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Evaluation and screening of salt tolerance of triticale germplasm resources at the
germination stage
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Abstract: The overall aim of our research is to improve saline-alkali land utilization efficiency and alleviate the
competition between grain and forage production in the Ningxia Yellow River irrigation region. To this end, we
evaluated and screened 103 triticale ( X Triticosecale) germplasm at the germination stage to determine their salt
tolerance. Preliminary trials were conducted under a NaCl gradient (0—300 mmol-L '), and the results showed that
200 mmol-L."" NaCl was the optimal concentration for evaluation. Three principal components with a cumulative
contribution rate of >>80% were extracted from the salt tolerance coefficients of survival rate, plant height, shoot
fresh weight, root length, and chlorophyll content. Integrated membership function and cluster analyses identified
two salt-tolerant genotypes (QT-5, LJ-65) and two salt-sensitive genotypes (M90, M36). Six representative
accessions were further analyzed to determine their germination traits (germination potential, survival rate) ,

phenotypic parameters (plant height, shoot fresh weight, root length) , and physiological indices [ malondialdehyde
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(MDA) content, catalase (CAT) , peroxidase (POD) and superoxide dismutase (SOD) activities]. The results
show that triticale leaves responded to salt stress earlier than roots. The increase in activities of antioxidant enzymes
(CAT, POD, SOD) were greater in salt-tolerant genotypes than in salt-sensitive ones, whereas the MDA content
only varied significantly when salt tolerance differed markedly. These findings suggest that the capacity to scavenge
reactive oxygen species is crucial for salt tolerance. The results of this study identify elite germplasm resources for
salt-tolerant triticale breeding in Ningxia and demonstrate the use of a robust physiological evaluation system to
screen salt-tolerant materials.
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Table 1 Principal component analysis of salt tolerance evaluation indicators in triticale germplasm

%y Bt WG R AE(E 7 28 43 1 EYA PRI A T AR UEALE a4 E YA EL g T
Component  Total Percentage of variance of the ini-  Accumulative  Extract the total sum Percentage of Accumulative  Principal com-
tial eigenvalues (%) (%) of squared loadings variance (%) (%) ponent weight
1 1.843 36. 867 36.867 1.843 36.867 36. 867 0.438
2 1.617 32.349 69.216 1.617 32.349 69.216 0.385
3 0.743 14. 867 84.083 0.743 14. 867 84.083 0.177
4 0.483 9.662 93. 745
5 0.313 6.255 100. 000

2.1.2 BRI T HRIE K ME AT X 103 43 /0N 3 Bl S A4 R G TR SR MR R AT T 25 A IR (R
2) o X FE G A4S A 3 A (BN 3 A B R A (1) ((3) AT SR8 eR A BT, T S R 00 /) PR ol 5 b
LX) SR TR PR B AT DR (32 2) , Horh DB R 0. 18~0. 93, 2 M T 1 25" i 2 43 #5 L 45 & D (8K A 5+ B K1)
A3 R SANTH S 1 i, 0. SOID H<C1. 00; 24k it £k, 0. 60<<D {H<C0. 80; 3 g Al AL, 0. 40<<D H <<0. 60;
4 AT ER 0. 20D <C0. 403 5 Z R HUR, 0. 00D <C0. 20, k% 5 2 i M 20 A1) 1405 (1LT-26) 5 Mt £h 4k 4 43
(LJ-8.QT-37.LJ-42 LJ-27) ; Hr[a] BURFRL 75 63 , AT 2644 8E 22 007, £ 85086 B 103 (QT-22)

2.1.3 RAE4HT SRy RS T B 36 /0 B 2 T 4 A0 T B R, SR R SR 28 43 T i X 103 473 /0N R 22 B T B IR 1 3
AN S T k4 A CRH AT b b 6 85 R X A7 176 58 JAH X PR 3 ) #EAT 28 G M o SRS I VRN (T D25 R R 20 X
IR FRAE G A (B R, W €0 DX sl ) 6 HF 5 AR M, 2 Vi) 8 GO ) b A 2 IO T R AR R B AR PR R AE . T R
B, LJ-65 . QT-41 5 1203 B RE 5 A T 11 €8 2 21 €0 DX 3, FLAE 6 W30 2500 1 A7) e 4 15 45 o IO A7 0 0% bk e e i -2k
Yyik (HXHE ==0.9) , 2 B0 W] S8 A it SR 43 1 5 17 LLJ-77 MO0 %5 5 43 A et 3 80 3R A Tk €0 I, G 4% 30 it 36 48 b 4
X AF B4 A, 2 B M B S ) R SUBRARRAE o 3 A SR pRBC O BT 5 R 2S00 BT 4 SR 1 38 UG IR, I i O 3 TR AR R /N R
FFP AL B QT -5 A1 LI-65 ; £5 850U H Tl BT A RE M OO AT M 36 LA K Hv [A] AU AT B QT-41 #1 LT-25,
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Table 2 Membership function values and D-values for salt tolerance evaluation of triticale germplasm
Tl 53 G 5 F 843 Principal component value 3¢ J® R ${H Membership function value D1i HE44
Germplasm number X, X, X, 3 ty s D value Rank
1LJ-26 4.621 —0.115 5.234 1. 000 0. 747 1. 000 0.927 1
LI-8 2.648 0.174 2.013 0.723 0.785 0.530 0.709 2
QT-37 2.731 —0.607 2.590 0.734 0.684 0.614 0.700 3
LJ-42 2.093 0.581 2.010 0. 645 0.837 0.530 0.681 4
LJ-27 1.785 1.122 —1.206 0.602 0.907 0.061 0.601 5
LJ-23 1. 400 —0.331 0. 060 0.548 0.720 0.245 0. 548 6
LIJ-25 0.642 1.271 —0.469 0.441 0.926 0.168 0.536 7
1LJ-32 1.334 —0.663 0.233 0.538 0.677 0.271 0.534 8
LIJ-15 1.178 0.356 —1.275 0.516 0.808 0.050 0.524 9
LIJ-1 0.850 0.488 —0.429 0.470 0.825 0.174 0.524 10
1LJ-76 0.997 —0.027 —0.213 0.491 0.759 0.205 0.521 11
LJ-63 0.596 1.026 —0.627 0.435 0.894 0.145 0.520 12
QT-18 0. 847 0. 140 —0.133 0.470 0.780 0.217 0.518 13
1.J-36 1.202 —0.521 —0.411 0.520 0.695 0.177 0.514 14
QT-31 1. 006 0.294 —1.201 0.492 0. 800 0.061 0.510 15
M59 0.298 1. 480 —0.871 0.393 0.953 0.109 0.508 16
1LJ-65 0.430 0.451 —0.014 0.411 0.820 0.234 0. 500 17
M26 0.272 0.955 —0.467 0.389 0.885 0.168 0.496 18
1LJ-68 0.505 0.128 0.034 0.422 0.779 0.241 0.495 19
M51 —0.250 1. 746 —0.058 0. 316 0.987 0.228 0.495 20
LIJ-79 0.418 0.469 —0.353 0.410 0.823 0.185 0.492 21
M58 0.178 1.156 —0.715 0.376 0.911 0.132 0.490 22
QT-35 1. 046 —0.817 —0.454 0.498 0.657 0.170 0.490 23
QT-28 0.882 —0.849 0.091 0.475 0.653 0. 250 0.489 24
QT-39 0.660 0.005 —0.634 0.444 0.763 0. 144 0.486 25
QT-40 0.880 0.140 —1.592 0.475 0.780 0. 004 0.485 26
QT-5 0.199 0.517 —0.074 0.379 0.829 0.226 0.483 27
M38 0.110 0.594 —0.010 0. 366 0.839 0.235 0.481 28
QT-42 —0.058 0.612 0.398 0.343 0.841 0.295 0.478 29
QT-41 0.194 0.128 0.329 0.378 0.779 0.285 0.478 30
M92 —0.823 1.833 0.915 0.235 0.998 0.370 0.477 31
M25 —0.057 1.302 —0.754 0.343 0.930 0.127 0.476 32
QT-3 0.215 0.490 —0.381 0.381 0.825 0.181 0.476 33
LI-5 0.658 —0.339 —0.661 0.443 0.718 0. 140 0.473 34
M50 0.015 0.715 —0. 344 0.353 0. 854 0.186 0.470 35
LI-72 0.700 —0. 645 —0.467 0.449 0.679 0.168 0.469 36
QT-34 0.374 —0.109 —0. 264 0.403 0.748 0.198 0.469 37
M14 —0.021 0.516 —0.036 0. 348 0.829 0.231 0.467 38
LIJ-78 —0.207 1. 080 —0.442 0.322 0.901 0.172 0. 464 39
M54 —0.027 0.481 —0.117 0. 347 0.824 0.219 0.463 40
M4 —0.891 1. 846 0.458 0.226 1. 000 0.303 0.461 41
LJ-51 0. 344 —0.973 0.822 0.399 0.637 0.356 0.461 42
QT-8 —0.020 0.872 —0.892 0.348 0.875 0.106 0.460 43
M60 0.093 0.563 —0.909 0. 364 0.835 0.104 0.457 44
M48 —0.216 0.555 0. 069 0.320 0.834 0. 247 0.456 45
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25:3% Continued Table
T G 5 F 843 Principal component value 3¢ & R E{H Membership function value D1d HE44
Germplasm number X, X, X, M ty 1 D value Rank
M2 0.214 0.571 —1.376 0.381 0. 836 0. 036 0.455 46
M45 —0.39%4 0.655 0.411 0.296 0.847 0.296 0.454 47
QT-29 0.468 —0.227 —1.007 0.417 0.733 0. 090 0.454 48
M95 —0.949 1.632 0.574 0.218 0.972 0. 320 0.452 49
QT-20 0.217 —0.583 0.252 0.381 0. 687 0.273 0.452 50
QT-44 0. 055 —0.186 0. 060 0.359 0.738 0.245 0.449 51
M66 —0.691 0. 800 0. 855 0.254 0. 865 0.361 0.447 52
M41 —0.467 1.057 —0.272 0.285 0. 898 0.197 0. 447 53
M9 —0.172 0.513 —0.382 0.327 0.828 0.181 0. 447 54
1.J-56 —0.040 0.162 —0.286 0. 345 0.783 0.195 0. 447 55
QT-30 0.436 —0.621 —0.613 0.412 0.682 0.147 0.446 56
LJ-9 0.054 —0.051 —0. 287 0.358 0.756 0.195 0.446 57
1.J-28 —0.160 0.586 —0.663 0.328 0.838 0. 140 0.444 58
M47 —0.003 —0.259 0.134 0.350 0.729 0.256 0.444 59
1LJ-70 —1.609 1. 667 2.219 0.125 0.977 0. 560 0.442 60
QT-9 —0.222 0.631 —0.676 0.320 0.843 0.138 0.441 61
1.J-20 0.575 —0.780 —1.202 0.432 0.662 0.061 0.437 62
1L.J-6 0.399 —0.191 —1.621 0.407 0.738 0. 000 0.435 63
M44 —0.289 —0.022 0.124 0.310 0.759 0.255 0.430 64
1.J-52 —0.179 —0.348 0.226 0. 326 0.717 0.269 0.429 65
1.J-42 0. 319 —0.697 —1.086 0. 396 0.672 0.078 0.423 66
M52 —0. 848 0.719 0.285 0.232 0. 855 0.278 0.419 67
M33 —0.865 0.463 0. 685 0.229 0. 822 0. 336 0.417 68
3604 —0. 346 0. 045 —0. 376 0.302 0.768 0.182 0.417 69
M37 —0.269 —0.243 —0.188 0.313 0.731 0.209 0.416 70
M22 —0.156 —0.552 —0.101 0.329 0.691 0.222 0.416 71
M93 —0.481 0.318 —0. 564 0.283 0.803 0. 154 0.412 72
LJ-2 —0.121 —0.763 —0.175 0.334 0. 664 0.211 0. 409 73
M40 —0.475 0.002 —0.256 0.284 0.762 0.199 0.408 74
1LJ-64 —0.314 —0. 286 —0.388 0.307 0.725 0.180 0.406 75
M42 —0.466 —0.176 —0.112 0. 285 0.739 0.220 0.405 76
M46 —0.457 —0.245 —0.092 0. 287 0.731 0.223 0.404 77
1.J-50 —0.598 —0.371 0. 381 0.267 0.714 0.292 0.400 78
M8 —0.473 —0.128 —0. 558 0.284 0.746 0.155 0. 396 79
M36 —0.238 —0.661 —0.491 0.317 0.677 0.165 0. 396 80
M27 —1.985 1. 364 1.896 0.072 0.938 0.513 0.394 81
M56 —0. 365 —1.023 0.267 0. 300 0. 630 0.275 0.391 82
LJ-71 —1.096 0.125 0. 816 0.197 0.778 0. 355 0. 390 83
QT-38 —0.539 —0.358 —0.413 0.275 0.716 0.176 0. 386 84
LJ-11 0. 280 —1.576 —1.271 0. 390 0.559 0.051 0. 383 85
M57 —0.652 —0.201 —0.472 0.259 0.736 0.168 0. 382 86
LJ-3 0.284 —1.849 —0.974 0.391 0.524 0. 094 0. 381 87
M34 —0. 586 —0.699 —0.091 0.268 0.672 0.223 0.377 88
QT-25 —0.627 —0.868 0.169 0.263 0. 650 0.261 0.374 89
M53 —1.077 0.015 0.220 0. 200 0.764 0.269 0.373 90
M35 —1.371 0.268 0.747 0.158 0.797 0. 346 0.373 91
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25:3% Continued Table
il I 4 5 F 843 Principal component value 3¢ & R E{H Membership function value D i H4
Germplasm number X, X, X, 4 1 1 D value Rank
QT-7 —0.582 —1.030 —0.013 0.269 0.629 0.235 0. 367 92
M90 —0.514 —0.926 —0.610 0.279 0.643 0.148 0.362 93
M29 —0.667 —1.331 0. 480 0. 257 0.591 0.307 0.361 94
QT-35 —0.679 —1.307 0.258 0.255 0.594 0.274 0. 356 95
LJ-77 0. 059 —2.002 —1.188 0.359 0.504 0.063 0. 352 96
QT-4 —0.631 —0. 946 —0.679 0.262 0. 640 0.138 0.351 97
MS82 —2.497 0.528 2.570 0. 000 0. 830 0.611 0.339 98
MS83 —1.578 —0.754 1.487 0.129 0.665 0.453 0. 337 99
M28 —1.666 —0.371 1.153 0.117 0.714 0.405 0. 336 100
M39 —2.347 —0.451 1. 960 0.021 0.704 0.522 0. 300 101
M31 —1.482 —1.214 0. 320 0.143 0. 606 0.283 0.299 102
QT-22 —0.970 —5.916 1.152 0.215 0.000 0.405 0.184 103

1 NEEMRFRERMEEFENRESTARE

Fig. 1 Heatmap of cluster analysis for salt tolerance screening in triticale germplasm
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Fig.3 Comparative analysis of phenotypic indicators of different salt tolerance triticale
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Fig. 5 Comparison analysis of SOD activity, MDA content of triticale with different salt tolerance
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