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The Role of Two Elements Calcium and Potassium in
Improving Spinach Seed Germination and Seedling Growth
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Dr. Thanaa Doubbo

Department of Horticulture- Faculty of Agricultural Engineering - Homs University

Abstract:

A laboratory experiment was conducted to evaluate the role of adding
calcium chloride or potassium chloride on mitigating the adverse effects of
sodium chloride (NaCl) salinity stress on spinach (hybrid '‘Comoros’) seed
germination and seedling growth. The experiment followed a completely
randomized design, utilizing NaCl concentrations of 150, 200, and 250 mM,
either alone or supplemented with CaCl, (1 and 2.5 mM) or KCI (2 and 5
mM); distilled water served as the control. The parameters examined
included germination energy (GE), germination percentage (GP),
germination index (Gl), root length, and seedling vigor index, in addition to
an assessment of the treated seeds' ability to regain their germination capacity
after the stress was removed.

The results showed that salt stress significantly reduced all germination
and root growth indices at 150 mM NaCl; germination was virtually
abolished at 200 and 250 mM, accompanied by severe inhibition of root
growth. The effects of calcium chloride and potassium chloride additions
depended on their concentrations, the NaCl concentration, and the specific
parameter being studied. At 150 mM NacCl, the addition of 5 mM K+ resulted
in only a slight improvement in Germination Energy (GE), whereas
Germination Percentage (GP) improved with the addition of 2.5 mM CaCl2
(70.59%) and 5 mM KCI (62.75%), rendering the differences statistically
insignificant compared to the control (94.12%), whereas it was 56.86% at
150 mM NacCl alone. Conversely, lower concentrations of the additives were
harmful. At 200 mM NaCl, all additives mitigated the adverse effects of
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NaCl; lower concentrations performed better than higher ones, though the
effect was not statistically significant.

The seeds' capacity to germinate and resume normal growth after the
stress was removed indicates that salt inhibition at 150 mM NaCl was
primarily osmotic—with ionic toxicity playing a partial role that diminished
as salt concentration increased relative to the intensifying osmotic effect—
and suggests that calcium and potassium supplementation may have
contributed to enhancing this capacity.

Keywords: Salt stress, sodium chloride, potassium chloride, calcium
chloride, spinach, Comoros hybrid.
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Jai gia (mM) NaCl
Adalaa A8l Alalaa
adLay) 250 200 150 0

3873A | 196e | 1.96e | 56.86bc 94.12 a 0

28.92 A 0.000e | 9.80e 19.61 de 86.27 ab CaClz2mM 1
41.18 A 0.000e | 7.84e 70.59 abc 86.27 ab CaCl2 mM 2.5

4167A | 392e | 17.65de | 49.02¢cd 96.08 a KCI mM 2
3873A | 0.000e | 11.76e | 62.75abc | 80.39 abc KCImM 5
37.8 1.18C | 9.80C | 51.76B 88.63 A A b gia
NaCl
31.0 CV%

dsngaie ) Andi 3 genll ,imq@\ws)*ﬁ\as)m\q,?m o eJsal) (e byl A< yidall CajaY) s
.(p<0.05) aic Tukey LiaY g 4y sina (35

Bydise e 2w ) NaCl 1 daldl Llud¥l ) (KY) 5 (Ca) I gpaie dila)

38 (2 Jeanll) bl Al gl Gaia eaisll 5S35 (NaCl 585 Cdlaaly caibial
MM 150 aldl hugll 4 %19.61 ia oY) dus & gyine dla) Galisdl Goa
2 Alie %65.51 sime Galiail) MM 1 55 ol 2508 4] Caual s3I NaCl
O Gl s aey ey %20.8 ) aalall ) A Jasdll pdise Gmids) @l (MM 150
bl )l IS g ganall @y awsll ) liadl CaCly (pe illaiall oy 6lKI i
Lol dew caniid ) KU i e i) 330 38T ) calgal) Cielion Lee el oy
luhall (amy Cilas oajias NaCl Ll e 1l il col€ 5,000 s Gl Jals dony)sS
B ST sanal €I 2615 A glall 305 ae Alitll Al 8 CFF clipd 5858 80l b 3aly)
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0o psmdl&l) Cainy LS L[55 45 20] 50SY) Glabias Jae ailatis sV o3l awa
Deall a3 Al ASEY) e sl gl Bl el oLl ae alali)ly s alea!
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Salt overly ) SOS iyl jlue caPlgindl (8 o3S5 saly) die ol &l Jad) LS
=0 LS Giisyy hady sl SOS3 Lkl jladinl (i lais e (sensitive
JiL sa5 SOST (iigyll blis 5als ity SOS2 (yiig ol asis .[30] adaiiyy SOS2
(el clixll 4 amgay (antiporter Na*/HY) cumsiuells asmsall @lisd) Jols
(Apoplast) 4l #yla clehall ) adlsiadl e (NaY) asasall clisl z1a) o Jerd
Lplaal) senill clie 8 Cpmsyuglls asgall Ahlall Jilal SOS2 Ly LS L[58 «15]
ssadll Jals daludl agngeall @lisl Jim bl xawy les «(NHX antiporter Ji (i)
.[50]

lase ol s ((CaM) "olpa sl iy ALl DAY 3 o quudlSH L) il
gl Laidie olaths [51] desiie clifigy Calagiul e Lyl CHLEY) Gllus (e haS
oo el 52l Y U aldl slead 5l dlain) (CAMTAG) (5 5allSIL Lol
(ABRE: sl aeal L) jeaic lecan Jeay dime clia
Aeay) @t sl Gl Cuny asadl€l) o [13] 4l @iy L[60 <13] CACGTGTC)
Gl ML sl A= (HKT11) asslisll 4690 e QB m et ilaii ye sl
Al abid) cpall el el Jly LS . pdall e gt it —pgigally o gulisd
dani Canay haipey pdall e Bale a3 danyill amy L dlaje 8 (PP2C49)
) LSl [14] b s (KY) assabisd) @lish cbald) Lliia) uay Lae Aa k)
NHX4 5 NHX2) agasall 551 dalil) clisgynl sl el (sie ady 3 asdlSU
SV s e ¢(KUP 5 HAKIL 5 HKT1 5 AKT2 5 AKT1) asmlisdl <Ul, (SOSIH
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G psmlisdl dawy sy agulisdl (gfime B3k assall Gsiae (aliadl
AaY) 8 (K'/NEY) o s seall
paliaia¥) aas ) clay) e daglall obull 53l s B aslindl e (ghe)
e SOS  jluse Lligy «[21] WAl &y o Blially el Ly coldl oyl
dagldl) Jesty (KY) asauslisd) ciligl (aliaialy oLaall (SOS3 5 SOS2 5 SOST) sl
e Na' K i (mid s aialiaial Qi (NaY) aspall e dailill dpeudl Caéd, LS L[72]
a8 aslisd) aguy () Dila) [12] (ghsand) diaaill sy KY/Nat Lo ad)
coliall dga mlati dy (DY) b e Baliall Ljseud dladall dysemall il ¢ Ulaal
53 49 (43 (32] oAl ALl iy (gl g lbaal ey ¢ aDbgindl ol
Bl e sl zsay Gind) sail ALl duaglhdll Cag kel Ags e @lly S Jexy L[67

ralady) jdise :3-1

wed Culy LSy [41] sl Aypmy Aoy 20 o ANA (GI) la) jbse aadiuy
b (e (alind) Cigan (3 Jsaall) Slanyl didatl) il ey el Sl g Bl
«150) NaCl ;<5 xie (0.027 <0.206 «1.063) .V awlall & 2.753 e Gl iad
Uk ALY CDlalae Glavgie Gn dasine Goall 0S8 &l Ll e (MM 250 <200
MM 1 xe 0.814 o (G) a8 Cngli 3 (1.048) alally (aldl 5850 ge il
.(3 Js2all) KCImM 2 xie 1.108 5 «CaCl,

clila) 5l 2,969 il (Gl) 1 ded el wlill Jaw dSjid)l cdlaladl 3
2.696) il iy Aplall Cagylall i Y] yEse 3 Usiee asalisdl o sdl<H
KCI (MM 5 2) iy (2.379 3.043) 5 «CaCly (MM 2.5 1) Ly (2.680
(3 dsal) gl Je
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Comoros filwd) cpad sk (Gl) cld) yiisa B agsalisally assuadlSll gpaaie 5l :3 Jgand)

Loalal) algay) g b cias
Ja gia (mM) NacCl
Aalra A8y dlalea
daLay) 250 200 150 0
1.048A | 0.067e | 0.037e 1.120 be 2.969 a 0
0.814A | 0.000e | 0.201de | 0.361cde 2.696 a CaCl2 mM 1
1.068 A | 0.000e | 0.161de 1.431Db 2.680a | CaCl2mM 2.5
1.108 A | 0.069e | 0.382cde | 0.937 bcd 3.043a KCI mM 2
1.023A | 0.000e | 0.251de 1.463b 2.379a KCImM 5
- wh“ -
1.012 | 0.027C | 0.206C 1.063 B 2.753 A Ea ,’\l‘acﬁ“
275 CV%

dpagale ‘;qu}d\;mq@\wzﬁgmﬁmmew,i (Jsaall (a5 pueall A< jiddl o a ) i
.(p<0.05) aie Tukey JLiaY Ul 4, 5in0 (35,8

SSH a8 (Gl) dad 4 geime paliaal ) Al (50 e s3ie NaCl s

250 200 <150) S xe (0.067 0.037 1.120) adll by 3) caalally )l
064] g0 138 pnasiy (%9747 98.75 ¢62.28) cialy (i) oty ccasill e (MM
Comidil o T Ay g ciinld bl sl A dyge ST sl ol o) e Jug
MM 150 550 die (Ssls @isan) aldl aleal) il claY) dejus jsdd) e
Jsaall) asgeall 25l e Y S0 3 ) Ay peddl Ay A oRlA) Sl
Dse b Aaldl Blas¥) U aslisdly asadlSl) lLsy (gsina S ela ol L[53] (2
el il 385 e Ll ey Aila] ()5 e Qi aldll S Al cilay)
150 sl 3 (0.361) (GI) J ded Ji cul 3 dangl) 8 aslisdly asudl€lly o)),
SN Bl e 1,431 U Lgiee cly)) & «CaCly e MM 1 4ila) v NaCl mM
0.937 1 KCI mM 2 dilayl vie (Gl) 4ed ity LS (CaCl, mM 2.5 ) Ciliadl)
diad cliag 3 (KCI MM 5 dalay) sic dysina 323l Canpal 5 cAygina (3908 (550 0 oSy
vie LYl deju B0l & asdI 0plS) olay) 5EG D el e <1.463 ) (GI)
OsilS U Al aY) S alls aglansd S Gy culiall SN ) dlgeas
CulS Loy lal) depe o) (s lad LG ) e SSG (8 Gl A asaulisd
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sl gl bl sl e alall L 38l Ky Ca i (gpaied ddliad)l 15
e Al e lad LEb Y Jpall B SS al an O Ly 4y cdiliadl
Adla) 90 (e NaCl dlalze

e af Gaead 1) NaCl mM 200 sl ) asaulinlly ol cililin) e
Ala) 05 e alal gl 5)lie dygima G508 050 o Culy LS eSS @byl
1) byl e J8) 3850 xe (0.382 <0.201) waly 1 (Gl) ad cuilSy (0.037)
mM 2.5) e 58050 xie (0.251 <0.161) ad oo ST (KCI mM 2 (CaCl, mM
Jiaall aldl Jas ly 45580 dygina (3558 (43 (e Slalpll 8 calk L(KCI mM 5 (CaCl2
e Gl NaCl mM 250 Lblusl 8 (Gl) dad 4 Sy (38 aag ol Ladlis) (50
sie 0.069 Jilie dilaal (5 e NaCl MM 250 b b 0.067 adll cialy 3 el
LYl yise B gsive A0 2sms ae s Jal (3 Jsaall) Jawsll ) KCEmM 2 i)
& Asand it ald) sleay) il 401 Gl s mM 250 5 200 NaCl Ll
Aol Jaly 1) Q@) e i) oSam ol Ly laaie s gl dram Lgia ST eV 58050
O30 ilS anulinlly asllSl 5805 Y S L eaially alall s a0 Glaay 53
S 13 sie NaCl 3 alal sleadd sy (ghsan) )yl dalleal dunglsysadll dgall
goals JSy

8,30l A J3al) Jgh :4-1

S sl a8 e 3l Job 3 NaCl e aalill ald) algadd Hldl il o<
Oe ALRY) Al o Sl (aky (alddl 5S5 k) ae ol S8 3l Jela (alias)
200 «150) ) 58I xie (ae 0.020 0.693 2.661) Y slall &~ 8.098
Jsb 8 sine Ll ale IS Ala) cdlaladd (Sl (i 85 .ol e (MM 250
(4 dsad) Ll

G (4 Jsaall) daldl 305l AilaY) cDlled iidl ikl dysiee 358 el
G Ll 8 G (e 9.273) 30kl A1 53l Jola LS (hial ell) salal) o
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Al e geadl lgd il IS8 agulisll 2)6S 5 o sl 250K 50 i) Alalaall i gial
ilbadll 2ic %18.115 ¢(am 8.050) CaCly, MM 1 alalaall xic %13.19 culy oy
(e 8.426) KCI MM 2 ildlaall xie %9.135 (s 7.594) CaCl, mM 2.5
Lgina Byl haid lavie Cul€ odag (o 49 7.1) KCI MM 5 akladl) xie %22.91
90.86 (81.89 86.81) il e il et ciyipe cal a8, .oalall i
35 mle cginl Al BalagY) 3 3l Jsla gead o agny Ly (4 Jsaall) (%77.09
b G Gl ey apldl el Cagald) (gisanyl LS ) asaulindl ) ol
ey o5 Amitid) S0 8 gaill Basa ()6 38 S5 e adiny KCI5 CaCly ualdl)
B [24] 3 Jsk b Ul S ghsend 80 Gigaal Dl eyl 3805 8 saill G
Q24] axiiusdl 3855 Canally Slall g sl Clialy KCly CaCly cpalall dylain) cabias

[62

bl cpaa B3 (ae) AW L3N Jgh (B agaalisally asedlSl gpais LG 14 Jgaal)
-elall algay) cig ks was Comoros

Ja gia (mM) NaCl

ilalra dslay) dlalea
adLay) 250 200 150 0
3.154a 0.033¢ 0.247¢ | 3.028¢ 9.273a 0

2.486 a 0.000e 0.870de | 1.025 de | 8.050 ab CaCl2 mM 1
2.762 a 0.000e 0.435e¢ 3.019¢ 7.594ab | CaCl2 mM 2.5
2978 a 0.067 e 0.921de | 2.498 cd | 8.426ab KCImM 2

2970a 0000e | 0.992de | 3.737c | 7.149b KCImM 5
2.872 0.020d | 0.693c | 2.661b | 8.098a > ;\‘l‘:(‘:‘l’“
22.1 CV%

dpagpde ) Andi 3 ganll )iwqmnwsﬁsnas)m\q)?m o cJsaall e b all A< jidall G aY) i
.(p<0.05) 2ic Tukey JLEAY Udg 4, 5ina (54,8

Gl s ily 38 )l el Tt 70 o3jkes NACH e ol paldl gl oS

67.35) gl e (MM 250 200 <150) asasall appglS 381 3l sl b
Fmitie il Jasd Clpdgery o 9.273) LAl Al Lsina 55k (%99.64 97.34
3922 (65 (37] e Slly oy (4 Jsonl) (%0.72 2.66 ¢32.65) casisll Jle il fan
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ae 53L% gslal) HLud) ddee )y LS L[53] Al dadll b golall JLa) Alee G
A LOla) Al JEiy [3] Apislag)S Hsuans dygsh Sy dprna Dlagdli Gisaag sl
S8 8 el satll il o by L [53 ] Ldad) sl Chaead WA D) Jaa alids)
@l slaall o Hile (b o s psiall of () @l dgay Lagy eliy) A (e B
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(4 Js2ad) (s 0.067) L3l Uk 52l 3 (ssime Ll ald) lawsll ) KCI mM

126



4 gaad) AW g A ) 30 a slad) Aludas e daaly daa

5 sl 3 2026 ple 22 ) 48 laall

:3yalal) 398 yiige :5-1
kbl e Sl kg aldl gl aladl sl G Slaal) dilaal il ekl
724.3 (o S IS0 5000 858 Hdse (il N L Lgies OIS (SVIR) )0l 358 e (aid
Sle (MM 150 200 <150) NaCl S5 xe (0.2 <10.4 <159.9) U salal i
dsaall) SVIR ad & dilayl chlalee Gllangio G Aygine §9)8 yedi ol (pa (& Ll

(5

Jsaall) 2Lall we &ylaally 50lll 58 e 8 Aygine 358 ) ASHui) DLl
Gl CilSs casmalislly o sradlSl) a5l 5300l CDLalaall 50Ll) 558 ji5e a Cuzmidil (5
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