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Screening and Identification of Salt Tolerance of 97 Characteristic
Wheat Germplasm Resources at Germination Stage
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Abstract: To evaluate the salt tolerance of 97 characteristic wheat germplasm resources at the germination stage, this study
sets up al150 mmol-L™' NaCl treatmentent and a control (distilled water), and measures the germination rate, bud length, root
length, fresh weight, and dry weight on the 7™ day using the Petri dish culture method. It calculates the comprehensive salt
tolerance index (D-value) by combining the membership function method and weighted principal component analysis (PCA)
method. Then this study performs cluster analysis based on the D-values to evaluate the effect of salt solution on the
germination of characteristic wheat and to screen for salt-tolerant germplasm resources. The results show that salt stress
leads to reductions in the germination rate, bud length, root length, fresh weight, and dry weight of characteristic wheat
varieties. The cumulative contribution rate of the three principal components is 92.55%. The five indicators correlate closely
with the salt tolerance of characteristic wheat at the germination stage, and can serve as evaluation criteria for assessing salt
tolerance in characteristic wheat at the germination stage. The salt tolerance capacity varies significantly among different
germplasm resources, with D-values ranging from —2.26 to 4.54. Cluster analysis classifies the 97 characteristic wheat
germplasm resources into five grades: one high salt-tolerant germplasm, two salt-tolerant germplasms, ten moderately salt-
tolerant germplasms, 82 salt-sensitive germplasms, and two extremely salt-sensitive germplasms. This study provides a
technical framework and foundational materials for large-scale salt-tolerance identification of characteristic wheat
germplasm resources at the germination stage and for the cultivation of new salt-tolerant varieties.
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Table 1 Names of the tested materials
Hr EAS APRRE R G5 4 FPRLRR AL G EAS FPRRE R
Number Name Grain feature Number Name Grain feature Number Name Grain feature
1 A7 1831 % 34 L0415 W 67 L2173 FIk
2 I 2 187 S 35 TH L1924 S 68 L2014 FIkG
3 FA 6 * 36 TH L1688 % 69 L1816 3
4 FA 8 % 37 L2978 EkH 70 L2027 FIkG
5 #Hz9 S 38 L2878 FIkR 71 L0092 [
6 F# 10 % 39 L0097 % 72 L0067 [
7 KB 1615 k3 40 L2126 % 73 L2737 %
8 A5 % 41 712839 FIi 74 710076 %
9 B LS e 42 T L1347 W 75 D40 3
10 7 8555 % 43 L2119 F¥E 76 D19 %
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Number Name Grain feature Number Name Grain feature Number Name Grain feature

11 Sih55 k3 44 1 L2007 FIk 77 D7 %

12 T L1825 % 45 7 L0668 i 78 D29 %

13 NI S L-5446 23 46 L1822 ® 79 DH®122 ®

14 L0181 i 47 L0533 [ 80 DM®15 ®

15 I X L-5149 W 48 L1577 w 81 D47 “®
16 D5 *® 49 75 L1936 Shi 82 D23 3
17 it X L-5325 £« 50 L0577 [ 83 Mt % 1.-5338 &

18 DH®27 £ 51 L0035 Pk 84 JIFi ¢ L-5925 %
19 L1325 S 52 L0081 % 85 i X L.-5287 3

20 L1401 W 53 T L10497 i 86 5 S 1L-4793 3

21 i L0086 % 54 THL1593 E 87 G S L-4717 %

22 W L0623 W 55 L0719 W 88 M5t X L-4941 3

23 WiL0169 % 56 L0771 % 89 I X 1L-5689 %

24 L0101 % 57 L1902 ® 90 JIji X 1L-5400 5

25 JI5i S L-5877 i 58 L1363 ® 91 JI5 S L-5891 3

26 T L2398 S 59 12223 Sf i 92 IR 2 L.-4925 %

27 T L0491 i 60 T 12283 ks 93 IR L L-5447 i3

28 Wi L L-5574 % 61 7 L0009 [ 94 JI5i L L-5845 i

29 JIji L L-4889 i3 62 L4125 W 95 JIFi L L.-4037 W

30 712848 G 63 L0722 % 96 4K 3753 “®

31 L0669 % 64 L1681 ® 97 rhZ 998 «
32 L1994 Sk 65 L2412 1A%

33 WL112 % 66 L0756 %
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Table 2 Statistical analysis of five trait indicators of 97 characteristic wheat germplasm resources under salt stress

[ERIN GiiTS5L KR Y% K /em MK /em fif /g TH/g
Trait Statistical parameter Germination rate ~ Germ length Root length Fresh weight Dry weight
I K AH Max 97 13.54 17.03 6.84 3.64
5t/ ME Min 7 3.24 3.83 1.58 0.02
popiiskiel
oK SF-1{H Mean 56 10.27 11.76 3.29 0.72
Frifi2% SD 23.77 2.13 3.08 1.46 0.52
AR RBCV/% 42.44 20.74 26.19 44.44 72.22
KA Max 81 9.84 10.62 4.14 1.83
f2/MHE Min 33 1.52 1.70 0.11 0.02
ENTISEE]
o 49 Mean 46 5.53 5.42 2.03 0.46
Salt stress
FrifE2% SD 20.61 1.83 1.94 0.99 0.37
AR RECVI% 44.80 33.09 35.79 48.77 80.43
Bkt HAAS AL, AEAKAE Variation -10 -4.74 -6.34 -1.26 -0.26
Comparison with AEE
-17.9 -46.15 -53.91 -38.30 -36.11

the control Percentage of variation/%
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Fig. 1 Heatmap of correlation analysis for relative values
of five traits in characteristic wheat germplasm resources
under salt stress
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Note: ***indicated significant difference at the 0.01 level.
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Table 3 Eigenvalues and contribution rates of three principal components under salt stress

£ Principal component I m
FEAE( Eigenvalue 2.63 1.09 0.91
TTHkR Contribution/% 52.52 21.80 18.24
I T#kR Cumulative Contribution/% 52.52 74.32 92.55

T4 BB T INERD B E FRIBETREME

Table 4 Loading matrix of factors for three principal components under salt stress

%y LiEROy &2 AR ZE AHRHRAC AR i i LERO I
Principal component ~ Relative germination rate  Relative bud length  Relative root length Relative fresh weight Relative dry weight
I 0.736 0.804 0.800 0.885 0.121
I 0.432 -0.383 -0.424 0.274 0.709
IIr -0.460 0.303 0.269 -0.231 0.695
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“complete” % BN K=5, W 2 A VEAN DAEBE
ITERE KT R /NER 73 5 A KB
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24, 15 T 2.06%, D E U [l 2.28~2.81; 55 1 25
S E A RE 10 43, 5 B 10.31%, D E TE
FEl -0.94~1.86; 5 IV 25 4y 5 BUR A MR 82 17
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Table 5 D values of 97 characteristic wheat germplasm resources
G5 2 DfH G5 4 DfH G5 SR D
Number Name D value Number Name D value Number Name D value

95 JIFi 2 1.-4037 4.54 26 T L2398 0.18 74 7 L0076 -0.42
33 WL112 2.81 51 7510035 0.17 61 75 L0009 -0.42
36 TH L1688 2.28 92 IR SL L4925 0.16 21 74 L0086 -0.42
50 L0577 1.86 68 L2014 0.12 37 712978 -0.45
58 L1363 1.72 53 Wi L10497 0.12 1 A7 1831 -0.46
5 KA 9 1.65 88 JIi L L-4941 0.10 75 DR 40 -0.49
72 T L0067 1.57 69 75 L1816 0.09 10 B0k 8555 -0.50
56 L0771 1.48 67 WiL2173 0.07 87 M5 S L-4717 -0.53
28 I X L-5574 1.10 73 T L2737 0.04 70 712027 -0.55
79 D122 1.07 64 L1681 0.03 18 D27 -0.55
13 JI5E L L-5446 1.06 17 JIii X L-5325 0.02 94 5 X L-5845 -0.56
52 L0081 1.04 59 712223 0.01 60 712283 -0.63
63 L0722 0.94 80 DH#15 0.00 25 I X L-5877 -0.64
9 BERE 0.78 20 L1401 -0.07 55 L0719 -0.67
31 10669 0.77 90 JI5 X L.-5400 -0.14 22 L0623 -0.72
8 K] 0.64 14 T L0181 -0.16 19 T L1325 -0.81
57 T L1902 0.63 23 T L0169 -0.17 89 IR S L.-5689 -0.82
81 D47 0.59 65 L2412 -0.18 2 187 -0.89
86 JI5i L 1L-4793 0.58 35 L1924 -0.18 97 th177 998 -0.9
62 T L4125 0.52 44 T L2007 -0.22 11 #0545 -0.96
54 L1593 0.51 32 T L1994 -0.30 3 #H6 -0.97
49 T L1936 0.46 27 T L0491 -0.32 47 L0533 -0.99
85 JI5i X 1.-5287 0.45 6 FA 10 -0.32 40 L2126 -1.14
91 JIji ¢ L-5891 0.44 39 410097 -0.33 24 75 1L0101 -1.16
34 T L0415 0.40 29 Wi S 1.-4889 -0.33 38 T L2878 -1.17
16 DH#5 0.35 15 IS¢ L-5149 -0.33 48 L1577 -1.23
12 L1825 0.35 45 T L0668 -0.35 42 T L1347 -1.34
43 L2119 0.34 77 D®7 -0.37 84 JI S L5925 -1.49
30 L2848 0.33 46 THL1822 -0.37 41 712839 -1.50
93 i X L-5447 0.30 7 ZE161Y -0.39 66 L0756 -1.92
82 D23 0.26 83 M5 S L-5338 -0.40 96 $eK 3753 -2.26

76 D19 0.20 4 WA 8 -0.40

71 7 L0092 0.18 78 D29 -0.41

RS AR 1.

Note: The number is the same as table 1.
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Fig. 2 Cluster analysis of salt tolerance of 97 characteristic wheat germ
Ve L s I e s 0 PSS ERTE AR s IV - SREBURTEA, V - AR AU
Note: | : High salt tolerance group; Il : Salt tolerant population; Ill: Moderately salt tolerant group;

sensitive group.

®6 97T T B/ NRIFA IR FR R

plasm resources

IV: Salt sensitive group; V : Extremely

esources at germination stage

Table 6 Salt tolerance grades and numbers of 97 characteristic wheat germplasm r
[(EEhest! (G DB By
Salt-tolerant type Number Range of D value Mean value
[EIGEREZEN
1 4.54 4.54
High salt tolerance group
[(EENHELS
2 2.28 ~2.81 2.55
Salt tolerant population
rRAFTE R
10 0.94 ~ 1.86 1.35
Moderately salt tolerant group
Hh U
82 -1.5~0.78 -0.23
Salt sensitive group
RTINS UL
2 -2.26~-1.92 -2.09
Extremely sensitive group
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