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Effects of salt stress on the absorption and accumulation of Na® and K™ in
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Abstract This research investigated the growth response and Na* and K" absorption and accumulation in seedlings of four
winter wheat genotypes under salt stress. The results showed that the water content biomass dry weight and K*
concentration and accumulation of the seedlings decreased greatly under salt stress. In contrast the concentration and
accumulation of Na® and Cl~ in the seedlings increased. The Na®/K* ratio in the seedlings increased as the salt
concentration increased in the growth medium. There were differences in the concentration and accumulation of Na® and
Cl™ among the wheat genotypes which indicated that wheat roots had genotypic differences in total absorption of Na® K*

and Cl . Genotype NR9405 has a higher canopy temperature compared to the other genotypes. Under salt stress it had a
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higher capacity for selective K* uptake and lower Na™ uptake and translocation compared to the other genotypes. As a
result it had a higher cytosolic K* concentration and a lower Na®/K™ ratio. Tt also had greater biomass production
compared to the other genotypes. In contrast genotype RB6 has a relatively low canopy temperature. Our results indicated
that it had a lower capacity for K* uptake and a higher capacity for Na* accumulation compared to the other genotypes. This
resulted in a higher Na*/K" ratio and lower biomass production. Na™ entering the plant could function as an osmotica and
adjust the osmosis potential and maintain the osmosis balance under low NaCl concentration. Excessive Na ™ absorption is
one of the main causes of plant injury and a reduction in growth under high salt stress. The ability to maintain a low

cytosolic Na ™ concentration and a small Na”™ /K™ ratio could be a major characteristic of salt tolerance in wheat.
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Table 1 Changes of water content fresh weight dry weight and net dry weight of the seedlings of four winter wheat genotypes under salt stress

Treatments
Varieties T1 ™ T3 T4
6 % FW
. ’ 84.8£0.6 100 aA 82.4+1.7 97 abA 78.5+3.3 93 aB 60.9 £0.0 72 bC
Xiaoyan6 Water content
mg

. 574.2 +21.7 100 abA 469.7 +63.1 82 aB  246.3 +51.4 44 bC 87.3+0.0 16 bD
Fresh weight

mg

. 87.6 +£7.0 100 aA 82.4 +10.3 89 abA 51.9+3.0 55 bB 34.2+0.0 33 cC
Dry weight
. e 86.8+0.1 100 bA  78.5+0.0 90 bB  48.9+0.0 56 hC 31.5+0.2 36 dD
Net dry weight
% FW
NR9405 7ok W 86.0+0.2 100 aA 84.4 +£0.7 98 aAB 81.8+£0.8 95 aB 72.8 +3.3 85 aC
Water content
. e 706.2 +78.5 100 aA 586.6 +40.1 83 bB 365.9 £52.4 52 aC 167.9 £8.3 24 aD
Fresh weight
. e 98.7£10.7 100 aA 91.4+2.0 90 aA 66.2 £5.8 70 aB 45.4 £3.6 50 aC
Dry weight
. me 98.3+£0.0 100 aA 89.0+0.1 91 aB 62.9+£0.1 64 aC 42.4 £0.0 43 aD
Net dry weight
22! % F
o oW 84.7 +1.1 100 aA 81.7+1.2 96 bA 75.1+£4.6 89 aB 58.1+£0.0 68 bC
Shaan229 Water content
. me 526.0£96.3 100 bA 355.8 +52.7 68 cB 214.3 £45.2 40 bC 88.9+0.0 17 bD
Fresh weight
. e 79.7+£9.6 100 aA 64.8+5.2 75 cB 51.9+£0.4 63 bC 37.2+0.0 50 bceD
Dry weight
, e 79.0£0.1 100 cA  62.4+0.2 79 dB  48.20.1 61 cC 33.7+0.0 42 cD
Net dry weight
% FW
RB6 ? 83.2+0.7 100 bA 80.4 +£0.2 97 bA 41.8 £10.7 50 bB 47.2£0.0 57 cB
Water content
e 463.1£84.2 100 bA 362.2+36.8 78 ¢B  76.3+10.4 17 ¢C  72.10.0 15 cC
Fresh weight
. e 77.8 £14.5 100 aA 70.9 £6.5 88 bcA 44.0+£5.9 50 bB 38.0+0.0 50 bB
Dry weight
. me 77.2£0.2 100 dA 68.9+0.1 89 ¢B 40.1£0.2 52 dC 34.8 +0.1 45 bD
Net dry weight
= - Na* + n=3
5% 5% Net dry mass of the seedling equal to dry weight

subtracts Na* accumulations Means + SD data in the parentheses is the percentage of treatments to control The small letters and capital letters show

difference significance at 5% between varieties in column and treatments in horizon respectively the same below

2.2.2 Na® K~
Na” NR9405 Na”* 213.60
~1083.26mmolL.~" RB6 303.72 ~4185. 72mmolL. ' 6 229 446.79
~2203. 18mmolL.™"  357.48 ~2937. 34mmolL. "' 2 250mmoll."'NaCl T4 229  RB6

Na* 43.7 64.9 K* 50mmolL. "' NaCl T2
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K* 150 ~250mmolL.~'NaCl T3 T4
Na”* 229  RB6
Na*
2 142 ~536mmolL. ' 40 ~
80mmolL.™" ™
2 4 Na* K* mmolL ™!
Table 2 Changes of Na* and K * concentration in cells of the seedlings of four winter wheat genotypes under salt stress
Treatments
Varieties T ™ - T4
6  Xiaoyan6 Na* 70.85 +£11.87aD 446.79 +4.38aC 667.42 +8.48cB 2203.18 +139.32cA
K* 267.77 £7.67aA 197.51 +£3.69hC 142.13 £5.59¢D 227.53 +16.01bB
Na* +K* 338.62 +4.20aD 644.30 +£7.03aC 809.56 £11.55¢B 2430.72 +151.44cA
NR9405 Na™* 27.46 +0.64bD 213.60 +10. 12dC 483.45 +15.99¢B 1083.26 +3.94dA
K* 269.98 +£5.77aA 224.49 +11.65aB 169.01 +6.79bcC 156.38 +4.43¢C
Na*® +K* 297.43 +6.22bD 438.09 +19.77dC 652.46 £21.07c¢B 1239.63 +3.90dA
229Shaan229 Na* 67.20 £9.70aD 357.48 +£22.93hC 992.18 +12.48bB 2937.34 +10.21bA
K* 235.26 +5.33bB 208.89 +2.87bC 194.87 +3.13bD 273.95 +4.34aA
Na* +K* 302.46 +10.70bD 566.37 £25.03bC 1187.04 +14.39bB 3211.29 +14.55bA
RB6 Na* 64.45 +£21.16aD 303.72 £14.29¢C 5300.51 +220. 64aA 4185.72 +86.75aB
K* 246.29 +11.03bC 175.14 £8.99¢D 536.31 £35.12aA 286.79 +10.69aB
Na*® +K* 310.74 £19.73bC 478.86 +11.71cC 5836.82 +255.69aA 4472.51 £89.45aB
Na*® K* = Na* K* / Na*and K* concentration equal to Na* and K* mols divided by water content in
the seedlings of different winter wheat genotypes respectively
2.2.3 Na'/K"
3 Na*/K” 0.9784" ~0.9909 **
Na*/K" NR9405 Na'/K" 6
229 RB6 Na'/K~ Schachtman D P Mumms R
Na* K*/Na* o NR9405
Na*/K* RB6 K" Na® Na®/K"
6 229
2.3 Na®™ K* CI°
2.3.1 Na® K* CI°
1 NaCl Na”* Yeo
AR Flowers T ] Nonhalophytes Na* o
14 47 Na* Na* Cl~
Cl™ 8 Na® CI-
19
Na“* 1.5~2.3
Cl™ Na* K*
1
4 Na® K* TI  50mmolL ™' NaCl
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T2 4 Na*
Na“* 150mmoll.™" T3 NaCl NR9405 Na*
6 229  RB6 250mmolL."" T4 NaCl Na* NR9405
6 229  RB6 4 Cl- Na”*
NR9405 K* 6 229 RB6 50
150mmolL.™" T2 T3 NaCl NR9405 K* K* 150mmolL. ™'
NaCl 250mmolL. "' NaCl NR9405 K* RB6 K*
6 229 K*
3 4 Na*/K*
Table 3 Changes of Na* /K™ ratio in the seedlings of four winter wheat genotypes under salt stress
Treatments
Varieties Tl ™ T3 T4 Conelation
coefficient
6  Xiaoyan6 the seedling 0.14 £0.03aD 1.33 £0.02aC 2.77 £0.11cB 5.72 £0.27cA 0.9887 "
shoots 0.11 £0.02bcD 0.96 £0.03aC 3.35+£0.03bB 4.70 £0. 12bA 0.9932**
roots 0.19 0. 04abD 1.06 £0.00bC 4.69 +£0.21bB 9.83 £0.43bA 0.9879 "
NR9405 the seedling 0.06 +0bD 0.56 £0.02cC 1.69 £0.05dB 4.09 £0.13dA 0.9784 "
shoots 0.08 £0.00cD 0.70 £0.02bC 1.72 £0.04c¢B 3.67 £0.34cA 0.9881 "
roots 0.19 +0.06abD 1.02 0. 10bC 2.62 +0.03cB 6.19 +0.17dA 0.9785
229Shaan229 the seedling 0.17 £0.03aD 1.01 £0.06hC 3.00 +0.04bB 6.32 +0.08bA 0.9888 *
shoots 0.13 £0.00aD 0.95 +£0.01aC 3.31 £0.08bB 4.43 £0.21bA 0.9889 *
rools 0.23 £0.06aD 1.19 £0.03abC 5.24 £0.24bB 8.41 £0.31cA 0.9962 " *
RB6 the seedling 0.16 £0.05aD 1.03 £0.09bC 5.83 £0.15aB 8.61 £0.33aA 0.9909 * *
shoots 0.10 £0.00bD 0.98 £0.03aC 5.13 £0.09aB 7.97 £0.86aA 0.9943 " *
roots 0.13 £0.00bB 1.35+£0.21aB 9.74 £1.57aA 10.78 £0.69aA 0.9497
R #and * * indicate correlation between salt concentration and other indexes significant at p
<0.05 and p <0.01 respectively
2.3.2 Na*/K*
Na*'/K"*
Na*/K”* 0.9881" ~0.9943""  0.9497 ~0.9962""
Na"/K”* 3 Na*/K”*
Na” K*
NR9405 Na®/K”* 6 229 Na*/K”* RB6
3
20
NaCl
NR9405 RB6
Schubert  Lduchli Davenport Tester Na*
21 22 Na* K* cl-
K*
Na® Cl° 0.9974 ~0.9996 Na“*
Cl™ H" -ATPase H* Cl™ H* 2H"/
Cl~ *®  Greenway  Munns NaCl Na*
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Na“* Na“* 7
NR9405 Na®/K”*
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