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The effect of climatic factors on the green leaf volatiles in Cabernet Sauvi-
gnon grape

LIU Menglong, LI Xiang, GAO Zhen, DU Yuanpeng’
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Abstract: [Objective] Volatiles are one of the essential indictors for grape quality, among which green
leaf volatiles (GLVs) are the highest in grape berry. Volatiles are mainly affected by the climatic condi-
tions of producing regions, but there are few studies on the key climatic factors affecting the formation
of GLVs. Herein, we explored the effect of climatic factors on the GLVs in grapes. [Methods]In this
study, Cabernet Sauvignon grape (Vitis vinifera L.) with same maturity level from seven different re-
gions were collected in 2018, and the volatiles profiles of the grapes and meteorological characteristics
of different regions were analyzed. Further, the key meteorological factors affecting grape GLV con-
tents were screened by correlation analysis. [Results]Zhangye and Gaotai regions had longer sunshine
duration, larger temperature difference and less rainfall compared with the other regions of Cabernet
Sauvignon production. The regions of the Jiaodong Peninsula (Penglai, Laixi) had the shortest sunshine
hours, the highest average temperature, and the lowest temperature difference. The meteorological con-
ditions of Yinchuan and Huailai regions were similar, with lower sunshine hours than Gansu producing
region but better than the Jiaodong Peninsula, and the mean temperature was higher than that in Wuji-
aqu, Gaotai, and Zhangye regions but lower than that in Penglai region. Grapes from the seven produc-
ing areas could be divided into three clusters according to their volatile characteristics. One cluster in-

cluded Zhangye, Gaotai and Laixi regions; another cluster Yinchuan and Huailai regions; and the third
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cluster Wujiaqu and Penglai regions. Cabernet Sauvignon grapes in Penglai region had a high content of

C6/C9 aldehyde volatiles, including 2-hexanal, trans-2-hexenal and trans-2-nonanal. Compared with the

other regions, the content of aldehydes in Yinchuan berries was lower, but contents of butyl acetate and

1-octanol were higher than that in the other regions. The contents of ethyl acetate and ethanol in Caber-

net Sauvignon berries in Zhangye region were higher than in other regions, and its aldehyde volatiles

was higher than in Gaotai, Laixi and Yinchuan, but lower than in Penglai region. [Conclusion]Large

temperature difference between July and September in the growing season is conducive to the synthesis

of C6 esters, and high sunshine hours from July to September in the growing season is favorable for the

synthesis of C6 alcohols and C6 esters.
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Table 1 Geographic locations of seven
sampling points in China

A WA
Longitude and latitude ~ Altitude/m

7= Hb Region

SHTEE 1L Wujiaqu, Xinjiang  43°27'N,87°11'E 19285
H il 4 Gaotai, Gansu 39°22'N,99°5'E 1333.4
Bt 5Kk Zhangye, Gansu 39°05'N, 100°17'E 1462.3
5 5 41| Yinchuan, Ningxia 38°28'N, 106°12'E 1111.6
PR K Huailai, Hebei 40°25'N, 115°3'E 572.1
111 %3 % 3¢ Penglai, Shandong 37°48'N, 120°46'E 61.8
111 4 3 74 Laixi, Shandong 36°54'N, 120°34'E 77.8

X6 SR SIZ i B (D ST, % 7 i SR S ) T A MR B
AR AR SRR e T 5] BH T
AN BATH, BN P2 1S5 R A T 10 kg %) R L H T-#%
FFRFR I E -
1.2 BSESNE

P R AL A B $ BORTI 58 5K A B R R B
L IREAT TR BARPIRIT K 2R A
RS 100 g 75 & IS ROk R, N 0.5 ¢ PVPP
(UK ER I L s e P, 4170 1) 13 25 2846 D #1105 g D —
7 % B R PN TR (DR BE G VE D . 4 CERE 4 h,
4 °C 4000 r-min" &> 15 min, Y05 FiSW. BEE,
H# 10 mL 7t 1 g NaCURy AR (B IEAE i #8738 Fl1 3 pL
b (2- 1, 0.822 g - L) IR A N 20 mL /Ml
o, B R D3R 2 s Rl ol i e A o

i it AOC-6000 H ZhHEFERS (H AR ZHS, 5
A1 B B T 75 [ AH AR B (HS-SPMED 2 B SR SE 77
K. SPME £F4E(50/30 um CAR/DVB/PDMS, Supel-
co, Bellafonte, PA , USA) 7F £ B F1 42 1 1l i i i B4
7E GC HI 33 LVEAT T JE (250 °C, 40 min) »
SPME £f 4 % & 7E A% i 11 %% 40 min, 35 ‘C 4 fF M
HY 40 min. HUFE )5 , % SPME £F 45 46 A GC 34 2%
H L, £E 250 °C R A 5 min, A4 A o

R FH = 2 U 2R FF SR 8335 S5 1% B FH X GCMS-
TQ 8050 CH A T #, &) X K MG Pt AT 43
Mo RHEANEFGtx - 5 ms,60 mx0.25 mmx0.25 pm,
HAR S, BEHO TR (FS0O L1 mL - min JiE
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FERARIR B E 40 C, 45472 min, %8 /5 LA S °C -min”
1) 38 B N #2230 °C, i J5 4E R AR 230 C R RF
5 min. J5T U A B YR IR 43 0 % B N 250 'C I
230 C. Frike 1 HEEED, H 5 70 eV,

4 B G X 8 N m/z 30~450. fi ] NIST Al
Wiley 2 /N SCPEX &ML ST %52 . TEA LT
IS R E T — RV C7-C27 IE M JGe J br HE i
(Supelco, Bellefonte, PA, USA) , LA+ 5 I £ FH F5 %k
(RD . @i 5 NIST2011 3/ 1) RT A5 3% b4, 46
TR EY . & H 5 & L E
(NIST/WILEY) £ % J B2 R 73 #r , P 456 AH 5% SCRR
BEAT N AT 5 D\ B R 0 1) AN 22 1 43, X
T B AR ABLEE (SD KT 60, H 3 ¥k E &2 4346 21 1) 9
o RAMEAE— ke &, W3R EEFEE
HNESYRARX &
1.3 JBEHMSKSEBIIRE

I8 3 A R G 5085 M Chttp://data.cma.cen) 3L
RG] B FHoAh DR Gt B T BN 7 AR
BRRFE SR S, R E RS 7—9 A1
H 257« H SRR B s B 2SSO e
FE  H BRI A, DR 53k 55 2 26 5 TR
1.4 Fitoh

{# F SPSS (V20.0, IBM, Armonk, NY , USA) ¥k
AT Gt AT B UEE Ja 4 SPSS AT HdfE
— Ak J5 #EAT 3 RS 3 A, Bl JS H Microsoft Excel
2016 1E . SRS INIAL | B IR I A 5% R B 0 LY O
B 70 #r B # B Omicshare = *F & % ] Chttps://www.
omicshare.com/) . LK 27 Z MR XS E 20 2=
Kt (p < 0.05).

2 AR50

2.1 BFEMSIRZARILLR

JIRGE T A IR TR RAE SR SR RRAE , A 2K
G EPE M (http://data.cma.cn/) K& T & P2 7—9
HIARSEE . BARERW, AR B GE3E, 3K
PG R 35000 B2 B B v T H = . S B AR
B B A BE RO, P IR AR — . BRI ATR
K B 3505 B8 9 AR ARA , 1T A SRR A S5 R B . AR ARLTE
AR IAE A SRR T T, a0 e il KR
MG AR o AEAF— TR, A1 7™ i (1) A RO I
W T HA 7 b . TR SR R AR
By GESEIETE) I AR FE ey T HoAh = . TR IR
TRA = B AR B I A HAE 55% . TEFF TN
77, 8RR )1 H 7E 2018 4F (Y B W B £, IX #
456 mm; PR FESE SR TE I PR A A — 2, # A
300 mm /o A7 o KR A FE RN K A 77.4 mm.



A5 1139

R g, 55 R BT R REER AR S GLVs /U

1893

TEUR 22 J7 THT £ 7= M R 22 45 BN HE AR < 1
G > > K IR >R >8I >3 > %5k, H
s A IR 2ZE AT I 13.97 C L EEE SR e
98.44% , L3V 157 57.32%

T B AT AR 2 B RT LAAS BN AR A
KGR T AL . 7 AP o 32K, 1
PR T 5 1 R PR IISEVE FE 3 VAR )1 AP R = i
2R T y PR KA = A, KR
B NS 3. PR (A ) SRR AR S AR I
PEATE 2 AR A SR B e R, E R
2 H R B AR, B E 2018 4F 1 % 1 &9 il
KA G 489.15%.317.38%, 3 HAE 74
FEH RN R 2 . G B AL SR BT
RRNGOLAN « 57K o AH S B I B dAE X I B2 4
br SEGEAE y Bl OE - A, 5 FvEE A O 1 i FE 3 b~
Po)U EE A v it A RO S5 b 32 B R AR A x Bl IE

e, H R BORR 22 32y S R R T

LR R A AT H, 2018 SR 1 5 77 HL S A%
REAE QT < b 3 A7 A A0 119 7= M A% 5% R B2 D AR
Lo 5K = e L B R SRR 22 B e T
fib =1, B RN SR IAAC T AR M AR = b G
S SR PO I H R o, T3 AR R e TRE
N o AR TR SR 77 i 1) S 2% A SE AR ABL, H RIS
T BB T AR A B 7, AR KR 3 TR
FEm T R ma R B T 5k Sl
Ho HTEE TS M ER R L BRI S R i
A AR BT HoAth = . PR D, H G
FAHAR TR e s, S AR 5 3ETE FF o
22 FFMABERRLFTSEASEER

IR iR & SE 17 M (R 3, Rk i
BAESALS B, MR AR EE A 130 Jhig

*2 EAEMSKRERITE

Table 2 Comparison of meteorological parameters of seven regions

AR BH HRE (A=) S R Mk K Ei
Meteorological parameters Wujiaqu Gaotai Zhangye Yinchuan Huailai Penglai Laixi
“FH53E S Average temperature , Tave/'C 13.46 20.83 20.27 21.67 2221 25.03 24.66
1 il Maximum temperature , Tmax/C 19.74 28.45 27.46 27.38 27.90 28.82 29.66
I fIC I Minimum temperature , Tmin/C 8.77 14.48 14.37 17.05 17.44 21.78 20.78
H %R Growing degree days, GDD/C 386.70 1.002.50 951.20 2158.80 1129.40 1087.80 996.40
FHXHE ¥ Relatively humidity , RH/% 57.53 54.73 53.22 61.77 69.01 71.76 79.88
H #&I1) % Sunshine duration, SD/h 662.90 805.00  780.80 729.68 748.50 730.40 687.90
[% 1 5 Rainfall/mm 211.30 109.30 77.40 456.20 325.60 319.00 303.70
W5 BN Active accumulated temperature , ACT/C 1 180.50 192220  1870.00 1 999.40 204940 211270  2058.20
i 22 Temperature difference, Td/'C 10.98 13.97 13.09 10.33 10.46 7.04 8.88
H:HRESHIIN 79 it
Note: All meteorological parameters are calculated from July to September.
7353 Bl Score plot 03 #4 &l Loading plot
207 . . [%F & Rain fall@| @ AAXTEE RH
s b ® SV Laixi 02 b
: ® 3% 3¢ Panglai ’
1.0 r
= ~_~ L =] N=l 3
S @)1l Yinchuan & 01 @ % Tmin
a ® T Wuji 0.5 ® o S R ‘
S L5 Wujiaqu @ 13K Huailai & . ()(}T)/ o @ IR IE Tave
Ny . \ \ 00 , = L 90 . . l; . h | )
S 60 4.0 -2.0 00 2.0 < 0.0 00 0.05 0.1 015 02 @025 03
3] -0.5 F 3) K AP
£ & 0.1 r %gj\% 5 =il Tmax
-1.0 W
-15 02 r
2.0 |®@ 7KK Zhangye ,
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Fig.1 Principal component analysis of meteorological conditions in seven regions
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Table 3 Comparison of volatile compounds of Cabernet Sauvignon berries in seven regions (ug-g"h
(i FiE s N =) KA ok R B
Volatile Wujiaqu Yinchuan Gaotai Zhangye Huailai Penglai Laixi

PR HiERI& 4 Fatty acid pathway
S H-2- U (E)-2-hexenal 509.29+£35.13 ¢ 551.5943.31 ¢ 549.69+32.03 ¢ 651.3+25.46 b 400.51+21.60 d 738.61+34.06 a 549.34+13.64 ¢

CLl% 2-Hexenal 361.26+35.27 ¢ 404.70+14.47 ¢ 392.79+36.63 ¢ 475.47+35.55 b 312.68+17.02 d 541.09+27.71 a 389.33+14.05 ¢
T-B Nonanal 23.9243.74ab  26.74+734a 18.3243.08b 22.18+0.14ab 20.10+£2.17ab 26.4842.80a  20.29+0.95 ab
B M5-2,6-F — )i 5.04+4.83a  1.02+0.02a 147023 a 4.04:0.77a  1.56+0.20a
(E,Z2)-2,6-nonadienal

2-CLJ#5 % 2-Hexenal 9.0241.45¢  16.57+3.44b 14.15£3.10b  17.22£1.76b  10.05£1.67c 21.54£1.02a 14.94+0.69 b
%[ Decanal 9244528a  9.02+2.70a  6.42+129a  9.04+1.22a  9.83+3.23a 10.83x1.72a  5.91+0.72a
JEl% Heptanal 4.10£0.98a  2.70+0.57b  2.50£0.53b  3.38+0.44ab 2.37+0.34b  4.30£0.56a  3.47+1.11 ab
J -2~ % (E)-2-Nonenal 3.77+181¢ 7.84+1.78b  2.67£0.66¢c  7.32£0.88b  3.06:0.64c 12.41£1.28a  6.46+£1.20b
J23X-2-JEJ# % (E)-2-Heptenal 0.88+0.24ab  1.112021a  0.54+0.05b  0.91+0.61ab  0.51£0.31b
J23-2-2F J# % (E)-2-Octenal 1.1540.47ab  0.31+0.07b 1.92409 a 1.54+0.16b
1- 4% 1-Hexanol 721+091ab  8.12+3.72a  3.45+0.84b  6.91+029ab 7.53+3.13a  3.42+0.88b  5.38+1.10ab
S H5-3-1 1-Octen-3-ol 1.11+0.26 a 0 0.98+0.08a 0.86+0.23a
S -2-58 M- 11 2.04£0.11 a 1.84+£0.58ab  0.96+0.39b  1.52£020ab  1.22+0.22ab  1.66+0.45 ab
(E)-2-Decen-1-ol

T T 5 Butyl butanoate 2.67+0.43a  2.40+047a  2.59+£0.58a  2.21+0.38a  3.30£03a 2.72+0.14 a
R .1 Ethyl acetate 11.07+2.93a 5.82+1.19b

W ] i 1.46£0.29 bed 1.82+0.36 abc  1.98+0.19ab  1.30+0.14cd  1.24£0.69d  2.09+0.25a
Propanoic acid, butyl ester

M2 T T Butyl acrylate 9.95£3.55 a 6.33£1.31b  7.09+1.18ab  6.00£0.86b  6.25+0.64b  7.79+1.02ab  8.68+1.42 ab
5 IR JFi8 %% Isoprene pathway

ZRIE S Theaspirane 3.44+1.20a 1.61+0.95a

¥4 Limonene 2.19£022bc  1.90+0.59bc  2.08£0.54bc  1.71+021c¢  2.7530.94bc  2.91£0.60b  4.43+0.36a
TS A BH Geranylacetone 1.34+0.48 ¢ 2.35+0.17 be 2.28+1.13bc  2.34£0.58 bc  3.63£0.44 a 2.69+0.24 ab
FF 3 B M5 Methyl heptenone 2.01£0.00 a 5.53+1.55a  3.36£0.00a  4.9+0.99a 3.45+0.95a  4.78+1.45a  4.74t1.12a
HIA i Cedrol 0.74+0.09a 1.86+1.14a 1.46%1.15a 1.81+1.67a
FHEBBE Amino acid pathway

Z.%: Ethylbenzene 63.48+2040a  3.35£023b  4.41+0.99b  3.7+0.79 b 3.55094b  426£037b  5.28+131b
A8 F 2 0-Xylene 47.96+13.89a 14.25t1.85b 15.08+3.31b  14.6+1.72b  14.64+3.54b  15.56+0.55b  16.8+2.74 b
% Toluene 27.75t11.45a 18.95+2.16a 23.55+4.57a  20.61+2.00a 18.03£3.83a 23.43+0.62a 26.41+5.10a
I 7 Styrene 40.736.92a  1525+2.64b 14.7442.62b  15.80£1.90b 17.03£2.18b  17.49+2.84b  15.11£0.25b
i) =2 26.70+5.75 a 6.47+£0.67b  7.54£1.45b  6.81£1.59b  10.17+4.5% 7.08:0.95b  8.28+1.28 b
1,3-Dimethyl benzene

%j Fluorene 12.26+2.53a 6.95£0.68 ab 10.02+4.88ab  8.37+0.52ab  5.60£0.95b  8.45+1.53ab  8.96+6.35 ab
B Anthracene 5.00£1.39a 4.11+2.17 a 3.41£0.05 a 2.35+0.16 a 3.61+0.28 a 438+3.18 a
T 2K FERIR Dibenzofuran 5.18t1.06a  2.75+045a  3.86£1.02a  3.72+0.8la  423+246a  3.18+0.14a  3.11+1.29a
2-Z2.3E-1-C0FF 3.85£0.53 a 3.31£0.45abc  2.35£0.31d  2.88+0.51bcd 2.13+027d  2.41+034cd  3.63+0.84 ab
2-Ethyl-1-hexanol

Al 2, 5 1 % 2-Ethyl toluene 1.9740.11 a 1.65£0.08a  2.04+0.74a  2.03£0.32a  1.72+0.53a  2.16+0.32a  1.84%0.11a
J& i Acenaphthylene 3.60£0.76a 3.4l1+l.6a 3.84+0.57 a 2.8240.77 a 4.85+1.00 a 4.66+£3.63 a
J& Acenaphthene 1.69+£0.91 a 2.85+1.81a 2.25+0.84 a 1.80+0.67 a 2.93+1.31a 2.09+0.70 a
2- L3k 1- 24 0.76£0.12a  1.47£0.19a  0.724038a  0.81:028a  1.42+122a

2-Hexyl-1-decanol

T [F A B AS R NS AR LA R 25 22 5+ (p < 0.05),

Note: Different lowercase letters within rows indicate significant differences according to Duncan’s multiple range test (p << 0.05).
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