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Salt tolerance identification, screening and salt tolerance index evaluation of
wheat-Thinopyrum intermedium radiation mutagenesis germplasm at germina-
tion and seedling stage

Qi Qing-Song', Niu Xiang-Yu', Liu Bing-Ke', Kang Lu', Wang Chen', and Feng De-Shun'*"

! State Key Laboratory of Wheat Improvement / College of Agronomy, Shandong Agricultural University, Tai’an 271018, Shandong, China; * Key
Laboratory of Crop Water Physiology and Drought-Tolerance Germplasm Improvement, Ministry of Agriculture and Rural Affairs, Tai’an 271018,
Shandong, China

Abstract: Saline-alkali land is widespread in China and poses a significant limitation to crop growth. Screening for salt-tolerant
crop varieties is a key strategy to enhance the utilization of saline-alkali soils. In this study, 40 radiation-induced wheat—Thinopyrum
intermedium lines, three conventional wheat varieties, and the wheat—Th. intermedium disomic addition line SN6306 were used as
experimental materials. Chinese Spring (CS) was used as a salt-sensitive control, and Shanrong 3 (SR3) served as a salt-tolerant
control. Phenotypic traits were comprehensively analyzed under hydroponic conditions, and the optimal salt treatment concentra-
tions for both germination and seedling stages were determined. Using multivariate statistical analysis, salt tolerance of the 44
experimental materials was evaluated at the seedling and germination stages. Based on the results, the materials were classified
into four salt tolerance levels: five highly salt-tolerant lines (e.g., A275, A051), thirty-one moderately salt-tolerant lines (e.g.,
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A079, A262), seven salt-sensitive lines (e.g., A140, A284), with CS identified as highly sensitive. A stepwise regression model
was established using the salt tolerance scores and the relative salt tolerance coefficients of physiological and biomass indices:
D-value = 0.033-0.050xK*-S+0.002xNa*-R+0.237xK"-R+0.176xGP+0.139xGR-0.005xPC+0.197xSFW+0.088xWCS-0.110xRDW+
0.242xSL+0.019xMRL (R*=0.999). Significant indicators for identifying salt-tolerant wheat included potassium ion content in
shoots and roots, sodium ion content in roots, germination potential and rate, proline content, seedling fresh weight, water content,
root dry weight, seedling height, and maximum root length. This study established a reliable regression model for evaluating
wheat salt tolerance and identified both salt-tolerant and salt-sensitive lines, providing valuable genetic resources for further re-

search on the molecular mechanisms of salt tolerance and for breeding salt-tolerant wheat varieties.
Keywords: cultivate salt-resistant varieties; salt tolerance at germination and seedling stage; radiation mutagenesis; multivariate

statistics; salt resistance evaluation
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Fig. 1 Germination rate of Shanrong 3 and Chinese Spring under different NaCl concentrations

SR3: Ilifk 35; CS: F1E%A. SR3: Shanrong 3; CS: Chinese Spring.
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Fig. 2 Seedling growth status of Chinese Spring and Shanrong 3 under different salt concentrations

SR3: 1ifih 3%5;Cs: HEE. frRK 5 em,
SR3: Shanrong 3; CS: Chinese Spring. Scale bar =5 cm.
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Table 1 Phenotypic analysis of wheat traits at germination and seedling stages under different salt stress levels

EiELuN b3 X E R/ME SEPN] T e 2 Eﬁﬁ%ﬂz
Index Treatment Average Minimum Maximum Standard deviation Coe.fﬁ‘Clent of
variation (%)
M bR TO 1.171 0.142 2.869 0.466 39.79
Na'-S (mgg) Tl 73.518 32.145 144.649 21.381 29.08
Mo AR TO 95.234 65.907 122.815 10.650 11.18
K-S (mgg™) Tl 62.775 5.377 85.689 12.712 20.25
Hb bR L TO 0.012 0.002 0.031 0.005 40.09
Na'/K'-8 Tl 1.282 0.474 14.841 1.227 95.72
Hb R RN RS TO 2.430 1.276 8.472 1.366 56.21
Na'-R (mg g™ T1 46.727 14.274 101.404 19.842 42.46
B N = v TO 44.146 16.082 66.396 12.094 27.40
K'-R (mgg") Tl 9.829 1.424 25.775 5.164 52.54
R ARG TO 0.057 0.022 0.159 0.027 47.03
Na'/K'-R T1 5.680 1.785 18.487 3.006 52.93
R TO 86.600 60.000 100.000 0.097 11.23
GP (%) T2 35.800 4.000 78.000 0.154 43.16
KR TO 96.200 84.000 100.000 0.034 3.51
GR (%) T2 62.800 16.000 90.000 0.178 28.38
i AR £ TO 50.949 16.318 113.877 24.155 47.41
PC (ugg") Tl 259.159 87.261 386.968 84.746 32.70
i T TO 0.367 0.140 0.673 0.093 25.40
SFW (g) Tl 0.188 0.091 0.389 0.052 27.58
i K i TO 0.334 0.108 0.617 0.088 26.28
WCS (g) Tl 0.160 0.072 0.360 0.049 30.56
MR fif TO 0.086 0.041 0.160 0.025 28.45
RFW (g) T1 0.067 0.038 0.126 0.020 29.28
KR TO 0.081 0.037 0.150 0.023 28.98
RWC (g) Tl 0.062 0.034 0.118 0.018 29.67
fif 7 AR G L TO 0.238 0.177 0.351 0.041 17.22
R/S-FW Tl 0.363 0.185 0.562 0.079 21.68
W TO 0.033 0.018 0.057 0.008 24.21
SDW (g) T1 0.027 0.007 0.013 0.517 23.90
(IS CE TO 0.006 0.003 0.011 0.002 28.59
RDW (g) Tl 0.005 0.002 0.008 0.001 28.67
TEMRELL TO 0.173 0.116 0.259 0.030 17.15
R/S-DW Tl 0.165 0.118 0.234 0.027 16.11
Wi TO 14.031 5.600 29.400 4314 30.75
SL (cm) T1 10.983 4.000 22.700 2.833 25.79
FBRMREK TO 27.851 12.000 52.100 6.527 23.44
MRL (cm) Tl 22.749 9.200 38.500 5.431 23.87

TO0: 0 mmol L' NaCl Zt¥#; T1: 300 mmol L' NaCl Zt¥#; T2: 250 mmol L' Nacl 234

TO0: 0 mmol L™ NaCl treatment; T1: 300 mmol L' NaCl treatment; T2: 250 mmol L' Nacl treatment. Na'-S: sodium ion content in shoot;
K*-S: potassium ion content in shoot; Na"/K"-S: the ratio of sodium to potassium in shoot; Na*-R: sodium ion content in root; K'-R: potas-
sium ion content in root; Na"/K*-R: the ratio of sodium to potassium in root; GP: germination potential; GR: germination rate; PC: proline
content; SFW: seedling fresh weight; WCS: water content of seedlings; RFW: root fresh weight; RWC: root-water content; R/S-FW: root-
shoot ratio of fresh weight; SDW: seedling dry weight; RDW: root dry weight; R/S-DW: dry weight root-shoot ratio; SL: seedling length;

MRL: maximum root length.
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HERSESY 2D EANE, STERE
o B A OC( 2), LRI & al, /)
Fm . T E AR AR . o I R A AR Ry
AL, AR AR AR I

FEARTFGE Hh, 22 417 o 22 1) A7 76t 35 ol Bl 2
FASEPE . N, AR fF  FIAR 75 /K B 22 1] B0 w5 3 A 56
PE(r = 0.999 )R BN IE— T B LR TICRTE
B i#ad F RS 538T (principal component analysis,
PCA), W] LAk /78 5 0 TUAYE, A S s i 7 i
HIEN D F RS-

2.5 EWHSHHH

X 19 MR FRUEAT TS T (PCA), ARYE
FRAE(E>1 AR, 3RIE] 74 F R0 (FE 3), PCLARIE
A 3.496, FETTHRFE A 18.400%, 145 H i fif
O EKE . T W A AR e AR A
ik, RBLT b AR S AR RN, Mgk
“Hb A K S A YR PC2 FRIFE N 3.121,
ZTTHRR RN 16.427%, ZHAr SR ZRTE 1 B R AR,

®3 BEWBERS ST

Table 3 Principal component analysis of each index

WA RNMRRIE IS5 RS H T, PC3 FHEEN
2.360, J7ZETHRE N 12.419%, %Mo 5H T 5 e e
T T RN LA M R A A R
K, RERWEFHRESE VA, a1
MRS T, PC4FHIEE N 1.817, F#ETT
BB R 9.565%, 14 E M EEZ BN L LR L HFHM
BT E B IE M, SR T R A S R AR
K, s mhra kg SR BIAEREF, PCS FHIEE
1773, TSR N 9.331%, %S5 H AN E
Forat . M AR R oRFU AR, [R5 1T
T A R ARG, R 3R R T R R L
X R B N, GRS AR R AR,
R 7R TSR 3 R R B 43 ikl G U, fiv 44
SRyt bR T IRa . PCO FRAF(ECA 1.545,
J5 22 DTRRAE N 8.133%, 1ZHLST A By b R R ER
BT A, a4 R R AR ST ERMLE R PCT
FRIE(E R 1.194, J5 22 5THREN 6.286%, 2S5 |
WHEFSEERENMEX, SERXBRKMY

EEE N E W4/ #r Principal component analysis

Index PCl1 PC2 PC3 PC4 PC5 PC6 PC7
H b ERENES ¥ & it Na'-S 0.190 0.199 0.374 0.141 ~0.668 0.198 -0.323
W EFAEFAE K-S -0.162 -0.103 0.281 0.233 0.115 —0.015 —0.800
Ho L FEBENER L Na'/K'-S 0.355 0.257 0.239 0.113 —0.631 0.139 0.188
R ARENES T i Na'-R -0.155 ~0.100 0.634 0.126 0.523 0.304 0.105
HFHAE TS E KR 0.023 0.456 -0.053 —0.004 -0.003 0.732 0.170
RN L Na/K'-R —0.096 -0.563 0.500 0.172 0.378 -0.241 0.040
KR GP 0.128 0.591 0.038 0.648 0.129 0.041 0.101
EHHR GR 0.002 0.506 —0.180 0.682 0.314 0.042 0.115
I f & PC -0.376 —0.578 0.039 0.160 -0.197 —0.042 0.089
Wittt F SFW 0.779 0.178 0.418 0.020 0.053 -0.311 0.094
Wik WCS 0.792 0.155 0.313 ~0.049 0.024 -0.222 —0.054
HEEH RFW -0.328 0.649 0.531 -0.381 0.082 —0.099 ~0.041
W&k RWC -0.319 0.628 0.558 -0.381 0.079 -0.070 —0.049
fif FAR T L R/S-FW —0.844 0.182 ~0.054 —-0.276 ~0.006 0.286 -0.062
WT®E SDW —0.687 0.178 0.213 0.271 —0.153 —0.335 0.283
R+E RDW -0.273 0.575 -0.337 -0.107 0.076 -0.528 0.109
THEMRE L R/S-DW 0.423 0.356 -0.512 -0.398 0.226 -0.122 —0.187
Him SL 0.448 —0.045 -0.013 —0.189 0.490 0.381 0.032
KK MRL 0.180 -0.367 0.320 —0.354 —0.095 0.042 0.440
75 2% 5Tl ®R Contribution rate (%) 18.400 16.427 12.419 9.565 9.331 8.133 6.286
T Weight (%) 22.839 20.390 15.416 11.873 11.583 10.096 7.803
FHF{E Eigenvalue 3.496 3.121 2.360 1.817 1.773 1.545 1.194

455 A3 1. Abbreviations are the same as those given in Table 1.
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TEAA —EMCHE, O B MR K
7 A P BB P MR S A5 R A i J82, T fE R — Fof
T B PR T HLA, A 44 0 b L ERA I Y S AR R A
T 7 AT E R TTRCR IS 80.561%.
2.6 XM BT EENES TN

il F R AR R 7 A T TG B
FCE o AR A A A 20 T A5 0 (3R 4), R
(DR ENSAFR B E sREEGER 5); ARG E e
Bofe, A Q3R A AR I R 1 25 45 3T
D XA (GR 6), D (e WA ATRL Y £ fE

x4 TREMBMERSEFHS

Table 4 Principal component factor scores of different materials

J18E . AR D (AR 0.259~0.748 Z 4], HR4E
D B JZ U RIS CR P AL )T B 2535 ) 2B B iR 1
TEFE BN 5 B7KSF AT OIRL, KRR T 4 A4
G, BIRPERER S IME 4 iR, —HED
{H 0.659~0.748) K = it SR A4 AL, 35 1y (A275 . A158.,
A05145); M BHD M 0.458~0.628) M &5 it Eh 41k,
3L 31 3(A079., A262, A109 %), b KZE; =9
BENHUBMRHD H 0.373~0.442), 4t 7 {3(A140,
A284. A253 4F); VUM B A & B UM BHD fH
0.259), 3£ 1 43(CS).

1R FE 5 F454 Principal component factor score

Material PC1 PC2 PC3 PC4 PC5 PC6 PC7
1 E % Chinese Spring —-1.898 -2.358 —0.098 -1.062 —2.497 1.002 -0.364
114% 27 Shannong 27 0.010 1.273 -0.230 —-1.880 -1.759 0.021 0.818
14 6306 Shannong 6306 —-0.521 0.734 —-0.658 0.171 —0.685 0.109 0.743
i@k 3 % Shanrong 3 0.457 -0.214 -3.213 —-1.398 1.198 1.800 0.033
A024 0.474 0.622 —0.101 —-0.759 —0.404 —0.201 —0.187
A049 1.985 0.322 —-0.329 -1.218 0.009 —-1.136 0.239
A050 0.791 0.013 0.154 0.253 0.935 —-0.704 —-1.028
AO051 0.061 1.889 1.228 1.611 -2.219 0.535 0.228
A060 —-0.245 0.693 —-1.425 1.850 —1.495 0.417 -2.032
A079 -1.201 0.912 0.919 0.721 1.262 0.917 0.340
A092 —0.474 0.815 —0.181 -0.254 —0.450 1.765 1.938
A094 —0.954 1.144 0.863 -0.131 -0.291 —-0.230 -1.265
A109 0.349 0.687 0.152 2.300 —-1.087 0.075 -0.016
A140 -1.608 —-0.855 0.714 0.234 1.144 -1.314 0.347
A149 -0.311 -0.171 0.148 0.586 1.197 0.927 -1.320
Al152 2.558 —-0.045 0.582 —0.955 —0.686 0.571 0.654
Al54 1.341 —-1.040 —0.172 0.928 0.920 —-1.160 0.740
Al56 —0.256 0.602 0.706 -1.599 0.489 —-1.532 1.319
Al57 0.451 0.278 —0.436 0.756 0.315 —-1.490 0.533
A158 1.483 0.763 0.236 1.094 -0.900 0.119 1.486
A219 0.146 0.265 -0.754 —-0.703 0.457 -1.364 0.539
A226 -0.392 0.142 -1.730 -0.320 0.018 0.743 0.855
A249 -1.029 0.608 0.667 0.396 1.263 —0.824 0.878
A253 -0.299 —0.104 -1.615 0.417 -0.123 —0.895 —-0.399
A256 0.351 0.687 -0.616 -0.501 0.730 -1.119 —0.446
A262 0.655 -0.963 -0.149 1.137 0.321 1.574 0.039
A272 —-0.837 0.560 0.618 0.298 0.495 0.034 —-1.555
A275 1.451 —-0.820 0.737 1.176 1.714 1.747 1.053
A280 —-1.696 1.472 —0.636 -0.219 0.412 —0.827 —0.679
A284 —0.050 —0.400 —-1.826 0.373 -0.354 —0.265 —0.581
A294 2.160 0.840 0.690 0.010 —0.443 0.763 —-1.952
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Iogs! FE 57154 Principal component factor score
Material PCl PC2 PC3 PC4 PC5 PC6 PC7
A350 0.277 —0.153 0.627 —-0.126 0.632 0.133 1.322
A352 -0.232 —0.827 —-1.094 1.099 0.613 0.762 —0.147
A356 —0.618 -1.201 0.655 —0.146 0.009 0.918 —0.559
A359 -1.350 0.438 -1.225 0.199 0.440 0.824 1.481
A371 0.130 0.220 0.731 0.829 0.765 1.196 -0.326
A372 0.241 -2.460 1.761 0.211 -0.304 0.065 0.247
A375 0.641 -0.246 0.255 -1.798 -1.131 1.453 -0.915
A377 -1.158 —0.436 1.097 —0.858 0.172 1.211 1.112
A391 0.304 0.145 0.693 -1.970 1.349 1.712 —2.455
A397 —-1.143 0.373 1.442 —-0.051 0.093 0.511 —0.486
A404 0.129 -0.150 1.055 -1.117 0.458 0.879 -0.322
A406 0.078 -2.913 -0.801 0.703 -0.639 0.303 -0.503
A407 -0.250 -1.141 0.562 —0.287 —1.942 0.633 0.596
®5 FEVHRAORE S NE
Table S Membership function values of different materials
gt SiJE PR Membership function value
Material PC1 PC2 PC3 PC4 PC5 PC6 PC7
" [E# Chinese Spring 0.000 0.115 0.626 0.213 0.000 0.760 0.476
1114¢ 27 Shannong 27 0.428 0.872 0.600 0.021 0.175 0.466 0.745
1114% 6306 Shannong 6306 0.309 0.759 0.514 0.501 0.430 0.492 0.728
11k 3 % Shanrong 3 0.528 0.562 0.000 0.134 0.877 1.000 0.566
A024 0.532 0.736 0.626 0.284 0.497 0.399 0.516
A049 0.871 0.674 0.580 0.176 0.595 0.119 0.613
A050 0.603 0.609 0.677 0.521 0.815 0.248 0.325
A051 0.439 1.000 0.893 0.839 0.066 0.620 0.611
A060 0.371 0.751 0.359 0.895 0.238 0.585 0.096
A079 0.156 0.797 0.831 0.630 0.893 0.735 0.636
A092 0.320 0.776 0.609 0.402 0.486 0.989 1.000
A094 0.212 0.845 0.819 0.431 0.524 0.391 0.271
A109 0.504 0.750 0.676 1.000 0.335 0.482 0.555
Al140 0.065 0.429 0.789 0.516 0.865 0.065 0.638
Al49 0.356 0.571 0.676 0.599 0.877 0.738 0.258
Al152 1.000 0.597 0.763 0.238 0.430 0.631 0.708
Al54 0.727 0.390 0.611 0.679 0.811 0.112 0.727
A156 0.368 0.732 0.788 0.087 0.709 0.000 0.859
A157 0.527 0.664 0.558 0.639 0.668 0.012 0.680
A158 0.759 0.766 0.693 0.718 0.379 0.495 0.897
A219 0.459 0.662 0.494 0.297 0.702 0.050 0.681
A226 0.338 0.636 0.298 0.386 0.597 0.683 0.753
A249 0.195 0.733 0.780 0.554 0.893 0.213 0.759
A253 0.359 0.585 0.321 0.559 0.564 0.191 0.468
A256 0.505 0.750 0.522 0.344 0.766 0.124 0.457
A262 0.573 0.406 0.616 0.728 0.669 0.932 0.568
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(#% 5)
s SR JE PR Membership function value
Material PC1 PC2 PC3 PC4 PC5 PC6 PC7
A272 0.238 0.723 0.770 0.531 0.711 0.470 0.205
A275 0.752 0.436 0.794 0.737 1.000 0.984 0.798
A280 0.045 0.913 0.518 0.410 0.691 0.212 0.404
A284 0.415 0.523 0.279 0.549 0.509 0.380 0.427
A294 0.911 0.782 0.785 0.464 0.488 0.689 0.114
A350 0.488 0.575 0.772 0.432 0.743 0.499 0.860
A352 0.374 0.434 0.426 0.719 0.739 0.231 0.525
A356 0.287 0.357 0.778 0.427 0.595 0.184 0.431
A359 0.123 0.698 0.400 0.508 0.697 0.707 0.896
A371 0.455 0.653 0.793 0.656 0.775 0.101 0.485
A372 0.480 0.094 1.000 0.511 0.521 0.440 0.615
A375 0.570 0.555 0.697 0.040 0.324 0.023 0.351
A377 0.166 0.516 0.867 0.260 0.634 0.823 0.812
A391 0.494 0.637 0.785 0.000 0.913 0.973 0.000
A397 0.169 0.684 0.936 0.449 0.615 0.613 0.448
A404 0.455 0.575 0.858 0.200 0.702 0.723 0.486
A406 0.443 0.000 0.485 0.626 0.441 0.369 0.444
A407 0.370 0.369 0.759 0.394 0.132 0.270 0.694
F6 AEMRH D ERHEEA
Table 6 D-value and rankings of different materials
FoEk DfH i35 FokE DfH i35
Material D-value Rank Material D-value Rank
A275 0.748 1 A377 0.527 23
A158 0.685 2 A256 0.526 24
A294 0.678 3 1114¢ 6306 Shannong 6306 0.520 25
A152 0.665 4 A094 0.519 26
A051 0.659 5 A359 0.514 27
A079 0.628 6 A156 0.514 28
A109 0.622 7 111k 3 % Shanrong 3 0.498 29
A262 0.611 8 A372 0.496 30
A092 0.607 9 1l14¢ 27 Shannong 27 0.496 31
A350 0.603 10 A226 0.496 32
Al54 0.582 11 A060 0.494 33
A049 0.575 12 A219 0.491 34
A371 0.575 13 A352 0.475 35
A050 0.573 14 A280 0.458 36
A404 0.569 15 A140 0.442 37
A149 0.569 16 A284 0.440 38
A391 0.568 17 A253 0.438 39
A249 0.564 18 A356 0.430 40
A157 0.549 19 A375 0.423 41
A397 0.544 20 A407 0.420 42
A024 0.540 21 A406 0.373 43
A272 0.529 22 H1[E 4 Chinese Spring 0.259 44




400 fE W 2

52 %

SED

SN27
A226 [
A372
A060 [
SR3 —
A219
A352
A280 [
A397
A024
Al157 |
A377
A256 [
A272
A359
Al156 [
SN6306 —
A09%4
A049
A371 [
A050 [
A404
Al49
A391 [
A249
Al54
A079
A109 [
A092
A350 [
A262  [—
A284

A253
A140
A375 [
A407
A356  [—
A406
Al152 [
A051
Al158 [
A294  —
A275

CS

4 A4 BB RS TN D EMRESN

Fig. 4 Cluster analysis of D-value for salt tolerance among forty-four materials
SED: “F-J7BRCHER; SR3: 1Nl 3 %55 CS: HEF; SN27: 14k 27; SN6306: 111K 6306,
SED: squared euclidean distance; SR3: Shanrong 3; CS: Chinese Spring; SN27: Shannong 27; SN6306: Shannong 6306.
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% (variance inflation factor, VIF)=5 [ A28 &, 7
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Wi, BORMREKIL 11 Wifg bR, 520/ 250 A
it A D = 0.033-0.050xK"-S+0.002x
Na'-R+0.237xK"-R+0.176xGP+0.139xGR—0.005xPC+
0.197xSFW+0.088xWCS—0.110xRDW+0.242xSL+
0.019xMRL, %518 R* = 0.999, P < 0.01, k%%
FrFEA] LUAERE D B 99.9% 25 Ak JE P o X 4ik A1 15
FREHT RIS, M TN T A MR T
T, KRR KRR HEE . WOKE . WA
e KRR A XHE XS D (B4 B35 B IE [m 5200, M
s TSR, AR E. RTEHENES
XF D AR = A 3 A B ] B2

3 it
3.1 ihBhiB T/ EIAN BT L i S R A
Tz

Tl AR /N AN B Y B IR, HR D
FH T R VE L AR /N2 AR OO 4 s Eh et /N 22
FEE A LA R X VEYTEAS R R PR
BE AR, HRTE Y 2 A st shae b rm e
BT REMFEZ, WY W PTER RE ) e
B, FEPR TR B8 ) ) e LR A5 1 A F)
AE W R T KPS e 2R I A RS A
YHEFEAT RS0, Bl 63 Ak 4 25,
TRV v S 300 mmol L™ NaCl ¥ % 58
I ARAE MR EAT W IR M aa b B, R Z TS5ty
TEHER R R 5 A HREP RS E N
B P30 85 3F 647 Z gt b, H% 11 TidE bR
Fede 2 3 NG HR AR, B RISV 94 4y Fh st 7%
U R R, AR5 i R USRS
BrERAMOREIL L 3 5 0 & 23 5 I R A i
Wi 25 5 B K AY NaCl Ab B B2 43514 250 mmol L
5300 mmol L', AJEFE 200 mmol L' A1 300 mmol
L' 22 6770 03 ‘L0 8 (0 SR T B, {HL7E 2R3 250
mmol L' NaCl &b BEAIE ] 300 mmol L' NaCl 4b 3
ZMF, REBEMLGE 3 S EES, JHER T
Qb BV B ) P o R S R A R S S el
o8 5 28 0 BAERLON, BRI A R SR
PEAR, (H[R AFAE R B e Bt il e e 25 . R0k
FE 553 A R AT S R BR A, ARS8 R A ROk B
R3S HA SR 30 PR 10 w5 B AT R SRS e
HR R PR 1) TC B A5 UL 5 MR 3R SR AUKE E 0 B . HERR
I AT T R e S R R S
R, K EE T 3 3 P T O & A BRI 090 20 RN, R

N 238 i AR R o /N AT v T A A e B A
T2 A T 7 36 8 ad K 8 it 308, Fe b 4l
B aa . M RS M RN L. M
TR S MR AR R A R R
P REZFH KRR AR SR, mEEE, aE
K, MREEE, REKE, SEEREL ., BTE.
WRTE ., TEMARNL . EE AR KRR 19 METRE
AT HEATHE ARSI BT, R 44 Gy R REEST 35 80020
MrFnsR @ sR BB, E ek SRS AT 44 RN R
4 EEY
32 INEmEHERNTRR

VETRS £5 A7 76 2 24 i AR ML, £ bhaa 2551
EAEY KA — RN Y debr . B AR L bR iy A2
b, ANEE B B BEAE AN 6] B £ X 8 8 A5 . ik
PRI R, N | ARER ., RT
T FIAR 568 b it 2 6 Fh 6 560 5 A 348 in 22 T R R #A . b
I AECIGE AT A A S0, F ] b e
FEC MR Bt R S E . KRR T EAE
R 1. 2% SR e T R 3 ol 5 9 U T U S R A FE
boo HENGE S KEFFREIHER S & . SEER
(H,00) %5 A Ay i[5 A 400 1t 6 a1 28 AL 8 AR PO il
YR A B B o s, FRERESE T EOR Y2,
C i B —FE bR 1 PPAR N R A 2 A A KR
HEATR IR ZE G . N E R A YRR bR S AR AR
fEAR PRI RE R W/ N2 PR, P E 45 A LA
Mr A BE T o R B /N 22 (PR M, TR B I AN 2 BT AT 4
PR FH T /N2 0 0 RN 2 I R Sh M e . ARBFSE
A e b R AE A AR AR 2R A HEA TN A S BT 1S
F DAE, @ T/NEPEE L AR, ks T 4
AEBAE AR IS T aL . MR SR R T
T M RO E . AR S BT Y
EARARCRZFS . RS WEEE . W EOKE . e
T KR | AR T E) A AR . ASBIF ST 32 ) 9 6 A
L b SRR T S R I A PR g 45 R —
Ivi] Fisf A% 38 56 30 ok % A B VA 9 7 S SR DA O R
FE T TS 8 8 A AR 47 0 328 I R > 52 ) R B, AT X i
AR BE AR I AR T 3 — 25 PR

] 7 308 e 8 7 78 A7 2% 2 58 0 ) e b A R
] 2L AR DA T 04, AR 9% 2 22 A BRI 28 SN6306
el 2 RANERFI T (D (E = 0.520), (HAEHIFEARR
U E R TN ER A 1 R R (D {H 0.659~
0.748), [FIFFLAETE D {EALT 0.520 1y/IMIEZ 5 5575
AL, A S0 g i A B s AR A M A T 2, R
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PRAE/IMIE 22 8 55175722 J5 ARAETE BE H A8 S F L AR )
PLAF G, [R] B X 5 5 5 A8 5 AR TE 28 P R Ak 2 3
17215 B MR B A 20 R e, % R S A7 A
Mt R MRRKAEEARAVIL T SN6306 BB EL
AR SR RIS H B 1 9t S A RHE ©Co-y RS
FrE, ABFSE R, SN6306 (D {H=0.520)7F i
201 BT ER P AL T A5 v R Bt 3% ] SR3 (D
{E=0.498), X3iX 2 M RHE AR & R Ok 2k 47 H [R]
BRI, RN 0.3%~0.5%8 E X 2 4~
WORHE A R B T £, 76 2 HbrEhprrt
FFI, H57EIER BB RZHERAM L, SN6306
P R AR 42 B 55 M, ASBIF ST Y ) 50 45
550802 D IR 45 AT .

ABFFEAURT /N A ZE R Y 19 D hiEh AR A
AT T 50HT, RT/NEPER e brid A i 5 R AR
£ . N (malondialdehyde, MDA)%& %5, [Nk
FEINA /N 22 HoAlFE A5 53 B 5 45 2009 815 J7 B g
PRFF B0 B 3G PR R ER A ORL Y 55 9008 A Ry i —
s . Wb, AR TEE N AT, FUHRSEG KR
FH 3 30 £5 40 A7 3 — 20 43 B 0 1B 35 5 7 £6 6l L b
A A

4 it

A GE I L 2 AR 00 A 3R AR 50 07 2 1 2
TP 300 0 F5c s 7 16 46 W BE 430 250 mmol L' Al
300 mmol L™, it 220G ikt 44 A~/
MRy R 425, THES] S A mbrER R TR, IR T
RS N /NZ LB YIEAR ) D EHZ AL PIE
D {i=0.033-0.050xK"-S+0.002xNa"-R+0.237xK"-R+
0.176xGP+0.139xGR—0.005xPC+0.197xSFW+0.088 x
WCS-0.110xRDW+0.242xSL+0.019xMRL, i % H
Mo b ERENES oA . MR ERANES O A . MR ERA
AR R ORZFR . AR SR WEEE
W KE ., T E ., e AR R 11 AR EE
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