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Abstract: In order to explore the effects of water stress on volatile compounds of grape berries, the
10-year-old table grape variety ‘Muscat Hamburg’ under three different water states were used as
materials. Gas chromatography - mass spectrometry (GC - MS) was employed to analyze volatile

composition, the expression of relevant genes of the berries at different development stages were
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determined by qRT-PCR. The results showed that water stress could reduce 100-berry weight and the
content of soluble solids, there was no significant difference on titratable acid and total phenol of berries at
harvest stage. In this study, 41, 43 and 33 volatile compounds were detected in control, light water stress
and severe water stress, respectively, in which aldehydes were the main volatile compounds, terpenes were
the second, the contents of phenols and esters were at a low level. The total content of volatile compounds
in light water stress was 34.74% and 36.92% higher than that in control and severe water stress at ripening
stage, respectively. The content of esters, aldehydes and phenols in light water stress was the highest, while
the content of alcohols was the lowest. The content of acids and alcohols of severe water stress were
significantly higher than that of the other two treatments. The content of terpenes with rose scent increased
with the aggravation of water stress. Water stress upregulated the expression of VvTPS of berries, but was
not conducive to the expression of VvRiLinNer and VvCCDI. The expression of VvGPPS in light water
stress was significantly higher than that in control, but the severe water stress decreased the expression of
this gene of berries. In a word, moderate water stress can improve berries quality by increasing the content
of volatile compounds of ‘Muscat Hamburg’ grape.
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S B2 B A b A7 T2 T 2 AT 2 X (Chaves et al., 2007). BFRERH, —aEEMN
7K 43 ol AT DLA 5 PR 1) 26 B H 4K (Yuan et al., 2009), #5255 (Santesteban et al., 2011;
Liuetal., 2018; ff# %5, 2019; ME4R 25, 20200, RO /K B2 B2 m i & a5 i 1
KEHARZ — (Fragaetal., 2013). FUSHEEEZMFIPIRE —, HAME, &8 LEE RERE
T s PR MM (B E SE, 2016), IEFEI/K 7 T BT B SR AT A (HN AN AR
AL E WG TR ANE (Leeuwen & Darriet, 2016). Brillante 28 (2018) FIRF AR, K5
38 BT 1 0 ) RS A R T R ), R R g 4 o B AR T R R AR R
B BEAh, K IREIE I Cis - BRI AR S ARERACIE KA SRR, LR
5 RIR/NTEK (Bindon etal., 2007). Wi)EE M (TPS) AIFEA AR ELAL G- ME . B
fEmi sl —as &4, e mi i &Y E R AT I i 24, TPS BRI K% NM_001281134.1(GenBank
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(Sunetal., 2015; E4kJR 5, 2016), ‘BUORAE H& MR8 E LSV IR AR /ER 8 /R
EEPEREIR (MEP) 124, VvRiLinNer (GenBank 3¢5 : JQ062931.1) & HA i3 A (Luan &
Wiist, 2002; Zhuetal., 2014). FEFE LAY SHATEY R —REENIRLIER ML EY), H
K MR ISR N R IUINENF (CCDs) EALBEfErF=4, i rwCCDI (GenBank &3¢ '5:
NM_001280915.1) #iA N7 REK B o b7 I i & AEY & ) SRR (Cooper et al.,
2009; D’onofrio etal., 2018; Zhangetal., 2019).
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1.1 R

IS TE 7 B R BRI T IR E R 3 B 5 %) 7= B AR AR 2K o AR 25 5 KRR 35 B A7 R 56 2
(38.28°N, 106.24°E) #H17, HLilprkl N 2009 FFEtE BUOEE #i4, RUG4TM, PRITEE 3 m x
0.6 m, RAMFRM S . &P H R IEKHA B H LR AFNHE, 101 NEE,
AL 3 ANEE, Bk B A8, FoAth B RS E ) fR R — 2.

SRR THRF (2017) WAL 5k, @SR AT fokH (P, R 2R
FEIZKRAS o T iREeH H o RIb 2, KB EEOR, W, TiEEE] 0~-0.2 MPa, FILZ R
WEAT T (3R 1) et g ME T o) 4 i JE K B, W 9. 0.6 L - h', TAEJG 54 d JFERXT B0
T HEERIEAT K A, RIEEAT 1 IR ZEBEK: XTHRGEEER K 12 h, B AR K 4 h,
HEMIAPHER K 0 he B3 dWE 1 IR Wy, B EHIEKR(EERAERE B FRERE N . It
PR O6HF 10 d SRFE 1K, BRREUCREMEBYT . BHPIT 2 bt SRS AL, &N A ER B LR E 100 Fi
(n=3), SCRIAWREEZ, BT - 80 CUKMHIRAFAFIE o

®1 FELEMRABSERE

Table 1 Reference standard of leaf water potential of different treatments

Ab 3 BT K (¥,) /MPa
Treatment Predawn leaf water potential
XFHE Control -0.20 ~ - 0.40

ZEWrIE Light water stress -0.40 ~-0.60

FHZHiE Severe water stress < -0.60

1.2 RELHERBNE
K A3 AT R RR By & SRS E ok R & R BRI A 2 (B ERFE =71 W g 7T 3 7 IR
(TA) &5, ANEMEEY (TSS) & &% #E X B oA & .

1.3 RIEFELMUEYNE

TSR MEAA YR ERI e S EERSE (2010 777k, R4E 5 5 A0 60— i 1A
X (GC -MS, %4 7890B-5977B, USA) W& 5.

TEEAT ARG 758 OB IR R AR IR SR 15 g, TN 1 g ZCHER M BEntbng e
B (PVPP)R1 0.5 ¢ D - Hi & IR A B 45 B 0 B T4 CUKAEIRIE 120 min. 48 )5 4 *C, 10000 r - min™'
B0 15 min, BREEEE . A& S mL T 15 mL TAASHH, AN 1 g &AL, 5 ul Wix
W) 2 - SFREAIRE D e T B aE , K AEDCRAEAFE R T, B TS T 60 CHRHH
30 min. W PH R AEEOCK B B NS B ERE T, T 200 CAEAT 5 min.

SARERE B E: iR HP-INNO-Wax BAEH: (K 30 m, W1Z 0.25 mm, WEEE
0.25 pm) , #< He (99.99%) , ik 1.10 mL; #EAEFREE: 200 °C, f#EHT 5 min; FHEFEST: 35 C
{54 3 min, BL4 C - min” (IFHEEETFE 120 °C, #3552 min, LA 10 C - min™ fFHEEE L&
230 C. JRIERIMSAT:: GC - MS £ IEE 250 °C, Bl B TEIRE N 170 C, HTHEE A 70 eV,
JEHE I E B 350 V, REHERETEEN m/z 30 ~ 350 amu.
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1.4 5 RNA BERKHEE PCR

FTE8 E 2 e RNA EBGRF & (B0 AD SRV A1 RS2 (5 Fh7) RNA. FIF TranScript
AR % G cDNA. UL Actin AN S H K177 % € & PCR, £ GeneBank H, 4k VvGPPS.,
VvRiLinNer. VvTPS 1 YwCCDI1 WIFESPEFF, B LA T#T 51 fE . 519)F5mnk 2
Fime SRR 2B AT N E BT o

+2 SEREEER PCR IIHF5]

Table 2 Primer sequences for real-time quantitative PCR

R AR BREFRY SF5 (51-39

Gene name Accession number Sequence of primer

VwGPPS AY351862.1 F: AACTGCGGAAGTTTCAATGTTGGC; R: ATGGCGGATGTCAGACAATGAACC
VvRiLinNer JQ062931.1 F: AGTTGGAGAGGATACGCTGGAAGG; R: CTCACCGTGAGTGCTGGCTTTC
VwTPS NM_001281134.1 F: GTCGGGTCAAGTCTTAGCAAGCC; R: GTTACCTCGTCCTCGGGAGTGTAG
VvCCDI1 NM_001280915.1 F: TGGCACTTTCGGAGGCTGATAAAC; R: GGGTCAACCTTTGGATGAGCAGTG
VvActin EC969944 F: CTTGCATCCCTCAGCACCTT; R: TCCTGTGGACAATGGATGGA

1.5 HIELIE

R K F Microsoft office excel 2010 A1 SPSS Statistics 23.0 AT K4 #7, FIH Tukey %33
1T ANOVO 73 #f7 .
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22 KOEBEN ‘KRE RLARMSEN

BEERSLMRE, AEHEEEY (TSS) SEE ETHEas (B2, A). 165 65 d, BN
TSS & &30 2w T X R e, Aefa 75 d WP B A 8 5 Bl i TSS & & XOw B T X iR . &
JG95d, BEMESXMIBLER, BEEMAREMK2.90%, HESEZE. K2, BaJs, £szf
AER (TA) SEERBIND, )5 55~75d, XTI TA 28 K2 BT /K5 M,



PRAARS, AUREE, FKHGEE, stmed, Mm@, & 5%, ER
TG TE S BURA ) SR SHE R A  B AR B R 2R [ .
[d & 54%, 2021, 48 (5): 883 - 896. 887

5 95d, 3 MMEETEESR . HIE 2, CHlHl, RELHkmEREnES, €5 55~65d, HEMIE
AR E R E R TR, 165 75~85d, X ERE IR R, B35 TRy ME4E, &
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Fig.2 Effect of berry quality of ‘Muscat Hamburg’ grape under different water stresses

Different letters mean significant different at 0.05 level. The same below.
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£3 KOWETRRY HRE AERITEXEYRNFHALR
Table 3 Number of species of water stress on volatile compounds of ‘Muscat Hamburg’ grape at mature stage

4R W% B % R mK WEE W% ek mit
Treatment Acid Ester Ketone Aldehyde Alcohol Terpene Phenolic Others Total

X} B Control 8 1 5 7 9 1 2 41

2 FEMA Light 7 2 7 3 8 1 7 43
HEHE Severe 5 1 7 4 3 1 6 33

F4 KOSWETHRAH BRE HERIELUYRSBIR

Table 4 Effect of water stress on volatile compounds content of ‘Muscat Hamburg’ grape at mature stage pg - L'
b3 &S EES LEES 2 (=S
Treatment Acid Ester Ketone Aldehyde Alcohol
X Control 2458 +4.39b 376 +2.13b 48.53£11.09 a 59541+£69.00b  123.39+19.82b
WA Light 21.28+9.10b 594+3.63a 46.70+17.36 a 1054.23+215.11a 874+ 1.04 ¢
HJEME Severe 67.14+16.98 a 3.16£1.93b 24.12£10.60 b 446.73 £45.51 ¢ 133.06 £ 30.63 a
fb 7R [FES [iieS Fofthe it
Treatment Terpene Phenolic Others Total
X Control 400.48 £43.46 ¢ 3.18+1.59b 13.78 £2.84b 1213.11+£146.02 b
2FEMIE Light 44233 +43.07b 10.63 £4.60 a 4475+793 a 1634.60 +277.05 a
HJEMHE Severe 497.98+79.71 a 2.59+0.92b 19.07+7.72 b 1193.85+187.22b
RS KSPHEXN ‘FRE FERILTIRTIEBANEXYRS BT
Table 5 Effects of water stress on the main aldehydes and esters content of ‘Muscat Hamburg’ grape during maturity pg - L

FLES WwEY M AN[EI A X B Relative content

Species Compound Treatment 55d 65d 75d 85d 95d

(2 2 - CUEE Xt Control 13284+ 11.52a 137.72+11.98b  464.06+63.16a 596.72+91.84a 509.48 +45.00 b

Aldehyde  2-Hexenal R MHA Light 13234+ 1847a 144.01+£27.15b  448.62+38.87a 580.46+85.53a 896.03 + 13538 a

F/Z WA Severe  111.00+9.80b  210.02+1826a 429.79+37.86a 335.69+29.11b 262.26 +62.31 ¢
2,4 - QMW 4R Control 2249+9.17a  2140£2.76a 1429+243 a — —
(E,E)-2,4- 2 JF i Light 2293+294a  19.01+£6.03a 19.58 +3.65a — 38.73+8.96 a
Hexadienal FEEME Severe  14.01+19a 2495+434a 13.17+3.25a — 38.76+4.13a
o I Xt Control 235+1.56a 2.04+0.66 a 340+£206a  4.61+136a 9.00+2.84b
Benzaldehyde %% 8 Light 1.80£0.50 a 261+1.82a — 416£0.86a  11.91+£4.09b
H A Severe 3.02+1.0la 262+123a 2.54+049a — 27.47+12.65a

gk -2- 1 & Control — 4193+4.53a 11.10£2.38a 1292+3.63a  2451+235b
ST 12 REEHIE Light 3.03 +£0.83 3.84+1.85b 1149+851a 1221+445a —
(E)-2-Hexenal ~ HJZJHHHE Severe — 589+£1.70b 10.12£575a  — 43.44+10.07 a
2-FIERFRE X Control 1291+£2.19b  2098+8.63a 1578 +4.50b  — 34.59+10.50 a
2-methyl- 2 JF i Light 18.99+£585ab 21.08+4.0la 2251+477a 3587+6.66a —
Benzaldehyde — HJEHjif Severe  20.34+1.99a — 2290+4.51a 2450+3.73a 4933 +8.86a

[EES TZMR_=2ZBE X Control 57.59+1228a  636+244a 1687+2.74a  — —
Butanedioic 2 FE A Light 23.62+2.87b 3.09+031b 7.69+1.77b  1.71+029a —

Ester agid, R Severe 10.24 £2.00 ¢ 2.68 + 1.48b 3.14+1.63¢c  0.85+0.10b —
diethyl ester
IR ¥} & Control 5.59+0.61a 5.70 £ 0.66 a 7.84+226a  648+1.04a —
Decanoic acid, #2ZJHHE Light 507+131a 434+046a 763+180a  589+1.58a —
ethyl ester HEPiE Severe 511+£045a 443+ 141a 6.12+397a  3.79+0.79a —
KGR XTHR Control 547+1.69a 418+042a 353+£267a 4.68+1.75a 3.76£0.70 a
Methyl Z Wi Light 471+1.55a 3.62+0.69 a 419+0.55a  491+£137a 480+ 145a
salicylate i Severe 4.09+398a 4.16+1.09a 3.69+1.80a 3.07+293a 3.16+045a
SR HEE X Control — 0.64+025a 0.93+0.08 a 1.88+1.08a —
Zr T B EE Light — 0.71+0.19a 1.06+0.74 a 1.65+0.69 a —
1,2-Benzene-  HFEHiE Severe 0.72 +0.50 0.88+0.12a 1.11£0.10 a 0.97+0.82a —
dicarboxylic
acid,

bis(2-methylpr
opyl) ester

TE: BEeEE £ lEE (n=3) FoR, ARG FREFRRZERIET 0.05 BEAKF. T,

Note: The data are represented by the meantstandard deviation (n =3) . Different letters mean significant different at 0.05 level. The same

below.
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Table 6 Effects of water stress on the main alcohols and terpenes content of ‘Muscat Hamburg’ Grape during maturity ug - L'
sk wE posil A HIAEXS £ i Relative content
Species  Compound Treatment 55d 65d 75d 85d 95d
e BN X% Control 7937+1536a 23.01+564a 38.79+6.82a 1456+432a —
Alcohols  Phenylethyl alcohol 4% EEJiii# Light 40.76 £9.85b 13.01 +£1.29b 2822+692a 12.13+4.32ab —
MG Severe  24.52+3.79c¢  11.62+£1.66b 16.06+3.32a 7.06+1.10b  —
2- ZHECORE % & Control 089+040a — 1.57+1.63a 121+020a 269+150b
2-ethyl-1-hexanol 2 A Light 0.50+0.37a 0.46+0.08b 1.49+1.082a 120£0.20a 6.36£2.41b
HJEHE Severe  0.70+0.38a 0.56+0.11a 0.57+035a 0.66+0.41 a 21.09+2.48a
3,7- ZH#-1,5, X Control — — 2145+5.14ab 55.14+98a 109.61 +28.09 a
T-¥=MG-3-B RFEMMNA Light  — — 2490+392a 57.72+739a —
3,7-dimethyl-2,6-Oct  FEE}HE Severe — 1.32+027 1579+£221b  2695+4.65b 71.45+30.13 a
adien-1-ol
POEMEIR - 2 - FHEE X EE Control 3892+88la 1410+£3.32b — — —
Tetrahydro-2H-pyran 32 iE Light  28.81+6.63ab  16.55+5.48ab — 1.89 +0.80 —
-2-methanol HIE MG Severe  21.21+1035a 2545+43la 7.06+1.72 — 14.56 £ 3.61
7 X} % Control — 137+137a — — 148+091a
Benzyl alcohol REEMME Light  — 127+0.16a — — 238+0.55a
HE i Severe  — — — — —
IE g S H& Control — — 0.50+0.15 — 2.45+1.06
1-Hexanol 12 FEMIE Light 0.83 +0.54 0.75+0.50 — 1.05+0.22 —
HE A Severe  — — — — —
MR TR X Control 15.82+£3.85b 8.15+093a 53.53+11.13a 148.18+16.04a 238.72+5620b
Terpenes Linalool 2 PEEWME Light 25.09+598 a 10.80+1.35a 49.94+693 a 135.16 £ 17.00 a 337.79 +43.27 ab
A Severe  17.16+4.44b  10.70+£3.93a 38.97+6.42b 94.50 + 13.31b  434.69+56.31 a
o = T A T %} % Control 1151+1.77 a 838+130a 16.90+2.65a 50.93+18.19a 86.34+7.65a
a-Terpineol 12 FEMIE Light 15.06+521a 9.70+£229a 18.71+3.15a 4570+£19.82a 5449+12.51b
A Severe  15.69+1.98 a 920+1.73a 15.69+3.82a 30.95+13.92a 57.69+6.33b
B %} % Control — — 571+£098a 1191+2.19a 6.95+271a
Geraniol 28 Light 6.75+227a  4.09+145  558+0.78a 1226+3.19a 6.84+147a
H F il Severe 585+2.04a — 6.56+128a 898+ 1.11a —
i = A Ak 55 A X Control — — 1.08 +0.97 227+1.03a 2.15+021b
cis-Linaloloxide 1ZRERRIE Light — — — 1.99+0.84 2 224+1.08b
HF i Severe  — — — — 5.60+145a
ViR X Control — — — 238+0.63a 22.68+2.05a
S-Myrcene 2 PEEWME Light 1.02+0.09a — 4.69+0.76 410+0.71a 11.51+191b
il Severe 094+027a — — 289+1.55a —
i AT I X Control — — — 3.04+240a 28.77+4.06a
D-Limonene 2 FEMA Light 1.57 + 0.41 — — — 17.10+2.74 b
HE A Severe — — — 199+090a —
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Table 7  Effects of water stress on the main acids and ketones content of ‘Muscat Hamburg’ grape during maturity pg- L'
sk a4 yisiil AN[E S AEXS & & Relative content
Species Compound name  Treatment 55d 65d 75d 85d 95d
[i7ES i %} Control 280+2.07a  1.77+1.17a  281+1.10a  3.05+1.12a 11.75+1.66b
Acids Acetic acid 12 FE A Light 2.38+0.37a 1.69+0.78 a 3.05+2.05a 345+146a 1028+0.89b
A Severe 203+035a  1.88+022a 258+15la 1.85+129a 2676+3.83a
R %} Control 047+040a — — — 202+ 156a
Formic acid 12 FE A Light 054+033a — — — 1.48+£0.68 a
il Severe 046+0.15a — — — 193+137a
TR Xt & Control 1.84£0.19b  270+025a  291+095a 435+08la 1.12+0.88a
Geranic acid 12 FE A Light 376+133a  290£037a 322+136a 439+1.65a 143+£025a
R E Severe — 251+049a 3.13+1.63a 3.12+1.15a —
b7 %} Control 556+1.63a  423+£04la 461+1.58a 3.66+£177a —
n-Decanoic acid 4% il Light 454+0.61a 2.75+0.90 a 434+161a 299+0.69a —
MG Severe 3.76+0.88 a 319+183a 351+142a 202+0.18a —
BN ) %t & Control 0.83£021b  141+051a  124+020a 2.03+140a  0.56+0.42
Nonanoic acid 12 FE A Light 1.14£0.10ab 1.31+0.51a 1.51£0.192  2.06+056a —
FEE MG Severe 1.47+034a 1.45+0.60 a 1.59+1.04a 129+030a —
R %} Control 21.55+4.76a  455+0.58a  8.02+4.02a  223+£050a —
Octanoic acid 12 FE A Light 1047+895b  234+042b  4.62+091a 1.79+1.88a —
il Severe 574+148b  187+0.76b  2.65+097a  094+079a —
&t %t Control — — — — —
Hexanoic acid RJ¥HME Light — — 2.11+0.24 — 593+32la
HERE G Severe — — — — 9.57+6.44a
KR X} & Control — — — — 8.07+3.17a
Benzoic acid RJ¥HE Light — — — — —
H A Severe — — — — 23.51+16.36a
FE R it ## Control — — — — 1.06+0.34b
2-ethyl-Hexanoic 4% iifl Light — — — — 2.16£0.50 b
acid HZ il Severe — — — — 537+24la
LGS PN it B Control 890+534a 19.85+7.82a 2149+729a 3392+1439a 3246+1895a
Ketones Damascone 12 FE i Light 1122+491a 31.30+£9.65a 31.30+9.65a 3329+5.15a 26.62+576a
A Severe 1456+3.60a 24.16+7.76a 3329+4.89a 1938+7.26a 13.69+2.65a
2 - ML AE R Xt & Control 139£0.19a  094+0.62a  1.32+033a  1.03£045a  1.11£090b
2-Pyrrolidinone 4% il Light 126£0.19a  1.29+027a 129£0.19a 1.04+£047a  2.02+1.61b
il Severe 1.14+0.14a  057+0.08a  0.70+0.17b  0.71+£0.19a  4.79+0.83a
1- ZBE -2 -t % Control 250+£135a  206+1.04a 2.60+023a 3.04+17la 514+054a
LS 12 FE A Light 246+1.70a  3.00+1.74a  3.00£094a 297+0.82a 7.11+1.20a
N-Acetylpyrrolid ~ H & il Severe 250+024a  2.00+1.68a 1.92+0.77 a 1.80+029a —
one
= i %8 Control — — — — 2.54+0.86a
2-Octanone 1A Light 1.87£0.71a — — — 3.86+0.98a
FPEME Severe 1.51+0.13a  1.59+0.15 — 1.23+£0.41 —
4 - FHORREA %R Control — — 077+033a  175+025a 2.01+037a
1-(4-methylpheny 2 E/iE Light — 1.23+0.18 123+042a  148+04la 212+1.55a
1)-1-Pentanone H B Severe — — 0.73+0.17a  0.67+022b —
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Table 8 Effects of water stress on the main phenols and others content of ‘Muscat Hamburg’ grape during maturity pg - L
% & FRR P A [FIE WIAH XS 7 & Relative content
Species Compound name Treatment 55d 65d 75d 85d 95d
iieS 2,4 - TRUTEXR X Control — 3.02+1.43a — 332+ 181 —
Phenols 2,4-Di-tert-butylphenol 2 FZ i Light 2.53+1.06 2.56+0.23a 3.03 +0.49 — —
H MG Severe — — — — —
3,5 - TRCT 52K S H& Control — — — — —
3,5-Di-tert-butylphenol 2 i Light — — — — —
H A Severe  2.82 +0.83 3.15+0.59 3.55+1.82 — —
2-(1, 1 - ZHHEZHE) X Control — — — — 3.18 £ 0.62
-6 - (1 - )R BEMIE Light — — — — —
[} HEEMME Severe — — — — —
2-(1,1-Dimethylethyl)-6
-(1-methylethyl)phenol
4,6 - ZUT HEA 2 = X Control — — — — —
) 2 FERfIE Light — — — — 9.16 +2.55
4,6-di-tert-Butylresorcin H )il Severe  — — — — —
ol
3,5- 4% - Ky S H& Control — — — — —
3,5-diethyl-Phenol 2B Light — — — — 1.47+0.97
H MG Severe — — — — —
At 2,1,3 - HIFmE %t Control 1.14+0.13a  2.08+022a 148+02la  335+153a —
Others 2,1,3-Benzothiadiazole £ JE il Light 1.62+093a  1.89+028a — 3.87+0.72a 547+1.18
H B Severe 1.69+021a 234+0.68a 2.17+0.38a 255+030a —
JRERET Xt Control 467+2.02a 195+033a — 1.96 £0.17 —
Valeric anhydride 2P WME Light 419+146a 221+090a 206+064a  — —
FEE Severe  2.71+£093a  3.11+£049a 0.73+032b  — —
of 2 A %} #& Control — 239+0.72a 235+038a  481+073a 425+044a
1,4-dimethoxy-Benzene #2Z i Light 226+ 1.34 235+137a 305+07la  5.18+144a —
HEEMHE Severe — 2.89+0.31a 3.14+143a  335+1.08a 397+124a
it - ke % 4 Control — — — 0730442 —
Propyl-Cyclopropane 2 Ji# Light — — 0.81+037a  — 404+132a
HEEMHA Severe  0.52+0.06 — 0.61+029a  050+0.11a 549+1.14a
TR XFHE Control — — 146+0.15b  2.08+0.76a —
Oxime butanal BEA Light — — 1.51£0.18b  238+£0.62a —
EEMNE Severe  — — 1.64+0.14a 120+037a  3.59+0.88
2.4 KGHMBX ‘BERE BEEFSYREREXERRIEHFMW
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Fig. 3 Effect of water stress on volatile compounds biosynthetic related genes expression in ‘Muscat Hamburg’ grape berries
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