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Responses of winter wheat tillers at different positions to low temperature stress at stem elon-
gation stage and their freezing resistance evaluation. XU Hai-cheng, YIN Yan-ping, CAI Tie,
NI Ying-li, YANG Wei-bing, PENG Dian-liang, YANG Dong-qing, WANG Zhen-lin ( State Key
Laboratory of Crop Biology/College of Agronomy, Shandong Agricultural University, Tai’ an
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Abstract: Taking two winter wheat cultivars Ji’ nan 17 and Shannong 8355 as test materials, this
paper measured the superoxide dismutase (SOD) , peroxidase (POD) and catalase ( CAT) activi-
ties and the malondialdehyde ( MDA ) and soluble protein contents in the functional leaves and
sheaths of the tillers at different positions at stem elongation stage under low temperature stress, and
then, the freezing resistance of the tillers was comprehensively evaluated by the methods of principal
component analysis and cluster analysis. The results showed that under low temperature stress, the
SOD, POD, and CAT activities in the functional leaves and sheaths of each tiller at stem elongation
stage increased, but the MDA and soluble protein contents increased or decreased to some extent.
By using principal component analysis and cluster analysis, the tillers of each cultivar were grouped
into three kinds of freezing resistance type. For Ji’ nan 17, the main stem, tiller I , and tiller Il
belonged to high freezing resistance type, the tiller Il , tiller IV, and tiller I p belonged to medium
freezing resistance type, and the tiller Il p belonged to low freezing resistance type. For Shannong
8355, the main stem, tiller I, tiller I, and tiller Il belonged to high freezing resistance type,
the tiller IV and tiller I p belonged to medium freezing resistance type, and the tiller Il p belonged
to low freezing resistance type. It was concluded that the freezing resistance of the winter wheat till-
ers at different positions at stem elongation stage differed, with the lower position tillers being more
resistant than the higher position tillers.

Key words: low temperature stress; main stem; tiller; freezing resistance; comprehensive evalua-
tion; winter wheat.
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Fig.1 Effects of low temperature stress on SOD, POD and CAT activities in leaf and sheath of winter wheat tillers at stem elongation

stage.
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Fig.2 Effects of low temperature stress on MDA and soluble protein contents in leaf and sheath of winter wheat tillers at stem elonga-
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Table 2 Correlation coefficient matrix of each single index

i ZWE SOD  POD CAT MDA TIAMEER of functional leaf
Variety Stem and Soluble
' dller ootein L Flr SOD  POD  CAT MDA Al
- Variety Index =)
P17 0 1159 172.7 1243 9.1  120.6 Soluble
Ji’ nan 17 I 117.5 151.9 182.9 121.0 120.0 protein
I 109.3 166.2 134.7 115.7 119.7 FE17 SOD 1 0.744 0.819  -0.705 0.676
Ll 107.2 1271 112.5 119.4 110.7 Ji'nan 17 POD 0.744 1 0.55 -0.821  0.761
NV 106.2 116.7 105.7 134.4  109.4 CAT 0.819 053 1 0359 0.581
Ip 1066 136.7 110.2 135.9  110.4 \DA 0705 0.8 0359 1 o8l
Ip 105.7 119.2 105.3 153.1 88.2 BN w06l 0581 - ]
114 8355 0 113.5 131.4 146.6 100.7 112.1 Soluble protein : : : 0.
Shannong 8355 1 114.5 134.0 122.2 107.6 111.1 111428355 SOD 1 0.512 0.489  -0.415 0.89%0
I 117.7 126.0 135.4 114.4 111.5 Shannong ~ POD 0.512 1 0.84 -0.795 0.825
Il 119.4 115.9 120.2 118.9 110.8 8355 CAT 0.489  0.804 1 -0.648 0.751
v 111.4 110.5 105.8 112.7 102.2 MDA -0.415 -0.795 -0.648 1 -0.740
Ip 113.8 115.6 108.0 112.9 104.8 AR N 0.890 0.825 0.751  -0.740 1
Ip 1046 106.3 105.7 128.8 9.1 Soluble protein
£3I MEMEEEIERTRE
Table 3 Contribution rate of each comprehensive index of functional leaf ( % )
i Ei=ta1 SOD POD CAT MDA AR DS
Variety Index Soluble protein  Contribution
VrEE 17 CI, 46.1 45.7 40.5 -44.7 46.3 75.1
Ji’ nan 17 CI, 33.5 -27.6 71.2 52.2 -18.0 15.4
Cl; -47.4 -44.2 22.4 1.5 72.6 5.3
114 8355 CI, 38.9 47.1 44.1 -42.9 49.9 75.5
Shannong 8355 Cl, 76.6 -30.7 -26.4 41.5 28.1 14.6
Cl, -5.4 5.1 73.8 66.5 -8.5 7.0
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Table 4 Value of each wheat tiller’ s comprehensive index, weight, U(X;), D value and comprehensive evaluation
i EY Cr, Cl, Cl, U(X,) U(X,) U(Xy) D LEA T
Variety Stem Comprehensive
and tiller evaluation
BeEg 17 0 2.355 -0.948  -0.634 1 0 0.123 0.790  SRHLA High
Ji’nan 17 I 2.201 1.671 0.184 0.970 1 0.716 0.961 PRPLYR High
I 1.152 -0.434 0.101 0.764 0.196  0.656 0.666  SRHLA High
m -0.616 -0.483 0.364 0.417 0.178  0.847 0.402 PR Medium
I\ -1.432 -0.203 0.576 0.257 0.285 1 0.303 B Medium
Ip -0.918 -0.247 0.212 0.358 0.268  0.737 0.364  PEEHLR Medium
Ip -2.742 0.644  -0.803 0 0.608 0 0.098  FFHLA Low
I IE Weight 0.783 0.161  0.056
11 8355 0 2.251 -1.171 0.223 1 0 0.684 0.827  SR¥LA High
Shannong 8355 I 1.367 -0.391  -0.386 0.845 0.295  0.251 0.719  SRHLTE High
I 1.337 0.477 0.667 0. 840 0.623 1 0.819  SRHTIA High
I 0.331 1.472 0.238 0.663 1 0.695 0.716  SRHTH High
v —1.242 -0.033  -0.738 0.388 0.431 0 0.366  TREEHIA Medium
Ip -0.591 0.269  -0.653 0.502 0.545  0.060 0.476  PEEHLER Medium
Ip -3.453 -0.623 0.649 0 0.207  0.987 0.102 5K Low
I Weight 0.778 0.150  0.072
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Fig.3 Clustering chart on D value of different stems and tillers

of winter wheats.
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