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Table 1 Subordination value of cold resistance indexes of different cultivars
Uy
1 . N N o \/b %ﬂ-‘-%j@m
AR A P i B - WEREER mxwgR T T Cold
Variety(line) N ? Mean
Soluble Free - Solube Relatively type
- Malondialdehyde . )
sugar proline protein conductivity rate
1l 15 Zuoshan 1 0.945 6 0.965 6 0.954 5 0.951 5 0.962 1 0.954 3 HR
101-14 0.830 8 0.815 6 0.755 4 0.872 5 0.771 7 0.818 6 HR
3309C 0.745 4 0.897 5 0.751 2 0.772 5 0.765 6 0.7917 HR
SO4 0.648 5 0.615 2 0.651 5 0.625 9 0.625 6 0.635 3 R
M % Pinot Noir 0.385 5 0.362 4 0.341 6 0.376 5 0.365 6 0.366 5 LR

VEHR K50 P B F B AL T 0. 7~ 1. 003 R HHLIE P B FE LT 0. 60~0. 695 LR S IKHLIE T $ 8 4L T 0. 30~0. 39,

Note: HR is high cold resistance,and the mean membership index value was 0. 7—1. 00;R is resistance,and the mean membership index

value is 0. 60—0. 69; LR is low resistance,and the mean membership index value is 0. 30—0. 39.
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Table 2 Contents of sucrose, glucose and fructose in five grape varieties in different periods
b fo - = 4
I?dTg;( gfi S b 1 101-14 8309C SOt Piﬁ)lik;ﬁ)ir
HEME/ (mg/g)  Sucrose 08-08 20.9940.26d  24.89£0.34 ¢ 34.04+0.50a  30.1740.21b  21.13%0.04 d
09-01 28.93+0.07 d 32.20+0.51 ¢ 36.5140.87 b 41.7440.60 a 32.5240.47 ¢
09-25 27.8140.46 b 26.25+0.46 b 28.67+2.80 b 26.214+0.58 b 37.6040.68 a
10-19 43.5040.86 a 38.83+0.69 b 37.43+0.14 b 34.5240.35 ¢ 32.02740.06 d
11-12 66.944-0.46 a 56.5940.11 b 53.184:0. 60 ¢ 45.8040.45d 40.20+0.20 e
HEBE/(mg/g)  Glucose 08-08 8.9440.19 b 10.234+0.06 a 6.4640.20 ¢ 5.5940.09 d 5.1840.28 d
09-01 7.55+0.26 a 5.58+0.13 b 4.78+0.24 ¢ 3.99+0.06 d 4,4040.10 be
09-25 4.89+0.13 a 4.597+0.16 a 4.437+0.30 a 3.80+0.13 b 3.38+0.09 b
10-19 6.53%0.19 a 6.2340.05 a 5.6240.27 b 4.9040.07 ¢ 4.2740.06 d
11-12 17.77+0.22 a 14.60+£0.02 b 14.01£0.42 b 11.27+0.21 ¢ 9.54+0.25d
B/ (mg/g)  Fructose 08-08 5.22-40.05 a 4.07-40.06 b 2.52+0.20 ¢ 1.8340.05 d 1.91+0.08 d
09-01 3.53+0.05 a 2.20+0.31 ¢ 1.5340.09 d 2.8240.06 b 2.04740.05 ¢
09-25 3.94740.06 a 2.95+0.25 b 1.724£0.02 ¢ 1.60+0.03 ¢ 1.797£0.06 ¢
10-19 6.89+0.30 a 5.26+£0.07 b 4.8540.05 be 4.4940.11 ¢ 3.3940.05 d
11-12 15.77£0.21 a 13.22+0.54 b 13.21£0.28 b 12.84+0.56 b 11.28+0.40 ¢

T B O AR R RATEUR E AR RNG F R ORE 5 B2 (P<<0.05), T,
Note:Data within the same columns indicate “Mean =4 SE”, different lowercase letters after the same data indicate significant difference

(P<C0.05), the same below.
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Table 3 Content of ABA, GA; and IAA content in five grape varieties at different stages

Eifkan H i1 % . B
Index Date Zuoshan 1 101-14 3309C SO4 Pinot Noir
ABA /(;Lg/g> 08-08 4.46+0.10b 5.43+0.18 a 4.67+0.08 b 4.45+0.08 b 3.39+0.12 ¢

09-01 4.4140.13 ab
09-25 7.2340.22 a
10-19 10.56£0.16 a

11-12 11.86+0.11 a

GA;/(pg/g) 08-08 3.1340.04 d
09-01 2.61+0.06 d
09-25 2.3140.12 ¢
10-19 1.38+0.06 ¢
11-12 0.40+0.03 d
IAA/(pg/g) 08-08 4.244+0.08 d
09-01 3.40£0.03 d
09-25 3.11+0.06 ¢
10-19 2.8640.06 d

11-12 2.924+0.05 ¢

4.67%+0.13 a

10.9840.16 b

3.1340.04 ¢ 3.58%+0.13 b 3.1540.13 ¢

2.6140.16 be

4.0540.06 b 3.8040.11 b 6.60+0.14 a

4.11£0.10 b 4.,0740.04 b 2.83+0.11 ¢

4.88%0.12 b 4.92%0.06 b 4.80£0.10 b 2.6020.02 ¢

10.08£0.09 b 7.554+0.11 ¢ 6.3140.03 d 3.6740.08 ¢

10.1740.09 ¢ 8.5440.09 d .1540.20 e

1321

3.8140.13 ¢ 4.27%0.15 b 3.53%x0.11 ¢ 6.0020.07 a

.14£0.15a

ol

2.7240.05 be 2.76+£0.18 b 4.5140.09 a

2.014+0.04 d 2.3440.03 ¢ 3.0540.07 b 3.9020.09 a
0.6320.03 ¢ 0.77%£0.03 ¢ 1.02£0.01 b 1.89£0.11 a
5.0340.10 ¢ 4.47+0.11d 8.1840.20 a 7.3840.14 b
4.8840.25 b 4.0040.11 ¢ 7.0040.07 a 6.7140.17 a
4.2340.20 b 3.5040.11 ¢ 5.7540.06 a 6.0540.19 a

3.4340.12 ¢ 2.8040.09 d 5.6240.24 b 6.2240.14 a

6.54+0.07 a
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Different lowercase letters indicate significant differences be-
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Fig. 1 The ratio of endogenous hormones

in phloem of grap at different stages
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IAA Je GA, &t 5Hi9E ZEWH I 10 H
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W BEIEF R, ABA/GA, 5302 (1 A0 1 1
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R4 MERESTAEMNPERE REFERIENEXRY

Table 4 Correlation coefficient of cold resistance coefficient and sucrose,

fructose, and glucose content in different periods

i H H# Date
Item 08-08 09-01 09-25 10-19 11-12
HEWE Sucrose content 0.130 —0.295 —0.789 0.953 " * 0.949" "
B Fructose content 0.810" 0.379 0.710 0.933" 0.908"
A M Glucose content 0.762 0. 747 0.980" * 0.965"* 0.958" *
TE: * SHTE 0,05 K EWEFEAC, » x HAE 0. 01 K L RFMK, TR,
Note: * significant correlation at level of 0. 05, * * Significant correlation at level of 0. 01, the same below.
x5 MERYEFAANHANERESERELLENBEXRY
Table 5 Correlation coefficient of cold resistance coefficient,endogenous
hormone content and its ratio in different periods
i H H 1 Date
Ttem 08-08 09-01 09-25 10-19 11-12
ABA 0.749 0.911~ 0.929~ 0.958" 0.979"
TAA —0.802 —0.864" —0.908" —0.913" —0.895"
GA; —0.862" —0.908" —0.925" —0.989" " —0.989" "
ABA/TAA 0.898" 0.961" " 0.903~ 0.957"* 0.946"
ABA/GA; 0.889" 0.932" 0.943" 0.904" 0.907"
ABA/(GA; +1AA) 0.960" * 0.986" " 0.924" 0.948" * 0.948" *

PR R P FE R B o Bl T T E MR S W
Fir, BEFER B, B R A gttty O RO 4
RS o A0 VE 420 7 T I AV 3R B 359 2 B O Bt 9 i
F8 i o AT PR S B A I E R A R S
FH—B, ATV ENE B B R B R X B A T
2% I R, v R A S A W AR O A R T R
TR R A 8 B TR A BT R B T AR
Mo B/ANRAEIH 58 kB RIR 5 F T AS TR 46 46
s P S AR LR A TP BB AR T 4 AR R LR
TR T 0 AL 2S5 AL KGR B SR Lk & R
i 0 R A% R T L 36 I REME A 80 b AR T A
PIBigEbE . Ao LS [n) TR A A 1 A 2% O IR
BRI 5 K B TRE AR R4 25 W LG RO AE R AR IR
VAL Rk R AR R Ol OGRS 4G
WRRFE 9 H 25 HZ G AR o] w1t S & 540
FERBMMEEXET 9 A 1 H2ZH, B 10 A
19 H5 11 A 12 H 0 B2 5 v e w5 4 45 1% )
2 R S DU FEE RS2 K T2 . RIS
KR G W) B F o mr s e i 5 H TR R AR
KRR WY, B S 1 i35 a] DR A 52 &
WA PR Z — .
3.2 BEHEYEBHNERZSESHENEN
EFA

Tl 80 2R 2 A ) T X 5 I ) R A R

T 7 2 30 100 5% 1 30 B A ) 2% 3 Ao B i 55 1K R
Tofr o5 2R 8 3 Ao 91 3 3R T 0 L Ok R X 3
ARG REXH. A8 HSHE1L H 12 HMA
FH [i] [ 4R e 0l 0 2 B SR W0 B2 i ABA 0
PLIE R A B a8 . 4 10 ] 19 HZ )R
ANE R R ABA 7 0 A S B JE M Y R 55 8
4 —3}, Soitamo &% It % 4 BT KB
RIS F A IR N 19 ABA & &2 0 &3,
AT i ol v T S R IR ABA A B 5 AR
LR -2, HETET IAA.GA, SHZEMER X
RWE A Z I BRI — 3, A5 A
IR SH) B AR ) TAA L GA, & 8 5 K [\ i #h
PUIE T R B A [a) B2 1) T0RH O, EL B A B 45
KEH IAA M GA, & A TR, S5H%E R
M RE G M B 5. % OF 5 45 R 5 KR B 38 & D
o) EEA B SRR v i 25 RS, X AT g
JE GA, Hl TAA 38 i 4E 28 -2 3 1) B fife 1 2R 1 oL
F14) - i AT 9k 2 A R 3 % DA ORI . {EL AR T
FEE Y A 2R AN R b e B R TR
FEAR TAA & & T s B AE BT FE Mo 1y it B b TAA
TR AR ARG RS R AT R
VEW) A B Be FE ML 1 A [) BR AL A0 45 (9 AN [ e
SIS . R A AR BT TP SE MR A A A
PR v Y A b 4R



.+ 392 - [ | S A S 14 30 &

ABA/GA, F1 ABA/IAA & & %5 0y & F b 78 o 3(1) 5.

LER R T NER  E R R B (8] WP, THEAS. & 8L, 5% ABA 7oA 4 40 Mg 3t % 1k By 47

. o . N - A ARSI, P E RO R %2008, 13(2) 1 11-19.

ABA\{E‘E GA K i ABA/GA iéj Xﬁ*ﬂ%ﬁﬂ:ﬂ - X XU SH CH,DING H D, LU R,et al. Study on effects of

52':1 ':P %%U E,:J E 2%4 %ﬁ%ﬁz ‘E(Z%?F%SE /ﬂ);ﬁ ’ r%'] /FI'\ ABA in antioxidant defense of plant cells[J]. Journal of

& B ABA. ABA/GA,. ABA/TAA F1 ABA/ China Agricultural University ,2008.13(2) :11-19,

(AA+GAD VI RAR S B0 GA, 5 TAA Bl (o) MR E%4E . 1k &% HIAAELE I bE B K 1 4

BN EEANRMIE. 221 ABA.IAA. 1 A TR A 2 R e T, A ) 27 3l i, 2002, 19 (1) 30-

GA it LB AT 66 L 44 %0 7 45 40 9% b AT — -

oy 5 s e [ A PAN Q M,HAN X G,BAI Y F,et al. Advances in physio-

e [][EJ ° Y:E *i - cs {K Z% H }Ef M EFE " ABA W H, logical and ecological studies on stored non-structure carbo-

F%,],EE TAA Al GA, /Fﬁ\ _E: E ﬁ )I:IJ ¥ % % % % EI/J T):T-* hydrates in plants[ ] ]. Chinese Bulletin of Botany,2002,

FEME, 19(1):30-38.

[10] VERMA A K.,UPADHYAY S K, VERMA P C,et al.

S #£Ht  Reference: Functional analysis of sucrose phosphate synthase (SPS)

[1] LASTDRAGER J,HANSON J.SMEEKENS S. Sugar sig- and sucrose synthase(SS) in sugarcane(Saccharum) culti-
nals and the control of plant growth and development[]J]. varsL ]| Plant Biology .2011,13(2) :325-332.

Jowrnal of Experimental Botany +2014,65(3):799-807. [11] KEUNEN E,PESHEV D, VANGRONSVELD J, et al.

[2] % T2, Bfmels, Ml 4h, 2 A9 ) 0 RS 7 25 4R & B 2E Plant sugars are crucial players in the oxidative challenge
w7, b AR Al 2231, 2020, 28(4) 1 558-565. during abiotic stress:extending the traditional concept[]].
YANG Y,ZHANG X Y,CHEN R Wet al. Comparing the Plant Cell and Environment 2013.36(7) :1242-1255,
cold resistance of roots of different wine grape varieties[ ] . [12] YADAV R K, SAINI P K. Plant Hormones: their nature
Chinese Journal of Eco-Agriculture »2020,28(4) :558-565. occurrence and functions: A chapter[ ] ]. European Jour-

[3] Z@EE. R %, Z.4% (R FIEE N R R 6 nal of Biotechnology and Bioscience s2018,6(6) :13-17.
VA P AL AR E 2 [0, WG b 42 22 4R, 2019, 28 (10) ; [13] RUBIO S,NORIEGA X,PEREZ F ]. Abscisic acid(ABA)
1639-1646. and low temperatures synergistically increase the expres-
LI Y Y.ZHAO J.ZHANG J.et al. Change of soluble sugar sion of CBF/DREBI transcription factors and cold-hardi-
in skin and flesh tissues of radish taproot with low tempera- ness in grapevine dormant buds[J]. Annals of Botany,
ture storage [ ] ]. Acta Agriculturae Boreali-occidentalis 2019,123(4) :681-689.

Sinica »2019,28(10) :1639-1646. [14] R Ho, 5462 AR 5. R L ol Hi stk &l i

(4] JA2222 a6 M2 MERARAEKET BT P9 T REFIAT I R A AR AR )], R ARl AR, 2012,
000D 5 U 0 25 £ (). A9 2 2% 4R L 2015, 28(25):68-72.
51(6):962-968. LIN Y,GUO W ZH,XU ZH H,et al. Cold resistance and
ZHOU L L,LI M F,SUN P,et al. Changes of sucrose me- changes on MDA and soluble sugar of leaves of ligustrun-
tabolism and enzyme activities in wine grape branches at lucidum ait in winter[J]. China Agricultural Science Bul-
growth stages [ ] ]. Plant Physiology Journal, 2015, letin +2012,28(25) :68-72.
51(6):962-968. (150 BRI H BRAN L A7 S8 . 5. 1 OB A 4% ml i 4tk 2 11 2T

(5] &, kM. Xl 3.4 ABA Rl JA %8 % 5 5 4 FEVERE & Ak 5 U TE R G R BT [T 0. b R 2 Al
L3 11 25 (). 75 B 7 ol K 2% 2 R SR B2 R 2015.31(13) : 14-18.
2010,27(1):36-41. LIANG S X,MENG Q X,SHI M J,et al. Research on re-
QU L H,CHE Y M,LIU X,et al. ABA and JA involved in lationship between cold-resistance and soluble protein and
the response of grape cultivers to low temperature[]]. sugar of Corylus heterophylla X Corylus avellana bran-
Journal of Qingdao Agricultural University (Natural Sci- ches[J]. China Agricultural Science Bulletin, 2015,
ence) ,2010,27(1) :36-41. 31(13):14-18.

[6] BHOWMIK P K, TAMURA K I,SANADA Y,et al. Su- [16] H/NE,. & M EREF S KBRS T AR PIE M E K
crose metabolism of perennial ryegrass in relation to cold TR SR AT kY A HE I, 2014, 50 (11)
acclimation[ ] . Zeitschri ft Fiir Naturforschung C Journal 1669-1674.
of Biosciences ,2006,61(1/2):99-104. TIAN X X, MENG L,MAO P CH,et al. Changes of en-

(7] DIER MM ESHENN R RLT] HY A B8 W, dogenous hormones of lavender varieties with different
1989, 3(1):5. cold-resistance under low temperature J]. Plant Physiol-
LUO ZH R. Relationship between plant hormones and cold ogy Communications,2014,50(11) :1669-1674.,
resistance[ J J. Plant Physiology Communications, 1989, (170 ke akBb s 1% A5 AR M b e 7 0 1 R IR



33

+

i
i

A ) T 5 ) B AR 23 S 9 TR AR R A A e .

393

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

WA SN ADF[T]. B 254, 2015,42(4) : 655-664.

NIU H L,ZHANG H W,BIAN Y,et al. Flower formation
and endogenous hormones dynamic in chinese jujube[ ]].
Acta Horticulturae Sinica ,2015,42(4) :655-664.

JIANG HY.LI W,HE BJ.GAO Y H,et al. Sucrose me-
tabolism in grape(Vitis vinifera 1..) branches under low
temperature during overwintering covered with soil [ ] ].
Plant Growth Regulation ,2014,72(3) :229-238.

kG fe, RE e, L ERHE, A5, b [ BT A A A P JE SRR Y
RAPD #ic B F 5 8 23 M (1. v I oK 2 38 4l 2010,
26(10) :30-37.

ZHANG J X, XIONG Y.WANG Y J.et al. RAPD mark-
ers linked to the hardiness gene in chinese wildvitis and
their sequence analysis[J]. China Agricultural Science
Bulletin ,2010,26(10) :30-37.

sk LT IR PRAE M AE. B A BUJE M A RS I
TP WEFELT ). HON AR R 22441 . 2014.,49(6) : 64-69.
ZHANG B, MAO J, CHEN B H, et al. Identification
method and comprehensive evaluation of cold resistance in
grapevine[ ] ]. Journal of Gansu Agricultural University .
2014,49(6) :64-69.

AR WA ORI T A 4 BT M A AR B O 0k R
HATFH )], v AL 2 4% . 2010,30(11) : 2232-2239.

CAO J D,CHEN B H,WANG L J,et al. Cold resistance
indexes identification and comprehensive evaluation of
grape varieties [ J |. Acta Botanica Boreali-Occidentalia
Sinica »2010,30(11) :2232-2239.

ik A XSGR SRR e, AL 5 A 4G R Y AR IR 2 BOE
13 5 L R R o A 9 O 2R [T ], DU AL R BR R 42 K 27 24 4
CHARBHEMD ,2013,41(5) :149-154.

ZHANG Q,LIU CH H,GUO D L,et al. Relationship be-
tween LT50 and cold adaptability of five grape varieties
[J]. Journal of Northwest A & F University ( Natural
Science Edition),2013,41(5) :149-154.

sk R AW AR BRI R S LML Jb et B F R R
#t,2009.

ZHANG ZH L. Experimental Guidance of Plant Physiolo-
gy[ M. Beijing: Higher Education Press,2009.

TRALAE A R A, B A, A5 AL IR 4% T TR I (R
FRAMAE S HEEN R BB REREER,
2004,26(4):281-285.

ZAHNG ] D,L1 Y M,CHEN Y Q,er al. Relationship be-
tween the soluble sugar content, proline content and the
hardiness of pear cultivars[ J]. Journal of Agricultural
Science Yanbian University 2004 ,26(4) :281-285.

FNR B RAE, E I S5 R R 88 B A G Ak BT 44
TEAR IR B PR Ar i s ) ], 4 A9 & 1, 2019,17(5)
1597-1604.

WANG X L,CHI T H, WANG H B,et al. Effects of su-

crose and mannitol combined treatment on in vitro conser-

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

vation of chrysanthemum at low temperature[ ]J]. Molecu-
lar Plant Breeding ,2019,17(5) :1597-1604.

By O, TR T R A AR R AR AR R S R
FKAZID] ZM H AR A% . 2015.

YANG G. The relationship between cold resistance and
sucrose content of grape branches in wintering period[ D].
Lanzhou:Gansu Agricultural University,2015.

HONG J H,SEAH S W,XU J. The root of ABA action in
environmental stress response[ ]]. Plant Cell Reports .
2013,32(7):971-983.

SOITAMO A J, PIIPPO M, ALLAHVERDIYEVA Y,
et al. Light has a specific role in modulating Arabidopsis
gene expression at low temperature[ J]. BMC Plant Biolo-
gy+2008,8(1):13.

Bk, A 898 .45 B, 55 ARIR WA T AN ABA XHF R
WK fEm SR & XA A ()], Rl R
2019,28(4) :81-94.

XIANG H T,QI D Q, LI W, et al. Effects of exogenous
ABA on the endogenous hormone levels and physiology of
chilling resistance in the flowering stage under low tem-
perature stress | J |. Acta Prataculturae Sinica, 2019,
28(4):81-94.

EOX.T @M. LEARE AT ARSI L N
2 NIRRT ). 22 K AR 4, 2009.29(5) - 827-
831.
WANG X,YU J,YANG Y.et al. Changes of endogenous
hormones of winter wheat varieties with different cold-re-
sistances underlow temperature[ J]. Journal of Triticeae
Crops+2009,29(5) :827-831.
X 2L A8 B o L 55 AR BT 5 N IRIR 19 ¢
R E A5 . 2015,31(21) :144-148,
LIU SH H, NI SH B, WEI L P, et al. Relationship be-
tween cold-resistanee and endogenous horm one in oil
palm [ J]. China Agricultural Science Bulletin, 2015,
31(21) :144-148.
A O 2 AR IR R RIS G R v D R A A AR
FELD]. =M Ok K4, 2010.
LI Y H. Studies on endogenous hormones changes of lily
bulb stored at different cold temperatures for breaking
dormancy[ D]. Lanzhou: Gansu Agricultural University.,
2010.

HETC, ) W, sk T AR R X BOR LA A IR &
LEAYREMA [T ] T b BB 0 2 B 24 4L 2012, 26 (2) : 26-
30.
YAN SH J,LIU J,ZHANG J N,et al. Analysis on corre-
lation between grape cold resistance and sugar and endoge-
nous hormone accumulation in phloem [ J]. Journal of
Hebei Normal University of Science & Technology ,
2012,26(2) :26-30.



« 394 wodb & Mk % R 30 &

Correlation on Grape Cold Tolerance, Ddissoluble Sugar and
Accumulation of Endogenous Hormones in Phloem

WEI Xiaxia!y, LI Yumei', LI Yanbiao!, GUO Yanlan?, JIA Jin?®,
MA Zonghuan', MAO Juan' and CHEN Baihong'

(1. College of Horticulture, Gansu Agriculture University, Lanzhou 730070, China; 2. Wuwei Academy of Forestry Sciences,
Wuwei Gansu 733000, China; 3. Gansu Chateau Honggiao Wine Co. Ltd, Zhangye Gansu 734200, China )

Abstract Under field condition, five cold-resistant grape varieties were used as materials, five cold-
resistant grape varieties were ranked by use of cold tolerance evaluation model, and the content of sol-
uble sugars and endogenous hormones in the bast of branches during the different periods were deter-
mined by high-performance liquid chromatography. The results showed that the cold resistance order
of the five grape varieties: ‘Zuoshan 17 > “101-14" > “3309C” > ‘S04’ > ‘Pinot Noir’. In addition,
we found that the sucrose, fructose, glucose, and ABA(Abscisic acid) contents of the five grape vari-
eties were significantly or strongly correlated with their cold hardiness when samples were collected on
October 19 and November 12(+=0. 908 —0. 965), and the correlation coefficients during these periods
were higher than those before September 25. Except for ‘3309C”,IAA(Auxin) and GA, (Gibberellic
acid) were at lower level in the higher cold-resistant varieties. In addition, there was a significant or
extremely significant negative correlation between the cold hardiness coefficient and the content of the
two hormones in branches after September 1, which reached maximum of 0. 913 and 0. 985 on October
19, respectively. This study indicated that high levels of sucrose, glucose, fructose, and ABA and low
levels of GA; and TAA can improve the cold resistance of grapes during the later stages of branch de-
velopment. Furthermore, in terms of the cold resistance of grapes, the sucrose, glucose, ABA, and
GA,; respond more effectively than the fructose and TAA.

Key words Grape;Cold resistance; Correlation analysis; Soluble sugar; Endogenous hormones
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