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Table 1 Origin and number of 240 wheat materials

A h Kt A h Kt
Province Number Province Number

W H Henan 96 H A Gansu 5
¥ Shaanxi 49 7 & Ningxia 4
11 % Shandong 24 T ¥ Qinghai 3

11175 Shanxi 14 i Fujian 1

3t Hebei 12 52 Guizhou 1

Jb 5% Beijing 10 pu )il Sichuan 1

Z# Anhui 8 [# 4h Foreign 5
YL.75 Jiangsu 7
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Table 2 Description and statistics of 8 seedling indexes of 240 wheat germplasm resources

A 7 bz R/AME BRME ¥{H o 1 22 BRRE %
Treatment Index Min Max Mean SD CV
Xt B8 Control CL/cm 4.70 10. 55 7.48 1.09 14.58

FL/cm 8.03 17. 83 12. 39 1. 60 12.93
SFW/g 100. 38 270. 25 201.90 29. 30 14.51
SDW/g 10. 00 23.75 17.43 2. 40 13.76
RFW/g 16. 20 210. 90 115. 89 32.45 28.00
RDW/g 2.50 12.33 7.82 1. 64 20.92
PDW/g 14. 40 33. 80 25.25 3. 39 13.41

RS 0.16 0.76 0.45 0.09 20. 40

Jpif Stress CL/cm 5.20 12.17 8.23 1.28 15. 54
FL/cm 6.75 14.93 10. 63 1.46 13.69

SFW/g 89. 20 214. 20 150. 27 21.37 14. 22

SDW/g 8.00 20. 40 15.08 2.19 14.55

RFW/g 32.47 121.00 76.22 16. 38 21.50

RDW/g 3. 60 12. 40 7.75 1.55 19. 96

PDW/g 11. 80 31.40 22.83 3.22 14.12

RS 0.27 0. 83 0.52 0.10 18. 87

IE:CLRZF K FLOAE—MK; SFW. M B aREE ST SDW. M BT 5kt ; REW. T 36 B it ; RDW. 3 R & T Bihit; PDW. HI#k
THif; RS TREMREL, TH.
Note:CL. Coleoptile length; FL. First leaf; SFW. Shoot fresh mass; SDW. Shoot dry mass; RFW. Root fresh mass; RDW. Root dry

mass; PDW. Plant dry mass; RS. Root to shoot. The same below.
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PIFPALER 8 AR A OC PR AT R (B PR AN BE AT A RO A% dh Bl (RO I BT L I
DLEZFERK - R ST AT R EARRIHM BT I AZRS IR /N R PR
M HA A5 A (] 52 I 25 A 0 35 A9 I AH OC B
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Table 3 Correlation analysis of 8 seedling indexes

fib 3 R hR

Treatment Index CL FL SFW SDW RFW RDW PDW
Xt ## Control FL 0.65""
SFW 0.21*~ 0.29""
SDW 0.29"* 0.38"" 0.77"*
RFW —0.18** —0.06 0.27** 0.28""
RDW —0.06 0. 06 0.32° " 0.40"* 0.75% "
PDW 0.18** 0.30"" 0.70" " 0.90" " 0.55"" 0.76" "
RS —0.26"" —0.21"" —0.22"" —0.30"" 0.57"" 0.75"" 0.147
Jpifl Stress FL 0.66* "
SFW 0.22"* 0.32""
SDW 0.40%* 0.43"* 0.86" "
RFW 0.21°" 0.19° " 0.53" " 0.43" "
RDW 0.01 0.05 0.52"" 0.47"* 0.67""
PDW 0.28"" 0.32"" 0.84"* 0.91"* 0.61"" 0.80" "
RS —0.31"" —0.30"" —0.15" —0.32"" 0.37"" 0.67"" 0.11

Heox Ao x SBIERR P<C0.05 1 P<<0.01 . K,
Note : * and * % indicate P<C0. 05 and P<C0. 01, respectively. The same below.
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Table 4 Eigen value of three principal components analysis

A F Factor 1 il I
FFE{H Eigenvalue 3.32 2.03 1.10
BTk #% /% Contribution 41. 45 25.31 13.74
Fit5iHk /% Cumulative contribution 41.45 66.76 80. 50

RS 3N ERDERTHETER

Table 5 Loading matrix of each component in principal components

F Factor CL FL SFW SDW RFW RDW PDW RS
1 —0.20 0. 00 0.38 0.39 —0.04 0. 05 0. 30 —0.21
I 0.07 —0.02 —0.12 —0.70 0.29 0.38 0.13 0. 45
I} 0.69 0. 50 —0.10 —0.05 0.12 —0.05 —0.07 —0.02
k6 ZERMMEEHMEREDE
Table 6 Comprehensive drought resistance coefficient D value of each variety
sl D {i it i D {i s D
Variety D value Type D value Type D value
K 6878 Chang 6878 0.42 || /ME 928 Xiaoyan 928 0.30 A2 169 Xinkemai 169 0.42
T4 10 Ningdong 10 0.32 47 6 Jinmai 6 0. 30 1£E 116 Huayu 116 0.37
T4 11 Ningdong 11 0.47 || th4& 3050 Shannong 3050 0.39 Rl 168 Xuke 168 0.34
T4 6 Ningdong 6 0.35 | B4 2009 Kenong 2009 0.24 %% 5 Yujiao 5 0.34
g Qinghai Dongmai 0. 44 Vi 4 389 Xinong 389 0.38 #3% 21 Lunxuan 21 37
DZ29 0.42 Bl 138 Shanmai 138 0. 40 [ F 2 Henan 2 0. 50
£ 6359 Chang 6359 0. 46 fEZ 266 Jiaomai 266 0. 37 4% 21 Jinxiu 21 0. 35
291-2 0. 30 WA 12013 Huaihe 12013 0. 39 %7 26 Luomai 26 0.43
iz 5 618 Yunhan 618 0.39 33 %% 328 Zhumai 328 0.19 JF 4 21 Kaimai 21 54
%2 13 Luohan 13 0.35 Hii % 168 Ruiquan 168 0. 30 PG4 585 Xinong 585 .38
PE4¢ 961 Xinong 961 0.43 HE 16 Zhengyu 16 0.23 W HE 9706 Junxiao 9706 0. 44
JLE 22 Jiufeng 22 0.41 1 H 9378 Zhongyu 9378 0.32 J& 2 16 Zhoumai 16 0.35
SD29589 0.28 % 170 Zhongmai 170 0.38 J& 2 22 Zhoumai 22 0.37
P4 219 Xinong 219 0.52 YD79 0.32 2% 198 Lankao 198 .25
K5 13 Changhan 13 0.35 | XR4429 0.33 7 1 Henan 1 0. 41
iz 3101 Yunmai 3101 0.35 F# 2 Qimai 2 0.33 E# 6 Gaomai 6 0.32
SH5195 0. 46 P4 3517 Xinong 3517 0. 37 S 10 Xianmai 10 .31
%4 7 Luohan 7 0.41 || JnZZ 4 Jiamai 4 0.26 % 7% 31 Luomai 31 0.46
291-8 0.64 | 3%#% 5 Qimai 5 0.25 B4 160 Bainong 160 0. 36
M4 936 Yannong 936 0.42 Il 5 6394 Linhan6394 0.33 ZZ101 23 Taishan 23 0.41
P4 981 Xinong 981 0.69 fE R 06725 Wanke 06725 0.27 [ 3 Henan 3 52
1E 1%, 863 Huacheng 863 0. 44 #WHZE 119 Yutianmai 119 0.22 % 1 Youfeng 1 .45
B 956 Luomai 956 0.51 | M9858 0. 36 23k 109 Junda 109 0.34
F# 603 Zimai 603 0.37 | B# 4023 Yumai 4023 0.22 B 13 Xinmai 13 0. 36
Fi e 055 Ruihua 055 0.22 138 78 Zhongxin 78 0.47 Ji % 19 Zhoumai 19 0. 46
P4 794 Xinong 794 0.51 2% 5 Puxing 5 0.16 #EZ 21 Huaimai 21 0. 44
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(43 6 Continued table 6)

il A D {8 il A D {8 i i D14
Variety D value Type D value Type D value

% 25 Huaimai 25 0.56 | lfi# 998 Linmai 998 0.55 Ifi % 51329 Linhan 51329 0.38
[k 4¢ 627 Shannong 627 0.42 {E % 4110 Yanzhan 4110 0.43 Z4 5 Tai’an 5 0.43
#5H 11 Mianyang 11 0.50 F138 16 Zhongxin 16 0.23 T 33 Jinmai 33 0. 45
PF 718 Xu 718 0.46 | B.# 0561 Fumai 0561 0.35 £ 134 Changwu 134 0.59
i 10-5039 Heng 10-5039 0.28 | Pi4& 889 Xinong 889 0.29 WL 139 Yuanfeng 139 0.52
DH51302 0.45 ERE 718 Xuke 718 0.43 1 F 8 Zhongyu 8 0.40
Seri M82 0. 35 B 2111 Xinmai 2111 0.27 5 95 W 26 Heng 95 Guan 26 0. 40
fif 6632 Heng 6632 0. 24 & 13-2 Shenmai 13-2 0. 26 % 7859 Shaan 7859 0.31
Fi{E4 99 Zhongxinmai 99 0.35 SH4300 0.34 Bl # 168 Shaanmai 168 0.38
/IME 54 Xiaoyan 54 0.28 | BE1216 Ju 1216 0. 40 PE4k 811 Xinong 811 0.46
%2 6 Luohan 6 0.37 Lassit 0.42 Ji 4 17 Zhoumai 17 0. 36
ZER# 33 Taikemai 33 0.33 || &)1 916 Huaichuan 916 0.28 P4 979 Xinong 979 0. 40
2 4 52 Wanmai 52 0. 34 17 15 Shimai 15 0.38 PG4 2000-7 Xinong 2000-7 0.59
#2312 Xianmai 12 0. 44 M 1688 Yuliang 1688 0.29 # 4 982 Yunong 982 0.49
J& 2 98165 Zhoumai 98165 0. 26 114 24 Shannong 24 0. 30 24 98 Hanyou 98 0.22
Bk 416 Yunong 416 0.42 J& 2 26 Zhoumai 26 0.33 #3% 061 Lunxuan 061 0. 50
% 366 Zhengmai 366 0.35 R 890 Quanmai 890 0. 27 VR 9908 Luomai 9908 0. 34
Clearwhite 0.73 4 0054 Xumai 0054 0. 34 iz # 175 Yunfeng 175 0.35
X 7 Zongmai 7 0. 34 %4 23 Luomai 23 0. 26 €3 1 Lumai 1 0.27
FEH 1152 Zhongyu 1152 0.51 FE 1211 Zhongyu 1211 0.32 K # 58-61 Changwu 58-61 0. 35
KA 99 Liangxing 99 0.23 YD56 0.32 7% 6 Ligao 6 0.24
1655 8 Huapei 8 0.31 || E# 8 Baoke 8 0.22 B2 150 Shaanmai 150 0.62
K 151 Pubing 151 0. 67 P4 538 Xinong 538 0. 38 K 201 Pubing 201 0. 33
K5 58 Changhan 58 0. 36 36708 0. 39 £ 3 521-7 Changwu 521-7 0.42
{#% 21 Yangao 21 0.51 J& 2 32 Zhoumai 32 0. 36 Kt 135 Changwu 135 0.43
Y67% 68 Guangtai 68 0. 35 FHYE 851 Yangguang 851 0.45 £ 863 Changwu 863 0. 38
K & 66 Liangxing 66 0.27 HE 113 Zhengmai 113 0.37 ¥ 18 Jinan 18 0.31
% 6 Wenmai 6 0. 34 AR 2122 Qiule 2122 0.21 Drysdale 0.25
A 1 Gushen 1 0. 35 H14: 13 Zhongjin 13 0.38 %% 3 Luohan 3 0.22
%4 1206 Annong 1206 0.27 | H# 369 Zhengmai 369 0.22 704 1 Jingdong 1 0.32
Bk 5L 187 Shanhan 187 0.39 A4 18 Luomai 18 0. 44 IIfi 5t 536 Linhan 536 0.35
VR % 8 Luomai 8 0.29 Iff 115276 Han 115276 0. 46 £1ZJE 54 Shijiazhuang 54 0. 62
Hi€ 1101 Ruihui 1101 0. 45 J8 2 24 Zhoumai 24 0. 60 #2001 Jing 2001 0. 37
4 3 1 Nongsheng 1 0. 49 # 4% 518 Xinnong 518 0.70 4 3 Tongmai 3 0. 46
Bl 3= 5088 Mingfeng 5088 0.48 || %1% 66 Lunxuan 66 0.57 ¥ T 18 Jining 18 0.38
JERl 1221 Longke 1221 0.35 || f£Z% 12 Cunmai 12 0. 36 I % 10 Linfen 10 0. 41
B 4% 207 Bainong 207 0. 39 ¥4 618 Zhengmai 618 0.33 F¥1 5 Fengkang 5 0. 30
£ 10-4393 Shi 10-4393 0. 26 F 1817 1 Fengdecun 1 0. 46 =K 10 Lantian 10 0.55
W% # 21 Luomai 21 0.33 P4 223 Xinong 223 0.32 Wl 2 Shanyou 2 0. 35
T # 167 Shangmai 167 0.49 YD62 0. 26 Z4& 712 Qinnong 712 0.22
JH4% 21 Yannong 21 0.36 || %4 2 Dehongfu 2 0. 44 HHE 9 Jingwang 9 0.42
B 32 Xinmai 32 0.39 || FiiRZ 24 Ruiquanmai 24 0.35 Bl& 81 Kedong 81 0.48
B 1 Yude 1 0. 50 J& % 18 Zhoumai 18 0. 45 VK 143 Pubing 143 0. 67
4 1108 Xumai 1108 0. 40 J& % 23 Zhoumai 23 0.29 7% 3 Fengchan 3 0. 60
1.S3639 0. 41 f17 19 Shimai 19 0.51 4K 198 Nongda 198 0. 50
W% 28 Zimai 28 0.31 Bl 159 Shaanmai 159 0.42 F1 5 110 Zhonghan 110 0.19
%5 2 Luohan 2 0.37 W2 22 Luomai 22 0.31 & 1 Hanxuan 1 0.41
Hr# 26 Xinmai 26 0. 37 W% # 24 Luomai 24 0.54 E % 10 Hanxuan 10 0. 60
V-4 8 Pingan 8 0. 31 -4 02-16 Pingmai 02-16 0. 26 F i3k 132 Heshangtou 132 0.53
FA 131 Zhengmai 131 0.30 || iZ 66 Womai 66 0.40 Fi i3k 135 Heshangtou 135 0. 34
1.S4223 0.21 4 827 Henong 827 0. 44 = 7 Gaoping 7 0.45
W 6311 Pumai 6311 0.33 || JAZ 27 Zhoumai 27 0.52 [z %3 1 Longzimai 1 0.41
P4 958 Xinong 958 0.31 || &1k 129 Junda 129 0.32 B J£ 278 Yanzhan mutation 0.41
P4 7733 Xinong 7733 0.41 Z&1l1 5 Taishan 5 0. 40 1§ 6172 Han6172 0.52

W5 —F ) W-1~W-80,%5 — %5 W-81~W-160,% =% W-161~W-240, FI[d.

Note: The first columns are W-1 to W-80, second columns are W-81 to W-160, third column are W-161 to W-240. The same below.
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Fig. 1 Cluster map of drought resistance of 240 wheat varieties( lines)
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HPiE Highly drought resistant
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Fig.2 Analysis of difference of each index among drought-resistant populations
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Table 7 Correlation analysis of comprehensive drought resistance coefficient D

value and seedling drought resistance coefficient

45 Index CL FL SFW SDW RFW RDW PDW RS
D 0.35"" 0.42" " 0.51"" 0.65"" 0.59"" 0.84"" 0.85 0.46"
®8 wWHERESHBEEREFAEREXES R
Table 8 Analysis of correlation between seedling indexes and field characters and grain characters

F8 41 Index CL FL SFW SDW REFW RDW PDW RS
PH 0.43~ 0.44"~ 0.08 0.13° —0.35"" —0.14~ 0.03 —0.21""

FLL 0.24* 0.12 —0.01 —0.05 —0.18" "~ —0.16" —0.11 —0.12

FLW —0.20"" —0.23"" 0.11 0.02 0.27"" 0.16" 0.09 0.13

SL 0.37" 0.41° " 0.13 0.15 —0.03 0.12 0.17 0.03
TKW 0.11 0. 00 0.227" 0.28" " 0.33" 0.38" " 0.37"~ 0.21°7

GS 0.12 0.12 0.20"" 0.21*~" 0,17~ 0.20" " 0.25 0.07

GC 0.14" 0.15" 0.17" 0.19" " 0.11 0.14" 0.20" 0.02

GL 0.12 0.16" 0.18"~ 0.20" " 0.07 0.11 0.19" —0.01

GW 0.08 0.07 0.17°~ 0.16° 0.21"~ 0.2277 0.22"° 0.11

GD 0. 10 0.12 0.19* " 0.20"" 0.15" 0.18" " 0.22"" 0.05

W PH. B FLL. R FLW. 058 SL. B ; TKW. TR ; GS AR A GC AR K s GL. PR ; GW. FFRLSE ; GD.

Kk EAZ

Note:PH. Plant height; FLL. Flag leaf length; FLW. Flag leaf width; SL. Spike length; TKW. Thousand kernel mass; GS. Grain size;

GC. Grain circumference; GL. Grain length; GW,Grain width; GD. Grain diameter.
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Identification of Drought Resistance at Seedling Stage and Correlation
Analysis between Drought Resistance Indexes and Important
Agronomic Characters of 240 Wheat Materials

SUN Nannan', ZHOU Quan', ZHI Lei', QIAO Pengfang', MU Liming”,
NI Shengli’ ,Dauren Serikbay'*, LI Xingmao®, HU Yingang' and CHEN Liang'

(1. College of Agronomy, Northwest A&F University/State Key Laboratory of Adversity Biology in Arid Areas, Yangling
Shaanxi 712100,China; 2. Dingxi Academy of Agricultural Sciences,Dingxi Gansu 743000, China;
3. Dryland Agriculture Institute, Gansu Academy of Agricultural Sciences,Lanzhou 730070,China;

4. S. Seifullin Kazakh Agro Technical University, Nursultan Kazakhstan)

Abstract In order to understand the drought resistance and screen out effective drought resistance in-
dexes of 240 varieties of wheat at the seedling stage. 8 seedling indexes including coleoptile length
(CL), first leaf length(FL), shoot fresh mass(SFW) were measured under water stress and normal
water conditions. The drought resistance of wheat was assessed comprehensively by membership func-
tion method, cluster analysis, and principal component analysis. The results showed that the coleop-
tile length and the ratio of root to shoot of the drought stress group were higher than those of the con-
trol group while other indexes displayed lower ratios compared to control group. Based on the principal
component analysis of the membership function value of the drought resistance coefficient of each
character, the 8 characters were summarized into 3 components, and the cumulative contribution rate
reached 80.50%. The 240 wheat varieties were divided into five groups after further cluster analysis;
highly drought resistant, drought resistant, medium drought resistant,drought sensitive, and highly
drought sensitive, among which 13 varieties were high drought resistant. The correlation analysis be-
tween drought resistance indices at seedling stage and important agronomic characters showed that co-
leoptile length was significantly positively correlated with plant height, flag leaf length and spike
length, the varieties with high seedling vigor had higher thousand kernel mass. The comprehensive
drought resistance coefficient D calculated by the membership function method was more accurate to
evaluate the drought resistance at the seedling stage. By the identification of drought resistance of
wheat at seedling stage,the drought resistance of wheat can be evaluated in advance to provide a refer-
ence for actual wheat production and speed up the process of wheat drought resistance breeding.

Key words Wheat seedling stage; Drought resistance; Identification; Agronomic traits; Correlation
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