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Comprehensive evaluation of drought resistance of three new wheat
cultivars at germination and seedling stage

ZHANG Long-long, YANG Ming-ming, DONG Jian, ZHAO Wan-chun, GAO Xiang, CHEN Dong-yang
( College of Agronomy , Northwest A&F University , Yangling Shaanxi 712100, China)

Abstract: In order to identify the drought resistance of three new wheat cultivars Xinong 538, Xinong 556 and Xi-
nong 558, three wheat cultivars Jinmai 47, Xiaoyan 22 and Xinong 979 with different drought resistance and large area of
promotion were taken as control. The experiment was conducted under four PEG — 6000 treatments (5%, 10%, 15%
and 20% ) for six wheat cultivars. 12 indices (germination rate, germination potential, coleoptile length, SOD, CAT,
etc.) was investigated during germination and seedling stage. The comprehensive evaluation for wheat drought resistance
was conducted by correlation analysis, principal component analysis and subordinate function analysis. The results indi-
cated that there existed different degree of correlation among these indices and these indices had different effects on the
drought resistance of the varieties. By principal component analysis, 12 indices was transformed to three (under 15%
and 20% PEG - 6000) or four (under 5% and 10% PEG - 6000) independent and synthesized indices, and the accu-
mulative contribution rate were 92.61% % , 92.96% , 88.74% and 93.12% for stress treatments of 5% , 10% , 15%
and 20% , respectively. According to the synthetic evaluation value (D), six wheat cultivars were divided into three
groups, in which “Xinong 538" and “Jinmai 47" belonged to the high drought resistance group, “Xinong 558" and “Xi-
aoyan 22" belonged to the medium drought resistance group, and “Xinong 556” and “Xinong 979" belonged to the low
drought resistance group.
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Table 1 Physiological indexes of wheat cultivars under different PEG treatments

Cﬁi N I;E/S cp CR CL SOD POD CAT MDA Pro SPC Chl Re RWC

5 0.90 0.83 1.090 1.4 1.32 1.3 210 144 1.1 26  1.48 0.9

A S38 10 0.68  0.82 0.9  1.49  1.66 2.5 249  3.58  1.19 245 1.8 0.9

X'S';‘;"g 15 0.68 0.77 0.9  1.54 245 327  3.03  3.77 127 1.92  2.36 0.8l

20 0.62 0.69 087 1.5  3.16 438 3.5  6.14 1.39 1.58  2.77  0.64

5 0.90 0.97 0.80 0.8  1.33  1.35 .72 0.90  1.40  1.63 1.4 0.91

A 5S6 10 0.63 0.8 0.68 1.0  1.37 1.8 225 1.5 230 049 131 0.9

X;r;(;ng 15 0.39  0.54 070  1.41 .52 212 2.4 137 2.09  0.25 1.4 0.86

20 0.14 037 065 273 1.60 263 253  1.54  3.06  0.65 1.63  0.73

5 0.89 0.8 090 1.35 0.9 233  0.92 145 139 217  1.42 0.9

PA S8 10 0.77 0.8 065 1.49 1.25 3.6 1.63 2.35 146  1.63  1.52  0.89

X;I;(;ng 15 0.65 078 0.8  1.65 1.43 338 160 2.6 1.68 075 1.64  0.72

20 0.48 0.6 073 1.91  2.87 3.4 204 48 1.5 060 2.9  0.68

5 0.86  0.97 0.9 .10 1.38 079 1.20 1.05  0.60  1.07 1.08 0.9

FiA 979 10 0.6  0.66 0.8  1.29 140 0.8 127 1.06 0.9  1.04 1.58 0.9

xlgr;;ng 15 0.3 0.5 079  1.39 1.69  0.91 1.4  1.47 1.03 0.8  1.79  0.85

20 030 0.45 083  1.42  1.94  1.27  1.45 1.62 1.7 0.2 1.8 0.8

5 0.97 0.9 0.8 1.3  1.41 230 140 1.9  1.19 1.2 1.3  0.97

/ME 22 10 0.8 0.81  0.69 1.4 1.64 324 136 1.97 1.6 1.1 170 0.9
Xiaoyan

» 15 0.66 0.82 073 1.45 221 473 1.4 2.16 1.80  0.67 234 0.9

20 0.49  0.69 057 1.5  2.65 597  2.02 2.4 216 025  2.64  0.69

5 0.93 0.9 0.8 1.3 1.2 139 238  1.67  1.51 .78 1.11  0.97

Wk 47 10 0.74 0.8 0.8  1.45 1.4 328 271 252 1.87 0.9  2.65 0.8

Jinmai 4715 0.68 0.8  0.80 1.5 247 365 3.0 291 1.8 08  3.05 0.78

20 0.62 077 074 1.74 2.8 4.8 410  3.57 1.93 0.8  3.26  0.52

L PEG: 2R & B2 GP L 28 35 GR: K2R 5 CL: MR 2B BE 5 SOD - R ALY B ALl s POD 1 S AL W i s CAT - 3 AL Sl MDA : T — 8 ; Pro:
I 20 5 SPC: PV 2 5 Chl: P4 3K 5 R AR HL 538 s RWC: A ki, T I
Note: PEG: polyethylene glycol; GP: germination potential; GR: germination rate; CL: coleoptile length; SOD: superoxide dismutase; POD: peroxidase;

CAT: cutalase; MDA : malondialdehyde; Pro: proline; SPC: soluble protein content; Chl: chlorophyll; Re: relative conductivity; RWC: relative water content.

The same as below.
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Table 2 Correlation coefficient matrixes of various index of different wheat cultivars
I;};f Ifji GP GR CL SOD POD CAT MAD Pro SPC Chl Re RWC
GP 1.000
GR 0.210 1.000
CL -0.363 -0.865 1.000
SOD 0.370 -0.536 0.482 1.000
POD 0.217 0.289 0.064 -0.282 1.000
CAT 0.599 -0.195 0.191 0.474 -0.462 1.000
> MAD 0.299 0.036 0.012 0.078 0.271 -0.376 1.000
Pro 0.814 -0.066 0.032 0.812 -0.071 0.646 0.157 1.000
SPC 0.496 0.036 0.478 0.072 -0.504 0.526 0.367 0.307 1.000
Chl -0.120 -0.833 0.569 0.445 -0.507 0.160 0.333 0.068 0.418 1.000
Re 0.262 -0.822 0.528 0.531 -0.242 0.645 -0.158 0.351 0.243 0.648 1.000
RWC 0.487 -0.349 0.449 0.877 0.124 0.161 0.443 0.794 -0.014 0.306 0.306 1.000
GP 1.000
GR 0.549 1.000
CL -0.365 -0.040 1.000
SOD 0.608 0.366 0.328 1.000
POD 0.279 0.065 0.495 0.313 1.000
CAT 0.854 0.897 0.175 0.607 0.176 1.000
10 MAD -0.199 0.660 0.506 -0.013 0.138 0.298 1.000
Pro 0.325 0.611 0.535 0.745 0.476 0.597 0.534 1.000
SPC 0.106 0.545 0.452 -0.545 -0.205 0.319 0.451 0.234 1.000
Chl 0.121 0.162 0.499 0.710 0.408 0.236 0.154 0.852 -0.622 1.000
Re 0.252 0.534 0.574 0.507 0.227 0.473 0.565 0.466 0.044 0.081 1.000
RWC 0.077 -0.511 0.230 -0.087 0.432 -0.279 -0.611 0.113 -0.349 0.249 -0.743 1.000
GP 1.000
GR 0.978 1.000
CL 0.612 0.473 1.000
SOD 0.496 0.521 0.084 1.000
POD -0.008 0.019 0.393 0.353 1.000
CAT 0.382 0.504 0.472 0.712 0.630 1.000
15 MAD 0.537 0.476 0.333 -0.104 0.257 0.192 1.000
Pro 0.806 0.739 0.474 0.618 0.486 0.461 0.545 .000
SPC 0.067 0.197 0.604 0.219 0.023 0.621 0.192 0.176 1.000
Chl 0.559 0.414 0.811 0.064 0.208 -0.188 0.498 0.759 -0.685 1.000
Re 0.530 0.625 0.005 0.211 0.571 0.648 0.442 0.551 0.145 0.291 1.000
RWC -0.284 -0.391 0.410 -0.902 -0.438 -0.844 0.278 0.374 -0.382 0.236 -0.354 1.000
GP 1.000
GR 0.966 1.000
CL 0.276 0.039 1.000
SOD -0.631 -0.556 0.417 1.000
POD 0.968 0.913 0.260 -0.543 1.000
CAT 0.692 0.825 0.443 -0.203 0.673 1.000
20 MAD 0.597 0.600 0.231 0.060 0.519 0.486 1.000
Pro 0.764 0.620 0.499 -0.289 0.871 0.366 0.508 .000
SPC -0.744 -0.578 0.665 0.808 -0.766 -0.116 -0.113 0.732 1.000
Chl 0.441 0.258 0.774 -0.131 0.455 0.006 0.653 0.719 -0.455 1.000
Re 0.926 0.936 0.088 —0.440 0.920 0.684 0.558 0.702 -0.626 0.231 1.000
RWC -0.758 -0.815 0.015 0.079 -0.689 -0.682 -0.8% 0.520 0.223 -0.363 -0.825 1.000
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W,o B o M AE 15 0 sk B s Bl U (X;) FAL
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BRI TRE. &6 4 DA ER D
18,6 /NSRRI RT3 =2 Pk 538 5
XTREGHAI A 22 47 S —25, 8 Tombr 5 AL Pa Ak 558
5% AR IME 22 S —28 8 T A BT R P A
556 5 5%F BE S Rl A% 979 h—28, JB TR HT R AL,

3 17 #®

/INAZ B R 4 i R AR K R R0 4R B

B, B Bl R B B SR R BN B S )G
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A TR B AR 4l B R BT R ST R ORI
WAL — D EESH RS T E P
2R S A 5T ot H A AR [ 4 A  5% 11 J
A o AED PR IEAE IR — 52 Z P R Z
SR 2 B Motk 1T ELAS ] it o A B0 S B A o A R
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Table 3 Principal component analysis of wheat cultivars

in different concentrations of PEG

PEG FE 43 Principal component
/% 1 2 3 4
1 7 3
fh‘ﬁ{é 4.602 2.918 2.050 1.543
Eigenvalue

TR/ %
Contribution rate
5 Bt TTA /%
Accumulative 38.35 62.67 79.75 92.61
contribution rate
(W)
Index weight
FHOEAE
Eigenvalue
TR/ %
Contribution rate
0 BT
Accumulative 39.32  64.36 83.41 92.96
contribution rate
(W)
Index weight
SER
Eigenvalue
Contribution rate
15 R TTkER %
Accumulative 52.37 73.07 88.74
contribution rate
HHE(W,)
Index weight
FAEE
Eigenvalue

Contribution rate

0 BT

38.35  24.32  17.08 12.86

0.414 0.263 0.184 0.139

4.719 3.004 2.286 1.147

39.32 25.03  19.05 9.56

0.423  0.269 0.205 0.103

6.285 2.484  1.880

52.37 20.70 15.67

0.590 0.233  0.177

7.076  2.443  1.655

58.96 20.36  13.80

Accumulative 58.96 79.32 93.11
contribution rate
$1E(W]) 0.633 0.219 0.148
Index weight
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Table 4  Comprehensive evaluation of drought resistance of wheat cultivars

i BRI 4
HH .
PEG/ % Cultivars Cl1 Cl2 Cl3 Cl4 U(X,)) U(Xy) U(X3) UXy) D Rank of drought
ultivars resistance
Pﬁ?&SSS 2.314  -2.173 1.249 0.663 1.000 0.000 1.000 0.744 0.702 3
Xinong 538
EZE 556 -2.313 0.257 -1.124 1.097 0.115 0.572 0.346 0.887 0.385 5
Xinong 556
E;& 558 1.555 -0.654 -2.382 -0.485 0.855 0.358 0.000 0.363 0.498 4
Xinong 558
5 [)._’.112979 -2.916 -1.326 0.892 -1.133 0.000 0.199 0.902 0.148 0.239 6
Xinong 979
/.J\ﬂEZ2 1.162 2.075 0.564 -1.578 0.780 1.000 0.811 0.000 0.735 2
Xiaoyan 22
T 47
L 0.199 1.820 0.801 1.436 0.596 0.940 0.877 1.000 0.79%4 1
Jinmai 47
o Wj 0.414 0.263 0.184 0.139
Index weight
E;& 538 2.109 2.138 -0.884 1.046 0.939 1.000 0.130 0.918 0.787 1
Xinong 538
[)._’.112556 -2.434 -1.929 -0.521 1.240 0.049 0.000 0.230 1.000 0.171 6
Xinong 556
@kSSS 0.293  -0.353 1.521 -1.125 0.583 0.388 0.793 0.000 0.513 3
Xinong 558
10 Eﬂ979 -2.682 1.730 -1.032 -1.008 0.000 0.900 0.089 0.049 0.266 5
Xinong 979
/M 22
. 0.294 0.292 2.272 0.560 0.583 0.546 1.000 0.713 0.672 2
Xiaoyan 22
W4
L 2.421 -1.878 -1.356 -0.713 1.000 0.013 0.000 0.174 0.444 4
Jinmai 47
W.
BRE ! 0.423 0.269 0.205 0.103
Index weight
Eﬁ538 2.869 -1.659 0.824 1.000 0.077 0.949 0.776 2
Xinong 538
@12556 -3.056 0.993 -0.171 0.000 0.754 0.678 0.296 5
Xinong 556
P_ﬁizsss; 0.545  -0.297 -2.656 0.608 0.425 0.000 0.458 4
Xinong 558
15 ﬁ;& o79 -2.813 -1.959 0.748 0.041 0.000 0.929 0.188 6
Xinong 979
/.J\1EZZ 0.079 1.956  1.009 0.529 1.000 1.000 0.722 3
Xiaoyan 22
S =
fai'47 2.375 0.965 0.247 0.917 0.747 0.792 0.855 1
Jinmai 47
W
PR . 0.590  0.233  0.177
Index weight
.EZQS?B 2.878 -1.506 0.939 1.000 0.143 0.782 0.780 2
Xinong 538
@k556 -3.84 0.840 1.662 0.000 0.738 1.000 0.309 5
Xinong 556
P.ﬁZQSSS 0.704  -0.301 -0.595 0.677 0.448 0.319 0.574 4
Xinong 558
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Xiaoyan 22
S o
?2.47 2.551 1.163 0.684 0.951 0.820 0.705 0.886 1
Jinmai 47
"W,

. .21 .14
Index weight 0.633 0.219 0.148
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