2O Z R 2023,40(7): 1374-1385

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20220713
TEAETFHXEZWARNIRME
R REmBRERME
T TLRBEBELFHET, IR

P EORZAEE BT AR 7500215 27 KSR Rk 22228 4R )11 750021)

# Z:(BEMHERHE LI REARR T X2 I 4 RS A R IR R a5, TR KR TR
BRI AL U L AR YL B L 8 77 X (ZBB, Bk L, BRI L B2 E T X (YQY, Wb L, 2R E B D /S
W72 X (GZS , VR AES &, PHRSIE )3 A7 [X BS 22 TN 88 280 i, A R Y AR €03 - ot 3% 16 FH (X Cultra performance lig-
uid chromatography tandem mass spectrometry , UPLC-MS) il %€ %] 4 5 SE & & il 72 A0 5 Bz 5 PRI Fl 7 o I 75 1% Cab-
scisic acid, ABA) .4 K %% (indole acetic acid, IAA) . 758 & (gibberellic acid, GA,) 5 )7 IR 14 (isopentene adenine , 2-
IP) A 30 F K A% (trans zeatin riboside , tZR) 2 12, i i 808 AH €4.1572: Chigh performance liquid chromatography ,
HPLC) I 7 7] 4 5 52 o 3 45 0% L SF0H PRI I AR & i . K SEHY %€ 9% %8 & PCR ¥4 (quantitative real-time PCR,
qRT-PCRO il it v BRACUT R AR AH G B R ik i I R e 2 T # & R LA K K G i, A ABA S EAEE-L
356 WA B ME , GZS 5 7 s GA A RM7 AR 34 TAA & Bk 2 R %4 E-L 35 2 J5 Fh -7 TAA 7ERHR K
SPIFS R 2-1P FrEml B SRR N . 3T R E 2 I A R LS HA N E S EAEE R B
BN . AR RHIE ST, SRS AR SR TR 5 B 7 53500 ZBB i s S EUHE CROBE R 7 =
A ER L RPN YQY >GZS >ZBB; 3 Rl & 8 ZBB>GZS > YQY : 1 A1 MR & & YQY #5# , GZS i fik. E-L 35
W VWNCED £ GZS S S 3k 1 0 35 i T HA B AN 7™~ X, ZBB 85 2 ) 4 R S of WoHYD2 355 7 2 3% w5 T GZS Al
YQY LEEIRYYQY I 11 5 2 TN 1 2] 15 Bl 42 0[] 12 B vy T HoAR 7 X, 3 W 1 22 I A1 26760 Y QY 1R X A7 B8 407 1) 3 7
Y. ZBBERA L EE SR, AHUAES , 52 & R IAAGZR & & s T AR X, ABA & &K T HAh = X, 1
SESHE AR, IR v A UG

SCBRIR): MR 5 77 X VRIROR RS o

hE S :5663.1 RKFRRRAD : A X E4RS:1009-9980(2023)07-1374-12

Effect of different terroir conditions on endogenous hormones and berry

quality of Chardonnay at the East Helan Mountains

WANG Ning', ZHANG Yanxia’, LI Dongmei'", WANG Zhenping"

('School of Agricultural, Ningxia University, Yinchuan 750021, Ningxia, China; *School of Life Science, Ningxia University, Yinchuan
750021, Ningxia, China)

Abstract: [Objective] This study aimed to investigate the changes of endogenous hormone content and
fruit quality of Chardonnay grape cultivated in different terroir conditions, and to clarify the relation-
ship between the endogenous hormones and fruit quality in order to provide a theoretical basis for Char-
donnay flavor formation in each sub-production region of the Eastern foothills of the Helan Mountain
in Ningxia. [Methods] We used Chardonnay (Vitis vinifera L.) in three sub-production areas of Zhen-
BeiBu (Gravelly soil, ZBB, Yuanshi vineyard), YuQuanYing (Aeolian soils, YQY, Chateau yuquan) and
GeZiShan (Sierozem, GZS, Xige estate) as experimental materials. The berries were sampled at five pe-
riods, E-L 33 (Berries still hard and green), E-L 35 (Berries begin to colour and enlarge), E-L 37 (Ber-
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ries not quite ripe) and E-L 38 (Berries harvest-ripe), and were frozen with liquid nitrogen. The berry
skin, pulp and seed were ground to powder in liquid nitrogen and 10 mL of 80% methanol was added to
1 g of the powder. The solution was extracted overnight in the dark at 4 °C in a shaker. The mixture was
then centrifuged at 12 000 % g and 4 °C for 5 min and the supernatant was collected. The extraction pro-
cess was repeated three times and the collected supernatant was pooled and the methanol was evaporat-
ed off by nitrogen blowing apparatus. The remaining material was extracted by adding 1.5 times of pe-
troleum ether, and the ether phase was discarded. The same volume of methyl for mate was added for
extraction and the ester phase was collected. The ester phase obtained was blown dry by nitrogen blow-
ing apparatus, dissolved with chromatographic methanol, passed through a 0.22 um filter membrane
and stored at —20 °C. The endogenous hormone content of abscisic acid (ABA), indole acetic acid
(IAA), gibberellin A3 (GA;), isopentene adenine (2-1P), and trans zeatin riboside (tZR) in fruit skin,
flesh and seed during fruit development were determined by UPLC-MS (Ultra Performance Liquid Chro-
matography Tandem Mass Spectrometry). The contents of glucose, fructose, malic acid and tartaric acid
in the fruits were determined by HPLC. The contents of individual sugar, organic acid were determined
by HPLC according to a previously described method with minor modifications. The juice was contri-
fuged at 12 000 xg for 10 min, The supernatant was extracted and filtered through a 0.22 um filter and
used for subsequent analysis. The separating column were Hypersil GOLD™ Amino (250 mmx4.6 mm,
5 pm) and C18 (250 mmx*4.6 mm, 5 um) column. The acetonitrile-water mixture (75:25) and methanol-
KH,PO, mixture (3:97) were the mobile phase at flow rate of 0.5 mL-min" and 0.8 mL - min"'. The col-
umn temperature of 25 °C and injection volume of 10 pL were adopted. The analysis was carried out
with three technical replicates and the corresponding sugar and acid content were calculated using a
standard curve. The 100-grain weight, titratable acid and total soluble solids content of grape berries
were determined. Quantitative real-time PCR (qQRT-PCR) was used to detect the expression levels genes
related to abscisic acid metabolism, total RNA was used as the template for reverse transcription accord-
ing to the Prime Script™ RT Reagent Kit with gDNA Eraser Reverse Transcription Kit instruction. The
JvActin was selected as the internal reference, and the primers of the VwNCED2, VvNCED4, VvAAO3
and VvHYD? genes were designed with Primer 5. [Results ] The fruit quality indexes of the same variety
cultivated in the three areas were significantly different. The glucose content of Chardonnay fruit at har-
vest was 84 mg- g’ in YQY, 76 mg- g" in GZS, and 75 mg - ¢"' in ZBB, and the fructose content was 105
mg-g"'in YQY and 84 mg-g" in ZBB. The malic acid continued to decline in Chardonnay fruit develop-
ment, with 9.6 mg- g in the fruit of ZBB at maturity, 39% higher than that of GZS. The content of the
tartaric acid did not change significantly at the later stage of fruit development, with the highest content
in YQY and the lowest in GZS at maturity. During the growth of Chardonnay fruit, the ABA content in
the fruit tissues of the three areas was highest during the E-L 35 period and gradually decreased as the
fruit matured, and the ABA content in the fruit of the GZS was higher than that of the other areas; the
GA; content in the peel had a peak during the E-L 36 period, the GA; content in the flesh showed an
“M” change trend. The IAA content in the peel and flesh showed a decreasing trend, the IAA content in
the peel in ZBB appellation was the highest and it was lower in the seeds after E-L 35, with insignifi-
cant differences among areas; the 2-IP content in the peel gradually increased in GZS and YQY and de-
creased at harvest; the tZR content in the flesh of Chardonnay showed an increasing trend, with the low-
est tZR content in YQY. The endogenous hormone content of Chardonnay fruits in the three sub-appella-
tions differed from each other, and the differences were significant at the E-L 35. The V'vNCED expres-
sion during E-L 35 was significantly higher in the fruit of GZS than those of the other two production ar-
eas, and the VvHYD?2 expression in the fruit of ZBB was significantly higher than those of GZS and
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YQY. [Conclusion] The sugar content and the solidity-acid ratio of Chardonnay grown in YQY aeolian

soils were higher than that in other regions, indicating that Chardonnay was better adapted to YQY s

terroir. The ZBB gravel soil has the highest nitrogen content and rich organic matter, and the fruit of

Chardonnay grown there had higher IAA and tZR content, lower ABA content than the fruits in other

producing areas, and had lower sugar content, higher acidity content and lower ripeness than the fruits

in the other two areas.

Key words: Chardonnay grape; Production regions; Endogenous hormones; Fruit quality
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Table 1 Condition of the experimental site

KFE R FEIHER IR L IR LR SRR P

Sampling sites  Average altitude/m Maximum temperature/°C Minimum temperature/°C  Average temperature/°C Average relative humidity/%
ZBB 1131 30.7 17.88 24.9 43.8

YQY 1010 29.3 14.80 23.8 54.4

GZS 1140 31.1 17.37 254 41.8
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4 °CHEHL 12 ho 4 °C, 8000 r-min™ 50> 15 min, 43 &5
IEW 4 mL 80% FHEEE 2 K, BFR 2 he A IF LIE
W BIWRE 2 mL, FH 1S A5 R TR AE I 3 I, 3k
Ao ZKAHF 1 A5 AR A R R R A X 3 O, SR IR AH
BIKET, FH 1 mL 3 RS TR, 20 °C&HF T
{RAE 4 L RE R ERE R 0.22 pm AR I € . I 5E
K i S0 - B BE FH A (ACQUITY UPLC 1

class+QDa, 52 [ Waters ) X 8 2 FL A R 57 R~ R 1)
ABA.TAA.GA;.2-IP(ZZR #4702 - SR 5E C18
R (150%4.6 mm, 5 um) . VR 261 S R 2R B
SELIIIRGE , L 251« DL 100% FEE (A AT 0.1% H
&KW (B NI sl A , A3 : 40 °C o 5 5 3 JBd 2
J¥ : 0~2 min, 35% A ;2~6 min, 35%~45% A ; 6~9 min,
45%~50% A; 9~15 min, 50% ~60% A; 15~18 min,
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35% A, % :0.3 mL-min”, FFER S pl. G
R FH LT 55 55 - U5 A7 B 48 20 (EST-) & i ABA Al
GA & i, R IE B TR (ESIHO AL TAA (tZR 1 2-
IP & &, BTk HLE (+5500/-4500 V) 5 iif & 550 °C;
SR 130 psi(£1200 kPa) .

134 REEpEfeh SN2 SR
FHETEES . PRI AT 1 55 2 W06 26 SR S B
AR, FREL0.2 g IMANES O E H SR E AN 1.8 mL
ddH,O Bt o WM B JG (1 3t it 0.22 pum 4 Sk 20
BEJEES o N ZERE I, ) UltiMate 3000 74 & 250
AE A 2 o B S LTS SRR N R ZE AT I S
Hypersil GOLDTM Amino t4i (250 mmx4.6 mm,
5 um), MBI CIE K CERFLEE 75:25) , (i
0.5 mL-min", A3 : 25 °C, #EAF R 10 pL. A HLERM
JE LT 26 A g SR AR 2% C18 (3 4 (250 mmx
4.6 mm,5 pm), it sNAH : FHEE.0.01 mol- L' KH,PO, &
UL 3:97,pH=2.5, {iti# : 0.8 mL - min', 3. : 35 °C,
R KA 210 nm, FEFEE 10 L.

1.3.5 ¥ RNA @ RBRA L0 % KL EEPCR &
RNA #2HUK ] RNAprep Pure % ## £ By #6475 RNA
PR & 5 LLs RNA AR , F) F 2 B Prime-
Script™ RT reagent Kit with gDNA Eraser /% #% 3% i
A G U B P HEAT IR 5 s B WA ctin NN SR,
VWNCED4. VvAAO3. VwNCED2. VvHYD2 3 [A [f] 5]
YIH Primer 5.0 ¥it, 51 A TAY TRECEE) A
F A (F2) . gqRT-PCR J M A& & A 20 uL: cDNA

®2 EETOLEE PCR 31
Table 2 Primer sequences for real-time quantitative PCR

SR AT Em3Im R 151 NCBI##5
Gene name Forward primer (5’ —3") Reverse primer (5’ —3") Accession number
VvActin CTTGCATCCCTCAGCACCTT TCCTGTGGACAATGGATGGA LOC100253716
VwNCED4 GAAGAAACGACCAGTCCCGT TATGGAGGGTGGGAGTGGAG LOC100252859
VwNCED2 TCTCTTCCTGTTTCCGGCAC CATACCGTCGCCATCGAAGA LOC100232943
VvAAO3 AGCCCAAAACAGGTTGGTGA CTGCAAGGGCAGTTTGTGTC LOC100267042
VvHYD2 ACTACTGCCAGTGTGCTGAC TTGCTCTTCCGTGACAGCTT LOC100264783
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(200 ng-uL D1 uL, L3 519080 g5 49145 0.4 ul,
2xPerfecstar 10 pL,ddH,O 8.2 pL; qRT-PCR 3% 2
¥4 94 °C 2 min.94 °C 10 5,60 °C 30's, 55 2 2 £ 5
3LIER 40 IR AN 3 IRAEY) S, B
SEISAE, H S R ARG SR & 27 o B
1.4 HuEE

A6 BT 15 B0dE 4 A SPSS 26.0 34T 5 £ B
P HT, 5. 25 KF p<<0.05, K ] Excel 2010 Al RStu-
dio X} 4 AT B BRI, B A SR H 2 08 3 Ik
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2 HR550H

2.1 ARFXTIEBUIERT T

W2 3P, A F = XA 3 2R ROR A, 34
ERRK. FEX B pHEES2L L, BT
56 T4, 3 R - R 1 pH E XY BEE 2R R
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Table 3 Soil physical and chemical indicator

e TR 3 pH w(.iigéik) w(.j:i%éﬁ?%) w(ij:i?éﬁ’}‘k%ﬁi) ‘ W(Aj:i%’?ﬁmjﬁ )
Soil horizon/em  Sampling sites  Soil pH Soil total n1tr0§en Soil total phosPhoms Soil available E)otassmm Soil organic mfltter
content/(g-kg')  content/(g-kg") content/(g-kg™") content/(g-kg™")
0~30 GZS 8.49+0.05 a 0.48+0.03 ¢ 0.56+0.01 b 127.62+16.78 a 8.90+2.76 b
YQY 8.23+0.11 a 0.79+0.08 b 0.36+0.00 ¢ 66.98+20.76 b 5.56+1.32 ¢
ZBB 8.33+0.17 a 1.63+0.22 a 0.71+0.02 a 115.76£9.03 a 17.68+2.16 a
>30~60 GZS 8.60+0.01 a 0.55+0.03 b 0.54+0.03 b 138.02+15.74 a 8.95+3.04 b
YQY 8.39+0.15 ab 0.53+0.01 b 0.39+0.00 ¢ 41.92+14.56 ¢ 3.27+1.62 ¢
ZBB 8.31+0.07 b 1.55+0.05 a 0.66+0.01 a 95.98+4.15b 18.96+1.31 a
>60~90 GZS 8.7240.04 a 0.79+0.05 b 0.49+0.01 b 156.63+4.93 a 8.41+3.40 b
YQY 8.76+0.05 a 0.41+0.01 ¢ 0.36+0.01 ¢ 11.604+4.93 ¢ 1.00+0.10 ¢
ZBB 8.62+0.47 a 1.26+0.18 a 0.60+0.01 a 80.16+£5.93 b 14.97+1.42 a

T AFENG R R X ) 22 5 B3 (p<<0.05)

Note: Different lowercase letters indicate significant differences among different regions (p<<0.05).

REE T ERE IR . TP R TR
LSRR IN : ZBB BR A 1 >GZS R K >
YQY Kb+ 5 4 35 B0 & GZS R K5 + >
ZBB A £ >YQY Kb+ . X F e A B
B, & LR R A FE S ZBB kA £ >GZS ik

HEE+>YQY Kbt
22 AREIFXEZWEAERIARELRNFERE
RILLER

WE R, R Z I A R RF RS, A
[FZH21H ABA & & 2356 THE e PR s, B
FERA R BIWAE . B-L 35 I 4% 77 X 75 2 W 81
ABA & & ZF R K:GZS>YQY>ZBB. GZS R
1 ABA &2 YQY [192.3 581 ZBB 1 15.0 fi5 : GZS
KW H ABA & & 7 il & YQY M1 ZBB K 4.4 % #l
39.9 f% ; GZS Ff ¥ o ABA & & J& YQY 1 3.7 f&5 fl
ZBB I 18.8f%. HE 115 H R LT GAFEAEEL
36 A — NI R I&ME , ZBB 75 £ W 4 B Y GA,
SERE N8 ng g, B GZS FIYQY 43l 13%

37.5%. FAH GAIE B 2/MEE, 5 11
I H BLAE B-L 35 I #1(GZS>YQY>ZBB) , /£ E-L
37T, 75 20 T 4 75 A 7= X rh AT L B 2R 2 A0
i, &5 BN YQY>GZS>ZBB. i1 GA, & &
BRTRES, FHESEKES T REME
o 52NN & BT IAA S RAEBRNRILREY
BERE R GRS XM IAA T EAEES:
ZBB>YQY>GZS. R %" X IAA & &L
E-L 35 I I 46 N B Fh 1 TAA & 5 M E-L 33 I
WITFUG 28R B B-L 35 2 Ja %A B IF8h A
REMT, FhF R IAATEB-L 33 W A& B .

W 2 o, B 2 A ) SR B v 2- 1P 5 B E-L 37
I B IE BIE(E (ZBBERSM « ¥ YQY fEE-L 37
I 3474 #1615 (16 ng- g") , ZBB F1 GZS 7£ E-L 38 It}
WA BNEAE , 72910 ng-g' M 18 ng-g'e FEFRZ
AR & RSk B iR, ARIHLUZR B R A7
TEZ 5, B-L 35 B 1, & o tZR & & 7E ZBB i =
110 ng-g's tZR & E7E R P Bl SR I
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Fig. 2 Comparison of 2-IP and tZR contents in peel, pulp and seeds of Chardonnay from different regions
ETF YQY 77 X AR I IR T oA 2 A= X Ao FH % 4 7] 1, RSO (B-L 38) ZBB 1 5 2 N
FH&E X AZR G2 TRES R TR, B RLERTE N 158.2 g, 75l & T GZS 13.5%F1
23 AEFXEZWARERSEMELEE YQY 32.3%; A LB & S0 0 35 2 5 5 AT E
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Table 4 100-grain mass, soluble solids, titratable acid content and solidity-acid ratio of
Chardonnay berries from different regions
inpili PIQEFSN [EpAS AV TR & p AT E R [ 2 Lt
Time Sampling sites 100-grain mass/g Total soluble solids/°Brix Titratable acid content/(g- L") Solidity-acid ratio
GZS 139.47+3.37 ab 23.00+0.00 a 7.10+£0.21 b 3.24+0.10 a
E-L 38 YQY 119.63+11.23 b 22.30+0.53 a 6.48+0.60 b 3.47+0.40 a
ZBB 158.22+2.10 a 22.50+0.44 a 9.03+1.20 a 2.52+0.36 b

T ANFVNG FRERR X 22 5 2 3 (p<0.05)

Note: Different lowercase letters indicate significant differences between regions (p<<0.05).
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Fig. 3 Glucose, fructose, tartaric acid and malic acid contents of Chardonnay berries from different regions
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Fig. 5 Abscisic acid biosynthesis and catabolic gene expression under different terroir conditions

A R P T 2 R P A v, SRS A e s RS
TR 1) 7 260 R SE R, S RTE U IE ., 5
BRI S A R — B X PR LR R E R H
BARNERAT , ) % AU, B R A S R
SRR A O R A T R T LR B

AHE 5T 45 R W, ZBB i 4 B F IAA S i
HLXARRSHTEAGNASEFEE A ERA
Ko HI NI FE A I 338 it 260 () 3G I R ) 48
HIAA & 2 H W W, JF B AR 2 Fa AR 4 v i AR
K, 4 oy 3R 3R 2 AR R S A SR A B AR
i — M LS R R I tZR \2-1P N . ZBB [H -1
Ao A EMEE RN 80E 2 00 A R s
tZR & & T HA = X, 31X 5 57 NP 5T — 80 it
@ A0 A R B A RO B R R R ) R
SRR AR E MR GRS AEE
%0 % S R A0 SR, 2-1P & B AR R B R
i, 5 Bottcher 25 [ HIF 7T 45 B — %, IX R #H 2-1P AT

e 5 7 A A RBGLRE . BRAh, AT B AT IR E 40
SRFENNE S SN IK SRR AR OC 0 R N R A
SIERAN MR PE AR AL, R, E—E R L A
SR A 2-1P & B I T s R SR A K . GZS
B2 WM % ABA & i T HAh ™= X, 2-1P Fr &=t s
THAN X, F HAE RS/ 2-IP &5 ABA S
B EBEIEHK(p<0.05), XM E 2 817
TERFNE R, A ik — 25 50

it V& BR CABAD 76 R 15 M0 & B R BRI X 34 58
S Can 7K 43 5 e BRI 38 55D )3 B R AR
HEREHS, AR, A [F 77 X 5B 2 0 A R
SEN YRR ABA ZE 5 K, BRIV GZS>YQY >
ZBB. [l GZS 5 ZBB #55 ABA ¥ & % 7 KR AR
DR ] A e T IS K BN . TSR,
WK IS T IR ABA SR, G R T
A SR AR TS A, GZS T 2 TN 4
Wl v, A R A AR, U GZS A 4 i T E



1384 3 i

4

e 403

KB IEARAS o SRR, BT ANHE FE AN S A A - 3
T AR R 7K A3 MR MSORII 7K 4337 SR A LA R o S SR
it I B, A L PR SRS o R A Ko 2 R 3 K 40 2%
DR SRR ([T v N i Ul 1N
(NCED) 4t 9- i X7 35 57 & B3 48 3=, A 2
ABA AW & B G EE, WA T B | 26 5 P s
75, IE NI ABA BB B R E R BAEHY ., AR
FLAR W], GZS B2 2 W A %) 955 i NCED g 1) £ [l
Tk EEE ST ZBB, A GZS &5 2 1 # 4 H 5 %
HIUNYR ABA H R T E ST ZBB, — &4 R M E
EFHIE . Luchi & 8 58 K I VwNCED 1) 335 2 il
Ui ABA KF, HZF R WE sz . X+ ZBB &
% TR 4 S ABA 7 i B R H AR A 2 XOE
G —FhfERE, BD B sz ABA 2 8 AR & ORN 43 fif
R IL R Ve . ZBB #5 2 TN 4 3 5 40 il ABA
(5L R P'wHYD2 F 30K 2 8 2 5 T GZS Al YQY ,
A e ABA FREIMKHER . %A1 ZBBEZ
N 2] SR SR A R ABA 2[R R A B T A =
X, [FIIS S 50 fift ABA [0 R 0k 2 I 3 o T Hopth =
X, B 5 R A Rt — PRI

4 5 B

AT T LAES 2 N & i S A R e x T EAN
()77 X RS A PR MR SE S E , KB Y QY
SRR R v AP X R R 2
HEDXT T YQY MY AT L (3 S 1k s ZBB 3
REm AR EE  RIERIEEER, WIAAZR
R T A X, SRS A ) ABA AR T
A= X SRS AR, T3 24 2 SR

2 #k References:

[1] MARTINEZ- BRACERO M, ALCAZAR P, VELASCO-
JIMENEZ M J, CALDERON-EZQUERRO C, GALAN C. Phe-
nological and aerobiological study of vineyards in the Montilla-
Moriles PDO area, Cordoba, southern Spain[J]. The Journal of
Agricultural Science,2018,156(6):821-831.

21 ZFEM, B 2R, MG, DYg, D, B, A
T LSRR RN R BRI 5 R AN R X S B[]
2RI IT 2020, 38(4): 152-160.

LI Yumei, WEI Xiaxia, LI Yanbiao, HE Yajuan, MA Weifeng,
MA Zonghuan, MAO Juan, CHEN Baihong. Quality analysis of
‘Merlot” and ‘Cabernet Gernischt’ grapes in different produc-

ing areas of Gansu Province[J]. Non- Wood Forest Research,
2020,38(4): 152-160.

[3]  JEIMSHE, 2=k, A5k . 3 AN 1 C BRI AT 4 T P PR SN )7 X
TRT AR A P B SR ST i T 0 LR FE 0], Ll PSR A%, 2016(2) : 3-6.
ZHOU Penghui, L1 Zefu, LI Jin. Comparative study on cultiva-

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

tion characteristics and fruit quality of three white wine grape
varieties in different producing areas of Penglai[J]. Shanxi Fruit,
2016(2):3-6.

TRARP . AN [ 34 ) A0 T TR 7 0 1 22 AR O S R s
AN [D]. AR 7 B K57, 2022,

QIAO Zhenyu. Effects of microclimates of different slope as-
pects on the growth, development and fruit quaility of wine
grape Chardonnay[D]. Yinchuan: Ningxia University,2022.
BANE IR E G, AL XGRS, BRI BB A, R
A R BRI A DX FROBE S 38 A0 5 BB 3 6 i o T 1
K195 R[], B 2#47,2016,33(3): 283-297.

MAO Ruzhi, ZHANG Guotao, DU Fei, DENG Weiping,
SHAO lJianhui, ZHAO Xinjie, HE Xiahong, ZHU Shusheng.
Study on the relationship between the berry quality composition
and altitude gradient for Rose Honey in the Widely Shangri-La
Valley[J]. Journal of Fruit Science,2016,33(3):283-297.

B SE, FHARIGE, G, IR/ R, SRR S . AN [ g ont o 7 2 2R
S RIRA R (ISR D]. A4 255417, 2018, 35(10) : 1197-1207.
ZHAO Yameng, YIN Chunxiao, LIANG Pan, YUE Xiaofeng,
ZHANG Zhenwen. Effects of altitude on berry flavor com-
pounds in spine grapes[J]. Journal of Fruit Science, 2018, 35
(10):1197-1207.

DOBREI A, DOBREI A G, NISTOR E, POSTA G, MALAES-
CU M, BALINT M. Characterization of grape and wine quality
influenced by terroir in different ecosystems from romania culti-
vated with feteasca neagra[J]. Scientific Papers-Series B-Horti-
culture,2018,62:247-253.

VAN LEEUWEN C, ROBY J P, PERNET D, BOIS B. Method-
ology of soil-based zoning for viticultural terroirs[J]. Bulletin de
1'01V,2010,83(947): 13.

VAN LEEUWEN C, FRIANT P, CHONE X, TREGOAT O,
KOUNDOURAS S, DUBOURDIEU D. Influence of climate,
soil, and cultivar on terroir[J]. American Journal of Enology and
Viticulture,2004,55(3):207-217.

MACKENZIE D E, CHRISTY A G. The role of soil chemistry
in wine grape quality and sustainable soil management in vine-
yards[J]. Water Science and Technology,2005,51(1):27-37.
CHENG X H, LIANG Y Y, ZHANG A, WANG P P, HE S,
ZHANG K K, WANG J X, FANG Y L, SUN X Y. Using foliar
nitrogen application during veraison to improve the flavor com-
ponents of grape and wine[J]. Journal of the Science of Food
and Agriculture,2021,101(4): 1288-1300.

WHITE R E, BALACHANDRA L, EDIS R, CHEN D L. The
soil component of terroir[J]. Journal International Des Sciences
De La Vigne et DuVin,2007:41(1):9-18.

BERENS M L,BERRY H M, MINE A, ARGUESO C T,TSUDA
K. Evolution of hormone signaling networks in plant defense[J].
Annual Review of Phytopathology,2017,55:401-425.

CRIZEL R L,PERIN E C,SIEBENEICHLER T J,BOROWSKI J
M, MESSIAS R S, ROMBALDI C V, GALLI V. Abscisic acid
and stress induced by salt: Effect on the phenylpropanoid, L-ascor-
bic acid and abscisic acid metabolism of strawberry fruits[J].
Plant Physiology and Biochemistry,2020,152:211-220.
KARIMI R, GHABOOLI M, RAHIMI J, AMERIAN M. Effects
of foliar selenium application on some physiological and phyto-
chemical parameters of Vitis vinifera L. cv. Sultana under salt
stress[J]. Journal of Plant Nutrition,2020,43(14):2226-2242.

LI N, EURING D,CHAJY,LIN Z,LUM Z, HUANG L J,
KIM W Y. Plant hormone-mediated regulation of heat tolerance



57 *

T8 T RN T X R 2 WA P9 R R BRSO 2 R T AL

1385

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

in response to global climate change[J]. Frontiers in Plant Sci-
ence,2021,11:627969.
ILYAS M, NISAR M, KHAN N, HAZRAT A, KHAN A H,
HAYAT K, FAHAD S, KHAN A, ULLAH A. Drought tolerance
strategies in plants: A mechanistic approach[J]. Journal of Plant
Growth Regulation,2021,40(3):926-944.
ARNAO M B, HERNANDEZ-RUIZ J, CANO A, REITER R J.
Melatonin and carbohydrate metabolism in plant cells[J]. Plants,
2021,10(9):1917.
COOMBE B G. Growth stages of the grapevine: Adoption of a
system for identifying grapevine growth stages[J]. Australian
Journal of Grape and Wine Research, 1995, 1(2): 104-110.
B RV S M 7 M. B s RO A
J#E: 52000 12.
LU Rukun. Methods of soil agrochemical analysis|M]. Beijing:
China Agriculture Scientech Press,2000:12.
FVL A, W, X PR, T, X SR, ARk, AT sk
MR B & AR B R R AR AR e S R s
BARIR A, B ERE,2017,38(7): 167-175.
GAO lJiangman, MENG Ying, LIU Qing, WANG Tongmeng,
LIU Meiying, LI Wenbing, XI Zhumei, ZHANG Zhenwen.
Changes in endogenous hormones during the development of Vi-
tis vinifera L. cv. Cabernet Sauvignon and their relationship
with berry ripening[J]. Food Science,2017,38(7):167-175.
FEMEE, EHTE ARG TR R, R T SRR G
- = F VY ZOAT 8 1500 B 7 [R] IR0 ML AL 24 rh 2 R IRCR [T].
SHTRREEAR, 2016,32(6): 789-794.
GONG Mingxia, WANG Risheng, HE Longfei, WANG Meng,
ZHAO Hu, WU Xing, HE Zhi. Simultaneous determination of
multiple phytohormones in plant tissues by ultra- high perfor-
mance liquid chromatography- triple quadrupole tandem mass
spectrometry[J]. Journal of Analytical Science,2016,32(6):789-
794.
M, TR, A PVEEE, R, R, EA, A
SRR A R 1) R BB T 2 SR SRR IR K 2 SR Y R R R
GRZIRT]. SR 2R, 2022,39(3): 376-387.
LI Dongmei, WANG Zhenping, LI Xiangyi, SUN Sijie, LIU
Boyang, LI Jiajia, WANG Lei, WANG Shiping. Effect of root re-
striction on the quality and endogenic hormone of grape berry
(Vitis vinifera L. ‘Muscat Hamburg’) [J]. Journal of Fruit Sci-
ence,2022,39(3):376-387.
LI D M,PANG Y J,LI H,GUO D H, WANG R Q,MA C, XU
W P, WANG L, WANG S P. Comparative analysis of the gene
expression profile under two cultivation methods reveals the crit-
ical role of ABA in grape quality promotion[J]. Scientia Horti-
culturae,2021,281:109924.
BARTHA I,JURJ B, BUTA M, NEGRUSIER C, PAULETTE L.
Analysis of terroir components in the vineyard of Silvania[J].
ProEnvironment,2021,14(45):7-19.
MRAZAE , skmels, 3, £, SKIEAL, #2505, T K1 . B2
R R A R 0 el AR B R A RSO RO R E [0]. Th AR <R
2020,41(9):564-574.
CHEN Renwei, ZHANG Xiaoyu, YANG Yu, WANG Jing,
ZHANG Yahong, HU Hongyuan, DING Yongping. Determina-
tion of the optimal harvest period for the grape variety Cabernet
Sauvignon in gravel vineyard at the eastern foothills of Helan
Mountain[J]. Chinese Journal of Agrometeorology,2020,41(9):
564-574.
TR B AR SRR A A I R R 7 AR TR SR AT

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

FE[D]. Ba#e : PUALAR MBI K, 2016.

WANG Rui. Relationship between soil quality with grape
growth and composition at the eastern foot of Helan Mountain
wine production regions[D]. Yangling : Northwest A&F Universi-
ty,2016.

PENG Y H,CHEN K L, WANG G L, WEI F R,MA Y P. Nitro-
gen addition regulates allometric growth by changing the distri-
bution patterns of endogenous hormones in different organs of
Pinus tabuliformis[J]. Research Square, 2021. DOI: 10.21203/
1s.3.1s-339221/v1.

KAMADA-NOBUSADA T, MAKITA N, KOJIMA M, SAKAK-
IBARA H. Nitrogen-dependent regulation of de novo cytokinin
biosynthesis in rice: The role of glutamine metabolism as an ad-
ditional signal[J]. Plant and Cell Physiology,2013,54(11):1881-
1893.

BOTTCHER C, BURBIDGE C A, BOSS P K, DAVIES C.
Changes in transcription of cytokinin metabolism and signalling
genes in grape (Vitis vinifera L.) berries are associated with the
ripening- related increase in isopentenyladenine[J]. BMC Plant
Biology,2015,15:223.

BRENNER W G, RAMIREDDY E, HEYL A, SCHMULLING
T. Gene regulation by cytokinin in Arabidopsis[J]. Frontiers in
Plant Science,2012,3:8.

SUN L,ZHANG M,REN J,QI J X,ZHANG G J,LENG P. Reci-
procity between abscisic acid and ethylene at the onset of berry
ripening and after harvest[J]. BMC Plant Biology,2010,10:257.
WRALES . /K 20 a6 IR 7 A 3 A R L2 N IR R AN 2 L
SZM[D). #R)1: 7 BEOK 5, 2021

CHEN Zumin. Effects of water stress on endogenous hormones
and polyamines in different tissues of ‘Merlot” grape[D]. Yin-
chuan:Ningxia University,2021.

TRAMONTINI S, VAN LEEUWEN C,DOMEC J C,DESTRAC-
IRVINE A, BASTEAU C, VITALI M, MOSBACH- SCHULZ
O, LOVISOLO C. Impact of soil texture and water availability
on the hydraulic control of plant and grape-berry development[J].
Plant and Soil ,2013,368(1):215-230.

JUYL,YANGBH,HE S, TUTY,MIN Z,FANG Y L,SUN X
Y. Anthocyanin accumulation and biosynthesis are modulated by
regulated deficit irrigation in Cabernet Sauvignon (Vitis vinifera
L.) grapes and wines[J]. Plant Physiology and Biochemistry,
2019,135:469-479.

VAN LEEUWEN C, TREGOAT O, CHONE X, BOIS B, PER-
NET D, GAUDILLERE J P. Vine water status is a key factor in
grape ripening and vintage quality for red Bordeaux wine. How
can it be assessed for vineyard management purposes[J]. Journal
International Des Sciences De La Vigne et DuVin, 2009,43(3):
121-134.

PASHKOVSKIY P P, VANKOVA R,ZLOBIN I E,DOBREV P,
IVANOV Y V, KARTASHOV A V, KUZNETSOV V V. Com-
parative analysis of abscisic acid levels and expression of abscis-
ic acid-related genes in Scots pine and Norway spruce seedlings
under water deficit[J]. Plant Physiology and Biochemistry,
2019,140:105-112.

LUCHI S, KOBAYASHI M, TAJI T,NARAMOTO M, SEKI M,
KATO T, TABATA S, KAKUBARI Y, YAMAGUCHI-SHINO-
ZAKI K, SHINOZAKI K. Regulation of drought tolerance by
gene manipulation of 9-cis-epoxycarotenoid dioxygenase, a key
enzyme in abscisic acid biosynthesis in Arabidopsis[J]. The
Plant Journal,2001,27(4):325-333.



