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Evaluation of wheat freezing resistance based on the responses of the physiological

indices to low temperature stress

WANG Shugang, WANG Zhenlin, WANG Ping, WANG Haiwei, LI Fu, HUANG Wei, WU Yuguo, YIN Yanping *
Agronomy College, Shandong Agricultural University/State Key Laboratory of Crop Biology, Tai'an 271018, China

Abstract; Freeze injury is one of the major disasters for the production of winter wheat in the North China Plain. Wheat in
the stem elongation period is very sensitive to the large fluctuation of air temperature, which often occurs in spring. Low
temperature of the early spring frost in north China plain is very harmful to the growth of winter wheat, leading to a
significant decrease of wheat yield. Therefore, the effective evaluation of the freeze resistance of the different wheat cultivars
is necessary for the proper choice of suitable cultivars in production and, in turn, for the achievement of the stable higher
yield of wheat.

The experiment was conducted at Tai’an Experimental Station of Shandong Agricultural University with fifteen wheat
cultivars. The superoxide dismutase (SOD) activity, peroxidase ( POD) activity, catalase ( CAT) activity, MDA content,
the soluble protein content of fifteen winter wheat cultivars were measured as physiological indices for evaluating the freeze
resistance. It was found that the responses of these physiological indices to low temperature treatments were quite different
among wheat cultivars. The comprehensive evaluation of wheat freeze resistance coefficient of SOD activity, POD activity,
CAT activity, MDA content, the soluble protein content of fifteen wheat cultivars were conducted with principal components
analysis and cluster analysis. The results indicated that under low temperature stress, the activities of SOD, CAT, and POD
increased and the content of MDA and the soluble protein decreased in functional leaves and sheath of each cultivar in stem
elongation period. Based on the changes of the physiological indices in response to low temperature stress and the cluster
analysis the fifteen winter wheat cultivars were divided into three groups, namely high, medium, and low freeze resistance
cultivar group. Jimail9 and Shannong8355 belong to high freezing resistance group; The medium freeze resistance group

covers Shannong6t64 , Taishan9818, Jimai2l, Jimai22, Yannong24, Yannongl9, Yannong2l, Wennong6, Lumai2l, and
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Jinanl7; the others three cultivars, Taishan23, Liaomail8, and Linmai2 belong to low freezing resistance group. This
classification of wheat cultivars in freeze resistance is very useful for the proper choice of the suitable wheat cultivars in

order to decrease or avoid the damage from spring freeze in wheat production in the North China Plain.
Key Words: wheat; freezing resistance; physiological indices; principal component analysis; Comprehensive evaluation
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Fig.1 Activities of SOD, POD and CAT in leaf and sheath of wheat during stem elongation period in response to low temperature stress
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Fig. 2 Contents of MDA and soluble protein in leaf and sheath of wheat during stem elongation period in response to low

temperature stress
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FIF DPS v7.05 3AEXFUisgrt SOD {4k  POD 161k \CAT {4 MDA & & MR R 8 1 & i 5 A FRsi 4
FREPUZR RECHAT G530, 5 5 D ERIFRbREL AL AL 5 AN B9 AH BBk 57 2R 65 48R CL,—Cls, 1l 4 275
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Table 1 Freezing resistant coefficient of each single index of functional leaf/ %

s A AL SUE =R IR it AL AU N VAR
Variety SOD POD CAT MDA Soluble Protein
B 19 111.67 401.28 187.60 49.13 59.57
W21 115.93 222.51 126.25 57.48 86.50
Wz 22 112. 66 241.53 118.07 56.39 87.25
VR 17 107.41 206.79 112.45 53.23 88.38
= 18 109. 44 174.61 111.41 78.62 92.19
i 2 5 103.07 131.33 108.99 56.55 93.04
B 21 111.02 213.75 123. 14 61.97 62.81
14 664 107.04 318.72 133.75 48.71 91.55
1li4€ 8355 151.85 295.08 115.18 63.72 74.81
Z&1l 23 111.66 186.07 111.82 57.56 53.96
78111 9818 124.63 224.06 130. 54 30.92 53.75
wR6 S 107.97 247.92 109.75 63.06 73.43
JHA 19 119.35 230.13 108.45 65.16 92.28
A 21 112.05 228.61 125. 04 46.94 71.29
JHAR 24 112.65 217.70 127.61 38.04 86.51

R2 INEEM B EATUSIREIEX REERE

Table 2 Correlation matrix of each single index

eIty A AL 1t A G b AL N R A
Index SOD POD CAT MDA Soluble Protein
SOD 1
POD 0.2758 1
CAT -0.0434 0.785 1
MDA 0.0204 -0.2076 -0.4232 1

Al -

TR -0.2186 -0.2568 -0.389 0. 3409 1

Soluble Protein

K3 DHEMERSENHREERBE

Table 3 Coefficient of comprehensive indexes and their contribution ( P)

EEL7 A AL FuE N7 i S A (-3 AR TR
Index SOD POD CAT MDA Soluble Protein P

Cl, 0.1634 0.8744 -0.1407 0.3447 0.265 0.4555
CI, 0.5447 0.1554 0.5228 0.0491 -0.6352 0.2204
Cl, 0.5874 -0.2308 0.3172 -0.1021 0.7005 0.1821
Cl, -0.3928 0.3752 0.512 -0.6534 0.1259 0.1184

El i L —CI, 40 27~ f DI RERT SOD 1 14 | POD 164 | CAT Ttk \MDA & iERIAT Ik 2R (1 & i 5 A BATTTHE ARG AL LY 4 AR TS 1 25 A
EiEEy

2.5 ZEGTHY
2.5.1 SRIEREH

HRIFA(2) R IBEEA/NEE R L A 18 bR R IE sREUE (R 4) . X TR—ZA 18 C1 i 7E
MRIRI A 25, 5522 19 19 w (HHK, 4 1,000, BEBHEF 22 19 78 CIL X —ZE A48 bn R BUN BT RPE B ; I 22
18 1Y u, fEde/N, 9 0. 000, BLHANAZ 18 7E CI X —Zi A Tatn B RPN G2
2.5.2 RUEMfE

A2 255 1R PR TR R/ (435120 0. 4555 0. 2204 0. 1821 ,0. 1184 ) , 1A (3) AR i HiA H . &
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T4 DNEESFERRHIAGE 7054 0. 467 0.226 0. 187 0. 121 (£ 4)
2.5.3 ZEAVEM

A (4) TR /N SR ER-GHUIRBE T I K/ R AE 45 SR Y D (B (38 4) , X/ SR b Rt 2R 17
SREGHEY b BEEE 19 19 DB, FRBHZ AP IR T o ; O LA 835511622 2 519 D i fie/ s, e
PrRtEi 2 . R BRI B RN D BT RE0 M (B 3) ,AlfE 15 AS/NE ARl 7308 3 26,574 19 ik
8355 J—25, JRIRBTIRISAL ; 11k 664 2111 9818 Tk A7 21 T 22 Ak 24 A 19 M4k 21 Bk 6 5 &
21 UM 17 —2 @ EPUARIEAS  HAR 3 A (Z8 10 23 02 18 42 2 %) IR S PiiRi (R 4) .

x4 ZRMPEEEREMNEw(X) D EBREETN

Table 4 The value of each cultivar’s comprehensive index, index weight, u(X ;) , value D, and comprehensive valuation

f‘ﬁi y ¢l cl, cr cl, w(X)  u(Xy)  w(Xy)  u(X,) D ijuzﬁ
W 19 4.160 -0.622 1.472 -0.813 1 0. 101 1 0.197 0.700 SRR

B 21 -0.35 0.034  0.385 0.291 0.295 0.245 0.706  0.614 0.399 B
Vi) -0.467 -0.118  0.433 0.348 0.277  0.212 0.719  0.635 0.388 PR
VEEE 17 -0.947 -0.665  0.013 0.427 0.202  0.092 0.605 0.665 0.308 B
I 18 -2.240 0.242  1.019 -0.834 0 0.290 0.877  0.189 0.252 PR

% 2 & -2.040 -1.085 -0.283 0.277 0.031 0 0.525  0.608 0.186 EEEARYS

a1 -0.044 0.038 -0.462 -1.232 0.343  0.246 0.476  0.039 0.309 EEHTR
1L 664 0.757 -0.852 1.246 0. 804 0.468  0.051 0.939  0.807 0.503 SEEIRY
1L 8355 0. 605 3.484  0.160 0. 600 0.444 1 0.645 0.730 0.642 SRPTTR

#1023 -0.209 0.091 -1.465 -1.335 0.317  0.257 0.205 0 0.244 EEERYS
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HHAR 21 0.435 -0.451 -0.651 0.079 0.418 0.139 0.425 0.534 0.370 LR
HHAC 24 0.284 -0.904 -0.481 1.315 0.394  0.040 0.471 1 0.402 B
KL Index weight 0.467  0.226 0.187  0.121
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