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Identification and Comprehensive Evaluation of Drought Resistance of

60 Wheat Varieties(Lines) at Germination Stage

YU Guohong',ZHANG Yingying"*,ZHOU Shumei’,ZHAO Minghui', MENG Xianghai'

(1.Institute of Dry Farming Hebei Academy of Agriculture and Forestry Sciences/Key Lab of Crop Drought
Tolerance Research of Hebei Province , Hengshui 053000, China;2.College of Life Sciences, Shandong

Agricultural University/National Key Laboratory of Wheat Breeding, Tai'an 271018, China)

Abstract: To explore the response of wheat to drought stress at the germination stage, in this study, 20% of PEG-6000
solution was utilized to simulate drought stress and the drought resistance of 60 wheat germplasm resources was identified. The
indicators including germination percentage, germination vigor, germination index, and drought resistance coefficient were
measured. The results indicated that drought stress significantly decreased the germination vigor and germination percentage of
different germplasm resources(with average reductions of 42.59% and 35.84% , respectively), and also suppressed root length
and bud length, with significant differences observed among different varieties. Principal component analysis and comprehensive
evaluation value method were employed to conduct a comprehensive evaluation of the drought resistance of different germplasm
resources, identifying three independent principal components as the comprehensive indicators for drought resistance evaluation,
which accounted for a cumulative contribution rate of 78.026 % . Based on the comprehensive evaluation values, the 60 materials
were categorized into four drought tolerance levels, with 23 materials identified as highly drought-tolerant varieties. In
conclusion, the drought resistance of different wheat germplasm resources at the germination stage was systematically evaluated
in this study, and new wheat lines with strong drought resistance were selected .

Keywords: wheat; germination stage; drought stress; drought resistance; principal component analysis
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Tab.1 Information table of 60 wheat germplasm resources

=) =) =)
ber ber ber

1 fi§7# 28  Hengmai 28 21 572 1.226149  Hengmai 1.226149 41  ffij% H194008 Hengmai H194008
2 729  Hengmai 29 22 i T226390 Hengmai T226390 42 f#ii# 7204184  Hengmai 2204184
3 {4 S29 Hengmai S29 23 f5#71.226195 Hengmai 1.226195 43 fiF7 164435 Hengmai 164435

4 P22  Jimai22 24 ffif H224233 Hengmai H224233 44 fiif% 7204195 Hengmai 2204195
5 H#22  Shimai22 25 fiif7 H226046 Hengmai H226046 45 ffij% T193209 Hengmai T193209
6 HE 7% Luohan7 26  fiid T224294 Hengmai T224294 46 57 Y194194 Hengmai Y194194
T EEAT Jinmai 47 27 537 7224012 Hengmai 2224012 47 532 7215320 Hengmai 2215320
8 WZ 175 Zhongmai 175 28 % 7226133 Hengmai Z226133 48 fij# 71033 Hengmai Z1033

9 fiZE02-1 Shiluan 02-1 29 ffii# T215114 Hengmai T215114 49 ffii# T204002 Hengmai T204002
10 ## H20W 128 Hengmai H20 guan 128 || 30  fif4 T224172 Hengmai T224172 50 M4 H204017 Hengmai H204017
11 f# H215025 Hengmai H215025 31 ffiiZZ T225398 Hengmai T225398 51 ffif# T215419 Hengmai T215419
12 fiif% H224006 Hengmai H224006 32 fii#Z T225507 Hengmai T225507 52 ffi# T203239 Hengmai T203239
13 fiij# 7225136  Hengmai 2225136 33 W35 Hengguan 35 53 fj#1.215121 Hengmai 1.215121
14 fiif# 7225088  Hengmai Z225088 34 fifF7 32 Hengmai 32 54 ffif4 T215603 Hengmai T215603
15 fij# 7226157 Hengmai 2226157 35 fifZZ 33 Hengmai 33 55  ffif# 1215603  Hengmai J215603
16 fif# T215157 Hengmai T215157 36 fiif{Z 36 Hengmai 36 56  fiif# 1.214332 Hengmai 1.214332
17 1% Y204169 Hengmai Y204169 37  fii# 38 Hengmai 38 57 ffi# T215649 Hengmai T215649
18 4 1.215132 Hengmai 1.215132 38  ffiA 39 Hengmai 39 58 ffif# 7215351 Hengmai 2215351
19 177 1.214286 Hengmai 1.214286 39 fifFZ 7215220  Hengmai 72215220 59 £ 1.215105 Hengmai L.215105
20 iy 7227029 Hengmai 2227029 40  #iF H20WL 37 Hengmai H20 guan 37 | 60  #i# Y204169 Hengmai Y204169
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JH Microsoft Excel 2019 % & 56 %% #% o 47 &b
HL, F SPSS 19.0 B 247 AH M 43 B #0032 L4 43
Mt , H Origin 2 il B 2K & .

2 HR G AT

2.1 HEHNEREHEELIEBRSN

K 20% PEG-6000 #54LF5- ifpaet 1, X% 60 477
JINZE BB UR R AT T O & WP O S
gERFW (K2, TRME AT, AF/NE MR
YR T A I FE b AR A7 2 K [R) R B B4 2F
Jo RN ZF K 52 5 8 R R A K, F 89 E 43 B B
ik T 83.37% M 79.65% ., KHH KIFFR KIHFH
B K MR R B ZE T A AR B 4 O B
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Tab.2 Variation analysis of drought-resistance-related indicators of wheat before and after drought stress

T2 Wit Drought stress

%t Control

.

i?dj@ e KAH e/ ME F-HH bRfE ARRHE BRRME O BAME OPHE O bfEZE ERRHE

Max Min Mean SD cv Max Min Mean SD CcV

RS GV 0.91 0.13 0.55 0.20 0.36 1.00 0.25 0.96 0.10 0.10
RIEHE GP 0.93 0.15 0.63 0.20 0.31 1.00 0.91 0.98 0.02 0.02
RAFRE GI 29.95 3.64 17.83 6.95 0.39 55.26 16.20 40.78 4.05 0.10
WK RL 8.64 2.70 4.87 1.16 0.24 12.16 3.06 9.25 1.49 0.16
%K BL 6.66 0.76 2.24 0.98 0.44 14.50 9.58 11.02 0.81 0.07
SEEE R BFW 0.22 0.01 0.05 0.03 0.64 0.36 0.21 0.29 0.03 0.11
WEEFiE RFW 0.15 0.02 0.05 0.02 0.40 0.26 0.09 0.15 0.04 0.26
ETHE BDW 0.02 0.00 0.01 0.00 0.35 0.05 0.03 0.04 0.00 0.13
Wi RDW 0.02 0.01 0.02 0.00 0.21 0.04 0.01 0.02 0.00 0.19

22 INEWEABMERHMEXM
TR T AN [F] /N 22 5B R Y A e A

LGRS S 25 A AR R K ZF R BRI B K i 45 R
¥y 52 A 3 I A OC (P<<0.01) , 5 A X ZE K A
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X 2 i RN X AR R 2 R I A Ok (P
0.05) ; X & 2F 3 5 M1 % & 2F 48 B AR X 2R K Al
X ZE A B A AR B R B kT S A 2
W 235 IE A 5& (P<C0.01) , 55 FH XF AR AR X AR fif
J RS E A O (P<C0.05) s # A & ZF e 80 S
AEXF 2 RO 2F T A A AR T T A A K
LR S S IE A DG (P<C0.01) , 5 A X AR e
Jo R I 3 1E A 56 (P<T0.05) 5 A1 KR K 5 41 X
ZER R ZE T R AR AR T T R A A

TEAH S (P<C0.01) 5 AR 25 K 5 A X 28+ i M
Xt AR B R AR A T S A S I A R
(P<20.01) 5 A Xk 25~ J5t k5 4 X AR it i
i 57 i R 5 0 2 IE A OG (P<<0.01) o fHAFTE
LR, BT R TR 5 R R X A 2 X e 2 R
B0 AR R AR 2F T B R AR T )
I 3 IE AR OC K 2 4 AR 4R I 0 BT R B Z A
TE2C SUHE & G, A B8 B4 T 0 o Bl s B8 R A
LRy
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Tab.3 Correlation of drought resistance coefficients at germination stage of wheat

EiztuN R KRR ORFRHE MK PR G MRGFTE TR RTRE SRR
Index GP GR GI RL BL BEW RFW BDW RDW GDTI

KR GV 1

RIEHR GP 0.709™ 1

REFAREL GI 0.865™" 0.918" 1

WK RL 0.137 0.285 0.239 1

#FK BL 0.265 0.433"  0.400"  0.579” 1

R BFW -0.111 -0.074 -0.083 0.009 0.081 1

Wi RFW 0.132 0.313° 0.287"  0.165 0.237 0.165 1

T BDW 0.290° 0.527"  0.458"  0.445"  0.805" 0.061  0.249 1

W HEE RDW 0.257" 0.470" 0451 0485  0.560" 0.010  0.200 0.622" 1

By Kkt 4550 GDTI 0.9417 0.860™" 0.977"  0.165 0.359"  -0.037 0.288"  0.433"  0.405" 1

T T TG N T AL BT AR , o R n i M DG (P<C0.01) , 368 i3 A 6 (P<<0.05) o

Note: All values in the table were relative values before and after drought treatment, ** indicated a extremely significant correlation at the

0.01 level(two—tailed), and * indicated a significant correlation at the 0.05 level(two-tailed).

23 WEMRRABRHLBMEEERS O

Xof 7N B G UR A 10 NPT A S AR AR E AT
E Wy Hr, VR AR OR T 1, R3PS R R T
706 hy B e B RNy (R 4) B E 3L Y

R (TR M F G A = A < M £
5502 N o AEE 3 3 R AR 1 4 B Sk 4.803 .
1.819F11.095, Rit siwk Rk 2] T 77.169% .

R4 BTEMRE

Tab.4 Explanation of total variance

WA AR
T4y Initial eigenvalues

PRI AT - T7 A

Extract the sum of squares of the load

T B A -

Sum of squares of rotational loads

Ingre™ ARAEQE 7225k Y BRI TTEkR/ %

dients  Eigen-  Variance Con- Cumulative Con- Eigen-

FRIEME D5 22500/ 00 BTtk /0 FRAE( Oy 250/ 0 Rt stakaR/

Variance Con- Cumulative Con- Eigen- Variance Con- Cumulative Con-

value tribution Rate  tribution Rate value tribution Rate tribution Rate  value  tribution Rate  tribution Rate
1 4.803 48.026 48.026 4.803 48.026 48.026 3.684 36.841 36.841
2 1.819 18.191 66.217 1.819 18.191 66.217 2.837 28.374 65.216
3 1.095 10.951 77.169 1.095 10.951 77.169 1.195 11.953 77.169
4 0.769 7.686 84.854
5 0.569 5.691 90.546
6 0.482 4.820 95.366
7 0.254 2.537 97.903
8 0.158 1.577 99.480
9 0.044 0.436 99.916
10 0.008 0.084 100.000

<127



TR 60 /N A dh Bl (R ) B & T e e 2R 5

WA

o ) W A FE 8003 R OC BT R AR AR L 2R AR
T RBOERE (R 5) o Hob 58 1 E i
HHOGE 2 B, i A2 it 5745 K, R GH A 2 48 KON X
K ZF B TR IR K 5 2 3 L oA X AR K A X
2 A 25 T AR AR T B T kR A R
5F5 3 2 B g3 F R Xk 23 A 5 AR AR S I 5T R
iR Ko 28 L FTIR AT 0 & 2R 3 k2
ORI RMRR ZER AR R TR 2R
B AR R A R RO LA D T
AN B R SR B A
2.4 INEMRFRAEEEZS TN

TS AN TR) b Jo 90 ) SR pR B (3R 6) , il A2

*®5 TFEMEBTNMNEMRER
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Y 19419475 U(2) b iy 5§ g oR B {A 5 K BB 1, 3R
Wil 42 Y194194 7E 255 48 b 2 i Bt 52 1k e ot , £
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Tab.5 Scoring coefficients of drought resistance index of wheat germplasm resources under drought stress

FEHR A4 Ingredients e Bi5>  Ingredients
Index 1 2 3 Index 1 2 3
AHXS B 2E# RGV 0.303 -0.122 -0.054 AHX] 2E i i RBEW -0.060 -0.073 0.724
X R ZEHE RGP 0.229 0.000 0.033 XS ARG i RREW 0.049 -0.048 0.578
AR & ZH4RHC RGI 0.277 -0.052 0.018 HMIXF2E TR RBDW -0.049 0.310 0.021
XK RRL -0.121 0.350 -0.107 X T it RRDW -0.044 0.298 -0.062
MXFZEK RBL -0.079 0.341 0.010 AR W] & T F 4580 RGDTI 0.293 -0.078 -0.005
#*6 ARNEMRZEREIHEDERREEHRF

Tab.6 Membership function values, D values, and drought resistance rankings of different wheat germplasm resources

%= SR PRAUH D ey ETRES SR A D1l HEy
Number Membership function value D value Ranking || Number Membership function value D value Ranking
1 0.806 0.427 0.312 0.590 9 22 0.628 0.712 0.460 0.633 1
2 0.511 0.490 0.407 0.487 24 23 0.316 0.959 0.135 0.524 19
3 0.816 0.421 0.441 0.613 2 24 0.815 0.381 0.189 0.558 14
4 0.513 0.265 0.241 0.379 45 25 0.881 0.338 0.322 0.595 6
5 0.538 0.377 0.295 0.441 34 26 0.809 0.525 0.156 0.603 3
6 0.558 0.349 0.167 0.421 36 27 0.411 0.655 0.258 0.477 27
7 0.814 0.386 0.329 0.582 10 28 0.430 0.425 0.307 0.409 39
8 0.472 0.511 0.259 0.453 32 29 0.539 0.316 0.237 0.410 38
9 0.655 0.326 0.246 0.470 30 30 0.662 0.320 0.210 0.466 31
10 0.669 0.371 0.444 0.524 20 31 0.525 0.376 0.281 0.432 35
11 0.319 0.452 0.416 0.383 44 32 0.416 0.408 0.199 0.379 46
12 0.557 0.430 0.306 0.471 29 33 0.734 0.343 0.268 0.518 22
13 0.686 0.513 0.278 0.559 13 34 0.574 0.506 0.338 0.512 23
14 0.530 0.264 0.217 0.384 42 35 0.378 0.533 0.197 0.407 40
15 0.480 0.699 0.311 0.534 18 36 0.495 0.514 0.350 0.479 26
16 0.739 0.616 0.077 0.591 8 37 1.000 0.000 0.046 0.484 25
17 0.567 0.835 0.135 0.599 4 38 0.680 0.567 0.415 0.597 5
18 0.624 0.567 0.349 0.560 12 39 0.068 0.507 0.246 0.257 57
19 0.655 0.484 0.326 0.541 17 40 0.241 0.488 0.249 0.333 50
20 0.808 0.373 0.449 0.592 7 41 0.339 0.290 0.187 0.298 55
21 0.226 0.484 0.361 0.342 48 42 0.361 0.452 0.290 0.383 43
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Tab.6(Continued) Membership function values,D values,and drought resistance rankings of
different wheat germplasm resources
%> SRR pR R D Herr ETRS) S R D1l HEy
Number Membership function value D value Ranking || Number Membership function value D value Ranking

43 0.593 0.373 0.793 0.543 16 54 0.167 0.172 0.116 0.161 59
44 0.464 0.423 0.231 0.413 37 55 0.286 0.555 0.302 0.387 41
45 0.317 0.428 0.229 0.344 47 56 0.078 0.268 0.063 0.146 60
46 0.330 1.000 0.273 0.567 11 57 0.473 0.272 0.073 0.337 49
47 0.471 0.567 0.256 0.473 28 58 0.177 0.646 0.000 0.322 53
48 0.597 0.620 0.206 0.545 15 59 0.237 0.306 0.550 0.311 54
49 0.590 0.485 0.408 0.523 21 60 0.396 0.304 0.184 0.329 51
50 0.552 0.347 0.360 0.447 33 FRARAE 0.477 0.368 0.155
51 0.199 0.256 0.085 0.202 58  |Indicator
52 0.000 0.285 1.000 0.260 56 Weight
53 0.388 0.311 0.164 0.325 52

MK AT LA L5 1A ZRE 16 b5 1 STIR R N
LR G HEAR 0 DTk R O 28.374 04,
3R A ARARIY TTHR R N 11.953 00, IR IG % 25 &

36.841% , %5 2

FEAR TTHRR AN B 3SR B AR AR ORI 705 KA Rl b AR
H0.477.0.368 F10.155. JHZEF AR PFMITA A 25 INEMRFRMEERES T

[5) iy Bl /N 22 A6 5 e N i 5 RAE (DD L I
MG D E X /N 22 /9 P05 1 3R AT HEP, ok,
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Fig.1 Cluster analysis of 60 wheat germplasm resources based on D values
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