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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 stress in tomato plants.

Key words. chlorophyll, flowering, fruit, growth, sodium
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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.

(MYg PW) S Jdg,ls (MM) adls s el ey e Sosd
Total Chlorophyll  Stem diameter Ca"™ source K* source Salt
61.57 4 0.654 Control
31177 0.58¢P CaClz Control
62.53 A 0.548 Ca(NO3);
57.948 0.53BC Control
33,6727 0.488F CaClz KCl
37.27P¢C 0.49 BCD Ca(NO3), Control
39.6 PEF 0.48 B¢ Control
43,17 CPE 0.46 bK CaCl,
51.18C 0.52 BCD Ca(NO3), KNOs
44.17 0 0.51 BCD Control
17.03MN 0.47 0 CcaClz s
33.03 €7 0.49B€ Ca(NO3);
(Control)
28.03 &M 0.41'M Control
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BC D-J
50.6 0.47 Ca(NO3); Controh
34.6PH 0.43Ft Control
35,1 bH 0.48 GG CaCl, KCl 40 mM
33.83°1 0.47 2 Ca(NO3), NaCl
26.23HM 0.40 KM Control
36.87 b-H 0.42Ft CaCl, KNO3
23.13 M 0.37M Ca(NO3),
80 o a
70 :
3 60 b i
“‘_'{éf 50 = d > d
= 40 d
’L 30
4 20
10
0

Without K KC1 KNO3
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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.

Ado, 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-CG 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 BFG 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 & CaCl, KCl
1.31 EH 5.40H Ca(NO3), 20 MM
0.92 BH 3.85F! Control NaCl
0.6 FeH 3.55FJ CaCl, KNO3
0.37 °H 241" Ca(NO3);
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0.24H 179 CaCl, Control
1.77 PE 4,25 Ca(NO3);
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0.835" 385" CaCl> KNOs NaCl
0.35 & 1.96" Ca(NO3),

g &by pals Sl (Jsho prnds (RS @bl g ST g )
Ahmed et d., 2013;. Forghani et d., ) sgs 0 oLS glis)|

(2020
Ay 5 i) el dagg S 5 (ol Joily 5 0dle cnl
ol 4 bgpe Yleiol Wlgi oo 32825 (nl )3 (K% 425 olS
5 ey Dglite i Sl oolaiul Wil 55 j5T0e slaige 90gid
sl (65 L 4 gely 55 (gLt olf 5 oglite gl oS
oS ity 5 rdS ) ool oo Sl 4z 51 il 005
5 ostae Dlados bl bl col ool saalin olse 5l Sy o
odS 5 )5 a5 Sl les (Mazloomi e ., 2011) ) Sen
) KP Og a5 lsmplal Sis 055 6090 b ply (LSS
Fso s shte BT GRalS 0 (LeaST adS 2,015 g 0l talS
el o oSS oS 9 o9 Glegen 05 S (S g 358
o flas 2olS (5t 90,5 Wi 1y (5550 e Sl LSS
G Gl ol oty Lo jlons a1 6595 5 eelS s 009381 50

Ol 5 Sidorsed oing) Slie (S p lagal adlas ol 5o
Sglite i S odlinl 5 (6,50 5 4 gl 53 Loy iz
Olye &b (o) 6598 G55 ST ARl Sl oS 5 ey
Sob Juld s aiz 31 LS 03, 1595 & IS by S
Rl oo ARl 2l88 Slge (3lg5 i g (o G2 eS o
O ko obS al) IS O s 5 s Bl Jlad el
(Mohammad e d., 9> Ssle ()L‘blf:f )‘| ‘_g)l:....g O Sye
Forghani ) »55 5. «Fatemi et d., 2010) 5,5 455 2003)
pladl Sas 59 s, 2als ol a3 (et d., 2018
0l S aly ) dnng pas 4 (5,980 Vb sk o T 4k, 5 oo
O}w‘so ooy S w9 )15 Lgl.muy Couws w‘)ﬁ‘ 9 @‘J.C
(Ahmad et d., 2013; Hasanuzzaman e d., 2018)
v el b (5,98 a5 il 00 S asin Dlibed yuicres

213/v\Y



Nova Biologica Reperta 8(3): 206-219 (2021)

Of-)ver-Y1a Y o)La..i A v\l"‘r-—l) ?515 O Ry kgbad.’;ﬁli

¢* p<0.05, ** p<0.01) K245 oS olyo plail g ao; yolic Cble (oSS oandS 5 ponslty @olis o590 13l il yly 42525 @l =0 Jgur
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).

Slayye (5 Silo
Mean square R
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Ca™ K* Na* Ca™ K* Na*
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34.40** 159M 0.04"ns 6.35** 0.25"m 0.59 s Y (Cay punds
204™ 042™  046™  0026™  0.19% 0.24m ¥ (SAltK) sl x5 5
6.94* 0.71™ 0.25" 0.115™  0.007™ 0.19m ¥ (SAtxCa) S x5 55
X L._. X W
1.74™ 179"  034™ 0047 0115 143 Y el Kl 255
(SaltxKxCa)
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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.
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Shoot K* (%) Root Na'(%) Ca™ source K* source Salt
0.73E 1.32H 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 2.33D0H 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 2.30P-H 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);

215/Y\ 0



Nova Biologica Reperta 8(3): 206-219 (2021)

RS Do g agS ay ally oL 0l g shad el el 5
SUIF (590 L &5 sy o0 S 4 0gae ()9 egat )

5 S p SO S8k Sdnng o g Rl ) lalS pwgid
p3Y Gchams S ol nlpln 95d 00 ol Sm 0 @ipd
(Cuartero et a., 2006) wb o olS oge odg slp
Slyome 5 Fiwgd Olie RalS Gl goaxie ot
Ahmad et al., ) o,ls 5529 (5,90 (5 Cos S Ly IS
Jdo S Sl 6yeh 5 a4 Gl Jesdl S (2013
l..t Yw o] 009 USLG.».Q ‘SQLS iz 6[.&:44; ) sj).g
Geiod cnl anlen S J3g)lS (a2ld (e 5598 IS
5 S sldede S 4l Gkl e aboe SRl
gt ialS el b b lS e el o DS ol
Abogadallah, 2010; Hasanuzzaman et a., ) s5i o
5 G wsysh B Lulpd 5o e e b3l o (2018
slodised o by @ J3s)ls 5 U Jdo 5 lpme Sl
(Forghani et a., 2018) <ol oo (5,15 Lislejl )90
(2l Ghals ail (5y500 2l polie (i p pad 5 08
G5 5o LS (2l slapll )3 el 5 pendS 5K
Hasanuzzaman et a., ) cool oo ssaliv muedlS 5 (5,98
Ui cos Gl s Lbg IS clale  zalS ises (2018
by Je2e)lS 4o cdld (Il L bl je el (S
2 s 8l 5 S 0 g ge Bl LIS 5
Kafi ) i (Ahmad et al., 2013) s,ls Ldg IS clale
Kochia o peudS 0,5 a5 woges ol (et @, 2013
cov sl o s S e il e SCOparia
LS)"-’l‘ e Wtb b).g)ls dSb.ll? 5o Cewl 00 S oS
YL S S Sl 5l b ol b il casly
O3 ORIFIL & al Jdg )5 Al o 5)90 ke
)LA-\.) L.)"‘ )d S 0)5 w‘).e‘ L)'l‘)"l“" ;)9; o‘).o.b ).4.: S
Sl sl eolawl b (gyuwed glo 0355, ulidl sl b
oS 35 IS Jsbay wis,S 31 e el S
w2 9o mealy bolyen mndS 005 5 renliy 9215 40 s
Gosd il o Lad (gl baas g pigd g s
Olys Cude Sl 029 L (Kafi et al., 2013) s4i o
e Pl dle g aty; S (s 9 9IS dgete )3 S
Sl lagiagh 5l (S p 50 085 sbul s (39 2 )l
el 43NS 0gee Slaws p Sslite OISt aewlt 5 S
SN D, ogae o Sles g olasd ol el pandS 5 8

OF )Y FTNAN olads h als o e pole 15 g gloazily

o9t Ll 0 peldS 5 penly mlie &S 05 et
i g o ady) g (2l plail Sas Gj9 8l o S
Doty o (65 grhaw (YL 5 ST Sl s 5l eolan]
039 Rl S oo S 4wl plse plail g Aty S (3
Yloio| JaSo podS 5 poly il gl Lo ;5 olF St
R 9 698 @lie Joloe yo o cdale il 4 by e
& Bogyse Jl aigl o PS5 asy ) slasber o Jomsily
Cuartero et a., 2006; Hasanuzzaman ) sls cCous iy,
Sladllas 5 Sy alis slassS paas o (6t A, 2018
o Lalpd o G3e s (Sl polie Bpae ko Shee 2l
sl Jsl=e (Hasanuzzaman et al., 2018) wiles )5 5,155
plal Sz 59 Giml8l el pundS Sl s g paly Ol s
clale i 5o 58 adllas opl jo al (K308 slee
plal SLiz 59 (malS el ppdS 95 1S 0 )15 o 0y IS
039 GRIB s edS Slis 0 )8 &S J 3 0l lse
Yool ol oy oo Ll 4.0y )8 aly ) 5 olee plail Sis
as als |y 6,08 Ol Wiy oo IS i 5l Calen b
(Akram et a., 2009)
sy 5l eslinal ol oles ol SolisT oSy Sl gl
2 S B0 b o) Laugte b ol gsh s (S S5
s ool ond o, Skl s wgy gl il el (LS
el (LSe 5o 55k Vo) ey YL polie o p)l8
(Mirzapour et a., 2003) 55,5 o olS glas,| zals
0) hwge gyes kil o peely 05 Geizes
solie Coglie a5 055 j9u el)] b8l e Geten oo
Sadeghi ) casls olyen 4 1) S)ls (g)sd 5 (Sis &
5l eslinul Lol> mls alis (Lotfabadi et ., 2010
sloas gl 2ol 5 peedS 5 pewly w15 slacSes
a5 (Mokhtary et al., 2010) oi soalice 3 S5 8axs5
ot wlS (690 4 Cwglie p yolie ol cuine S Yl
Ol 9w ls S I Lol oad obml (g)en gledl
S onl gboasl aslen ool @b S 15 sl
Wl S5 alS el 5 s Bl 5o ks 5 sl
Sl 6oph slajless )3 jsbimes 5 WS (KB axsS
sl ks gl gl Vo 658 5wl 5 el
Sadeghi ) laa=e bl ,» (Fatemi et a., 2010)
LielS cel 6,50 wio,S ounline (Lotfabadi et a., 2010
aBlos Hhd sy 305 L g ol 55 0 )3 a8l jlad jlo e
alie Sgline il ey azgi b g ol by ol 00,5 Loy Lialsal
reeelS lie D51 sy o0 S @ (598 5 (ool 5 (ol

216/Y\#



Forghani et al. The effects of K and Ca on tomatoes under salinity stress

a5 olren olsa el oo Sl BIEIL (5508 a5 @ aub
Sl 5l esliiwl yo sy, oz (SONG & Fujiyama, 1996)
(03 s &y Al a5 4y 45 0D oaliie 53 BedoS cnl o by
sl o0licial 50 ki e 5 (58 cale waisS

b ey s 4 (AL slacdly ey (Slgizes (S ©)504
SPpars egaty g JbLS i 0 6yeh GRIEIL e
Ahmad et d., 2013; Cuartero et ., ) wuby o (il Cola
0L Gl madbgiew 10 39350 slo o 3] cled (2006
Jomwsionmw ;0 madus A el 0l j Cud Jaam A g 0l Sad 4y
Cosl 0b5 gysd dmlyl o ol wd) ly elel LSS
2 Sldlas el opl 5 (Hasanuzzamen et d., 2018)
5 ey 0 )5 a5 Sl opl Sl (S j8arsS g it (lalS
59 S 4 a2 g5 b ady ) el Hlo e (BNl WIS oo Laore
Sladss 5l S o (Fatemi et d., 2010) 548 ol oo yaie
2 ey R Cel (gye0 Ll p0 pedST 08 ALl
odlin (6,8l iz pol> o jo oS Jlo o el ool 4l
2 olS S leaigs b jalS san o Seglie pendlSe ol
plal s @ a5l ey it JUEST (590 25 4 Gl
o Sapde |y 6y AT e SISO yg0 s g Sl s
ol clale o8l (Hasanuzzamen et d., 2018) wules
ey 3> p made (SUB, Sl el b sl ey, Slb
@ ol JE g 4ty dlowy @ peally 032 e Gl g
9> p Gladlas o (GONg et d., 2020) 54 o Slsp i3
el 223 Gl g s Ol a5 el ey S pae
wls & a5 L 13 (Akbari et d., 2006) wis s alal il
g bame )0 ey g L (G938 L Vil wy e Sl @
Soo JE Grizmes 5 ads) o by Q2 (Rl Cnlnb
Lix ) 2lon plil (25w 50 ey v (2lsp (250 4 pelty
Sles Gl )3 (plsn il )5 el alS pae cnlpl g 0o S
3l S ] 51 50 Wl oo sonnly e b s

Soite OLS )3 698 AT A Eely 2 eSSl
ol Sel ()1 oo ;0 o clile ol oad (om)p
2 Sl 3gbge Ol Sl ()lems Sl 0 meadS 5 pnly
oRlS ol S g 4 Aty Sai YL lackle s o5 el Gy
a5 (Gong et a., 2020) 5,5 o Ojso 2L il )5 pedS
won Sy plul g oS £95 15)58 gl 4y dily Sl
NaCl oYL zshaws j0 g ady, ;o laid 35 adllas opl o el
oot o) 5l LAl Wl e a5 Al csalive penlST ralS
plil & o J&l &5 g ady) Jawg @iz 50 meadS 5 orly
Gong et d., 2020, Hasanuzzamaen &t d., ) aib ol

S il Lo (S y8azsS 1 eeaedS g ool DL 5 658

256 ol s o Js (Khayyat et d., 2007) cul oo
2 pae 5 esalin jolie (nl 98 5l ae b cete
S Regh (B bg ogee 0 Sles  (LeoSS S 0
oedS 35,8 > (Hasanuzzaman et d., 2018) col oois
5 NP Dy ogee S 59y p |y (e Sl e eSS
Hlize Koo (Mazloomi et d., 2011) cildS ogn o Slos
L K805 ogee ()5 Lals (Cengiz Kaya et d., 2001)
PO L ECYPRL SPL T K AP VO, SV [ PR VIR VI LR ge L3
A0 Qlie gdioe yod Lulph )3 ogee 3 Sles Sgnp o
Lyl o by 009580 wisls olad (Rubio et a., 2009)
a5 al ogee olaws uolidl cel Slie Joloee 4y (6,98 lawgie
ey Yoo oo VF 5V IV slajlos )3 oge Slaws 2138
slass lae)] addllas )3 g1 pesly Vs oo /Y Sl 5 sy
Bl 8 S 5506 Co 0gae

Gy i 4 gl o (Cuartero et d., 2006) S,84>55
Lolyd 0 olS Se Slacuns (19,95 e el 0dd 1S

g Sl Qi 50 by § e Slagg (B Sl Jol> (690
Ahmad e d., ) 555 o w2l o Cusmws cdy py
@lio] o> B lcdl o paw cdale il lls s (2013
GIF (Spar S wiles 5598 4 el LS 50 092
Sl g ol S Sglate sla iz 10 e ol mesd b o cilale
iz o (Hochmuth & Hochmuth, 2001) 54 of yen o,
lsp it o mets il ame s pely (il b casllas
Kayaetd., ) il alf ol (5 & gl 0 (Spoy
2lié sl olome 4 el s ailsl Bl o (2001; 2002
axgS ddu, ;0 mdw cdale o g Y g £ MM NaCl L
Jea> 4 %, o (Fatemi e d., 2010) culs S5y
Gl el ailie 3l 0l ooslie gss ol o NaCL
W5 (o0 $ai2S (nl 3 (KB axsS (g pll g 4ty )0 o
@l G &b 5l 09y lr pely 9 o B, 51 (AL
azlys Jlosay 1) olea plail a4 oo Jlail uol58l a5 ey
a>g L (Ahmad et d., 2013; Cuartero et d., 2006) <l
Hlao jo waliee ol o ol ailio 3l ooliinl coie &l il 4
e ool G (Sl paly 4355 a5 wisls las Sldlae
SlS (Dl A5 50 mae g el g e (lEl el
Sesbania 5 (Akram et d., 2009) s SLsl yeoean
QoS g b yg Cuew 5 0ol (Karimi et d., 2008) aculeate

FRNE GLICS SRRV IR L VT S-SRV E ] A

217/Y\Y



Nova Biologica Reperta 8(3): 206-219 (2021)

REFERENCES

Abogadallah, G.M. 2010. Antioxidative defense under
sdlt stress. Plant Signaling and Behavior 5: 369-374.

Ahmad, P., Azooz, M. & Prasad, M. N. V. 2013. Salt
stress in plants: signalling, omics and adaptations:
Springer Science & Business Media, 495 pp.

Akbari, G.A., Foughi, B., Adim, H., Mokhtasi Bid
Goli, A., Rahimian Mashhadi, H.R. & Zand, E.
2006. Investigation of morphophysiological aspects
wheat cultivars on their yield augmentation released
during past 50 years. Journa of Agricultural Sciences
and Natural Resources 13: 58-66

Akram, M.S., Ashraf, M. & Akram, N.A. 2009.
Effectiveness of potassium sulfate in mitigating salt-
induced adverse effects on different physio-
biochemical attributes in sunflower (Helianthus
annuus L.). ForaMorphology, Distribution,
Functional Ecology of Plants 204: 471-483.

Cuartero, J., Bolarin, M., Asins, M. & Moreno, V.
2006. Increasing salt tolerance in the tomato. Journal
of Experimental Botany 57: 1045-1058.

Fatemi, M., Hashemimajd, K., Esmaeili, G. &
Khosgoftarmanesh, A. 2010. The effect of adding
potassium, calcium and silicon to the nutrient solution
on tomato resistance to salinity in hydroponic culture.
(M.Sc. dissertation.), University of Mohaghegh
Ardabili, Ardabil, 90 pp.

Forghani, A.H., Almodares, A. & Ehsanpour, A.A.
2018. Potential objectives for gibberellic acid and
paclobutrazol under salt stress in sweet sorghum
(Sorghum bicolor [L.] Moench cv. sofra). Applied
Biological Chemistry 61: 113-124.

Forghani, A.H., Almodares, A. & Ehsanpour, A. A. 2020.
Therole of gibberdlic acid and paclobutrazol on oxidative
stress responses induced by In vitro sat stress in sweet
sorghum. Russian Journd of Plant Physiology 67: 555-
563.

Ghahremaninejad, F., Hoseini, E. & Fereidounfar, S.
2021. Cities in drylands as artificia protected areas for
plants. Biodiversity and Conservation 30: 243-248.

Gong, Z., Xiong, L., Shi, H., Yang, S., Herrera-Estrella,
L.R., Xu, G. & Qin, F. 2020. Plant abictic stressresponse
and nutrient use efficiency. Science China Life Sciences
63: 635674 .

Gorgi, M., Zahedi, M. & Khoshgoftarmanesh, A.H. 2010.
The effects of potassum and calcium on the response of
safflower to salinity in hydroponic nutrient solution. Water
and Soil Science 14: 1-7.

Hasanuzzaman, M., Fujita, M., Oku, H., Nahar, K. &
Hawrylak-Nowak, B. 2018. Plant nutrients and abiotic
sresstolerance: Springer, Singapore, 590 pp.

Heidarpour, S., Abbaspour, N., Mohammadkhani, N. &
Mosavi pornaki, S. 2021. The effect of salt stresson ion
accumulation, photosynthess and compatible solute
contentsin four grapevine (Vitisvinifera) genotypes. Nova
Biologica Reperta 7: 400-410.

Hochmuth, G.J. & Hochmuth, R.C. 2001. Nutrient solution
formulation for hydroponic (perlite, rockwool, NFT)
tomatoes in Florida HS796. Univ. Fla Coop. Ext. Serv.,
Gainesville, Pp: 1-10.

Jenkins, J.A. 1948. The origin of the cultivated tomato.
Economic Botany 2: 379-392.

OF )Y FTNAN olads h als o e pole 15 g gloazily

LS Gl oS 1alS o aply o8 5 o5l (2018
L (Hasanuzzamen et d., 2018) cuul ool (3,55 55 S
2 ety 0ol 092y 8 Wbk @S gy
Fatemi et d., ) ob ay ) S clale )8l ccl S5 84565
oty melty 5 eedS cdile ialS il (2010
o) 137 @lagle 0 S b el b o g5leeals
o Jiil s s Wl @ el ey J 5 e 236
Ahmad et ) coul Sdo sl ad ssame b olee is
3979 b adlllas ol )0 ddyy euedS doys 2alS 13 @, 2013
@l A 4 pedS ity Jlil Sl Yol o gonnlty, wlie
Sz abexr l dlize plalS s plie @b
Mazloomi et d., ) S5 oy 5 (Fatemi et d., 2010)
et 525 ol 315y S als8l sl o0 515 (2011
Fatemi et al., ) ui SjiarsS s ool o penlS i3
5 9955 J5S 5 L8 sylnly bis corge medS 55 (2010
wzge Wl oo melS Vb polie 39800 g (LBl 29>
e 39y Ol (AL 055 (pledly Lid &) s 3985 alS
Jub e JU o5kl e e 205 oo S oo
Jutl 2als cel jod Ll 0 pendS YL cdile 09l 0
(Hasanuzzaman e ., 2018) s4i 0 ol plail a5 moos
VLol o qulio 51 ool b ppudS” Cale ol ol oy
phil g ads; )0 S Rl g Conlon S hawi |) o (26,
il elyen 4 1) alee Sy 4 jide JE Yl 5 sl
S (9 g peelS Sl St DSl 4 a2 g b ()b )
Swyso 4 NaCl clile o i coo e plail g asy)
ey SIS 51 e st A Ll o ST Sl oS
2 oelS g ool glie glite SlS1 Budod (nl po a3k
@l @ axg Lol adls S8 a5 oS (5,58 4 Cuglie
@@y bllws S Jeaxs 0y g ol Gals cel )50
4 S g ey e G Sl 4508 (o Ol (o0 abol il
b %o o)l b dnslie ) pendS” Sl 5 osliinl vy oo LS
Sn sloiens ;5 haw g SS s (S5 delS Gl
ol 0 1) 6rsd SIS lg oo peadS 5 sl s ogate

s fals (K8 ax oS

S5 5wl
GootaS oBuily wliS 1 09,8 Slox; 5l Borug s
plel jo aS o)l olblb adle olSasls 5 (DLS ol8isls

5yl 1y S5 g 1,08 ol i S 65b 1y Lo o ol

218/Y\A



Forghani et al. The effects of K and Ca on tomatoes under salinity stress

Jones, J.B. 2001. Laboratory guide for conducting soil tests
and plant andysis CRC press, 384 pp.

Kafi, M., Nabati, J., Zare Mehrjerdi, M., Goldani, M.,
Khaninejad, S., Keshmiri, E. & Norooziyan, A. 2013.
Effect of cdcium and potassum on ameioration of
negative effects of sdinity on some physiologica
characteristics Kochia (Kochia scoparia). Environmental
Stressesin Crop Sciences 5: 181-192.

Karimi, H., Abdolzadeh, A. & Sadeghipour, H.R. 2008.
Effects of potassum nutrition on seshania aculeate plants
growvn in greenhouse under sdinity. Journd  of
Agricultural Sciencesand Natural Resources 6: 158-170

Kaya, C. Kirnak, H. & Higgs, D. 2001. Effects of
supplementary  potassum  and  phosphorus  on
physiological development and minera nutrition of
cucumber and pepper cultivars grown a high sdinity
(NaCl). Journd of Plant Nutrition 24: 1457-1471.

Kaya, C., Kirnak, H., Higgs, D. & Saltali, K. 2002.
Supplementary cacium enhances plant growth and fruit
yield in strawberry cultivars grown a high (NaCl) salinity.
ScientiaHorticulturae 93: 65-74.

Kaya, C., Tuna, A.L. & Yokas, I. 2009. The role of plant
hormones in plants under slinity stress. In M. Ashraf, M.
Ozturk & H. R. Athar (Eds), Sdlinity and Water Stress:
Improving Crop Efficiency. Dordrecht:  Springer
Netherlands. Pp: 45-50

Khayyat, M., Tafazoli, E., Eshghi, S., Rahemi, M. &
Rajaee, S. 2007. Sdinity, supplementary cacium and
potassium effects on fruit yield and quality of srawberry
(Fragaria ananassa Duch.). American-Eurasian Journa
of Agricultural and Environmenta Sciences 2: 539-544.

Mazloomi, F., Ronaghi, A. & Karimian, N. 2011. Influence
of slinity and supplementary cacium on vegetative
growth, fruit yield and concentration of some nutrientsin
hydroponically-grown strawberry. Journa of Science and
Technology of Greenhouse Culture 2: 51-62

Mirzapour, M.H., Khoshgoftar, AH., Mirnia, S.K,
Bahrami, H.A. & Naeini, M.R. 2003. Interactive effects
of potassum and magnesium on growth and yield of

S il Lo (S y8azsS 1 eeaedS g ool DL 5 658

sunflower in a sdine soil. Iranian Journa of Soil and
Waters Sciences 17: 132-139

Mohammad, M.J., Malkawi, H.I. & Shibli, R. 2003.
Effects of arbuscular mycorrhizal fungi and phosphorus
fertilization on growth and nutrient uptake of barley
grown on soils with different levels of sdts. Journa of
Plant Nutrition 26: 125-137 .

Mokhtary, 1., Abrishamchi, P. & Ganjali, A. 2010.
Amdiorative effects of cacls and casoy on growth,
content of solouble proteins, solouble sugars, proline and
some minera nutrients (Na', k*) in leaves of Lycopersicon
esculentom var mobile under salt stress. Iranian Journd of
Biology 23: 62-72

Navarro, JM. Martinez, V. & Carvajal, M. 2000.
Ammonium, bicarbonate and cacium effects on tomato
plants grown under saline conditions. Plant Science 157:
89-96.

Nejadhabibvash, F. & Rezaee, M.B. 2021. The effect of
sdinity on seed germination, early seedling growth and
anatomical structure of Beta wulgaris. Nova Biologica
Reperta 7: 419-430.

Rubio, J., Garcia-Sanchez, F., Rubio, F. & Martinez, V.
2009. Yidd, blossom-end rot incidence, and fruit quality
in pepper plants under moderate sdlinity are affected by
K* and Ca* fertilization. Scientia Horticulturae 119: 79-
87.

Sadeghi Lotfabadi, S., Kafi, M. & Khazaei, H.R. 2010.
Effects of calcium, potassum and method of application
on sorghum (sorghum bicolor) morphologicd and
physiological traits in the presence of sdinity. Journd of
Water and Sail 24: 385-393.

Song, J.Q. & Fujiyama, H. 1996. Amdliorative effect of
potassum on mice and tomato subjected to sodium
sdinization. Soil Science and Plant Nutrition 42: 493-501.

Zaman, B., Niazi, B., Athar, M. & Ahmad, M. 2005.
Response of wheat plants to sodium and calcium ion
interaction under saline environment. International Journa
of Environmental Science and Technology 2: 7-12.

*kkkk

How to cite this article:
Forghani, A., Forghani, A.H., Altafi, M., Hashemi Majd, K. & Sofalian, O. 2021. The effects of different sources of
potassium and calcium on yield and ionic balance of tomatoes under salinity stress in hydroponic cultivation. Nova
Biologica Reperta 8: 206-219. (In Persian).

St (S,842 65 S Sl g o Slas p peedS g sl Sglite milio IS NVFe e o Ldlhw g .S e ol o (Sl gl (GBS L JlB,E
TPV A s pole 0 (g sloaidl . Sigg oun CuiS )0 (59 i

219/v 14



