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Abstract: Freezing injury is one of the main meteorological disasters for grapes in northern China, and it seriously affects the growth
and quality of wine grapes, which are soil-buried for winter protection in the northwest inland zones, and restricts the sustainable
development of grapevine and the wine industry. The cold resistance of different parts of wine grape varies with the genetic
characters of the grape varieties. In this paper, the cold resistance capacity of different parts of wine grape were measured using
different thermal analysis (DTA) technologies to provide a theoretical basis for the prevention and mitigation of the winter freezing
injury of grape. The physiological response indexes (supercooling point, freezing point, relative conductivity, and water content of
branches) of four common varieties of wine grapes, namely, ‘Cabernet Sauvignon’ ‘Merlot’ ‘Syrah,” and ‘Beimei’, were measured by
simulating the natural freezing schedule. Based on the fuzzy subordination function, the cold resistance capabilities of four wine
grape varieties roots were comprehensively evaluated. The results showed that: 1) there were significant differences in cold resistance
among different varieties, but the trend cold resistance of root and branch of the four varieties were identical. The order of cold
resistance of the four varieties was: ‘Beimei’ > ‘Cabernet Sauvignon’ > ‘Merlot’ > ‘Syrah’. 2) There was a significant correlation
between the semi-lethal temperature and the supercooling point of the root system. Combined with the semi-lethal temperature, the
temperature range of the supercooling points of the tested varieties roots was —5.2~-2.7 , which could be used as the temperature
reference index of the root system of four wine grape varieties. In all parts of the tested varieties, the cold resistance of branch was
the strongest, the taproot was the second, the secondary root was the weakest, and the cold resistance capacity of the taproots was
significantly better than that of the accessory roots. The results of this study are of significance to the monitoring, early warning, and
improving the ability of wine grapes to resist overwintering freezing damage and provide a theoretical basis for the breeding of cold
resistance ability in wine grape and the popularization and application of excellent varieties.

Keywords: Wine grape; Comprehensive evaluation of cold resistance; Supercooling point; Semi-lethal temperature (LTs);
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Table 2 Variance analysis of supercooling points, freezing points and supercooling capacities of the same part among different wine
grape varieties and among different parts of the same variety

Index Part Beimei Merlot Syrah Cabernet Sauvignon
Taproot —4.94+0.15aB -3.91£0.12bB ~3.21+0.14cB —4.02+0.15bB
Supercooling point Accessory root ~4.12+0.27aC ~3.73£0.51bB ~2.87£0.01cC ~3.53£0.33bC
temperature ()
Branch —9.79+0.95aA —7.03+0.99dA —7.99+0.58cA —8.71+0.65bA
Taproot -3.49+0.35aB —2.76+0.46bB -1.95+0.17dB —2.45+0.27¢B
Freezing point Accessory root —3.1440.32aB —2.78+0.51abB —2.25+0.23bB —2.62+0.28bB
temperature ()
Branch —7.77+1.37aA —5.00+1.08bA —4.97+0.78bA —7.51+0.84aA
Taproot 1.45+0.41aB 1.15+0.42aA 1.22+0.19aB 1.57+0.301aC
S“E;;‘;‘;;’tlyi“g Accessory root 0.89+0.30abA 0.95+0.41bA 0.62+0.27aA 0.91+0.21bA
Branch 2.02+0.83bC 2.03+0.60bB 3.02+0.81¢C 1.20+0.42aB
P<0.05 , P<0.05

Different lowercase letters in the same line mean significant differences at P < 0.05 level in the same part among different varieties;
different capital letters in the same column mean significant differences at P < 0.05 level in the same variety among different parts.

9 > > b
R , 3 ‘
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077’ 3 ’ 3 ’
, 0.58  0.52,
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Table 3 Comprehensive evaluation of cold resistance of four wine grape varieties based on fuzzy membership function

Part Index Beimei Merlot Syrah Cabernet Sauvignon
Supercooling point 0.00 0.60 1.00 0.53
Taproot Freezing point 0.00 0.47 1.00 0.68
Supercooling capacity 0.71 0.00 0.26 1.00
Supercooling point 0.00 0.30 1.00 0.46
Accessory root Freezing point 0.00 0.45 1.00 0.61
Supercooling capacity 0.82 1.00 0.00 0.88
Supercooling point 0.00 1.00 0.65 0.39
Branch Freezing point 0.00 0.99 1.00 0.09
Supercooling capacity 0.44 0.45 1.00 0.00
Average of subordination value 0.22 0.58 0.77 0.52

Cold hardiness High Middle Low Middle
2.4 (LTs0) 4 4
b
b b
) [3 ’>‘ ’>6 ’>‘ E
3
b > b
7>‘ 7>‘ 7>‘ 2 [3 2
, , , -2886 ; <
, : . —l416
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Table 4 Logistics equations of relative electrical conductivity (Y) and temperature (X) and semi-lethal temperature (LTso) of differ-
ent parts of different wine grape varieties

Part Variety Logistics equations R’ LTso ()
Beimei Y=52.87/[1+EXP(4.68+0.89.X)] 0.999 3 -5.30f

Taproot Merlot Y=44.97/[1+EXP(2.55+0.66X)] 0.977 6 —-3.97de
Syrah Y=60.82/[1+EXP(4.39+1.38X)] 09825 -3.25b
Cabernet Sauvignon Y=45.07/[1+EXP(1.97+0.49.X)] 0.918 3 —4.06¢
Beimei Y=34.02/[1+EXP(4.98+1.22X)] 0.9753 —4.10e
Accessory root Merlot Y=41.46/[ 1+EXP(3.33+0.93X)] 0.963 4 -3.61c
Syrah ¥Y=30.36/[ 1+EXP(2.68+0.91X)] 0.950 1 -2.92a

Cabernet Sauvignon Y=46.59/[1+EXP(2.75+0.74X)] 0.994 1 —3.70cd
Beimei Y=117.81/[1+EXP(4.62+0.16X)] 0.967 5 —28.86i
Branch Merlot Y=84.22/[1+EXP(4.29+0.24X)] 0.999 5 —17.90h
Syrah Y=85.34/[1+EXP(6.02+0.43X)] 0.9952 —14.16¢g
Cabernet Sauvignon Y=72.26/[1+EXP(4.44+0.25X)] 0.975 7 —-17.76h

P<0.05 Different lowercase letters in the semi-lethal temperature column mean significant

differences at P < 0.05 level.

2-5 R O’ ¢ s
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Table 5 Cold resistance evaluation of different grape varieties based on semi-lethal temperature by fuzzy membership function
method

Semi-lethal temperature (LTsg)

Variety Average of subordination value Cold hardiness
Taproot Accessory root Branch
Beimei 0 0 0 0 High
Merlot 0.69 0.44 0.75 0.62 Middle
Syrah 1.00 1.00 1.00 1.00 Low
Cabernet Sauvignon 0.58 0.31 0.76 0.55 Middle
2.6 , 50.51%; ° ’ , 52.33%;
¢ e ’ 51.09%
51.93% ¢ > b ’
6 ,
5
R 0.996; 7 ,
) 0.969 , 0.984
, 0.972; ,
S 0.954 0.953 [21]
27 3 tHe5%&R
20 cm
1 ¢ ’ 40 cm .
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Table 6 Correlation analysis between semi-lethal temperature (LTso) and cold resistance indexes of wine grape

Supercooling point  Freezing point _ Supercooling capacity LTso
Supercooling point 1.000
Taproot Freezing point 0.966" 1.000
Supercooling capacity —-0.525 —-0.288 1.000
LTso 0.996" 0.969° -0.494 1.000
Supercooling point 1.000
Accessory Freezing point 0.990" 1.000
root
Supercooling capacity -0.833 —-0.746 1.000
LTso 0.972" 0.954" -0.828 1.000
Supercooling point 1.000
Branch Freezing point 0.884 1.000
Supercooling capacity 0.259 0.681 1.000
LTso 0.833 0.940 0.637 1.000

* P <0.05; **: P<0.01.
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Table 7 Correlation analysis between water contents and cold resistance indexes of branches of wine grape

Supercooling point

Freezing point

Supercooling capacity

water content

Supercooling point 1.000
Freezing point 0.884 1.000
Supercooling capacity 0.259 0.681 1.000
Water content 0.984" 0.953" -0.515 1.000
*: P <0.05.
20 cm -3.5 10 d,
b
[25]
b
b 2
5
b b
5 s
b
-52~-2.7 , ,
-5.2~-2.7 4 ,
2 2 b
[27]
b b
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