe iy , Hoifl
WA A Y2 MeJ A S0 25 | LR i 2 %ot R 4L 1Y)
3.34% . MRS WAE 600 pmol/L ) MeJA 4b 3 R
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Fig. 3 The content of different kinds of floral components in tulip after treatment with different concentrations of MeSA
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Fig. 4 The content of main floral components of tulip after treatment with different concentrations of MeSA
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26 MNEMeJAREXNMEERX:TERTELR
WRE R = K F 0

ry &1 8 WIS [ vk B 1) MeJA Ab B X 3 Fifp = 2
FERWIE AR o X -3- O M- 1-BEAE A RV B
MeJA b 3N BB 3 b 2514 I, HOBS il il MeJ A
WEI S 2RI LTS (E)-B3-% ¥4 #E 200

pmol/L i MeJA Zb 3 B il 2t 35 31 fe & , S X B4
f93.34% . 50.600 pmol/L Y MeJA X 4-+ 5 ) B
O AT B S B I

3 i it

HEL) A A 2 A ) A 2R RO O A=A ™ 40,
VFZARSTF I A& R A i g AT 2

FEA) b BT B bR . AL FRERAEALO A (B
25 R AR AR M i Tl 55 7 1 A AN (E, Rk
A RAET BT 2 A AR R AT TR 58 408 2
— o ARBFFEAE ] 50,200, 600 pmol/L ) MeSA Fil
MeJA XF Al 4 i B ¢ TE BT A6 2 #E AT Wit , & 30
50 umol/I. MeSA 1§ 200 umol/1. MeJA ¥ r] LA 3E
1S 4 75 A 745 R 1) TR TS, AL 38 o Al v Ak 3
IXTAEA R DR AR R 25 R
WA 1 mmol/L i) MeSA AbBE/NAZ I 1, & FLZ
MeSA 55 24 h , 5 A TGS HE R PR & 1 4 Bk
TR TR B T A A R ) R RS S B A
BIERYRMI SR EER AR E . £
VOl FH 420 mmol /L 1) MeSA Bl 2SI 1, 45
SR TI  THEU 2AS R A 2 AR R W R 28 ROl i
WBA B Ak . Wang 2520 F MeSA Lb B it
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pmol/L MeJA 4b#H 600 pmol/L. MeJA treatment. a:2,2- . H 3-1-T i 2, 2-Dimethyl-1-butanol ; b: JX 3 -3- 2 M- 1- (E )-3-Hexen-1-ol;
c: (E)-B-Z#lif trans-B-Ocimene;d : 3- 1 J+—%¢ 3-Methylundecane ; e : 4-+ i 4-Dodecanol; [: 2% F fif Decanoic acid , methyl ester.
E5 AREREMeJARERBEEEERSNSHEEILE

Fig. 5 Gas chromatography-mass spectrometry

of tulip floral components after treatment with

different concentrations of MeSA

MRS R i W . ABEFEE AN

e B2 1 MeSA A HRAR 4 A 42 , & B 50,600 pmol/L
(1) MeSA 4b 31 4] fi b 35 (2 8 46 75 4 4 Wy R T, i
200 pmol /L Atk BEXS A6 7544 K 1) S5 R AR 52 e AN I
Fo FBCHEI AN TR M BE MeSA A B AS [F] A 42 F
AR R W) B AR R AR — B, i IR BE 9 MeSA 7]
AT 25 b AR HE ARSI T B R

WFFE B, MR MeJ A RERS JH 15 A4 ) SE A e 3k
RV AR (2 b A 0 4 e T A R,
MeJ A BEHE PSR B G AL, 5 S E TR YR
HCE B E R, H 200 pmol /L MeJA kb B i) 4 5 5%
£, M 50 pmol/L iy &b 3 AE ¥ & W B ik f B T
[13) fdi ] 100 pmol /L A0 Y5 25 1 1R Y i A B P
KPR AR SR AR A R W AR, B
M RESE K B, 600 pmol /L MeJA ARBE L 200 pmol /L
MelJA &b FEEE e A7 2 A2 F FH 3 0 3 52 v il 2 4 o 1)
R, WA 1 g 25 R A AH B, 600 pmol/L Me-
JA REFRIH] T W5 R HOR o AR R [ v
JE 19 MeJA X AR 4 7 46 e AT Wit , 28 200 pmol /L
1% 600 pmol/I. MeJA AL G L &1 LW o & 2

FHIIN, 50 pmol /L S HM AR5 LW R . LA

A RER], SME MeJA RefE $EAE Y15 K 0 0 BRI,
(LS T 6 B2 MeJ A Ak SIS L) S [vd) 3852 F) A9 FH AR
Al fEA—%. HAb, Rahnamaie-Tajadod %5 2 BIFFEIIE

52, MR MeJA 4 FRAT DL yE R IR N MV A 845 fl

MEP & 48, Li%E 2058 01, MeJA 4b PR %) T i
SR E WA NGB R DXS . HMGCR , TPS14
SRR FRIK AT A2 23 4 2 SR e v 43 e ME s 2R Ak &
PIALR . BEZEA N (TPS) 4L T2k 59 &
BCR Ui B OCHE RS , S b SR R E B MG, il
FH 100 pmol /L f) MeJ A Ab BE XU #1156 K AT1E
TPS % i % W JsTPS1., JsTPS2 ., JsTPS3 ., JsTPS5 .
JSTPS6 F1JsTPS7 ¥ &% ™ fy el , 1 U5t
MeJA i 1 S L 3E AR Y 40 s, mT DL AE 3 i %

MVA I MEP & 4% I Z Rl 28 4 a6 H i £ 38
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MeJ A RbBEFE AL, 25 50 R E 2 (R IR TR
KWK i BT, IR R R iR R, B



94 LS N AN S o ¢ 5 44
R2 MeJAREEMAEEEEELYRNE
Table 2 Release of volatiles from tulip fragrance after MeJA treatments pg/g
e A4 Rk AR EA 1] /min S CK MeJA/(pmol/L)
No Compounds name Retention time 50 200 600
k2 Terpene
1 B4 Ocimene 9.35 1.38 +0.09 3.65 +1.46 5.42 +0.23 4.42 £2.53
2 (E)-B-% #)d trans-B-Ocimene 9.65 33.69 4+3.90 55.09 +3.33 109.60 +8.82 38.45 +1.75
3 B-fifi& Caryophyllene 20.06 1.51 +0.45 5.23 +3.77 4.92 +3.32 3.03 +0.45
&1l Subtotal 36.58 63.97 119.94 45.90
2 Alcohol
4 S-2-H1 T (S)-2-Methyl-1-butanol 2.85 5.38 +-2.14 — 15.44 £9.44 14.81 +3.35
5 2,2-Z"HH-1-TEE 2,2-Dimethyl-1-butanol 4.37 25.66+7.49 13.42+2.78 20.80+0.47 27.05+8.12
6 J2-3-C 4% -1-B (E)-3-Hexen-1-o0l 4.86 14.66 £2.04 24.82 +1.24 52.76+12.34  102.88 £35.60
7 2-2, 3 2-Ethylhexanol 9.19 0.89 £0.29 — 1.21 +0.05 1.11 £0.14
8 4- i 4-Dodecanol 17.49 292.13 +53.70  160.96 +-26.01 400.47 £29.41 185.87 4+30.52
A1l Subtotal 338.72 199.20 490.68 331.72
[525 Ester
9 SRS Methyl isovalerate 3.24 2.06 +1.02 2.87 +0.08 4.79 +1.45 10.75 £1.40
10 CRHEE Hexanoic acid, methyl ester 6.48 0.27 £0.06 1.05 £0.08 0.65 +0.32 0.94 +0.55
LR H R Decanoic acid, methyl ester 19.33 2.00 £0.17 2.01 +£1.09 2.73 £0.93 2.92 +£0.58
431 Subtotal 4.33 5.93 8.17 14.61
B2 Alkane
11 3-H%+—%t 3-Methylundecane 13.47 85.19+12.34 32.66 +0.88 118.68 £3.70  54.07 +-12.00
A1l Subtotal 85.19 32.66 118.68 54.07
fililZ& Ketone
12 6-HI3E-5-Pf-2-H] 6-Methyl-5-hepten-2-one 8.05 1.62 +0.43 1.58 +0.33 6.34 +2.34 —
A1 Subtotal 1.62 1.58 6.34 0.00
KIS Benzenoids
13 3,5-“HAEFEH 3,5-Dimethoxytoluene 16.04 0.93 £0.15 1.75 £1.26 2.11 +0.11 1.43 +0.37
&1l Subtotal 0.93 1.75 2.11 1.43
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Fig.6 The total release of tulip fragrance volatiles after
treatment with different concentrations of MeJA
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Fig. 7 The content of different kinds of floral components in tulip after treatment with different concentrations of MeJA
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Fig. 8 The content of main floral components of tulip after treatment with different concentrations of MeJA
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Effects of methyl salicylate and methyl jasmonate
on volatile compounds of tulip flowers

CHEN Yuxin, LUO Qiao, PI Xuena, WU Mengyue, HOU Jianqi,
WANG Yanping, CHAN Zhulong, XIANG Lin

College of Horticulture & Forestry Sciences/ National Key Laboratory for Germplasm Innovation &
Utilization of Horticultural Crops, Huazhong Agricultural University, Wuhan 430070, China

Abstract The effects of different concentrations of methyl salicylate (MeSA ) and methyl jasmonate
(MeJA) on the volatile compounds of tulip flowers were studied. Petals of tulip were sprayed with MeSA
and MeJA of 50 pmol/L, 200 pmol/L and 600 pmol/I.. The volatile compounds of tulip flowers were de-
termined and analyzed with headspace solid-phase microextraction (HS-SPME) coupled with gas chroma-
tography-mass spectrometry (GC-MS). The results showed that the volatile compounds of tulip flowers
mainly included alcohols, alkanes, terpenes, benzenes, ketones, and esters, with the highest total release
of alcohols. The content of the six types of compounds showed different trends of changing after spraying
MeSA and MeJA of different concentrations. The release of terpenes increased significantly under the treat-
ment with 50 pmol/L. MeSA or 200 pmol/L. MeJA. 4-Dodecanol, (E)-B-ocimene, and #rans-3-hexen-1-
ol were the main volatile compounds in tulip flowers. Among them, the release of (E) - -ocimene in-
creased under the treatment with different concentrations of MeSA and MeJA. The release of (E)-B-oci-
mene under the treatment with 50 pmol/L. MeSA and 200 pmol/L MeJA was 10 times and 3.3 times high-
er than that of the control group. It is indicated that exogenous spraying of MeJA and MeSA significantly
promotes the release of volatile compounds from tulip flowers. It will provide an important theoretical basis
for selecting the appropriate concentration of MeJA and MeSA to improve the fragrance of tulip flowers.

Keywords tulip; flower fragrance; volatile compounds ; methyl salicylate (MeSA ) ; methyl jasmo-
nate (MeJA)
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