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Physiological response to low temperature and comprehensive evaluation of
cold tolerance in kale

YAO Yue-mei, DAI Zhong-liang, ZHANG Zhen-chao, XIAO Yan, PAN Yue-ping
( Zhenjiang Institute of Agricultural Sciences of the Ning-Zhen Hilly District, Jurong 212400, China)

Abstract: Using 24 kale varieties as material, the effect of low temperature stress on cabbage leaf relative electrical
conductivity, soluble protein content, soluble sugar content, proline content, malondialdehyde (MDA) content and super
oxide dismutase (SOD) activity was determinated. The cold tolerance of kale was measured by cold resistant coefficient of
each index and comprehensively evaluated by using principal component analysis and membership function analysis. The re-
sults showed that leaf relative electrical conductivity, soluble protein content, soluble sugar content, proline content, MDA
content and SOD activity of kale in the group of low temperature stress were higher than those in the group of control, and
there was significant difference among the different varieties. Comprehensive score (D value) was between 0.15 to 0.60.
According to the D value, 24 kale materials could be divided into four types, including Y108, Y4389, Nishang and Y93 as
strong cold resistance, Mingguwu red, Ruiyu6, Y92, Nagoya Y122, Y4382, Y90 and Y114 as cold resistance, Y4330,
Y4496, Y130, Y4467 and Y105 as the medium cold resistance, Hongou, Ruiyull, Baiou, Baige, Y9197, Y9196, Y112

and Mingguwu white as the low cold resistance. Correlation
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BRI Ar R B (1974-) fr  BFSRATI T A, K% GBS b1, £ 5 positive correlation ( P<0.01) with soluble sugar content,

analysis showed that the D value had extremely significant

RSB EE T AT &3, (Tel) 0511-80978051 ; proline content and SOD activity , and had significantly
( E-mail) 1045714975@ qq.com positive correlation (P<0.05) with the soluble protein
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tent, SOD activity soluble protein content can be used as comprehensive evaluation index of kale cold tolerance.
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Table 1 The name and source of kale used in this study

kale; cold tolerance; physiological response; comprehensive evaluation
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Fig.1 Relative electrical conductivity of kale leaves in response to low temperature stresss
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Fig.2 Soluble protein content of kale leaves in response to low temperature stress
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Fig.3 Soluble sugar content of kale leaves in response to low temperature stress
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Fig.4 Free proline content of kale leaves in response to low temperature stress
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5).

R AL B /5, R TR &R MDA & &4 F 1,41 MEARSEIED T 0. 84 pmol/g,



WSS < P XL B0 A B 17 5 T FE A 25 5 T A 1353

MDA% & (pmol/g)
(=) —_— [\8} w E W [*)}
T

i
4 6 1

F bR FRILE 1,

M
[l
I i

7 9

8

w1

5

0

M
| il m
12 13 14 15 16 17
At
O fIRiAL 2L ;

19 20 21 22 23 24

L Ipapict

B5 REMETARPARFERMHF MDA &8

Fig.5 MDA content of kale leaves in response to low temperature stress
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Fig.6 SOD activity of kale leaves in response to low temperature stress
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Table 2 Cold resistant coefficient of each index of kale

Bl FIXTHLGRTIE AR RS AR A TR i MDA & 5 i € SOD T Pt 7€
" RE(%) i € 250 (% ) it 5E R AL (%) [FESES(EOD) FH(%) FH(%)
5P 6 5 202 235 144 146 158 189
ZEA 163 94 118 154 119 139
Fib 11 5 212 174 110 139 147 151
LAy tal 214 119 141 197 205 172
Y4389 195 197 152 249 73 187
Y4382 176 173 127 188 239 186
Mg 198 125 112 168 74 170
Y4467 219 115 131 156 138 168
Y4330 150 164 110 224 148 202
T 209 162 159 170 177 187
Y122 244 172 124 183 193 161
Y4496 230 188 102 169 166 163
I 236 106 120 162 109 137
Y90 192 318 119 223 187 123
21 RK 174 187 117 146 189 157
Y130 128 138 156 192 130 186
Y93 192 225 160 197 92 182
Y92 216 150 116 186 229 188
Y112 212 140 145 185 147 172
Y114 171 192 144 174 174 171
Y108 162 206 196 192 148 195
Y105 185 111 142 132 153 167
Y9196 189 130 128 122 97 168
Y9197 168 207 114 141 131 161

R3 PREBEZEREREXNSTSRZHRTHE

Table 3 The principal component score coefficient of each physiological index of kale and contribution rate

o | ERiEG EOARATY . m
WIE s percl SR CWEER e s (9 (%)
Cl, -0.547 0.351 0.754 0.630 -0.031 0.744 32.369 32.369
CI, 0.300 0.716 -0.235 0.435 0.648 -0.220 21.914 54.283
Cl, 0.269 -0.433 0.095 -0.162 0.657 0.471 15.798 70.081
CI, 0.709 -0.106 0.215 0.340 —-0.344 0.051 13.266 83.347
(O 0.158 0.315 0.493 -0.483 0.040 -0.122 10.293 93.640
2.4 PXRHEMERSZSTEN (R 4) uln)= (72,5, / (0,720, , N, 23R

HESPAH A MM T LRSI RIR R 5 SRR RIS x,,, B | DR IRIR I /)
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ALLRR, Hi P 11 5 RS, H A%, Y9197, Y9196,
Y112 A EA,

Table 4 The value of comprehensive index (CI), u(x;),D value and comprehensive evaluation of kale

En CI, I, CIy I, CI u(x;) u(x,) u(xy) u(xy) u(xg) DI THZERN
ik 6 5 1.08  -0.95 1.00 0.43 0.25 0.64 0.14 0.47 0.57 0.61 0.48 [
LR -1.33 -0.73 -0.80 -0.92 -1.10 0.09 0.19 0.06 0.23 0.26 0.15 EE
WP IS -094  -1.00 026  -0.08 0.45 0.18 0.13 0.30 0.44 0.66 0.28 54
Ayt 0.33 0.62  -0.85 1.03 0.86 0.47 0.54 0.05 0.72 0.76 0.48 Ci
Y4389 0.65 2.44 025  -1.81 0.38 0.54 1.00 0.30 0 0.64 0.54 etk
Y4382 0 0.47  -0.29 2.11 -0.78 0.39 0.50 0.18 1.00 0.35 0.46 G
SEL) -0.76 034  -1.05 -1.52 0.01 0.22 0.47 0.01 0.08 0.55 0.26 5
Y4467 0.10  -043  -091  -0.27 0.91 0.42 0.27 0.04 0.39 0.78 0.36 Lx
Y4330 -0.67 224 -1.08 037  -1.82 0.24 0.95 0 0.56 0.08 0.39 LX
R 146  -034  -0.11 0.61 0.73 0.73 0.29 0.22 0.62 0.73 0.53 e 3k
Y122 -0.26 0.31 0.10 0.78 1.77 0.33 0.46 0.26 0.66 1.00 0.47 Eii
Y4496 -1.03 0.22 0.09 0.43 1.02 0.15 0.44 0.26 0.57 0.81 0.37 il
S]] -0.94 =035  -0.6l -1.26 1.59 0.18 0.29 0.10 0.14 0.95 0.27 54
Y90 -1.70 0.85 3.39 0.17 0.05 0.60 1.00 0.50 0.56 0.44 [
21K -0.78 -1.01 0.49 0.87 -0.89 0.21 0.12 0.35 0.68 0.32 0.29 EE
Y130 0.71 033  -054  -0.41 -2.13 0.56 0.46 0.12 0.36 0 0.37 H
Y93 1.14 0.49 1.06  -1.34 0.24 0.66 0.50 0.48 0.12 0.61 0.51 W5
Y92 -0.14 0.76  -0.92 1.95 0.55 0.36 0.57 0.04 0.96 0.69 0.48 L
Y112 0.52 026  -042  -0.20 0.83  -0.13 0.45 0.15 0.41 0.76 0.23 5
Y114 034  -0.33 0.59 0.46  -0.72 0.47 0.30 0.37 0.58 0.36 0.42 Ci
Y108 262 -0.22 098  -0.17  -0.57 1.00 0.32 0.46 0.42 0.40 0.60 B
Y105 0.44  -149  -0.74 0.07  -0.26 0.49 0 0.08 0.48 0.48 0.30 CX
Y9196 001  -149  -060 -1.00 -0.26 0.40 0 0.11 0.21 0.48 0.24 55
Y9197 -0.82  -1.00 072 -028 -1.14 0.20 0.13 0.40 0.39 0.25 0.25 55
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Table 5 Correlation between physiological indexes for cold resistance and D value in kale

ARXTHLRA AR AT AVA TR A R £ MAD # SOD %
IR el rigts s -0.091
IR ciinen: -0.257 0.116
I 2R % -0.114 0.363 0.247
MAD 7 it 0.133 0.175 -0.121 0.052
SOD TPk -0.286 -0.041 0.497 * 0.295 0.054
DAY 0.073 0.485 0.579 ** 0.596 ** 0.330 0.555 **
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