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Effects of Mixed Saline Stress on Seed Germination of
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Abstract: In order to explore the effects of different mixed salt stress on germination of dandelion(Taraxacum mongoli-
cum Hand-Mazz) seeds, in this study, dandelion seeds were used as experimental materials, and four mixed salts composed of
different concentrations of NaCl(pH=7.20), Na,SO,(pH=8.03), NaHCO,(pH=8.90), and Na,CO,(pH=9.63) were prepared.
The concentration ratios of the four salts in the mixed salt were 1: 1: 0: 0(YA), 1:2:1:0(YB), 1:9:9: 1(YC), and 1:1:1:1
(YD), respectively. Five concentration gradients(25, 50 100 150, and 200 mmol/1.) were set for each mixed salt, and distilled
water was used as the control(CK). Different types of mixed salt solutions were used to simulate the mixed saline—alkali soil con-
ditions for the saline—alkali stress treatment of dandelion seeds, and germination and variation of dandelion seeds under alkaline
salt stress were analyzed. The results showed that germination of most seeds was negatively affected to a certain extent under
mixed salt stress. Under the same mixed salt, the germination rate of seeds decreased significantly with the increase of salt con-
centration. When the concentration of the four mixed salts was 25 mmol/L, the seed recovery germination rate was higher after
rehydration, and the final germination rate was not significantly different from that of CK. At the same pH value, both the re-

covery germination rate and the final germination rate decreased to varying degrees with the increase of salt stress concentration.
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Under the treatments of YC and YD with high pH values, when the salt concentration was higher than 50 mmol/L, seeds

could not germinate. The YD group had a relatively strong inhibitory effect on seed germination, and more than half of the

seeds were inactive when the salt concentration was higher than 100 mmol/L. The concentration of the mixed salt solution, pH

value, and the interaction between the two, had a significant effect on various germination parameters of seceds. The mixed salt

alkali stress in wetland environments had a stronger and inevitable toxic effect on plants than single salt stress. Cultivation of

plant seeds under salt stress at the early growth stage could enhance the tolerance to salt alkali and provide a new feasible ap-

proach for artificial restoration of saline alkali land.

Keywords:dandelion(Tararacum mongolicum Hand—Mazz); salt tolerance; salt alkali stress; seed germination; mixed salt
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Tab.l1 Concentration proportion and pH

values of mixed salt components

b #

Treatment NaCl:Na,SO,: NaHCO;:Na,CO4 pH
CK 0:0:0:0 7.00
YA 1:1:0:0 7.20
YB 1:2:1:0 8.03
YC 1:9:9:1 8.90
YD 1:1:1:1 9.63
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Fig.1 Effect of mixed salt stress on dandelion seed germination
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Fig.2 Seed germination dynamics in different periods (Take the YA group for example)
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Tab.2 Seed germination under mixed saline stress and recovery germination rate after rehydration

Ak 3 # ¥ /(mmol/L) Shab PR 2R/ RS B3 % LR N
Treatment Concentration pH Germination rate in salt treatments Recovery germination rate  Final germination rate
YA 0 7.00 98.89+1.11a 0.00£0.00d 98.89+1.11a

25 7.20 74.44+4.84b 86.67+£6.67a 100.00£0.00a
50 7.20 50.00£1.92¢ 73.57+£7.46a 86.67£3.85b
100 7.20 54.44+6.76¢ 50.98+0.98b 77.78£2.94c
150 7.20 50.00+£1.92¢ 28.51+£7.55¢ 64.44+2.94d
200 7.20 30.00+£1.92d 27.1843.92¢ 48.89+4.01e
YB 0 7.00 98.89+1.11a 0.00£0.00¢ 98.89+1.11a
25 8.03 86.67+1.93b 76.67+£14.53a 96.67+£1.93a
50 8.03 51.11+1.11c 40.63+7.15b 71.11+2.94bc
100 8.03 37.78+1.11d 57.12+3.14ab 73.33£1.93b
150 8.03 43.33£5.09d 35.56£6.26b 63.33:£5.09¢
200 8.03 6.67£1.93e 11.954+1.43¢ 17.784+2.94d
YC 0 7.00 98.89+1.11a 0.00£0.00¢ 98.89+1.11a
25 8.90 77.78+4.45b 70.83+15.02a 94.44+2.94a
50 8.90 41.11+4.84¢ 51.30-£3.21ab 71.11+4.01b
100 8.90 37.78+6.76¢ 46.50£0.56b 66.67+3.85b
150 8.90 28.89+2.94¢ 48.84+4.91ab 63.33£5.09b
200 8.90 27.78+4.01c 46.55+5.72b 61.11+5.88b
YD 0 7.00 98.89+1.11a 0.00£0.00e 98.89+1.11a
25 9.63 57.78£4.84b 90.08+6.86a 95.56£2.94a
50 9.63 32.22+4.84¢ 65.63+0.52b 76.67+£1.93b
100 9.63 23.34+3.33¢ 31.88+2.62¢ 47.78+2.94¢
150 9.63 13.3341.93d 16.7341.64d 27.78£2.94d
200 9.63 10.0040.00d 6.17+1.24e 15.56+1.11e

T« [R50 R J5 AN ) /NG B e 7 45 Ak BE2H P AR [R] 9k J32 (9] 78 0.05 7K P B 28 5 18 35 (P<C0.05) . & 3,

Note: Different lowercase letters in the same column indicated a significant difference among different treatments between different concen-

trations at the 0.05 level. The same as Tab.3.
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1001 a 50 mmol/L,
9%

1100 mmol/L. [ 200 mmol/L
1150 mmol/L a

PRI 1%
Recovery germination rate

bsil

Treatment
ARIF NS o7 5 2 % 4 4 848 P R G 75 0.06 K - %
BR%(P<0.05). FEME

Different lowercase letters indicated significant difference

among different concentrations within each treatment at the
0.05 level(P<<0.05). The same as below
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Fig.3 Recovery germination rate of dandelion

seeds after rehydration
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F AT R TR A v B R B m R R R R 2E
il S B AL AN T A SRR B X R R A2 AT AT R
G35 R (4 S B FP P R 2R 0 (42.78) B 3w T
b 6 Fily 301 kb B2 (P<<0.05) , JC 30 45 78 Tl 8 3
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Tab.3 Seed germination parameters under mixed salt stress

dib 7 Wz /(mmol/L) R REL RN AT ER T A/ 0
Treatment Concentration pH Germination index Germinating potential Relative salt damage rate
YA 0 7.00 42.7840.27a 66.671.92a 0.0040.00d
25 7.20 36.71£2.39b 64.44+£8.01a 24.72£4.90c
50 7.20 25.00£1.06¢ 33.33£1.92b 49.444-1.95b
100 7.20 27.244+2.57cd 44.4444.00b 44.9546.83b
150 7.20 20.83£0.60d 35.56£2.22b 49.444-1.95b
200 7.20 12.0540.86e 14.444-2.94c 69.66+1.95a
YB 0 7.00 42.7840.27a 66.67+£1.92b 0.0040.00e
25 8.03 37.60£1.12b 75.55£4.00a 12.364-1.95d
50 8.03 19.8440.25¢ 22.2242.94c¢ 48.32+1.12¢
100 8.03 15.6540.23d 7.784+1.11d 61.80+=1.12b
150 8.03 17.73+1.64cd 21.11+£2.22¢ 56.18+5.15b
200 8.03 3.44+0.77¢ 5.56+£1.11d 93.261.95a
YC 0 7.00 42.7840.27a 66.67+1.92a 0.00£0.00¢
25 8.90 34.50£1.57b 54.44+8.89a 21.35+£4.49b
50 8.90 18.0441.96¢ 24.44+2.94b 58.43+4.90a
100 8.90 16.4242.55¢d 21.114+4.84b 61.80+6.83a
150 8.90 13.53+1.18cd 13.33+1.93b 70.78£2.97a
200 8.90 12.91+1.52d 12.22+1.11b 71.91£4.05a
YD 0 7.00 42.78+£0.27a 66.67+1.92a 0.0040.00d
25 9.63 24.96£1.52b 30.00£1.92b 41.5844.90c
50 9.63 15.944+1.14c¢ 12.224+2.94c 67.41£4.90b
100 9.63 10.0041.03d 6.6741.93cd 76.40+3.37b
150 9.63 5.94+0.71e 4.44+1.11d 86.521.95a
200 9.63 4.08£0.06e 4.44+1.11d 89.89£0.00a
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Y A Kb B 2H 78 Hk BE &y 200 mmol/L B, 3 2 95 T
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Fig.4 Relative salt damage rate of dandelion seeds

under mixed salt stress treatments
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Tab.4 Effect of mixed salt concentration,pH value,and their interaction on the germination parameters of dandelion seeds

WiH AP ZFAR /0 IR R A/ RERIFR/ N R RHEH S XL EER/ N
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em salt treatments nation rate tion index potential damage rate
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T ey B R A SRV WA B pH B B IR A RV IRk B2 5 pH A 3¢ HLVE FAA B & S0 5% 4007 fi2 2% (P<<0.05) M) 2 3 (P<<0.01)

Note: * and ** indicated significant(P<C0.05) and extremely significant(P<C0.01) effects of mixed salt solution concentration, pH, and

mixed salt solution concentration and pH interactions on germination parameters, respectively.
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