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Screening and Identification of Salt Tolerance of 55 Hengmai

Wheat Accessions of Germplasms at Germination Stage

ZHANG Yingying"*,ZHAO Minghui*, MENG Xianghai*, ZHOU Shumei', YU Guohong®
(1.College of Life Sciences, Shandong Agricultural University/National Key Laboratory of Wheat Breeding,
Tai'an 271018, China; 2.Institute of Dry Farming , Hebei Academy of Agriculture and Forestry Sciences/
Key Lab of Crop Drought Tolerance Research of Hebei Province , Hengshui 053000, China)

Abstract: Salt damage is a critical factor affecting wheat yield. Identifying and evaluating salt tolerance of wheat germplasm
resources during germination stage is essential for screening new varieties of salt tolerant wheat. In this study, 55 Hengmai
wheat varieties(lines) were treated with 200 mmol/L. of NaCl solution to simulate salt stress. 10 morphological indexes,
including germination rate, germination potential, germination index, seed germination index, root length, and bud length, the
correlation analysis, principal component analysis, membership function analysis, and cluster analysis were carried out to screen
the salt tolerance of wheat germplasm resources. The results showed that the morphological indexes of wheat after salt stress
were inhibited to varying degrees compared with the control, and there were differences in the correlation among the
morphological indexes. The 10 morphological index values were divided into 3 comprehensive indexes by principal component
analysis, and the cumulative contribution rate was 80.287 % . The results of membership function analysis showed that Shiluan
02-1 and Hengmai 1.214286 had the strongest salt tolerance, and Hengmai Z215351 had the weakest salt tolerance. The 55
wheat varieties(lines) were categorized into five groups by cluster analysis using membership function values, among which were
14 with extremely strong salt tolerance, 22 with strong salt tolerance, 15 with general salt tolerance, 3 with salt sensitivity, and

1 with extreme salt sensitivity.
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Tab.1 Relative values of evaluation indexes at germination stage of 55 wheat germplasms under saline stress
f&+r  Index KRME/ % Max  fw/ME/% Min - FH{E/%  Mean Frifi2z SD BRR/ % CV
Xt & ZEH RGP 84.59 4.11 58.09 22.43 38.61
AT R ZHE#E RGR 94.67 8.22 69.37 2.72 32.76
AHXS K ZF 4R %0 RGI 68.27 3.64 4448 15.32 34.44
AHXS Bl K P850 RSGI 60.46 4.18 40.56 13.53 33.36
XK RRL 37.29 8.54 21.38 5.40 25.28
X ZERK RBL 37.12 1.95 18.03 6.22 34.50
AAXF2FEE B RBEW 57.74 6.83 22.22 9.51 42.81
X AR & TR RREW 66.78 21.19 44.85 10.52 23.45
AAXF2E T i RBDW 63.16 7.17 31.73 10.36 32.64
HXPRT B RRDW 62.90 27.59 45.84 8.16 17.81
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Tab.2 Correlation of relative values of evaluation indexes of wheat germplasms under salt stress
= Xt % 2 wf % Xt % Xt il . . X 2 b Xt 2 ¥
RGP RGR RGI RSGI RBFW  RRFW RBDW RRDW

AHXF &2 RGP 1
AN K 2F 4% RGR 0.928™ 1
AHXF & ZFFEEL RGI 0.965"  0.964" 1
AR &5 % RSGI 0.956  0.9587  0.994” 1
MK RRL 0.198 0.166 0.164 0.157 1
X ZER RBL 0.268”  0.363"  0.317 0.359" 0.069 1
I 2E e i RBFW 0.036 0.097 0.098 0.127 0.001  0.339" 1
ARXT AL G i RREW 0.282" 0.3457  0.349” 0.353" 0.092  0.455"  0.583" 1
X 2ETF Bt RBDW 0.010 0.132 0.093 0.144 -0.087  0.652"  0.639"  0.460" 1
X T B RRDW 0.212 0.344 0.322° 0.346"  -0.030  0.502”  0.403"  0.649"  0.549” 1

TE 4 RIRTE 0.01 KPR A AR G, # RN TE 0.05 KF F i A OG

Note: ** indicated extremely significant correlation at the 0.01 level and * indicated significant correlation at the 0.05 level.
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Tab.3 Principal component analysis of 10 trait indexes under salt stress

U WIHRHFAE(E  Initial eigenvalue PEWEE ff - J7 Ml Extract the sum of squares of the load
Principal GE G btﬁﬁjﬁ?/% ] %ﬁ'ﬁfﬁk?/% G btﬁﬁk?/% ‘%ﬁ‘ﬁﬁ%“/%A
component Eigenvalue Varmgce contribu- (,umulf%tlve contribu- Eigenvalue Varlar.we contribu- (/umule?tlve contri-

tion rate tion rate tion rate bution rate
1 4.847 48.468 48.468 4.847 48.468 48.468
2 2.128 21.277 69.745 2.128 21.277 69.745
3 1.054 10.543 80.287 1.054 10.543 80.287
4 0.930 9.298 89.585
5 0.478 4.783 94.368
6 0.294 2.938 97.306
7 0.200 2.003 99.309
8 0.049 0.492 99.801
9 0.017 0.166 99.967
10 0.003 0.033 100.000
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Tab.4 Scoring coefficients of salt tolerance indexex of wheat germplasms under salt stress

FEHR F 4> Principal component Je F %4> Principal component

Index 1 2 3 Index 1 2 3
REAH GP 0.875 -0.433 -0.130 #K BL 0.538 0.472 0.291
KHEE GR 0.933 -0.284 -0.092 i fi BFW 0.341 0.596 -0.552
RHFIE Gl 0.910 -0.381 -0.141 M Fi RFW 0.646 0.474 0.200
i F il ke SGI 0.922 -0.356 -0.130 ¥+ HEE BDW 0.416 0.755 -0.311
K RL 0.539 0.020 0.615 WEFRE RDW 0.498 0.463 0.296
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Tab.5 Rankings of membership function values, D values, and salt tolerance of different wheat varieties

il FJRKEUE  Membership function value D14 Hery
Variety U u(2) U(3) D value Ranking
i3 S29  Hengmai S29 0.715 0.288 0.287 0.546 24
W4 22 Jimai 22 0.318 0.716 0.750 0.480 44
{14 22 Shimai 22 0.618 0.428 0.558 0.560 17
5 7%  Luohan7 0.557 0.553 0.903 0.601 3
H1722 175  Zhongmai 175 0.591 0.493 0.581 0.564 15
JfiZE 02-1  Shiluan 02-1 0.751 0.378 0.532 0.623 1
i 22 H20 W 128 Hengmai H20 guan 128 0.779 0.185 0.126 0.536 29
i 2 H215025 Hengmai H215025 0.697 0.251 0.170 0.510 38
fiif & H224006 Hengmai H224006 0.258 0.764 0.888 0.475 46
fif 4 7225136 Hengmai 2225136 0.700 0.298 0.184 0.526 33
i 4 7225088 Hengmai 2225088 0.884 0.063 0.079 0.561 16
i 42 7226157 Hengmai 2226157 0.660 0.225 0.037 0.463 48
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Tab.5(Continued) Rankings of membership function values, D values, and salt tolerance of different wheat varieties

il SRJE R Membership function value D1{H HEF
Variety u(l1) u(2) U(3) D value Ranking
fif#Z T215157 Hengmai T215157 0.820 0.191 0.219 0.574 13
i 77 Y204169 Hengmai Y204169 0.808 0.160 0.116 0.546 25
fii 77 1.215132  Hengmai 1.215132 0.706 0.320 0.361 0.559 18
i3 1.214286 Hengmai 1.214286 1.000 0.000 0.087 0.615 2
fi§ 37 7227029  Hengmai 2227029 0.813 0.231 0.309 0.593 5
fif 3 1.226149 Hengmai 1.226149 0.076 0.916 0.869 0.402 53
53 T226390 Hengmai T226390 0.710 0.275 0.249 0.534 31
53 1.226195 Hengmai .226195 0.161 0.873 0.898 0.446 51
fif 3 H224233  Hengmai H224233 0.936 0.034 0.000 0.574 14
fiif 3 H226046 Hengmai H226046 0.842 0.186 0.222 0.587 6
fif 3 T224294 Hengmai T224294 0.904 0.107 0.180 0.598 4
5 7224012 Hengmai 72224012 0.314 0.790 0.862 0.512 37
fif# 7226133  Hengmai 2226133 0.706 0.288 0.315 0.544 26
fif 3 T215114 Hengmai T215114 0.849 0.125 0.069 0.555 21
fiif 2 T224172 Hengmai T224172 0.758 0.270 0.434 0.586 7
fiif & T225398 Hengmai T225398 0.756 0.215 0.181 0.537 28
fiii# T225507 Hengmai T225507 0.637 0.399 0.668 0.578 11
fii W 35 Hengguan 35 0.796 0.228 0.290 0.579 10
fif 77 32 Hengmai 32 0.926 0.048 0.020 0.575 12
fii 77 36 Hengmai 36 0.857 0.103 0.012 0.547 23
fii 77 37 Hengmai 37 0.761 0.199 0.068 0.521 35
fii % 7215220  Hengmai 2215220 0.644 0.326 0.225 0.505 39
fif 3 H20 W 37  Hengmai H20 guan 37 0.615 0.411 0.422 0.535 30
53 H194008 Hengmai H194008 0.851 0.134 0.050 0.556 20
53 7204184  Hengmai 2204184 0.621 0.405 0.438 0.540 27
i3 164435 Hengmai 164435 0.646 0.406 0.464 0.558 19
53 7204195  Hengmai 2204195 0.508 0.498 0.451 0.498 41
47 T193209 Hengmai T193209 0.828 0.179 0.247 0.580 9
572 Y194194 Hengmai Y194194 0.400 0.601 0.558 0.474 47
fi5 3 7215320 Hengmai 2215320 0.713 0.320 0.293 0.554 22
53 71033 Hengmai Z103 0.588 0.422 0.416 0.522 34
i3 T204002 Hengmai T204002 0.607 0.416 0.433 0.534 32
fiif 2 H204017 Hengmai H204017 0.529 0.446 0.295 0.477 45
fiif 2 T215419 Hengmai T215419 0.535 0.443 0.323 0.483 43
fiii# T203239 Hengmai T203239 0.418 0.620 0.589 0.494 42
fij# 1.215121  Hengmai .215121 0.563 0.586 0.653 0.581 8
fiii# T215603 Hengmai T215603 0.608 0.409 0.344 0.521 36
fifZ7 J215603  Hengmai J215603 0.498 0.508 0.498 0.500 40
fif 77 1.214332  Hengmai 1.214332 0.248 0.734 0.599 0.423 52
i % T215649 Hengmai T215649 0.314 0.676 0.601 0.448 50
fif 3 7215351  Hengmai 2215351 0.054 0.862 0.606 0.341 55
57 1.215105 Hengmai 1.215105 0.000 1.000 1.000 0.396 54
57 Y204169 Hengmai Y204169 0.246 0.785 0.775 0.458 49
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Fig.1 Cluster analysis of salt tolerance of 55 wheat germplasms
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