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Effects of calcium on ion absorption and distribution
of virus-free potato seedlings under NaCl stress
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Abstract: [ Objectives]Soil salinization seriously affects the growth and development of potato, decreases its yield
and quality. In this paper, the influence of different concentrations of CaCl, on the ion absorption, distribution and
transportation of virus-free potato seedlings under the stress of NaCl was studied to explore the regulating mechanism

of calcium against the NaCl stress of potato, providing a theoretical basis and technical support for the potato
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production in saline soil. [ Methods] Tissue culture method was used with ‘ Kexin No. 1’
The medium of MS +2mg/L. B9 +3% sucrose +0. 9% agar was chosen and 0,5, 10, 15 and 20 mmol/L CaCl,
and 0, 25, 50 and 75 mmol/L NaCl were added to make treatment mediums. The subcultured virus-free seedlings

as tested potato cultivar.

were cut into single stem segments and inoculated 30 days. The biomass and Na*, Cl~, K*, Ca’*, Mg’", P
*, Na*/Ca’", and Na*/Mg*"

and the Sy ,, Sy, v,and S, y, values in root and stem were calculated. [Results] The growth of potato seedlings

accumulation of the virus-free seedlings were measured, and the ratios of Na*/K

With the increase of NaCl siress concentration,
and Cl~
contents decreased in all the tested parts of seedlings; P contents were reduced in
Na*/Ca’* and Na*/Mg>" were
increased, the Sy y,, Sy, y,values in roots and stems gradually reduced, and the S, y,value increased first and then
decreased. Addition of 10 mmol/L of CaCl, under the NaCl stress of 0, 25, 50 mmol/L, and 15 mmol/L of CaCl,
under 75 mmol/L of NaCl increased the biomass accumulation of potato seedlings obviously. With the addition of

Ca** and

was inhibited under NaCl stress. the fresh and dry weights of

seedlings decreased significantly; the Na”® contents increased significantly, K* content decreased
significantly, Ca’*and Mg”"

stems and leaves, but increased in roots. Consequently, the ratios of Na* /K™,

CaCl,, the Na® accumulation in seedlings obviously reduced, Cl~ content increased significantly, K" ,

Mg’ contents increased, and P content decreased at first and then increased. Under all the NaCl stress treatments,
Na*/Ca**, Na'/Mg"*
various organs of seedlings, improve Sy y,, Sy, n.» Sc. .y values, increase the selection of up ground transport of
K", Ca’" and Mg*"

caused by salt stress. [ Conclusions] Adding exogenous calcium under NaCl stress can effectively improve the ion

the addition of suitable amount of CaCl, could effectively reduce the Na* /K™, ratios in

, inhibit that of Na* , maintain intracellular ionic balance and relieve the nutritional deficiency

balance of potato virus-free seedlings, promote the absorption of nutrients, reduce the transportation capacity of

Na® to leaves, enhance the selection transport of K*, Ca®*, Mg’* to aboveground, which is one of the

physiological mechanisms for calcium alleviating salt stress.

Key words: potato; calcium; NaCl stress; ion absorption and distribution
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Table 1 The effect of calcium on the biomass of potato seedlings under NaCl stress

NaCl CaCl, fif F Fresh mass(g) T3 Dry mass(g)
(mmol/L) (mmol/L) 241 Stem and leaf 2 Root 2411 Stem and leaf 2 Root

0 0 5.06 £0.09 cC 1.10 £0. 05 dC 0.421 +0.014 bB 0. 094 +0. 002 bC
5 5.69 £0.20 bBC 1.33 +0.07 bAB 0. 448 =0. 027 bAB 0.113 0. 007 aA
10 6.50 £0.15 aA 1.46 £0.05 aA 0.489 +0.015 aA 0.116 +0. 006 aA
15 6.12 +0.03 abAB 1.30 0. 08 beB 0. 448 +0.015 bAB 0.109 +0. 004 aAB
20 5.95 +0. 07 bAB 1.21 0. 07 cdBC 0. 424 0. 009 bB 0. 100 0. 005 bBC

25 0 4.38 +0.12 dD 0.96 0. 05 cC 0.363 0. 003 B 0.084 +0. 002 cB
5 5.16 £0.46 C 1.15 0. 11 bAB 0.396 =0. 022 beB 0.093 +0. 005 abAB
10 6.38 £0.06 aA 1.30 £0. 13 aA 0. 459 +0. 004 aA 0.097 +0. 006 aA
15 6.10 £0. 07 abAB 1.20 0. 06 abA 0. 420 +0. 009 abAB 0.093 +0. 003 abAB
20 5.62 +0. 03 beBC 1.02 £0.03 ¢BC 0.378 0. 004 beB 0. 085 0. 002 beB

50 0 4.15+0.29 cC 0. 86 0. 08 bB 0.336 0. 026 bC 0. 068 +0. 003 cB
5 5.02 £0.06 bB 0.94 +0. 11 bAB 0. 359 =0. 003 bBC 0. 074 +0. 004 bcAB
10 5.94+0.11 aA 1.07 £0. 14 aA 0. 446 0. 006 aA 0.082 +0. 005 aA
15 5.74 +0.08 aA 0.98 +0. 1 abAB 0.410 £0.011 aAB 0.077 £0. 007 abAB
20 5.52 +0.04 aAB 0.87 +0.0 bB 0.366 +0. 015 bBC 0.070 £0. 002 beB

75 0 3.58 £0. 06 bB 0.68 +0.07 bB 0.299 +0.010 bB 0.051 +0. 004 cB
5 4.67 +0.10 aA 0.76 0. 06 abAB 0.355 +0.010 aAB 0. 060 +0. 001 abAB
10 4.97 +0.22 aA 0. 84 +0.08 aAB 0.373 +0.011 aA 0. 064 +0. 003 abA
15 5.08 £0.04 aA 0.86 0. 06 aA 0.378 0. 011 aA 0.067 0. 004 aA
20 4.57 £0.36 aA 0.75 +0. 06 abAB 0.341 £0. 024 aAB 0.059 0. 002 bAB

TE(Note) « [FFIEHEE AR/ KE F 8RR E — NaCl ¥ T AR CaCly AhF[E] 22 5335 5% | 1% .3 7K F Values followed by different

small and capital letters are significantly different among different CaCl, treatments uner the same NaCl level at 0. 05 and 0. 01 levels, respectively.
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Fig.1 The several ion contents in the stem, leaf and root of tomato seedlings under different NaCl and CaCl, concentrations
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Table 2 The effect of calcium on Na*/K™* ratio of potato under NaCl stress

TR CaCl, NaCl( mmol/L.)
The position of plant (mmol/L) 0 25 50 75
#R Root 0 0.288 £0.04 aA 0.753 £0.07 aA 1.455 +£0.18 aA 2.357 £0.37 aA
5 0.210 £0.03 aA 0.578 £0.04 abA 1.156 £0.10 bAB 1.660 0. 16 bB
10 0.139 +0.02 aA 0.423 +£0.03 bA 0.815 £0.09 ¢BC 1.171 £0.05 ¢C
15 0.136 +0.02 aA 0.446 +£0.05 bA 0.805 +0.05 ¢BC 0.832 £0.03 dCD
20 0.147 £0.03 aA 0.416 £0.06bA 0.675 +£0.02 cC 0.772 £0.05 dD
2% Stem 0 0.121 £0.02 aA 0.445 +0.06 aA 0.781 £0.00 aA 1.248 +0.11 aA
5 0.060 +0.01 aA 0.307 £0.04 bcAB  0.571 £0.05 bBC 1.040 £0.09 bB
10 0.043 £0.01 aA 0.231 £0.04 ¢B 0.389 £0.03 ¢cD 0.825 +£0.02 ¢C
15 0.064 +0.01 aA 0.277 £0.05 bcAB  0.532 +0.03 bCD 0.701 £0.02 dC
20 0.086 +0.03 aA 0.373 £0.06 abAB 0.724 +0.06 aAB 0.855+£0.04 cC
- Leaf 0 0.347 £0.06 aA 1.047 £0.18 aA 3.188 £0.46 abA 6.555 +1.93 aA
5 0.229 +0.05 aA 0.664 +0.10 aA 2.550 +0.36 abA 4.329 +£0.45 bB
10 0.171 £0.05 aA 0.589 £0.04 aA 1.852 +0.15 bA 3.684 +0.54 bB
15 0.219 £0.04 aA 0.762 £0.07 aA 2.485 £0.39 abA 2.974 +0.35 bB
20 0.283 +0.07 aA 0.856 +£0.06 aA 3.368 £0.45 aA 4.064 £0.42 bB

T (Note) : [EIFN B G AR LK E b4 9 3 7 5] — 3B A AS [5] 4b 3 8] 22 573K 5% Fl 1% f5 2 7K Values followed by different small and

capital letters are significantly different in the same organ among treatments at 0. 05 and 0. 01 levels, respectively.

#3 53 NaCl By TBH#E Na*/Ca’* LLERHIN

Table 3 The effect of calcium on Na*/Ca’* ratio of potato under NaCl stress

HBREB L CaCl, NaCl(mmol/L.)
The position of plant  (mmol/L) 0 25 50 75
#R Root 0 14. 631 +1. 96 aA 48.494 £4.45 aA  116.118 £7.56 aA  165.617 £3.74 aA
5 10. 448 +0. 60 aA 33.884 +0.72 bB 57.105 £3. 80 bB 89.264 +7.35 bB
10 5.953 0. 89 aA 20. 286 +0. 68 cC 42.974 £0. 80 cC 66.501 +1.96 cC
15 4.803 +0. 69 aA 21.057 +1.08 cC 37.264 0. 56 cC 47.985 £2.44 dD
20 5.308 +1. 16 aA 19.912 £2.40 cC 42.897 £1.82 ¢C 65.862 +5.03 cC
ZX Stem 0 18.673 £2.89 aA 76.911 £10.29 aA 142.197 +10.74 aA 197. 882 +14. 68 aA
5 4.087 £0. 96 aA 28.719 £5.70 bB 58.522 +4.83 bB  106.912 +4.77 bB
10 2.174 £0.76 aA 12.534 +3.22 beB  24.867 +3.15 cC 58.171 +12.21 ¢C
15 1.831 0. 51 aA 7.674 £1.18 ¢B 16.260 +1. 38 cC 33.087 +4.53 dD
20 2.003 £0. 65 aA 9.215+1.15 ¢B 16.297 +1.31 cC 21.875 +£0.76 dD
- Leaf 0 21.759 £2.90 aA 50.717 £8.25 aA  139.063 £1.41 aA  265.040 £1.30 aA
5 9.288 +2.76 bAB  28.609 +5. 08 bB 80.668 +3.76 bB  138.633 9.6 bB
10 6.241 +1.61 bB 17.532 £0.07 ¢cBC 38.014 +1.45 cC 63.450 £2.77 cC
15 5.952 +0. 11 bB 15.467 +£1.31 ¢BC 30.037 +1.69 cC 42.688 £0. 88 dD
20 4.053 £1.40 bB 12.473 £1.06 cC 31.215 +£0. 98 ¢C 40.122 £1.94 dD

£ (Note) : [EIFNE A G AR KB b4 5 3 7 [8]— 3B AS [6] 4b 3 8] 22 573K 5% Fl 1% f3 2% 7K Values followed by different small and

capital letters are significantly different in the same organ among treatments at 0. 05 and 0. 01 levels, respectively.
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Table 4 The effect of calcium on Na*/Mg’* ratio of potato under NaCl stress
HUBRA CaCl, NaCl( mmol/L.)
Organ (mmol/L) 0 25 50 75
HR Root 0 43.443 +4.36 aA  98.705 £4.38 aA 158.097 £4. 87 aA 213.086 £8.95 aA
5 38.783 £4.39 abA  89.015 +0.23 aAB 148.019 +0. 37 abAB 181.740 +3.95 bB
10 29.675 £4.26 bA  74.566 +0.31 bB 125.233 £5.06 cC 164. 822 +4. 60 cC
15 29.982 +4.37 bA  85.743 +4.78 abAB 132.688 +0.26 ¢cBC  131.074 £0.09 eD
20 34.152 £7.55 abA  91.583 +7.60 aAB 144.869 +4. 18 bAB  143.479 +4. 64 dD
2% Stem 0 20.100 £3.03 aA  71.606 £9.23 aA 117.507 £5. 61 aA 162.043 £7.01 aA
5 11.129 £2.86 aA  52.137 £8. 10 bcABC 90. 683 £6. 15 beBC  131. 662 +3. 46 bB
10 8.202 £2.89 aA 39.617 £5.10 cC 63.468 £2.94 dD 117.217 +3. 88 ¢BC
15 11.408 £2.91 aA  45.728 +7.75 beBC 82.181 £3.00 cCD  105. 669 +2. 64 cC
20 14.570 £5.08 aA  60.721 £7. 87 abAB 104.938 £5. 06 abAB 114.802 +6.02 ¢BC
i Leaf 0 17.007 £2.75 aA 38.744 £5.96 aA 95.240 £0. 07 aA 141.991 £7.65 aA
5 10. 846 £2.75 aA 31.383 £4.90 aA 81.412 +1.07 bABC 115.678 +5.25 bB
10 10.479 £2. 65 aA 30.985 £0. 11 aA 69.651 £0. 64 cC 109. 526 +3.31 bBC
15 13.922 +0. 10 aA 35.790 £3.06 aA 77.045 £2.97 beBC  96.355 £2.79 ¢C
20 14.398 £5.03 aA 39.538 +43. 11 aA 86.745 +4. 16 abAB 110. 253 +4. 69 bBC

TE(Note) = [/ FNECHE G AN R/ RS 7 BE 5350 278 [] — SR (VA [ Ak B i) 28 55 3% 5% il 1% 235 /KF Values followed by different small and

capital letters are significantly different in the same organ among treatments at 0. 05 and 0. 01 levels, respectively.
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Table 5 The effect of calcium on Sy y,, Sc, n,and Sy, v, of potato under NaCl stress

NaCl( mmol/L) CaCl, (mmol/L) S x Seu e S
0 0 0.601 £0. 031 aA 0.360 +0. 039 bB 1.172 +0. 124 bB
5 0.644 0. 112 aA 0.857 0. 198 aA 1.770 £0. 024 aA
10 0.655 +0. 132 aA 0.784 +0. 143 aA 1.703 0. 231 aA
15 0.440 +0. 085 bAB 0.630 +0. 118 abAB 1.243 +0.291 bB
20 0.345 +0. 085 bB 0.927 +0.245 aA 1.180 +0. 263 bB
25 0 0.578 0. 107 abAB 0.391 +0. 062 bB 0.916 £0. 120 aA
5 0. 647 0. 149 aA 0.592 0. 019 bAB 1.070 £0. 046 aA
10 0.539 +0.023 abAB 0. 693 +0. 085 abAB 1.067 £0.079 aA
15 0.458 +0.054 beAB 0.909 +0. 016 aA 1.061 £0.096 aA
20 0.356 +0. 062 cB 0.943 +0. 171 aA 0.940 +0. 146 aA
50 0 0.400 0. 070 aAB 0.412 +0.011 bB 0.743 £0.011 aA
5 0.412 +0. 040 aA 0.415 +0. 045 bB 0.862 +0. 033 aA
10 0.378 +0.059 aAB 0. 690 +0. 047 abAB 0.940 +0. 014 aA
15 0.300 +0. 015 abAB 0.809 +0. 037 aAB 0.834 £0.014 aA
20 0.174 +0.027 bB 0.910 +0. 076 aA 0.761 +0. 054 aA
75 0 0.303 £0. 091 abA 0.359 £0.016 bB 0.702 £0. 028 aA
5 0.337 +0. 066 aA 0.368 £0. 049 bB 0.735 0. 020 aA
10 0.284 +0. 044 abA 0.564 +0.071 bB 0.729 £0. 038 aA
15 0.228 +0. 027 abA 0. 640 +0. 064 bB 0. 649 £0.010 aA
20 0. 146 +0. 006 bA 1.060 +0. 037 aA 0. 640 £0. 034 aA

T (Note) : [EIFN B G AR/ LK E b 43 5 36 78 8] — 3B A AS [6] 4b 3 8] 22 573K 5% Fil 1% f5 2 7K Values followed by different small and

capital letters are significantly different in the same organ among treatments at 0. 05 and 0. 01 levels, respectively.
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