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Analysis and Screening of 96 Salt-Tolerant Germplasm from
Wheat-Thinopyrum ponticum Derivative Lines
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Abstract: To broaden the genetic resources for salt-tolerant wheat, 96 wheat-Thinopyrum ponticum
derivative lines were treated with 150 mmol « ™' NaCl at the seedling stage. Fourteen morphological
traits were measured, and a comprehensive evaluation of salt tolerance was carried out using principal
component analysis (PCA), the membership function method, and cluster analysis. The results
showed that salt stress significantly inhibited both aboveground and underground growth of the seed-
lings. Most traits, such as shoot fresh weight and root fresh weight, decreased markedly compared to
the control, with high coefficients of variation(>>25%). PCA extracted five principal components,
which together explained 83. 85% of the total variance. Among them, a biomass factor (including
shoot fresh weight, root fresh weight, total root length, root surface area, shoot dry weight, and
root dry weight) had the highest contribution rate(33.15%), which can be used as a key indicator for
evaluating salt tolerance at the seedling stage. Cluster analysis classified the 96 lines into five salttol-
erance grades, including seven highly salttolerant lines(7. 1%) and 17 moderately salt-tolerant lines
(17.3%). Further measurements of Na” and K" contents confirmed that salttolerant lines maintained

a lower Na™ /K" ratio under salt stress, showing a stronger ability to regulate ion homeostasis.
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Table 1 Change of seedling growth of test materials under salt stress

Pk ] N it/ 2 g et e EHER

Character Treatment  Maximum Minimum Range Mean devintion of eriauon %
SH/em  #:Jihif Salt stress 28. 667 14.333 14,333 19. 377 2. 881 14.87
CK 38. 000 18.167 19. 833 26. 646 3. 984 14. 95
MRL/cm il Salt stress  10. 000 4. 600 5. 400 7. 380 1. 086 14.71
CK 10. 333 5.233 5. 100 7.826 1.114 14. 24
SFW/g hMhia Salt stress 0. 440 0.119 0.321 0. 257 0.072 27.94
CK 0. 820 0.198 0.622 0.451 0.151 33.37
RFW/g Wil Salt stress 0. 211 0. 062 0.149 0.127 0.034 27.15
CK 0.509 0.102 0. 406 0. 247 0.151 60. 90
TRL/ecm  #h:38 Salt stress 89.473 32.941 56. 532 55.763 10. 912 19. 57
CK 166. 683 48. 950 117.733 101. 513 23.051 22.71
RSA/em?  £hMH Salt stress 17. 482 5.125 12. 357 9.794 2. 450 25.02
CK 32. 375 8. 909 23. 467 19. 475 4. 967 25.51
RV/em®  #hWpif Salt stress 0. 561 0. 059 0.502 0.166 0.074 44, 69
CK 0.918 0.143 0.775 0.377 0.135 35.77
RAD/mm  #:JhE Salt stress 0. 745 0.297 0.448 0.513 0. 088 17.11
CK 0.798 0.427 0.372 0.591 0. 074 12. 44
RSFW/%  #:J#ifl Salt stress 0. 725 0. 324 0. 401 0.502 0.070 13.95
CK 0. 696 0.421 0.275 0.551 0. 060 10. 81
SDW/g W8 Salt stress  0.094 0.022 0.073 0.050 0.014 27.41
CK 0.171 0. 029 0.142 0. 094 0. 036 38. 49
RDW/g  #h:Mhifi Salt stress  0.016 0. 004 0.012 0.010 0.003 27. 54
CK 0.036 0. 007 0. 030 0.018 0. 006 32.92
RSDW/% il Salt stress 0. 329 0.083 0. 246 0.198 0.048 24.31
CK 0.318 0.088 0. 230 0. 202 0. 059 29. 06
SWR/%  #hMhi# Salt stress  0.865 0.676 0.189 0.798 0.048 6.06
CK 0. 904 0. 633 0.271 0.788 0. 059 7.45
RWR/% Wil Salt stress  0.962 0. 875 0. 088 0.922 0.016 1.77
CK 0. 961 0. 865 0. 096 0. 926 0.018 1.92

SH.: i % s MRL: St KK s SEW . 1 8 o s REW R o TRL BRI RSAL R R RN RV SRR B RAD: M R BLAR RS-
FW . fif AR L ; SDW . i 5 ; RDOW . AR F 3 s RSDW . T AR s SWR 1 /K 3 RWR AR B K 5 S 3h il ; CKL R, T SCE ],
SH: Seedling height; MRL: Maximum root length; SFW. Seedling fresh weight; REW. Root fresh weight; TRL: Total length;

RSA: Root surface area; RV: Total root volume; RAD: Average root diameter; RSFW . Fresh weight root-shoot ratio; SDW . Seedling-

dry weight; RDW . Root dry weight; RSDW. Dry weight root-shoot ratio; SWR: Seedling water rate; RWR: Root water rate; S: Salt

stress; CK: Control. The same in table 3, and figures 1, 2 and 4.
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Fig.2 Correlation of salt tolerance coefficients of different traits of the test materials
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Table 2 Eigenvalues and contribution rates

of principal components

RS g UK BT
Principal Ei I 1 Contribution Cumulative
factor 1gen vatue rate/ % contribution rate/ %
1 4.642 33.154 33.154
2 2.700 19. 288 52.442
3 2.136 15.261 67.703
4 1. 160 8.283 75.986
5 1. 100 7. 860 83. 846
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Table 3 Load matrix of the five principal components

PEAR F 4> Principal component
Character 1 9 3 4 5
SH 0.402 —0.107 —0.632 0.069 0.017
MRL 0.467 —0.017 —0. 247 —0.015 0.595
SFW 0.786 —0. 240 —0. 486 —0.038 —0.123
RFW 0.893 —0.194 0. 039 —0.178 0.221
TRL 0. 805 0.320 0.121 0.320 0.043
RSA 0.796 0. 340 0.277 0. 348 —0.113
RV 0.535 0.402 0.314 0.476 —0.233
RAD 0.142 —0.094 0.582 —0.091 —0.295
RSFW 0.163 0. 094 0.753 —0.192 0.523
SDW 0.777 —0.517 —0.051 —0.203 —0.189
RDW 0. 756 0.39 —0.086 —0.496 —0.071
RSDW —0.089 0.932 —0.028 —0.209 0.202
SWR —0.224 0.594 —0. 564 0. 304 0.158
RWR 0.013 —0.746 0.118 0. 450 0. 383

3 it

AR T 68 /I R A % 7 RO
LB B 5 /N e B TR WS e b
T 40152 3 190 50 5Kt R i e
MR L AT A/ A
W 00 L A0 0 R R
NaCl 4b 8 4 S5/ b i I LB B KA K 4
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Table 4 Comprehensive evaluation value(D value) of the test materials

%5 fift 5t D {8 £ R Lo D {8
No. Germplasm D value No. Germplasm D value
1 N1404-10-2-2-1-2-1-2 0.31 50 N1404-17-1-3-3-1-4-2-1 0.71
2 N1404-10-2-2-1-2-3-1 0.29 51 N1404-17-1-3-3-1-5-1-1 0.52
3 N1404-10-2-2-1-2-3-2 0. 31 52 N1404-17-1-3-3-1-5-2-A 0. 54
4 N1404-10-2-2-2-1-1 0. 35 53 N1404-22-1-2-1-2-1-1-A 0.59
5 N1404-17-1-2-1-2-1 0.28 54 N1404-22-1-2-2-1-2-4 0. 39
6 N1404-17-1-3-1-1-1 0.16 55 N1404-22-1-2-2-1-2-5 0. 37
7 N1404-17-1-3-3-1-2-1 0.25 56 N1404-22-1-2-2-2-1-1-3 0. 34
8 N1404-17-1-3-3-1-3-1-2 0. 38 57 N1404-22-1-2-2-2-1-2-2-A 0. 46
9 N1404-17-1-3-3-1-3-2 0. 31 58 N1404-22-1-2-2-2-1-2-3 0. 28
10 N1404-17-1-3-3-1-4-2-2 0.51 59 N1404-22-1-2-2-2-2-1 0.43
11 N1404-17-1-3-3-1-5-2 0. 35 60 N1404-22-1-2-2-3-1-1 0.51
12 N1404-22-1-2-1-1-2-1 0.29 61 N1404-22-1-2-2-3-2-3 0. 38
13 N1404-22-1-2-1-1-3-2 0.32 62 N1404-22-1-3-1-1-2 0.38
14 N1404-22-1-2-1-1-3-3 0.25 63 N1404-25-2-1-2-1-1(1) 0.45
15 N1404-22-1-2-1-1-3-4 0.24 64 N1404-25-2-1-3-1-1(2) 0. 44
16 N1404-22-1-2-1-2-1-1 0. 20 65 N1404-43-1-1-1-1-A 0. 37
17 N1404-22-1-2-1-2-1-2 0. 36 66 N1404-43-2-1-1-2-1 0. 40
18 N1404-22-1-2-2-1-2-1-3 0.27 67 N1404-43-2-1-1-3-2 0. 46
19 N1404-22-1-2-2-1-2-1-4 0. 46 68 N1404-43-2-2-1-2-2-2-1 0.49
20 N1404-22-1-2-2-1-2-2-2 0. 56 69 N1612-19-1-1-2-1-1 0.42
21 N1404-22-1-2-2-2-1-1-2 0. 64 70 N1614-1-1-1-1-1 0. 47
22 N1404-22-1-2-2-2-1-2-2 0. 38 71 N1614-1-1-1-1-2 0.52
23 N1404-22-1-2-2-3-1-2 0. 36 72 N1616-1-3-1-1-1-2 0. 47
24 N1404-43-1-1-1-1 0. 34 73 N1616-2-1-2-1-1-1 0. 45
25 N1404-43-2-1-1-2-2 0.40 74 N1616-2-3-2-1-2-1 0. 44
26 N1612-19-1-1-2-1-2 0. 35 75 N1616-2-3-2-1-3 0. 28
27 N1616-2-1-3-1-1 0.41 76 N1616-3-1-1-1 0.52
28 N1616-2-3-2-2-1 0. 44 77 N1616-3-6-2-1-2 0.67
29 N1616-2-3-3-1-1-1 0.48 78 N1616-3-6-2-1-3-2 0.62
30 N1712-1-2-1-1-2-1 0.45 79 N1616-3-6-2-1-3 0.49
31 N1712-1-2-1-1-2-2 0.32 80 N1616-5-3-1-1 0.42
32 N1712-3-2-1-1-2 0.53 81 N1711-5-2-1-1 0. 41
33 N1712-3-2-2-3-2 0.41 82 N1711-6-1-1 0.62
34 N1713-2-1-2-1-1 0.43 83 N1712-3-2-2-1 0. 50
35 N1714-8-2-2-2-2 0.53 84 N1714-1-1-3-1 0.54
36 N1714-9-2-1-2 0. 40 85 N1714-14-2-1-1-2 0. 44
37 N1714-14-2-1-2-1 0.42 86 N1714-14-2-1-2-1-A 0.48
38 N1714-14-2-1-2-3 0.52 87 CS-2E(2D) 0.22
39 N1714-14-2-3-1 0.52 88 CS-3E(3B)-2 0. 36
40 N1714-14-3-1-1 0.28 89 CS-3E(3B)-1 0.41
41 N1715-1-1-1 0.46 90 CS-6E(6B) 0.41
42 N1404-10-2-2-1-2-1-1 0. 55 91 CS-7E(7B) 0. 38
43 N1404-10-2-2-1-2-3-1-2 0.52 92 CS-3E Kt in (CS-3E Addition) 0. 44
44 N1404-17-1-2-1-2-1-A 0. 56 93 CS-5ES 0.34
45 N1404-17-1-3-1-1-1-A 0.55 94 CS-6EL 0. 39
46 N1404-17-1-3-1-1-2-1 0. 36 95 CS-7E 0. 34
47 N1404-17-1-3-2-1-1 0. 44 96 CS-7EL 0.32
48 N1404-17-1-3-3-1-1-2 0.67 97 JM22 0.49
49 N1404-17-1-3-3-1-2 0. 45 98 AK58 0. 37
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