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Drought tolerance analysis and identification index
screening of different spring wheat varieties
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Abstract ; This study aimed to identify the drought tolerance materials of spring wheat in Xinjiang. The key in-
dicators of drought tolerance were screened and a reliable mathematical evaluation model of drought tolerance was
established, which laid a foundation for the selection and breeding of new drought-tolerant varieties of wheat. In this
study, 16 Xinjiang spring wheat varieties were used as research materials, and two treatments were set for drought
stress and adequate irrigation. Fifteen related indexes of the whole growth period were measured. The results showed
that SPAD, and CT increased significantly with drought stress, and other indexes decreased to varying degrees with
drought stress. The variance analysis indicated that treatment and variety had different degrees of effects on the
physiological indexes, agronomic traits and yield index traits of spring wheat varieties. Through principal component

analysis, 6 principal components were obtained based on the characteristic value greater than 1, which reflected
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82.292% of the original drought tolerance index information. Through the membership function analysis, the compre-
hensive evaluation value (D value) of drought tolerance of different varieties of wheat was obtained. Then, according
to the comprehensive score, the cluster analysis was carried out, and the 16 varieties were clustered into 4 drought-
tolerant types, including 3 varieties were strong drought-tolerant type, 10 varieties were moderately drought-tolerant ,
2 varieties were weakly drought-tolerant, and 1 variety was drought-sensitive. The regression equation D=-2.258+1.299
DM, +1.1485PAD, +0.475TKW was established by stepwise regression analysis, and the coefficient of determination of the
equation R*=0.962, P=0.0001, this equation can be used for drought tolerance evaluation, DM, , SPAD, , and TKW can
be used as the main identification index of drought tolerance test, and the regression equation is used to quickly identify
and predict the drought tolerance of varieties.

Keywords: spring wheat; drought tolerance; principal component analysis; comprehensive evaluation; step-

wise regression
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Table 1 The tested wheat varieties
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Xinchun29 Mid-late maturity Spring wheat area of Northern Xinjiang
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Table 3 ANOVA of different characters in Xinjiang spring wheat tested
Z4L Parameter SPAD, SPAD, (4 KW GW SN GN TKW
Al Variety 10.61** 1.81*% 4.85** 1.22 1.98* 3.33%" 3.15%" 21.48* "
T Repeat 1.12 2.76 26.20" " 0.81 0.39 0.26 0.10 0.46
AbFE Treatment 942" 6.26" 1535.03* " 6.56" 4.86" 71.21% " 92.60" " 150.75* *
l\ Il 1
SRR A 1.59 1.72 238" 0.71 0.91 1.29 1.57 1.27
TreatmentX Variety
ZJ Parameter PH BD PY DM, DM, D, HI
Al Variety 2.06% " 4.02" " 7.85" " 0.80 1.18 0.95 428" "
& Repear 1.18 0.65 0.65 0.06 3.36" 0.30 3.76*
AbFE Treatment 210.04 " * 124.08**  1555.35" " 835" " 99.06 " * 6.49 " 1.80
I\ =]
SR 0.56 1.33 8.16%" 0.72 0.70 0.60 1.13
TreatmentX Variety
TEo o Al w w SPAIZIRTE 0.05 F10.01 K225 W3, FAs Pl FAH,
Note: * and * * means significant at 0.05 and 0.01 level of probability, respectively. This is F' in the table.
&4 BBRTUSHRHTEMNE R MEH
Table 4 Drought stress response index of each individual physiological index
il Variety SPAD, SPAD, CT Kw GW SN GN TKW  PH BD PY HI DM, DM, DM,
%4 115 Hechunl15  1.064 1.095 1.586 1.066 0.819 0.865 0.844 0.959 0.753 0.983 0.671 0.906 0.843 0.793 0.898
%4 137 Hechun137  1.019 1.052 1.467 0.789 0.845 0.883 0.864 0.973 0.801 0.959 0.660 0.993 0.878 0.819 0.863
%4 213 Hechun213  1.018 1.016 1.495 0.857 0.732 0.855 0.742 0.869 0.733 0.991 0.608 0.934 1.080 0.839 0.772
B 11 5 Xinchunll  1.042 0.903 1.670 0.821 0.913 0.982 0.834 0.896 0.734 0.983 0.538 1.048 0.941 0.741 0.895
B 175 Xinchunl7  1.023  0.973 1.353 0.784 0.882 0.808 0.693 0.906 0.731 0.984 0.598 1.054 0.945 0.774 0.840
FiA 26 5 Xinchun26  1.005 0.952 1.594 0.836 0.724 0.918 0.807 0.844 0.755 0.979 0.858 0.928 0.826 0.762 0.777
B 29 5 Xinchun29  1.057 1.025 1.526 0.828 0.925 0.753 0.808 0.879 0.676 0.980 0.502 1.024 0.978 0.887 0.865
#iE 37 % Xinchun37  1.018 0.990 1.487 0.872 0.785 0.957 0.827 0.916 0.783 0.989 0.687 0.958 0.952 0.812 0.894
B 38 5 Xinchun38  1.025 1.020 1.517 0.654 0.657 0.929 0.655 0.847 0.690 0.985 0.596 0.942 0.832 0.807 0.682
B4R 40 5 Xinchun40  1.010 0.915 1.541 0.848 0.914 0.795 0.883 0.881 0.821 0.977 0.744 1.039 0.856 0.874 0.880
BrfF 43 % Xinchun43  0.990 1.010 1.513 0.752 0.906 0.921 0.706 0.876 0.747 0.978 0.582 1.044 1.017 0.917 0.864
BiAF 44 %5 Xinchun4d  0.948 1.019 1.498 0.911 1.057 0.899 0.860 0.905 0.805 0.990 0.728 0.972 0.701 0.734 1.078
FiE 46 5 Xinchun46  0.992 0.896 1.388 1.016 0.986 0.870 0.992 0.856 0.813 0.978 0.670 1.011 0.982 0.689 0.977
#E 47 5 Xinchun47  1.027 1.002 1.405 0.856 0.916 0.940 0.802 0.872 0.713 0.990 0.549 0.956 0.889 0.834 0.926
1 48 5 Xinchun48  1.060 1.013 1.564 0.933 0.959 0.905 0.790 0.893 0.759 0.971 0.666 1.060 1.064 0.978 0.911
B4 6 5 Xinchun6 1.017 0912 1.514 0.760 0.953 0.851 0.761 0.900 0.822 0.992 0.733 0.915 0.793 0.867 0.867
x5 BHRTUSHRHEXXRIER
Table 5  Correlation matrix of individual physiological indicators under water and drought conditions
=
ffdtz SPAD,  SPAD,  CT KW GW SN GN  TKW  PH BD PY HI DM, DM, DM,
SPAD,  1.000
SPAD, 0263  1.000
cT  -0317 0.006 1.000
KW 0104 0.117  -0.029 1.000
GW -0264 -0.275 0.168 0.348 1.000
SN -0.141 -0.034 -0273 -0.073 -0.197 1.000
GN -0.174 -0.278 0.000 0.706* * 0473  -0.059 1.000
TKW 0229 0466 —0.029 0.266 0.156  —0.053 0.200 1.000
PH -0500" -0.382 0.083 0.310 0421 -0.017 0586 0311 1.000
BD -0.174 -0.151 0078 -0.027 -0.045 0.106 -0284 -0317 -0.177 1.000
PY -0403 -0227 -0.157 0217 -0.059 0.032 0.304 0.007 0.688 * *—0.081 1.000
HI 0.029 -0536" 0050 -0.267 0.608" —0.264 —0.041 0.007 0261 -0.171 -0.150 1.000
DM, 0405 -0.096 0.096 0018 -0.032 -0.101 -0.173 -0.160 -0225 -0.120 -0.436 0.347 1.000
DM, 0412 0362 -0.14 -0.179 -0.021 -0.177 -0.371 0002 -0257 -0317 -0.238 0.239 0.482 1.000
DM; -0358 -0.092 0.152 0.612° 0.868" * 0.032 0.663" * 0.307 0.501" 0.033 0.088 0202 -0216 -0.211 1.000

o w43 0IER7RTE 0.05 F10.01 K2R HE,

Note; * and * * mean significant difference at the levels of 0.05 and 0.01, respectively.
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Table 6  Coefficients of comprehensive indexes and proportion

ZH ZEATEN Comprehensive index
Parameter PCA, PCA, PCA, PCA, PCA, PCA,
FHE(Y Eigen value 3978 2413 2158 1487 1255 1.053
m‘.ﬁk };/% . 26518 16.090 14384 9913 8366 7.021
Contributive ratio
ZivikE %
Cumulative 26.518 42.608 56.992 66.905 75271 82.292

contributive ratio

SPAD;  -0.534 0455 0388 -0.098 0340 -0.133
SPAD,  -0370 0.041 0.760 0.261-0.341  0.149
cr 0.145 0.088 -0.258 0.550-0.545 -0.313
Kw 0.566 0.156 0.532 0217 0.384 -0.333
GW 0.691 0535 -0.217 0232 0.032 0.270
SN -0.031-0437 0.070 -0.078 0429 0.552
GN 0.810 0.109 0.251 -0.045 0.263 -0.266
TKW 0241 0287 0.648 -0.047-0.314 0.310
PH 0.826-0.015 -0.059 -0.385-0.190 -0.021
BD -0.064-0423 -0.320 0551 0.243  0.066
PY 0.504-0.453 0.066 —0.559-0.148 -0.210
HI 0.172 0.660 —0.608 -0.233-0.053 0.232
DM, -0.37 0.608 -0.208 —0.005 0.292 -0.283
DM, -0474 0.585 0.100 -0.250-0.098  0.093
DM 0.831 0262 0.106 0340 0.107 0.261

it

Eigenvector
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RPN 2R R DABRAE  ZE A48 R PCA, ~
PCA, HISRJE REUE T KA 0K < B & 48 5
B ST CHEFE 4TS CEE LS MO 1

50 KR RSB N R HTR 26 5 BT 6
5UHE 205 R 137 MR 465, Al
AT SRR B T2 1 T R R I 25 SR
242 REMMHEZ RIS LEE TR AR TR R H
AR HHRE(w, ) ,6 MEEETEBRLE 55 h
0.322.0.195.0.175.0.120 .0.102 F110.085( % 7) ,
243 BAZASEN AL EiHEIRESE
Mt AP D (26 7) , D H 8RB & ol i 52 4
g, XD EIE T HEY , K W R 44 50 D (i
K, UL P ik, Ol < R 1157 MO &
46 5 | A 38 5 D AHF/N, R A R
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DM, +1.148SPAD, +0.475TKW , J7 #E tk iE R KL R* =
0.962,P=0.0001, HIZEIHTTFEA] AT, 15 > HRIG$S
P 3 A BAIGUE Bn ok /N2 it B B 0 e
350 DM, SPAD, Fll TKW . % [8] 9 77 P4 B R4 T
VRO (R 7) , 4 a R ]S B RS BE Y HE 92.20% L I,
SRR IR E 96.419% (22 8) , UE A M1 5 7 B2 rh A 45
R 7INAZ i S e B ek 3205 AR T T /N 22 T
PEVEANY , 76 A0 [A) 55 28 T AR & /N 22 SRR Y SPAD
DM FI TKW (1) DRI &, BRI R HZ 2 A /N 22
TR Sk

3 3 8

s b A SRR i RS, A T 5 KRS A2
Rk i AR K LA 150 mm 2245 78 & i
HI1k 2 000 mm PL BN AUAKREE [ R K TG IE T AL
Al Az = IR 7K 43, DRI s S0 T X 24 b Al LA
FEAEH, #radi X eyl K EZkA RIS
JK, 843 HiL DX D b K AT T, T B R 4 5 1
ERNFEBRAY . A0 X B T8 5 B 5 M, &/
LZHERWI(4~8 ) FKEHEA 70 mm( %) 46.7 m’
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Table 7 Comprehensive index of each variety, weight, u(X;) , comprehensive value
b ZEAFEbR Comprehensive index @ PRAUE Subordinate function value DH
Variety PCA, PCA, PCA, PCA, PCA, PCA¢ w(X) uw(Xy) w(X;) w(Xy) uw(Xs) u(Xg) Dvalue
¥#: 115 Hechunl15 0232 -0.233 4.057 0.512 0.518 -0.316 0.532 0.476 1.000 0.603 0.552 0.446 0.606
#4137 Hechun137  0.643 0.843 2080 -1379 -2.141 0.482 0.585 0.657 0.683 0.142 0.000 0.668 0.510
#i# 213 Hechun213 -2.231 -0.531 -0.056 0.702 0.297 -1.391 0.216 0.425 0.341 0.649 0.506 0.148 0.354
H& 11 5 Xinchunll -0.062 0.182 -0.684 -0.467 2.677 1.675 0.494 0.546 0.240 0.364 1.000 1.000 0.538
#1795 Xinchunl17 -0.880 0.749 -1.365 1229  -1.667 -0.457 0.389 0.641 0.131 0.778 0.098 0.407 0411
Hrf 26 5 Xinchun26 —0.166 -3.053 0.040 -1.963 0.473 -0.983 0.481 0.000 0.356 0.000 0.543 0.261 0.295
& 29 5 Xinchun29 —1.869 2.378 0.157 1.048 0.059 -0.721 0.262 0.916 0.375 0.733 0.457 0.334 0.492
#3795 Xinchun37  0.259 -0.950  0.646 0.121 0.412 0.185 0.536 0.355 0.453 0.508 0.530 0.586 0.486
R 38 5 Xinchun38 -3.912 -2511 -0560 -0.078 -0.522 0.320 0.000 0.092 0.260 0.459 0.336 0.623 0.206
H 40 5 Xinchund0  1.670 0594 -0.786 -1.752 -0.513 -0.870 0.717 0.615 0.224 0.051 0.338 0.292 0.455
B 43 5 Xinchund3 —1.288 0956 -1.121 -0226 -0519 1.231 0.337 0.676 0.170 0.423 0.337 0.877 0.430
Wi 44 5 Xinchundd  3.875 -1.628 0.242 1.447  -0.863 1.553 1.000 0.240 0.389 0.831 0.265 0.966 0.646
W 46 5 Xinchund6  3.669 0260 -1.120 0.845 0.904 -1.922 0.974 0.559 0.170 0.684 0.632 0.000 0.599
H 47 5 Xinchund7 -0.493 -0.210 -0.065 2.143 0.407 0.427 0.439 0.480 0.339 1.000 0.529 0.653 0.524
H 48 5 Xinchund8 —0.509 2.875 0721  -1.269 0.910 0.295 0.437 1.000 0.465 0.169 0.633 0.616 0.554
Wi 6 5 Xinchun6  1.062 0277 -2.183 -0912 -0433 0.492 0.639 0.562 0.000 0.256 0.355 0.671 0.439
AT Index weighl(wj) 0.322 0.195 0.175 0.120 0.102 0.085
0 5 10 15 20 25 Hs I JL -] 200 o DR A 5T B AE K H T
299 Xinchun29 7 7 T T T T T “p e S L S ok SR p
g b2 SR I P PRSI ME ) K Lk
7+ % =2 11 un -
#% #7137 Hechun 137 2 ﬁ?ﬁiﬁ,ﬁﬁ%ﬁifﬂi%o 38 55 X 5 e g 3 1 PR R

B 4E11%5 Xinchun 11 4 H
B 4747 Xinchun 47 14 H
B 4748% Xinchun 48 15 [~
B 47435 Xinchun 43
B 476" Xinchun 6 16 H
B 4740% Xinchun40 10
B 4£17%5 Xinchun 17 5~
#% 47115 Hechun 115
47465 Xinchun46 13
B 47445 Xinchun 44
#% #7213 Hechun 213 3

Br4726% Xinchun26 6 J
Br4738% Xinchun38 9
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Fig.1 Cluster analysis dendrogram of comprehensive

value of 16 spring wheat varieties
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Table 8 Analysis of estimation precision of regression equation

A e

Variety Primary  Regression Difference Evaluarion

accuracy/ %
#i# 115 Hechunl15  0.606 0.585 0.020 9.62
4 137 Hechun137 0510 0.495 0.015 97.11
i 213 Hechun213 0354 0.327 0.028 92.20
Wid 11 5 Xinchunll 0538 0.526 0.012 97.74
& 175 Xinchunl7 0411 0438  -0.027 9344
Wi 26 5 Xinchun26  0.295 0306  -0.011 9.19
B 29 5 Xinchun29  0.492 0496  -0.005 99.05
i 375 Xinchun37 0486 0507  -0.02 95.57
4 38 5 Xinchun38  0.206 0.207 -0.002 99.24
i 405 Xinchund0 0455 0463  -0.008 98.34
WA 435 Xinchund3 0430 0416 0.013 96.90
B 445 Xinchundd  0.646 0660  —0014 97.80
it 46 5 Xinchund6  0.599 0.556 0.042 2.92
WA 475 Xinchund? — 0.524 0538  -0014 97.26
i 48 5 Xinchund8  0.554 0567  -0.012 97.80
FiAR 6 5 Xinchun6 0.439 0463  —0.024 94.46
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