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The effects of different sources of potassium and calcium on yield and
ionic balance of tomatoes under salinity stress in hydroponic
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Abstract. Most of agricultural landsin Iran are located in arid and semi-arid regions and are considered as saline soils.
In order to investigate the interaction of salinity as well as potassium and calcium on the growth and yield of tomato
plants, afactorial experiment was perfected in the form of randomized complete blocks, in hydroponic conditions, with
three replicates per treatment. Experimental factors include salinity at three levels (O, 20, and 40 mM NaCl), potassium
content form chloride, nitrate (0 and 15 mM), and calcium from chloride, and nitrate (with 0 and 10 mM) . The studied
growth factors, including plant height, stem diameter, number of leaves, flowers and fruits and leaf chlorophyll decreased
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with increase NaCl. Treatment plants with Ca (NOs). at 40 mM NaCl, increased the shoot and root dry weight by 55%
and 95%, respectively. In addition, application of Ca (NOz). in the medium with maximum salinity concentration
resulted in an increase of 75% in chlorophyll content. The analysis of data showed that the increase of salinity was
accompanied with increase sodium content level of tomato plants. However, the root potassium was observed to
decrease. On the contrast to the root, potassium content showed no change in the organs from the root upwards. Also,
the use of Ca (NOs). with 40 mM NaCl reduced Na*" content by 23% compared with plants treated only with 40 mM
NaCl. According to the results, it seems that application of Ca (NOs), may improve chlorophyll content, dry weight, and
modulate ion hemostasis and decreased the negative of salt stressin tomato plants.
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Table 1. Results of variance analysis of the salinity, potassium and supplemental calcium sources effects on tomato
plant growth parameters (* p<0.05, ** p<0.01).
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Table 2. Results of variance analysis of the salinity, potassium and supplemental calcium sources effects on tomato
yield (* p<0.05, ** p<0.01).
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Table 3. Interaction effects of salinity, potassium and calcium sources on stem diameter and leaf chlorophyll of tomato
plants. The same English letters show no significant difference at the 5% level.

(MGG PW) S Jdg,ls (MM) adls s el ey @l Sosd
Total Chlorophyll  Stem diameter Ca"™ source K* source Salt
61.57 4 0.654 Control
31.17FK 0.58¢CD CaCl, Control
62.534 0.548 Ca(NO3),
57.94B 0.53BC Control
33.67 P 0.48 B-F CaCl, KCl
37.27P¢C 0.49 BCP Ca(NO3), Control
39.6 PEF 0.48 B¢ Control
43.17 CPE 0.46 DK CaCl, KNOs
51.18¢ 0.52 BCb Ca(NO3),
44.17 0 0.51 BCD Control
17.03MN 0.47 09 CaCl ol
33.03%Y 0.49 B-E Ca(NO3),
(Controly
28.03 &M 0.41'M Control
31.27 6K 0.37'M CaClz KCl 20 mM
36.9 & 0.40%M Ca(NO3), NaCl
23.3M 0.41'M Control
21.83KM 0.42 & CaCl, KNOs
19.93 M 0.35M Ca(NO3),
28.83 ¢t 0.41'M Control
9.43N 0.37M CaCl s
50.6 8¢ 0.47 09 Ca(NO3),
(Controly
34.6PH 0.43Ft Control
35.1bH 0.48 GG CaCl, KCl 40 mM
33.83 7 0.47 > Ca(NO3), NaCl
26.23 HM 0.40 KM Control
36.87 bH 0.42Ft CaCl, KNOs
23.13 M 0.37M Ca(NO3),
80 o a
70
;‘ o b < be
% 50 d
‘% 40 d i
’L 30
4 20
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0
Without K KCl KNO3
=0 mMNaCl =20mM NaCl =40 mM NaCl
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Figure 1. Interaction of salinity and potassium sources on tomato plant height. The same English letters show no

significant difference at the 5% level.
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Figure 2. Effect of salinity on fruit number (A) and fruit dry weight (B) in tomato plant. The same English letters show

no significant difference at the 5% level.
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Table 4. Interaction effects of salinity, potassium and calcium sources on shoot and root dry weight. The same English

letters show no significant difference at the 5% level.

Ady, SES 03 (leeplulslasgg ol pely @ole &5
Shoot dry weight  Shoot dry weight Ca'" source K* source Salt
(9 (9
5254 16.914 Control
3.18 BC 9.76 BC CaCl, Control
3.998 10.448 Ca(NO3);
2.56 @ 5.65P-G Control
1.41 EFG 5.960-¢ CaCl, Kcl
0.88 EH 3.89 F Ca(N03)2 Control
1.67 DEF 6.35 DEF Control
1.25EH 5.92 b-G CaCl, KNOs
0.62 FeH 2471 Ca(NO3),
1.4 FFG 7.75¢P Control
1.06 EH 5.86 P-C CaCl, Control
1.42 76 6.74 OE Ca(NO3),
0.8 EH 3.547 Control
0.68 " 4.08 & CcaCl, KCl
1.31 EH 5.40H Ca(NO3), 20 mM
0.92 BEH 3.85F! Control NaCl
0.6 FeH 3.55FJ CaCl, KNO3
0.37 °H 241" Ca(NO3);
0.6 FoH 2.7H9 Control
0.24H 179 CaCl, Control
1.77 PE 4,25 Ca(NO3);
1.00 EH 3.2269 Control
0.71EH 4138 CaCl, KCl
0.72 EH 1.057 Ca(NO3);
0.81 EH 3.799 Control 40 mM
0.835" 385" CaCl, KNOs NaCl
0.35 &+ 1.96" Ca(NO3),
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Table 5. Results of variance anaysis of the salinity, potassium and calcium sources effects on root and shoot ions
tomato plants (* p<0.05, ** p<0.01).

Slayyo (5 Sile
Mean square R
Shoot Root dgf’ (Sources)
peedS ey o ol sl o
Ca™ K* Na* Ca™ K* Na*
0.72™ (0.29™ 1888 0.48* 0.53* 1258* Y S
064" 32.66% 1.20" 0.29* 4.92# 1.57 Y (K) ol
34.40** 159M 0.04"ns 6.35** 0.25"m 0.59 s Y (Cay punds
2.04™ 0.42™ 046"  0026™  019® 0.24" ¥ (SAK) gl x5 )55
6.94* 0.71™ 0.25"™ 0.115™  0.007™ 0.19m ¥ (SAtxCa) pundlS x5 55
X L._. X W
1.74™ 179"  034™ 0047 0115 143 Y el Kl 255
(SaltxKxCa)
7.34™ 0.05™ 0.03 " 0.011" 0.104" 0.56 " Y (Repeat) | S5
2.44 0.65 0.24 0.045 0.098 0.44 oY (Error) Uas
41.46 64.04 39.53 33.84 39.53 39.15 T JOUFS PR
A 20,
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f 16 I 53 s
q 14 E e : ab
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Figure 3. Effect of potassium sources on accumulation potassium (A) and sodium (B) in shoot and calcium in root (C)
as well as effects of sainity on root calcium concentration (E). The same English letters in each chart show no
significant difference.
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Table 6. Interaction effects of salinity, potassium and calcium sources on root sodium and shoot potassium

concentrations. The same English letters in each chart show no significant difference.

G il Lo (S y8azsS 1 eeaedS g sl S S 5 658

Shoot K* (%) Root Na'(%) Ca™ source K* source Salt
0.73E 1.32H4 Control
0.7E 256 FoH caCl Control
0.78E 1.50 FeH Ca(NO3);
1.87 b€ 2.010+H Control Control
KCl
1.77BE 1.69 FeH CaCl,
4787 1.61 FeH Ca(NO3);
37478 14476 Control
KNO3
2.56 BCD 1.78 FeH CaCl,
1.94 CoE 1.85EH Ca(NO3);
0.79F 2.330H Control
Control
0.81E 2.27PH CaCl,
0.78E 2.71¢¢ Ca(NO3);
20mM
3.49 ABC 3.1AE€ Control NaCl
KCI
2.4] BCD 3.12AE CaCl,
2.99 BCP 2.20 O+ Ca(NO3);
2.85 BCD 3.13AF Control
KNO3
1.83DE 2.46 CH CaCl,
1.68 DE 4127 Ca(NO3);
0.72E 3.35AD Control
0.66F 281 BF cacl Control
0.71E 1.60 FeH Ca(NO3);
2.61 BCD 2.47 R Control 40 mM
KCl NaCl
2.51 BCP 2.30PH CaCl,
3.12 B 3.08 8 Ca(NO3),
2.18BE 2.59 GH Control
KNO3
2.06 CPE 2.59CH CaCl,
2.46 BCP 3.66 ABC Ca(NO3);
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