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Evaluation of cold resistance of different wheat varieties based on physiological

responses of leaves to low temperature at the jointing stage

JIANG Lina, ZHANG Daijing, SONG Fei, LIU Pei, FAN Tingting, YU Haibo, LI Chunxi”
College of Life Sciences, Henan Normal University, Xinxiang, Henan 453007, China

Abstract: Cold injury is one of the main problems in winter wheat production in the Huanghuaihai wheat region. Winter
wheat grows rapidly at the jointing stage, and becomes sensitive to the drops in temperatures that frequently occur in spring.
Low temperature during the jointing stage restricts the growth of winter wheat and directly affects grain yield. Therefore,
correctly evaluating and improving the cold resistance of wheat varieties is very important for grain security. In this study,
we evaluated the cold tolerance of 24 wheat varieties grown in the Huanghuaihai region. The wheat plants were grown in pots
outdoors, and they were moved into an artificial climate chamber and subjected to a cold treatment at the jointing stage.
After the cold treatment, we measured seven physiological indices in leaves; relative electrical conductivity, soluble sugars
content, soluble protein content, free proline content, malondialdehyde ( MDA) content, superoxide dismutase ( SOD)
activity, and peroxidase (POD) activity. The results showed that the soluble protein content was lower in low-temperature-

treated plants than in the control plants (P<0.01) , while the other six indices showed higher values in the low-temperature-
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treated plants than in the control plants ( P<0.01). Analysis of variance showed that the values of these seven physiological
indices differed significantly among varieties both in low-temperature-treated and control plants ( P<0.01). Compared with
control plants, the low-temperature-treated plants showed a greater range of relative conductivity, soluble sugars content,
soluble proline content, MDA content, and POD activity, but lower range of soluble protein content and SOD activity. The
relative character value, that is, the proportion of the measured value in low-temperature-treated plants to that in control
plants, eliminated the genetic background difference. For each wheat variety, we used the relative character values to
calculate the average subordinative function value by the subordinative function method, and we calculated the
comprehensive score by the polar ordination method. The average subordinative function values ranged from 0.19 to 0.63 and
the comprehensive scores from 1.66 to 4.08. Among the 24 cultivars, Liangxing 619 showed the highest value and score,
while Shiyou 20 showed the lowest. Using K-means clustering analysis, the 24 winter wheat cultivars were divided into five
groups according to cold resistance; strong, high, medium, low, and weak. The strong cold resistance group contained six
varieties; Lingxing 619, Fengdecunmai No.1, B07-4056, Shi H083-363, Shannong 055843, and Lingxing 99. The high
cold resistance group contained seven varieties; Su 553, Shannong 509, A-9, Zhongyuan No.6, Xumai 4036, Shunmai
1718, and Shimai 19. The medium cold resistance group consisted of five varieties; Yaomai 16, C-44, Shannong 05-066,
Jimai 585, and Shi B05-7388. The low cold resistance group contained Yanzhan 4110, B-33, B05-6507, and Shi 4185.
Two varieties, Shiyou 20 and Shi 06- 6136, were in the weak cold resistance group. Correlation analyses showed that the
average subordinative function value and comprehensive score were significantly positively correlated with soluble sugars
content and relative proline content ( P<0.01), and with relative POD activity (P<0.05). The average subordinative
function value and comprehensive score were significantly negatively correlated with relative MDA content ( P<0.05). In
conclusion, the soluble sugars content, free proline content, POD activity, and MDA content in leaves at the jointing stage
can serve as cold-resistance indices. Wheat varieties with higher soluble sugars content, free proline content, and POD
activity, but lower MDA content in leaves showed stronger cold resistance. Among the 24 varieties, Liangxing 619 showed

the strongest cold resistance at the jointing stage, while Shiyou 20 showed the weakest.

Key Words: wheat; low temperature; leaf physiology; cold resistance; subordination function; polar ordination
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Table 1 Number, name and source of wheat varieties used in this study

w5 WRERK MR BALA wE o WFERK MR A
No. Variety Variety source No. Variety Variety source
1 f%E 19 WAL A R A RE DT B 13 14 055843 IZRAR A K2
2 Atk 20 WAL A R T AR =BT i 14 KA 99 LINZRAE N T R LR 5E T
3 A1 H083-366 WAL A R ET AR =D B 15 KA 619 LWLZR A FEMI T R R Fh -7 BF5E i
4 B05-6507 WAL A KT RO R =TT B 16 S8 16 PG4 RO FLF B
5 B07-4056 WAL A R IET A RE DT B 17 ZEA 1718 PG Al Bk 2= B
6 11 06-6136 WAL A KT AR R =R 5T BT 18 B 509 i ¥ & VR NS
7 £ B05-7388 WAL A R TR RERT 5B 19 2 4036 MR BB
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Fig.2 Relative electrical conductivity in wheat leaves in response to low temperature stress
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Fig.3 Soluble sugar content in wheat leaves in response to low temperature stress
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Fig.4 Soluble protein content in wheat leaves in response to low temperature stress
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Fig.5 Free proline content in wheat leaves in response to low temperature stress
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Fig.6 MDA content in wheat leaves in response to low temperature stress
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Fig.7 SOD activity in wheat leaves in response to low temperature stress
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Fig.8 POD activity in wheat leaves in response to low temperature stress
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B W R EE TR (P<0.01) , H AR 2285 T

X HR HAS S RECRA B ARk, 5% AH I, BO7-

4056(5 5 )BT 388.29% , 1M Ll 4¢ 05-066 (12 5)

{LHEINT 10.00%

2.2 PO IAMCIRALBE 5 /NZZ e AR R A
THEATRbR AR PIRE S T 3% 2, (R IEME

S REXT B 5 S5 A R L T X i IR 7 e e vy, °F

PIE KR 253.27% F1 223.47% , Ho 2 A% POD 1%
PEFAXT MDA 5 &, Wi A6 AT ¥ 1 2R 1 A 2 AR
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Table 2 Relative character values of each variety

45 No A FR Variety %) %, x3 Xy xs X *7
1 a4 19 172.63 118.05 54.55 192.39 141.94 156.50 129.92
2 7 20 252.86 136.93 23.13 122.00 418.33 119.18 138.67
3 41 H083-366 209.16 150.20 25.13 323.35 110.33 271.85 155.56
4 B05-6507 193.81 107.40 28.38 139.06 168.06 113.37 130.00
5 B07-4056 207.55 143.03 54.40 162.71 123.38 112.55 488.89
6 11 06-6136 246.86 104.00 25.56 120.70 268.85 104.42 125.00
7 11 B05-7388 293.27 143.88 29.44 120.86 115.05 117.00 210.00
8 11 4185 314.51 132.62 13.27 100.39 124.22 111.44 133.93
9 A 585 302.34 147.79 54.19 116.18 114.80 107.75 187.50
10 & 4110 203.78 128.98 24.10 120.50 123.22 132.69 126.62
11 65 234.85 177.75 48.19 121.25 130.83 271.10 120.63
12 1L14€ 05-066 391.68 120.11 94.42 128.79 165.25 153.32 110.00
13 14 055843 324.48 189.80 94.14 334.69 187.02 116.15 153.33
14 KL 99 225.44 152.12 34.59 436.92 139.65 157.79 150.00
15 KA 619 248.09 197.80 55.23 450.43 134.69 111.34 208.33
16 384 16 223.71 126.21 19.86 313.24 127.30 107.67 186.11
17 FEA 1718 309.04 171.43 57.26 377.56 299.73 117.72 138.89
18 Bk 509 255.66 195.60 90.48 137.07 188.22 126.24 177.48
19 B4 4036 231.33 113.00 35.53 302.73 182.64 101.74 297.00
20 FHEAFE LS 288.15 129.81 25.82 446.15 133.00 132.66 440.00
21 1 553 227.39 144.65 38.70 362.08 158.97 108.31 277.55
22 A-9 273.77 164.25 86.31 165.69 128.08 117.71 165.28
23 B-33 211.46 127.03 39.50 153.60 261.67 123.77 125.00
24 C-44 236.59 115.42 69.17 115.03 116.72 116.46 157.14
P34 Average 253.27 143.24 46.72 223.47 169.25 133.70 188.87
¥R Standard deviation 50.43 27.38 24.81 123.99 74.00 45.18 97.12
A5 5 Z K Coefficient of variation 19.91 19.11 53.09 55.48 43.72 33.79 51.42
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Table 3 Cluster centers in cluster analysis

F2 Cluster
1 il I v \Y
Z5AHEFE Comprehensive score 3.87 3.32 2.87 2.32 1.77
X5 R BE{E Average of SF 0.57 0.49 0.37 0.31 0.20

AR RISENANE 9 iR, HA 619, F: 7
i3 15 B07-4056 47 HO83-363 . 1L14¢ 055843 HI kL
9955 6 MM RAN 1 25, Hpr €k i
553 B4 509 A-9 HF 6 5 R FE 4036 FEAE 1718
LA 19 5 7 DA RS 1128, HprdE kg ; 58

716 .C-44 1Lk 05-066 ,FLA7 585 Fllf5 B0O5-7388 45
5 AR R AR T 28, L 2E M b 45 5 {2 ¢ 4110, B-
33.B05-6507 Flfy 4185 4 4 AP RAEH VIS K
PLIEVESS 1 06-6136 A4 20 3% 2 4 fb Fl 72 5
V2 g5 .

R4 FEMEREBEXIN

Table 4 Correlation analysis of relative indexes for cold resistance

X4 Xy X3 Xy X5 X X7 CS ASF
X 1.000
X 0.230 1.000
xy 0.422* 0.479" 1.000
X -0.027 0.327 -0.068 1.000
s 0.079 -0.049 -0.070 -0.076 1.000
g -0.169 0.204 -0.043 0.025 -0.223 1.000
% -0.091 -0.015 -0.093 0.339 -0.244 -0.224 1.000
cs -0.014 0.556 " 0.393 0.691°*  -0.506" 0.268 0.511* 1.000
ASF -0.149 0.640 " 0.347 0.621°*  -0.503" 0.404 0.412" 0.970"* 1.000

# KA W FHE KT (P<0.05) , # # KRR 3 K F (P<0.01) 5 CS FREEA HEF{H, ASF 2o FIHR EME

MAHR KRR E (K 4) PR BEHEMLGES
HEFFAE 5 b Fr AT AT 1 0 i R G i R i
M IEAOE (P<0.01) , 5 F A% POD 16 PE &
WEIEAC (P<0.05) , 50 FAHX MDA 7% & 2
FHMAIE(P<0.05) . ZFH SHXAIE R A &M
AHXT SOD {5 PR TEAH G, SARXS HL R 2 AH G

A b AR X PEAR(E R B (3R 2) , R &2 619

(15 5 ) I 5 AR T 5 4 4 it R R o i 1R 7
Yy dpermn , OV Y58 T oR B0 AN 25 A HE P (R HETE 1
D PiFErE R . A7 HO83-363(3 5 ) i F A% MDA
Fr A, X SOD TP B R, HsR R R EUEALE S
HEFFAE 23 91 0.604 Fi1 3.763, HiFE kR T4 1 25,
B07-4056(5 5 ) Mt A A XF POD 36 M i 1 H e i
Fofr, HESR T bR B0C(E RN 25 6 HE 7 (B 53 1 R 0.566 Fi
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3. 837, BLFEVEIRIE T45 125, A1 20(2 5 ) A A
XF MDA 5 e T H g dh A, HoR g s BUE L &
HEFFAE 43514 0.192 F1 1.661 , Hipii FE &% 55 ; 41 06-
6136 (6 5 ) I F AHXT AT iR & B AN AR X SOD i
BEAIG, i 4185(8 5 ) I AHXT R i 4 2 1 % i AN
AEGT AR 2R 2 B A1, 3X 2 A S FP I BT e R 55
= FAE 2002 %5) .

3 e

AT SE/IN F P A K R, IR R I R R
BRI ARG R A A & A — R A AR B
A AR AR A LA R R AT [ TR A R A
VA5 A1 IR 85 22 ) S A ) A e ) A 3 45
S AR A2 A0 B 1 R e 1 S T T AR I R AR
Fi B SR g S 5 AT M A3 T LA R R R A T
FEbR'T L AT AT W, 4R KR 38 )5 /N 2
JaR ERORE NG R G | W P A 7= SR (AN
I e A O s P 188 i O LR 43 R B ok,

ERTELIE T R b T s R P RN A A
iR 595305 VR Y W0 IO %) 5 % 2B AR Ak, R T i
VIR B N I B L TR R BT B, 5 R R A
[y 1TSS ¢ R N S 31 7 o R = 1 B
Jei W T P e R A T X T
I, —E R T AR AR A R, (L R
AT A S AR L TR

RIS N K7/ R NP E o e R TR & =W = 2
35| R BERR L AL 7 AR R i Ak 4 MDA,
RS o8 4801 ) 7 Tk o AT AR Pl 30 Bk (1] 22 4K T
INE" | FIEHEY R NS 7 AR SOD POD 5441k
it} 22 45 LA T B 0 M R BRI S i 4 L AR O
T EATHRIE A R, Nk B SOD i POD
TEPERN MDA 348 FXHIE, SOD i M1 POD 1%
P ARG AT s ARG TR X A W B B 3B | U B AR AR
SRR A T — 2 R, {H& MDA % & (38
S RARTRME S5 I R G A S AR B AT AR S B
fERIN

AR/ LRI IIR R 1 22 AR K 142426273030
BT, AR R /N 5 MDA &
AEMEEA SRS PR, R SoD iR
POD 5 PET ATy o Y AR AL A A O R ) 22
SEASE R I S, X E R R T AR R

RN SRS 20N E SN i E R = P N NS 6
AMFFE R ST BRIEI A 5, /N2 it R AR X R
AT S AR & i MDA & i . POD
TP R R AR 22 (88 e T B AR A S R
FSOD 7 1 it o [ B8 22 ARG 5% L, A ) gt o ) %
BRRAHEIN (WD) RAEAER R 22 7 . THR A TR
FERT P DR, D00 W] L3 B3 o ol 1 B a5t A2 AR 1 5%
S AR ST I, AR IR B S, AR R
AEGEL LK B A X i 20 5 S 6 o, i AR X ] 5 1 2
PR, AR R A, 38 SR i e 507 AT
SHEF IS TR A S AR T 2 SR e B (E RN 25 A HE
FH , 718 3 K-means Bk, B RRT S
J5, H R A 619 HUALIRAE S fiesik , i A fE 20 it
IR AR T 555 .

AR/ NEZPUIEE I P8 b, A R I A5
S—F0, XL PHAFZE IR SOD it MDA & 51l L)
VE R /INEHUIEVE PR FE AR, s R 3R
FIAT PR & e /N IR AR AP i Y
ATIRGERA AT R0, I AR R P A i AR
2R & & A XS POD i&PE 54X MDA & & 5°F
VIsREEE MG A H P EA X R B E A X 4
ANFRBR AT LIAE A 3R 19 /N P FE 1 5 0 1 EZE0E
b,

N YO N g e L A S VT e (1
XF/NFE R R A A B2 A T /N 22 I BT FE N A
H B st PR 22 R A BRAEAE , B 5 00 L BRI R R %
PIAK, wE YIRS A d S A R E
) ARG R AR B R /NZ P FE LR AR T, 2 H Rl
NG A A R AR A T R A R ) [
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