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Identification and comprehensive evaluation of cold resistance of wine

grape germplasms in Northern Tianshan Region, Xinjiang
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Abstract: [Objective] Xinjiang is the largest grape-producing area in China. The main species cultivat-
ed there is Vitis vinifera. The buried vine cold-proof cultivation technology is used to ensure safety of
overwintering, which would cause destruction of soil surface and consume labor. The study aimed to
evaluate the cold resistance of wine grape germplasms in Xinjiang and screen out some cold resistant
germplasms for breeding new varieties. [Methods] 34 accessions of V. amurensis x V. vinifera and 41
accessions of locally planted germplasm were used for the study. The mature annual branches were sub-
jected to low-temperature stress treatments at —10, —15, =20, 25, =30, and —35 °C, respectively, and
4 °C was taken as the control. The relative conductivity (REC), peroxidase (POD) activity, proline (Pro)

content, soluble sugar (SS) content, and malondialdehyde (MDA) content were measured, and the half-
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lethal temperature (LTs,) was calculated by combining with the logistic equation. A comprehensive eval-
uation of cold resistance was carried out using the affiliation function method, and 75 test materials
were graded by cluster analysis, and their physiological and biochemical indexes were comparatively
analysed. [Results] The branch conductivity of the 75 germplasms conformed to the typical “S” —
shaped curve, and the fit of the logistic equation for each variety (line) was R* between 0.764 and 0.996,
with the LT, ranging from —8.550 to —29.153 °C, and the LTs, of the V. amurensis x V. vinifera and V. vi-
nifera ranging from —15.935 to —29.153 °C and —8.550 to —21.003 °C, respectively; the values of the af-
filiation function ranged from 0.061 to 0.986 for 75 wine grape germplasms, among them, Beimei, Bei-
hong, Beibinghong, Zuoyouhong, 11-5-36, 11-14-45, 12-3-23, 12-5-6, 12-10-60 and 12-16-95 had a
combined rating between 0.8 and 1.0 with high cold resistance; Marselan, Cabernet Sauvignon and 12-
16-96 had a combined rating of 0.056, 0.552 and 0.563, respectively, with moderate cold tolerance;
Carignan, Cabernet Franc, Baigendi, Sauvignon Blanc, Neuburgske, Jiubai, and Ruby Cabernet had a
combined rating between 0.0 and 0.2 with poor resistant to cold. The results differed somewhat from
the results of the unifactorial evaluation using LT, as an indicator, but the overall ordering was similar.
The cluster analysis graded 75 wine grape germplasm into highly cold-tolerant ( I ), cold-tolerant ( II),
moderately cold-tolerant (IIT), and low-temperature-sensitive germplasm (IV), of which the grade [ in-
cluded 11 germplasm, all of them were the accessions of V. amurensis x V. vinifera and highly cold-tol-
erant germplasm; the grade Il included 27 germplasms, of which 66.667% the the accessions of V. amu-
rensis x V. vinifera, and were cold-resistant germplasm; the grade III included 27 germplasms, of which
V. vinifera was predominant (21), followed by V. amurensis x V. vinifera (5), which were moderately
hardy germplasm; the grade IV included 10 germplasm, all of them were V. vinifera and were low-tem-
perature sensitive germplasms. Based on the affiliation function method and cluster analysis, it could be
concluded that among the V. vinifera, Blue French, Petit Manseng, Erhaobaoxiang, Ecolly, Marselan,
Cabernet Sauvignon 169, Cabernet Sauvignon and Saperavi had better cold tolerance; V. amurensis 12-
11-5 and 2-5-8 were less cold resistant, but in general the varieties with V. amurensis pedigree were
more cold resistant than V. vinifera. Six cold-resistant germplasms were selected: Beihong, 12-5-6, 12-
16-95, 12-10-60, Beimei, Beibinghong; Six low temperature sensitive germplasms included Cabernet
Franc, Baigendi, Sauvignon Blanc, Neuburgske, Jiubai and Ruby Cabernet were comparatively anal-
ysed for physiological and biochemical indices; With the decrease in treatment temperature, the REC of
the 12 varieties continued to increase; the Pro content firstly increased and then decreased; the SS con-
tent continued to increase; the POD activity of the highly cold-tolerant germplasm firstly increased and
then decreased; and the MDA content continued to increase; the POD activity of the low-temperature-
sensitive germplasm continued to decrease; and the MDA content firstly increased and then decreased
in the trend of change. [Conclusion] The cold resistance of accessions of V. amurensis x V. vinifera was
stronger than that of V. vinifera, and the cold resistance of grade [ was the strongest, which could be
used as a germplasm resource for the subsequent breeding of cold-resistant variety.
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Table 1 Wine grape cultivars (lines) for test

Gt RRARS ORI G5 AT R Git RORERK
Code Germplasm Source Code Germplasm Source Code Germplasm Source
Gl KA Rl G26  JREEEK Rl G51  11-5-26 1L R

Sauvignon Blanc V. vinifera Cabernet Sauvignon V. vinifera V. amurensis x V. vinifera
G2 73 Rl G27 FREERM AR 1 Rl G52 11-5-32 1L R

Yan 73 V. vinifera Cabernet Sauvignon 1 V. vinifera V. amurensis % V. vinifera
G3 btk R i G28  FREE kAR R 169 Rl G53  11-5-36 Ll R

Petit Manseng V. vinifera Cabernet Sauvignon 169 V. vinifera V. amurensis X V. vinifera
G4 HZW R E G29  FREZkMF 170 R E G54 11-5-68 Ll R

Chardonnay V. vinifera Cabernet Sauvignon 170 V. vinifera V. amurensis % V. vinifera
G5 Tifr R 7l G30  FREZRA R 191 R E G55 11-6-28 e

Syrah V. vinifera Cabernet Sauvignon 191 V. vinifera V. amurensis % V. vinifera
G6  MAE BRI A G31  JREEERAN R 338 BRI G56  11-6-52 IR 2 T

Saperavi V. vinifera Cabernet Sauvignon 338 V. vinifera V. amurensis x V. vinifera
G7  BRHN WKL Fif G32 FHfEM DR IE A G57  11-7-6 L Dz A

TaBpu1 V. vinifera Ruby Cabernet V. vinifera V. amurensis x V. vinifera
G8  IEES R i G33 HEW RRE Gs8  11-7-11 L R

Gewurztraminer V. vinifera Ugni Blanc V. vinifera V. amurensis % V. vinifera
G9 i Ek R E G34 AWM R E G59  11-14-16  ILRKA4FF

Cabernet Franc V. vinifera Chenin Blanc V. vinifera V. amurensis % V. vinifera
G10 {217 BRI G35 MR I A G60  11-14-45  ILRKAAD

Neuburgske V. vinifera Baigendi V. vinifera V. amurensis x V. vinifera
Gl HgRedl BRI G36  EHMTH I A G61 112323 IR

Merlot V. vinifera Ecolly V. vinifera V. amurensis x V. vinifera
G2 HRE R i G37 ALK W G62  11-30-31  LLBERA4FH

Muscat Hamburg V. vinifera Aifeiliao V. vinifera V. amurensis x V. vinifera
G13 G RRAIE G38  60-1 RRAE G63  12-3-6 e

Marselan V. vinifera V. vinifera V. amurensis % V. vinifera
Gl4 EHAl4 R i G39 1-62 RRAE G64  12-3-19 R

Cray Riesling V. vinifera V. vinifera V amurensis x V. vinifera
G15 s AR R i G40 RIEFE e i G65  12-3-23 R A

Kelimuboxi V. vinifera Black Muscat V. vinifera x V. labrusca V amurensis *x V. vinifera
Gl6 i R i G4l B e i G66  12-5-6 B2 il

Jiubai V. vinifera Blanc V. vinifera x V. labrusca V amurensis *x V. vinifera
G17 % BRI i G42 JbEE B2 o G67  12-6-5 B2 il

Gamay V. vinifera Beixin V amurensis *x V. vinifera V amurensis *x V. vinifera
G18  (ERIAR RRALE G43 du% B2 o G68  12-6-32 R

Carignan V. vinifera Beixi V amurensis *x V. vinifera V amurensis *x V. vinifera
G19 BT R i G44  Jt¥ B 2 i G69  12-6-42 ey

Bacator Red V. vinifera Beimei V amurensis x V. vinifera V. amurensis x V. vinifera
G20 Lt BT i G45  dter DR G70  12-10-60  LLBRA4FE

Pinot Noir V. vinifera Beihong V amurensis x V. vinifera V. amurensis x V. vinifera
G2l HAFE BRI A G46  Jbikar DR G71  12-10-70  LLBRA4FE

Italian Riesling V. vinifera Beibinghong V amurensis X V. vinifera V. amurensis x V. vinifera
G22 kiR BRI A G47 KR15 B2 i G72  12-12-23  LLBRA4HE

Grenache V. vinifera Gongniang 1 V amurensis x V. vinifera V. amurensis x V. vinifera
G23  ®mHEW BRI A G48  feflia DR G73  12-169 B 2 il

I'enyca Uubun V. vinifera Zuoyouhong V amurensis x V. vinifera V amurensis x V. vinifera
G24 A RRALE G49  11-5-3 DRl G74  12-16-95 B 2% i

Blue French V. vinifera V amurensis x V. vinifera V. amurensis x V. vinifera
G25 AR BRI A G50 11-5-17 DRl G75  12-16-96  LLBRA4FE

Early Madeleine

V. vinifera

V amurensis x V. vinifera

V. amurensis

x V. vinifera
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Table 2 Evaluation of LTS5, and cold resistance affiliation function of 75 wine grape germplasms
o Logistic BITE me o cpspy  REERE Menpevae ¥
Code LoglsF 10 Tegression E{; ﬂgo wordinate Tunetion value of membership  Order
equation K LTwC REC LT, POD  Pro ss MDA function

Gl »=100/C1+1.910¢ ") 0.775 -12.343 0.163  0.184 0.056 0.047 0.129 0.171 0.125 72
G2 »=100/C1+1.162¢ ) 0.913 -15.418 0312 0.333 0.189 0.149 0.175 0.551 0.285 62
G3 »=100/C1+1.138¢ ™) 0.892 -19.970 0.567  0.554 0.688 0.675 0.654 0.791 0.655 24
G4 »=100/(1+0.843¢""") 0.868 -16.697 0.425  0.395 0.383 0.308 0.514 0.659 0.448 47
G5 »=100/C1+1.692¢ 1" 0.842 -16.526 0.395  0.387 0.344 0.451 0.409 0.639 0.438 48
G6 »=100/C1+1.063¢ ") 0.915 -17.784 0.458  0.448 0.630 0.701 0.361 0.805 0.567 32
G7 »=100/C1+0.904¢ ") 0.861 -15.219 0332 0324 0.195 0.167 0.363 0.562 0.324 59
G8 »=100/C1+0.981¢ ") 0.885 -15.095 0312 0318 0.172 0.049 0.139 0.530 0.253 64
G9 y=100/(1+1.356¢ """ 0.810 -13.409 0.202  0.236 0.060 0.009 0.055 0.319 0.147 70
G10 1=100/(1+0.554¢""") 0.817 -10.925 0.142  0.074 0.037 0.066 0.025 0.096 0.073 73
Gl1 1=100/(1+1.452¢""") 0.817 -16.074 0.371  0.365 0.262 0.226 0.519 0.610 0.392 52
Gl12 1=100/(1+2.399¢"'™) 0.810 -13.479 0.220  0.239 0.063 0.089 0.095 0.346 0.175 68
G13 1=100/C1+1.198¢™*) 0.880 -18.296 0.485 0.473 0.712 0.411 0.454 0.702 0.539 36
Gl14 1=100/(1+0.857¢""") 0.888 -17.144 0436 0417 0.710 0.313 0.369 0.667 0.485 41
Gl15 1=100/(1+0.895¢" ") 0.854 -16.422 0.396  0.382 0.568 0.176 0.328 0.649 0.416 51
Gl16 1=100/C1+0.746¢"*) 0.771 -9.983 0.280  0.057 0.008 0.037 0.016 0.000 0.067 74
G17 1=100/(1+0.807¢""") 0.920 -15.770 0.376  0.350 0.249 0.191 0.329 0.601 0.349 57
G18 1=100/(1+0.853¢"") 0.856 -13.046 0.200 0.218 0.078 0.077 0.065 0.284 0.154 69
G19 1=100/C1+1.275¢""") 0.933 -15.718 0.427  0.347 0.221 0.223 0.232 0.588 0.340 58
G20 y=100/C1+1.110e ") 0.807 -17.597 0.454  0.439 0.619 0.256 0.404 0.675 0.474 44
G21 1=100/(1+0.882¢"*) 0.767 -16.132 0.400  0.368 0.581 0.305 0.312 0.626 0.432 49
G22 1=100/(1+0.886¢ ") 0.876 -15.118 0.327 0319 0.190 0.168 0.158 0.563 0.287 61
G23 1=100/(1+0.868¢ ") 0.806 -13.758 0.261  0.253 0.000 0.129 0.076 0.348 0.178 67
G24 1=100/C1+1.340¢ ") 0.928 -21.003 0.625  0.604 0.834 0.646 0.592 0.871 0.695 17
G25 y=100/C1+1.424¢ ") 0.895 -18.934 0.510  0.504 0.610 0.573 0.423 0.796 0.569 33
G26 »=100/(1+1.336¢ ") 0.915 -17.913 0.466  0.454 0.633 0.594 0.264 0.754 0.527 37
G27 »=100/C1+1.340¢ ") 0.863 -17.720 0.455  0.445 0.563 0.256 0.423 0.705 0.475 45
G28 »=100/C1+1.629¢ ") 0.845 -18.004 0.498  0.459 0.577 0.416 0.647 0.722 0.553 35
G29 »=100/C1+1.090¢ ™) 0.903 -16.319 0373  0.377 0.562 0.264 0.304 0.646 0.421 50
G30 y=100/(1+1.182¢ ™) 0.847 -16.043 0.360 0364 0.264 0.219 0.301 0.643 0.359 55
G31 »=100/C1+1.101¢™*) 0.948 -17.479 0.435 0433 0.486 0.326 0.507 0.705 0.482 43
G32 1=100/(1+0.458¢""*) 0.813 -8.550 0.056  0.000 0.010 0.000 0.000 0.037 0.017 75
G33 y=100/C1+1.130e™™) 0.821 -14.681 0.297  0.298 0.172 0.245 0.304 0.493 0.301 60
G34 1=100/(1+0.988¢™ ™) 0.833 -15.610 0.349 0.343 0.211 0.119 0.561 0.563 0.358 56
G35 y=100/(1+0.901¢™") 0.934 -12.665 0.150  0.200 0.064 0.071 0.075 0.209 0.128 71
G36 1=100/(1+1.463¢"") 0.869 -18.426 0.497  0.479 0.663 0.645 0.475 0.718 0.580 31
G37 1=100/(1+0.455¢""*) 0.933 -10.719 0.200  0.105 0.173 0.047 0.672 0.145 0.224 66
G38 1=100/C1+1.134¢7) 0.828 -15.202 0313  0.323 0.578 0.388 0.092 0.554 0.375 54
G39 1=100/(1+1.216¢""") 0.914 -15.054 0.290 0316 0.172 0.162 0.133 0.559 0.272 63
G40 1=100/C1+1.067¢"*) 0.882 -14.041 0.240  0.266 0.031 0.344 0.083 0.442 0.234 65
G41 1=100/(1+0.920¢""") 0.931 -19.707 0.543  0.542 0.668 0.644 0.631 0.762 0.632 27
G42 1=100/(1+0.805¢""*) 0.841 -21.453 0.772  0.626 0.784 0.704 0.751 0.856 0.749 13
G43 y=100/(1+2.197¢ ") 0.823 -19.424 0.644  0.528 0.776 0.707 0.603 0.817 0.679 19
G44 1=100/C1+1.225¢"") 0.954 -28.235 0.944  0.946 0.921 0.607 0.617 0.981 0.836 5
G45 »=100/C1+1.621¢""™) 0.804 -29.153 1.000  1.000 1.000 1.000 0.947 0.968 0.986 1
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gy LogisticllE me o cpspy REERE Eﬁfie HE
Code LOng't 16 regression r% ‘ﬂfﬁo (rordinale unehion e of membership  Order
equation R LT/ C REC LT, POD  Pro ss MDA function

G46 y=100/(1+1.219¢°™) 0933  -24819 0773 0.790  0.682 0.838 0917 0943 0824 6
G47 y=100/(1+1.189¢°™) 0794  -18.096 0497 0463  0.604 0434 0847 0786  0.605 28
G48 y=100/(140.909¢°™) 0810  -23.610 0534 0731 0872 0854 0901 0887  0.796 9
G49 y=100/(1+1.012¢°™) 0939  -22.739  0.669 0.689 0746 0737 0858  0.890  0.765 11
G50 y=100/(1+1.312¢°™) 0764  -16.675 0439 0394 0803 0040 0342 0685 0451 46
Gs1 3=100/(1+0.960¢°™)  0.889  -18.704 0508 0493 0559  0.613 0053 0739  0.494 40
G52 y=100/(140.769¢°*™) 0947  -16.301 0394 0376 0727 0261 0457 0679  0.482 42
G53 y=100/(1+1.359¢°™) 0850  -23.066  0.741 0705 0.784 0816 0852 0903  0.800 10
G54 y=100/(1+0.678¢°™)  0.866  -18.228 0486 0470  0.554 0585 0968 0717  0.630 26
G55 y=100/(1+1.309¢°™>) 0982  -21.043  0.619 0.606 0794  0.663 0709  0.835  0.704 16
G56 y=100/(1+0.991°™") 0964  -21.488  0.612 0628 0707 0478 0.776  0.858  0.676 20
G57 y=100/(1+0.738¢°™) 0956  -20.792  0.573 0594 0757  0.663 0589  0.869  0.674 21
G58 y=100/(1+0.920¢°*)  0.895  -21.339  0.603 0.621 0750 0.671 0741  0.841  0.704 15
G59 y=100/(1+1.270¢°™)  0.880  -18.268 0469 0472 0742 0904 0976 0823  0.731 12
G60 y=100/(1+1.247¢°%) 0972 -22.923 0702 0.698  0.812 0903  0.846  0.896  0.809 8
G61 y=100/C1+1.282¢°") 0915  -20258 0599 0568 0761  0.663  0.677 0823  0.682 18
G62 y=100/(1+1.229¢°™) 0770  -20.154  0.610 0563  0.794  0.610 0.661 0816  0.676 2
G63 y=100/C1+1.114e") 0923  -21.851 0.648 0.646  0.693 0428 0828  1.000  0.707 14
G64 y=100/C1+1.129¢°") 0985  -19.136 0515 0514 0789  0.609 0411 0797  0.606 29
G65 y=100/C1+0.988¢°™™)  0.890  -24.937 0730 0.795 0798  0.714 0946  0.945 0821 7
G66 y=100/(140.921¢°™) 0847  -25372 0810 0824 0729 0934 1.000 0975  0.879 2
G67 y=100/(1+1.243¢°™) 0916  -21.580  0.646 0.632  0.767 0589 0351 0894  0.647 25
G68 y=100/(140.942¢°**)  0.896  -19.071 0521 0511 0604 0615 0397 0744  0.565 34
G69 y=100/(1+1.088¢°"™) 0921  -19.127 0522 0513 0697 0562 0462 0750 0584 30
G70 y=100/(1+1.027¢ ") 0788  -24.881 0761  0.792  0.779 0913 0899 0939  0.847 4
G71 y=100/(1+1.439¢°") 0948  -21.737  0.649 0640 0.620 0412 0794 0887  0.667 23
G72 y=100/C1+0.811¢°*) 0918  -15935 0377 0358  0.694 0236 0020 0626 0385 53
G73 y=100/(1+1.316¢°7) 0780  -17.712 0489 0445 0617 0307 0393 0719 0495 39
G74 y=100/(1+1.196¢°*) 0826  -25.887  0.793 0.842 0840 0948 0770 0962  0.859 3
G75 y=100/(1+1.055¢°") 0826  -17.577 0467 0432  0.689 0328 038 0719 0503 38
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~35 °C I 338 K 1l E 45 K, 7 0.177%~26.270% 2 [7]
HorhfE-25 °Clf, JLUKZE REC KT 50% , BEI 1% 5
Pt IERE S BBURHA -

iR BUBOR T Y REC 8118 — P18 (1 1 Kt
B, TE 4~—15 °CHEFRIT , IR 7E 1.460%~12.486% 2
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AbFE BT, REC 2P K 34, Hodp 7E-25 °CAb 3
BF, S ER S R HL I B REC KT 70% , 40 i i
RGVIREZ ) H, FEOLMGIUREINS KA
FE IR FE R REC 4 90.013%, ZH 5 O 58 e i, 2k
EBIFERThAE . AE-25~-35 CCAL TR, B A 5
Ah, HoAl i Fh REC ¥ 1E 70% LA L, 25 5 B 25 REC
3G s BT 7%,



1940 PN ¥4k $ 413
() S
o & % = 8 33 R
o B = & 3
3 v
[SNT) S
o > LS
v, ()
Q. ¢ Wi
N S
Q &
>, o
Q. 9 o
G 3 3P
/s, W
029 9 2 2
052 o
o)
Gy
9 o1
G2;
G50 G0
= o o = o o 635
5 s 8 =2 =z =5 2l
G3 Il Il 1 1 Il 1
G45
Go61l
- G44
o5 G4
e Gos
G G,
oW 0
Gy,
s
055 G,
5‘6 \ 65 \
G A\N /Gy,
¢ Io 20
€ Q 060
& N\ @y
& Q.
N e z)
[ S £
(50 QS =0
(G =~ 0 %
& Z 0 S %
o g g ?‘\,’. 2 e

1 75 ERBREMRELD

Fig. 1 Cluster analyses of 75 wine grape germplasms
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Fig. 2 Effect of low-temperature treatments on the relative conductivity of branches of different wine grapes
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Fig. 3 Effect of low temperature treatments on peroxidase activity in different wine grape shoots
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Fig. 6 Effect of low temperature treatment on malondialdehyde content in different wine grapes
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FEHUTE: HUTE: | P FE BT TE AR U T T
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