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The Effects of Salt Stress on Osmoregulation Substance and
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Abstract; Wheat substitution lines between Chinese Spring and Synthetic 6x under the treatments of control
(0 mmol/L NaCl) and salt stress( 150 mmol/L NaCl) were studied to research the effect of salt stress on the chan-
ges of Na* content, K™ content, soluble sugar content, soluble protein content, proline content and to locate the genes
controlling the relative characters. The results showed that contents of K* and Na® increased under salt treatment
comparing to control. The organic osmotic substance of wheat substitution lines also increased significantly under salt
tolerance. Chromosome location of relative characters showed that the genes inhibiting Na ™ content might be located
on 1A,2A,3B,7B,1D,4D and 7D chromosome and increasing K" content might be existed on 4A and 7A chromo-
some of Synthetic 6x,genes promoting soluble sugar content might be located on 6A,7A and 7D chromosome and
increasing soluble protein content might be exist on 1A,2A 4A jand 6A chromosomes and the genes promoting pro-
line content might be located on 7A and 6D chromosome of Synthetic 6x. In sum,the fourth and seventh chromo-
somes(4A,4D; 7A,7D) Synthetic 6x might contain the genes regulated inorganic substances and the sixth chromo-

some(6A ,6D) might contain organic osmotic regulation genes.
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Table 1 Variation analysis of Na* ,K™ ,soluble sugar,soluble protein and proline contents in leaves of cs-synthetic 6x substi-

tution lines and their parents

=i AR R i H ¥75 (xR Yo7 (Ehbhaa ) B75 (HXHE)

Ttem Variation source df MS( Control ) MS( Salt stress) MS( Ratio)

Na* & it FF A Genotype 22 0. 003 ** 0.017 ** 700. 549 **

I X474 Intrablock 46 0.000 ** 0.001 ** 36. 588 **
BB Total 68

K* & FEEY Genotype 22 6.278 ™ 9.800 ** 1.836™

K content X 41PY Intrablock 46 0.403 ** 0.784 * 0. 054 **
S4B Total 68

RIS uy P Genotype 22 27.658 ** 555.543 " 0. 965 **

Soluble sugar content X4 Intrablock 46 2,698 19.213 % 0.087
S8 Total 68

AR SR FEH A Genotype 22 5.695* 4.995 ** 2,404 *

Soluble protein content X274 Intrablock 46 0. 068 ** 0.104* 0.125
S Total 68

IR FEH A Genotype 22 5.163* 120. 578 ** 247. 149 **

Proline content X 4114 Intrablock 46 0.013 0.762 " 60. 961 **
S Total 68

1 A3 5IFER 0.05 0. 01 K245 8%
* and ** mean significant difference at 0. 05 and 0. 01 level , respectively
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N gV
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7 Na* 7 i o ol 05 AR, 1A 2A SA 1B 2B,
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Table 2 Na® content changes of Chinese Spring-Synthetic 6x substitution lines and their parents under salt stress and control

conditions (mmg/g)

FEP Y oyl EINIBLE] AHXTHH He R 7Y payiist EIN IS} A
Genotypes Control Salt stress Ratio Genotypes Control Salt stress Ratio
1A 0.0300 £0.005 0.6883 +0.021 -  22.9433 +4.182 "~ ||6B 0.0400 +£0.002 0.7400 +0.010 18.5000 +1.581
2A 0.0250 £0.002 0.6867 +0.023 - 27.468 £3.547 - |[71B 0.0233 £0.001  0.6767 £0.026~ 29.0429 +1.088 ~~
3A 0.0183 £0.001 0. 7500 +0. 050 40. 9836 + 3. 861 1D 0.0200 £0.002 0.6667 +£0.020~ 33.3350 +1.024 ~~
4A 0.0183 £0.001 0.7550 +0. 007 41.2568 +£4. 653 2D 0.0167 £0.001  0.6783 £0.039 - 40.6167 +4.314
5A 0.0250 £0. 002 0.7000 +0. 017 28.0000 +2.810 " ||3D 0.0167 £0.001  0.6650 +0.021 =~ 39. 8203 +4. 096
6A 0.0117 £0.001 0.6867 +0.004 -  58.6923 +7. 894 4D 0.0200 £0.003  0.6617 £0.021 =~ 33.0850 +1.063 ~~
TA 0.0100 £0.001 0.8900 +0. 011 89. 000 = 1. 1540 5D 0.0150 £0.001  0.6217 £0.018 =~ 41.4467 +1.222
1B 0.0200 £0.003 0.7117 £0. 040 35.5850 £2.220 - ||6D 0.0200 £0.002  0.7533 0. 008 37.6650 1. 594
2B 0.0567 £0. 004 0. 6933 +0. 042 12.2275 +1.743 -~ |[1D 0.0200 £0.002  0.6017 £0.008 =~ 30.0850 +4.976 ~~
3B 0.0250 +0.002 0.6033 £0.019 "~ 24.1320 £3.752~ ||FEFH(CS) 0.0150 £0.003  0.7550 £0.021  50.3333 +1.452
4B 0.0183 £0.001 0.7983 +0.016 43.6229 +4. 856 Synthetic 6X 0. 0200 +0. 002 0. 5533 £0. 008 ~~ 27. 6650 +0. 440 ~~
5B 0.0250 £0. 001 0.8033 +0.016 32.1333 £0. 656 ~~

“HI T AREIFRIR 0.05 F10.01 AKCE R KT EE

~and "~ mean significantly lower than Chinese Spring at 0. 05 and 0. 01 level respectively
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Table 3 Changes of K* content of Chinese Spring-Synthetic 6x substitution lines and their parents under salt stress and con-

trol conditions (mmg/g)

LR papiist Ehipia AHXHE e oyt EINIB L] AHXHE
Genotypes Control Salt stress Ratio Genotypes Control Salt stress Ratio
1A 9.5000 £0.360 **  19.1333 +0. 371 2.0140 +0. 082 6B 9.3000 £0.346**  20.4000 £0. 346 2.1935 +0. 103
2A 10. 6333 £0.260 **  19.4667 +0. 656 1. 8307 +£0. 085 7B 9.2000 £0.378 **  24.5000 £0.057 ** 2.6630 0. 114
3A 7. 6667 £0. 440 20. 3333 +0. 696 2. 6521 +0. 060 1D 8. 40000. 100 * 20.7000 +0. 519 2.4642 +0. 068
4A 5.9000 +0. 230 25.1000 £0.519 " 4.2542 +0.255** |]2D 7.9333 +0. 133 21.9000 0. 519 2.7605 +0. 080
S5A 7. 1000 +0. 440 21.3000 +0. 404 3.0000 +0. 146 3D 7.8000 +£0. 115 22. 8000 +0. 923 2.9230 +0. 142
6A 7.5000 +0. 264 24.2667 +0.352*  3.2355 +0. 150 4D 9. 6333 +0.352**  20.8667 +0.928 2. 1661 +0. 158
TA 4.4000 +0. 115 23.6667 £0.066 **  5.3787 0. 155 ** ||5D 7.4667 +0. 120 19. 5333 +0. 545 2. 6160 +0. 098
1B 8.4000 £0.378 * 21. 7000 +0. 866 2.5833 +0. 127 6D 8.9667 +0.480 **  20.3000 +0. 519 2.2639 +0. 160
2B 7.8333 +0. 437 22.0000 0. 115 2. 8085 +0. 148 7D 8.1667 +0. 520 22.3000 +0. 057 2.7306 +0. 167
3B 9.7000 £0. 838 **  22.2667 +0. 176 2.2955 +£0. 205 FEF(CS)  7.1000 £0.208 21. 1333 +£0.405 2.9840 +0. 131
4B 10. 0333 £0. 589 ** 21.3333 £0.240 2.1262 +0.099 Synthetic 6X  7.2000 +£0. 057 25.6067 £1.923**  3.5648 £0.060 **
5B 9.9667 +0. 145 ** 22. 6667 £0. 520 2.2742 +0.079

R AR RIFRR 0,05 10,01 K BESTHEE; TR

*and ** mean significantly higher than Chinese Spring at 0. 05 and 0. 01 level respectively. The same as below

*4  HRMBEFIRTEREE T FEE-Synthetic 6x RILRREFEARTREHERIENTL

Table 4 Changes of soluble sugar of Chinese Spring-Synthetic 6x substitution lines and their parents under salt stress and

control conditions (re/g)

FEP R PO ENIB L] AHXHE FEP R XJHR BB AEXHE
Genotypes Control Salt stress Ratio Genotypes Control Salt stress Ratio

1A 22.1117 £0.617  66.9825 +1.745 3.0292 +0. 145 6B 20.2477 £0.427  80.3241 +3.562 3.9670 +0. 201
2A 23.951 £0.848  89.7417 £3.058 3.7468 +0. 256 7B 25.2754 £1.469 102. 1268 +1.486 "+ 4.0405 +0. 300
3A 26.8205 +0.795 101.8325 +£1.656**  3.7968 +0. 118 1D 26.3545 +1.449  98.9631 £3.908 **  3.7550 £0.293
4A 30. 8671 +0. 467 ** 90. 5756 +2. 641 2.9343 +0. 106 2D 26.7101 £0.446  80.6429 +1. 741 3.0191 +0.014
5A 26.0479 0. 148 95.3825 +0.049 * 3.6618 +0. 022 3D 27.7401 £1.210  76.3511 +£2. 849 2.7523 +0.222
6A 20. 8241 +0.658  97.9331 +1.359* 4.7028 £0. 126 ** ||4D 28.0712 +1.384  86.5535 +1. 541 3.0834 +0. 137
TA 25.6065 +0.615 106.3206 +0.254 **  4.1520 £0.095* ||5D 28.6108 £0.911* 88.7116 +4. 253 3. 1006 +0. 206
1B 23.8775 £0.431  77.7735 +2. 086 3.2571 £0. 099 6D 25.5697 £0.722  92.6357 +0. 084 3.6231 £0. 104
2B 25.6923 +1. 172 103.3776 £0.339 "+  4.0236 +0. 188 7D 23.1908 +0.049 105.3887 +4.679 **  4.5444 +0.206 **
3B 24.5396 +1.529  83.2916 +1. 401 3.3941 +0. 156 REH(CS) 24.9811 +1.571  87.1421 +0. 546 3.4883 +0.203
4B 29.4201 +1.381 ** 94. 1071 +1. 640 3. 1987 +0. 150 Synthetic 6x  32.9272 +0.828 ** 128. 3195 £4. 800 ** 3. 8970 0. 100
5B 28.8806 +0.297 * 70.5141 +2. 662 2.4416 +0. 088
2.5 HpENNERBRATVTASBORENEW YR, B3RS Fif W EEMATA&RBRAETE

R R BRI
AP H U S S B &R A YL ST

P A SRR, S BT 1.3369(1A) ~5.1043
(5A) Z[E], R 3A 5A 7A 2D A4 R & il i 35
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FWIER AT /N2 Ay i T e T AR R
G fifp Ve 05 37 AR AR 38 X H i i 1 . 3k
Wi R AR R B 22 5, s
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6x MY RIS & A, MR EEE N & =
AR, A RAWMEREER, STHEEMIL, 1A,
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4D 6D, 7D R4 R (1) 8 1 0T B i b 2 i b e
L TA 2A 4A 6A 145 Z AR X B T B o i 5 B
Wi F . W Synthetic 6x A 1A 2A 4A Al
6A YLtafk Ll REAFAE SR E P iR E A &
I E RN,

R5 i FITEE &4 T FEE-Synthetic 6x RKIREREEATRIEEESENTL
Table 5 The change of soluble protein contents in seeding of CS-Synthetic 6x substitution lines and their parents under salt
stress and control treatments (pg/e)
LR XiF R EANB L] AHXHE BEIH 1Y XiF R Ehiia AHXHE
Genotypes Control salt stress Ratio Genotypes Control salt stress Ratio
1A 1.3369 £0.189  7.2446 +0.017 ** 5.4189 £0.797 ** ||6B 3.2705 +£0. 025 4.7051 £0.228 1. 4386 +0. 077
2A 2.6829 £0.287  6.6508 +0. 166 **  2.4789 +0.330** ||7B 3.4951 +0.017 6.6807 +0.214**  1.9114 +0. 062
3A 4.4806 £0.098 ** 7.3045 +0.267 ** 1. 6302 +0. 360 1D 3.7982 +0. 114 5.8865 £0.058 **  1.5498 +0. 042
4A 3.4901 £0. 109 7.5041 £0.281*"  2.1501 £0.070 * 2D 4.5704 £0. 115+ 5.7431 £0.129**  1.2565 0. 059
S5A 5.1043 £0.084 ** 8.4647 +0. 168 ** 1. 6583 +0. 047 3D 3.0909 +0. 198 5.4861 £0. 110 **  1.7749 =0. 152
6A 3.6635 +0.045 8.1203 +0.384 ** 2.2165 £0.093 * 4D 3.4277 +0. 060 5.9688 +0.006 ** 1.7413 0. 029
TA 4. 1837 £0. 138 ** 7.7386 +0. 129 ** 1. 8497 +0. 083 5D 2.517 £0. 114 4.9471 £0. 142 1. 9654 +0. 129
1B 3.2855 +0.004 5.6383 +0.168 ** 1. 7161 +0. 050 6D 3.9516 +0. 069 5.9826 +0.017 **  1.5139 +0. 022
2B 3.0759 £0. 112 3.8943 +0. 181 1. 2660 +£0. 081 7D 2. 885 +0. 062 5.7256 +0.340**  1.9846 0. 132
3B 2.9861 +£0.095 4.7450 +0. 125 1. 5890 +0. 046 FEF(CS)  3.4988 0. 062 4.5949 £0. 198 1.3132 +0. 033
4B 3.2006 +0.017  5.5048 +0. 153 ** 1. 7199 +0. 057 Synthetic 6x  5.5382 0. 043 ** 7.9183 £0.086 **  0.8906 +0. 012
5B 3.016 £0.479  4.6552 +0. 108 1. 5435 £0. 309
2.6 #HpBINNERBRRBIRSERF L BFETFE,TA 6D 7D U4 F AR X il 2 R 5 i i

=R v
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Table 6 The change of proline contents in seeding of CS-Synthetic 6x substitution lines and their parents under salt stress

and control treatments )

SR X1 i B X i HIRE
Genotypes Control Salt stress Ratio Genotypes Control Salt stress Ratio
1A 0. 2406 +0. 004 4. 5435 £0.375 18. 8840 +0. 185 ||6B 0.3703 +0. 042 10. 8306 +0. 668 29.2481 1. 5%
2A 0.3503 +£0.010  13.3439 +0. 344 38.0927 0. 817 7B 0.3935 +0. 021 15. 6854 £0. 197 39. 8612 +2.780
3A 0.5232 +0.029 " 17.9479 +0.204 **  34.3040 +0. 313 1D 0. 1860 +0. 010 6.7444 +0. 323 36.2602 +1. 590
4A 0.6524 +0.008 ** 5.7510 0. 764 8. 8151 0. 175 2D 0.1222 +0.014 4.1284 £0.397 33.7839 £3.197
5A 0.6427 £0.012 ** 21.2363 £0.237**  33.0423 +0. 949 3D 0.6313 +0. 115" 6.3823 £0. 804 10. 1097 £2. 049
6A 0.4281 +0.014  14. 0563 +0. 142 32.8341 £2.899 |4D 0.1741 £0. 044 9.2599 +0. 282 53.1872 £3.476
TA 0.1789 £0.021  24.1474 £0.333** 134.9770 +7. 441 **||5D 0.3849 +0. 022 7.0006 £0. 074 18. 1881 £0. 942
1B 0. 4043 +0. 059 4.4354 £0.225 10.9705 £2.075 ||6D 0.2692 +0. 018 19. 6051 £0.292 ** 72.8272 £6.325*
2B 0.4335 +£0.018  23.1453 £0.281 **  53.3916 +2.973 7D 0.2400 +0. 031 15.7843 £0. 171 65.7679 +4.301 *
3B 0. 3243 £0. 020 9.5085 +0.717 29.3200 +1.374 FIEF(CS)  0.2811 +0.014 15.9513 £0. 018 56. 7459 +3.027
4B 0. 1952 +0. 007 8.4113 +0. 466 43. 0906 +2.206 Synthetic 6x  0.6598 +0.273 ** 16. 1318 +0. 083 24.4495 +0. 860
5B 0.2649 +0.014 4.3478 £0.528 16. 4129 +2. 609
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