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Table 1. Effect of wheat seed treatments with different concentrations of sodium, calcium and the interactions between them
on seedlings vigor, seedlings vigor index, seed vigor, plumule length and radical length.

il dsh Adygl Jsh 358 Jalaa
() () BB Bl 3alul) 3 68
Radical Plumule Seed Seedling Seedling
length (cm) length (cm)  vigor vigor index vigor Treatments CBlalaal)
15.311a 10.155a  10.155a 2286.1a 22.265 a 0 (U/gn) pspdguall 38 55
15.033 a 9.878 a 9.878 a 2110.8 a 20.865 a 50 Concentration of Na
11.177 ab 7.322ab  7.322ab 1509.7b 15.001 b 100 (mg/L)
124110 7.844 b 7.844b 17958 a 17.958 a 0 (il gn) popnd Sl 38 53
16.133 a 9.889 a 9.889 a 2129.0 a 21.290 a 50 Concentration of Ca
12.644 ab 9.622 a 9.622a 1888.4a 18.884 a 100 (mg/L)
oSl S5 amaseall B 6 geall g Jalal) il
(/) (S pas-dlSll 5
Concentration of Concentration of  Interaction effect
Ca (mg/L) Na (mg/L) between sodium and
14.767 abc  10.267 abc 23253 ab 2.007ab 23.253 ab 0 0 calcium
15.667 a 9.733 abc 22253 ab 1.187ab 22.253 abc 50
15.500 ab 10.467 abc 2129.0a 3.443a  21.290 abc 100
16.133 a 8.467 abc 2127.7ab 2.737ab  21.277 abc 0 50
17.800 a 11.300a  22323b 0.397b  22.323 abc 50
11.167 abc 9.867 abc 1899.7ab 1.097 ab  18.997 abc 100
7.333 ¢ 4.800 d 9343b 2.823ab  9.343d 0 010
14.933 ab 9.889a 19293b 0.270b  19.293 abc 50
11.267 abc 9.622a  1636.7b  0.343b  16.367 bed 100
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Values followed by the same letters are not significantly different at P=0.05.

(2025) 2 23 43 Ao ol ) il 85 ddaa 250



(&) bl s O3

dia Cillbagio Gn dgine B9 5n ) (2 Jsns) il il
0 3SIAL agiagealls madll o2y dlales daiii cabajll udadl (s
Aales 45 ¢ 0.004 Lawsio i 4l G ul/ae 100 5 50
%87.5 il paliail Ay /e 100 585G asaagealls 552
Sl s Ally ((amagall dilia) pxe) wlal) dldear )lae
O dgine B3 dgag G @l cylds (¢ 0.023) bauwgie
ShAll agalllls o) dlalea dacis cabajll ol (g ol g
G elig ¢ 0.027 oY) Lawsidll 4l « i/as 100 550 <0
%285.714 cialy 53L) dsesisg (psaudlSl) d8Lial are) 28Lal) Alalas
lead il Al /e 100 S50 asanallSlly o0l Alalaas 432
il colal S (¢ 0.007) dad S byl il (g Jaesie
Jalol dams dieall o3 Cillagio (o digine B 352 Sl Lead
Ca + ul/ze 0 Na) dalgll cilael G cagdl€lly agageall o
s g 0.06 &gyl sl 3l baugia el (/as 0
Ca + julfie 100 Na) dlebaall & ¢ 0.003 Jawasia J8 oS
()i 50

(&) Slad a0
O Adea llanssia (p (g5ine palead) ) (2 Jsan) gl ool
3550 0 Sl asagalls madll )50 dlales dais Cilall )
S E 0.006 Glall sl (sl avsia il alis ¢ ul/aa 100
Gy (alads) daadng ¢ julfia 50 3SAIL agageall dilial dlalas
Bl pae Alsles e gl (¢ 0.011) Jacsialls £35la0 %45.455
s3a iy ¢ jilfaa 100 3S5ll asaseall dilial dalasg agageall
WS . (Mozaffari & Fathollahy, 2020) [ BRARUIENY PREEN:]
Giladl adal) Gy illaugia G digine (398 29 lil) Caniagl
Cua ¢ /e 100 550 0 381l asaallSll Hsal) Alalas das
50 S5 andl Hodd) dlalae b g 0.004 davsie 3 il
S el Alaleas d35lie %73.33 (b daws ciabig ¢ sil/aa
B dsay litl) Ciaagl AL (§ 0.015) Lawsie el s
psageall (o Jalall dams Gladl ydall )y Glasgio (o digins
(Sd/ae 0 Ca+ fl/as 100 Na) dadgill Cusnes Gun e gad\ Sl
aii ¢ 0.002 Besio B OIS (on i of 0.029 & baussia e
100 Na) «(_jid/ae 50 Ca + sul/ae 100 Na) cladsill (e JS
(SYae 100 Ca+ /e 50 Na) 5 (/g 100 Ca+ jul/ale

251 Arab J. Pl Prot. Vol. 43, No. 2 (2025)

(&) <l ddug sl 03
Gy illangia G disine Dligh 3gag (2 Json) il Cusal
550 <0 3SLlk agmgeall madll )5k dlales Ay Gaball Al
D9l dleles vie g 0.055 () Jawsid) iy ¢ /e 100
%36.782 il (mliad) duiss ¢ julfae 100 3L aggeall
Dol Alles e W (¢ 0.087) oY) gl A3
Ali et ) Tle &5 Lo e 3 Lo ¢ Sulfin 50 HSHlL asasaall
(al., 2023

g ) O Dlaesia G ST dagina (398 (41 s (S ol
sl oY) Laagiall glis oSl ) dlalas dais il
S5lbs s\ SI adll 93y Alalaa Aaii ¢ 0.088 ala)ll A )
alall dllae 8 (¢ 0.059) Y lacgiall d3)lie /e 100
(i daa Slasio c dagine (398 dgng ) ol il o V)
i G aadldlly asaseall Gn dalul) dam bl Adus)l
100 Ca + su/3e 50 Na) dadsill dai ¢ 0.156 oY) Jaussial
(JaY/ae 0 Ca + jid/ge 50 Na ) Zadsil) cadacl o 8 ¢ i/pe
£ 0.042 b 53 J8Y) daussial)

(&) <l ddug ¥ ¢y
Ll Oy B gie e pRliadl (2 Jsns) gl ol
100 550 0 Sl asagealls madll )ody Alalase dai ilal)
) oy dlabee dagn ¢ 0.003 (Y Lawsiall iy ¢ /e
%76.923 Caly (aliadl duisy julie 100 3L asguall
o2 (3i5s «wldl) Aelea 8 (8 0.013) oY) lavgiall 45)lae
Mozaffari & ¢Ali et al, 2023) Wlu L& L aa bl
On digine e (3558 dgag Liad il caiy . (Fathollahy, 2020
asnallSIL el o3 Alalas daiis Calall Ayl ()35 Abea illacgia
Jacgiall o bl DA (e g ¢ idfie 100 550 <0 580l
SSAIL all edy Alalas At dde Jgemall 5 (¢ 0.003) J8Y)
alall dalee 8 (8 0.013) oY) lavssially d5)lae /3 50
%76.923 \aylaie dly (aleds) dusisy

gl 09 dbea Gillangia (p digine B9 dsag (i WS
oY) Lo giall s cosandlSlly gaaguall G Jalsl) dais Glal
O b o(sulfae 0 Ca+ jid/ae 0 Na) didsill dasws (¢ 0.018)
5/ge 100 Na) dadgl) dags oIS (£0.002) J8Y) Jasssiall ¢
#-(dfien 50 Ca+



Gl sl s ilally cada )l Al s 5 (s 2 Lagia JAla 5 o sauallS 5 o g0 guaal) (e Ailide 30 S peadl) o Alalaa il 2 Jg2a

sl

Table 2. Effect of wheat seed treatment with different concentrations of sodium and calcium and the interaction between them
on the plumule fresh and dry weight and radical fresh and dry weights.

BYXENINST) BYENIST)

Digg i e Adugd Qi

(&) <l @)=t @ ()b
Radical Radical fresh Plumule dry Plumule fresh
dry weight (g)  weight (g) weight (g) weight (g) Treatments CBlalzal)
0.0I1a 0.032a 0.013 a 0.072 a 0 (il/gn) p o sall 3 55
0.006 b 0.012b 0.010 a 0.087 ab 50 Concentration of Na
0.011 ab 0.004 b 0.003 a 0.055b 100 (mg/L)
0.015a 0.027 a 0.013 a 0.059 a 0 (Al gs) popnd 1) 58 53
0.004 b 0.013b 0.003 a 0.068 a 50 Concentration of Ca
0.009 ab 0.007 b 0.011a 0.088 a 100 (mg/L)
popallSll 3S 5 a s geall S5 p s saall Cp Jalaill il
(/) (Sl/d) papdlSll 5
Concentration Concentration of Interaction effect between
of Ca (mg/L) Na (mg/L) sodium and calcium
0.003 b 0.060 a 0.018 ab 0.078 b 0 0
0.007 b 0.022 be 0.006 b 0.077b 50
0.025 a 0.013 be 0.017 ab 0.061 b 100
0.013b 0.016 be 0.017 ab 0.042b 0 50
0.003 b 0.014 be 0.003 b 0.063 b 50
0.002 b 0.005 ¢ 0.011 ab 0.156 a 100
0.029 a 0.005 ¢ 0.005b 0.056 a 0 100
0.002 b 0.003 ¢ 0.002 b 0.064 b 50
0.002 b 0.005 ¢ 0.004 b 0.046 b 100
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Values followed by the same letters are not significantly different at P=0.05.
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a5 (Yan et al., 2022) isarell ilsll 3 JIa laa] e Slad
o Wyl DA (e Al gl GLSpall e (o L dnlal
CASal) s Jart 3 ¢ S Jaal dolee b el i)
-(Ayaz et al., 2000) <lsy) dlee Javin e Al gadl)
D (aid DA e GliY) ddee B dagldl S5 of oS
b s Jsamn A Guny @lly clall il e sl
el pabaidl il by ccla) Jaugl dpaalul) 5,5
@A) alea) W . (Ugarl, 2020) @ladd Lgiall dudl) (alidsly
Alales dais 50l 5985 5all) 88 Jalag 50l 58 (e JS' (8 s
oala) ) (ghe 43l cdahise 3S)ug agasall 20l )50l
pgiall Zpull (e IS 8 galell SenY) ) pal oy s (53
o e ISy Sl e sl Johag Al Jshy clidl
sl (8 dealall (aliai¥) b Cundl 3ga 385 .556S00 cilial)
la it da sl O3y Galias) ) Ay plly udadl g JS skl
Al saldl z ) (min 8 ,ib L ol ally alal) sleaYl
Adlia Cuanes Al ualiall A ) 3) el Cagen 313 LgaSTi

4EBla)

286 e @il cunl Al alah (& Gialdl Ga paall Ll
LY pldl Ll ) bl ey @l b aldl lgaY)
Jae (it (8 lyes (I (g s ooddl Gl (b asiseall
lalga) sall as 3 Nat clisd oS5 ey 3) celdl aliaial
) abeaial pmin ) Jall gags sy LS Tilins Ljgand
P& e sl ((Hao e al, 2021 ¢Farhoudi & Tafti, 2011) elall
Ghaa) Jallby (CI 5 Nat) sl Galaial diged 3 Ly
39y My . (Arif ef al, 2020 ¢Amin ef al., 2021) 45 duacd
Allad) sl by Asgiall Lsell b Jealall aliad¥) G
o daglell Jlall L3R Y difise 581 asaageall 25 ele
i Sy A il P e aliy) G alad) alesl)
Khosh Kholgh Sima ef al,, ) \ehlis oo Jdall ol cilajl
it Gagan Cilarp) Bl A sl of QA 138 Caag ¢(2013
Gool manll S5 Jaall b ps€ oY) Al pe Pla bl b
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syl Q) skl asuadlS)) (f aag LS .(Rahman et al., 2016
Gl (o) Jalal) dlee & oSug daseV) e lewdliig
assd &l gl lasi i L (Feng ef al., 2023) <laY) cilydige Guans
Gy b e cdlall Lignl daluil) Cllaal (e daall e Sl
ookl I el skl e JEly gesll Gl ik
Calmodulins (s p iy 4l LS -(Hepler, 1994) Juai)
Wl aladil ia @Al oSl Gsep zW 0e i
Jalall ab<ll 5ab)y Jallg «(Snedden & Fromm, 2001)
O JS (A amageall Z3Y ale il agn Ga Las gt
poanallslly Alaleall Canes (a8 el o saiy la) ihdse
ol LSyl o3a & sailly il cydise el 8 dsina BaL)
Blaall BV Cauids ) apaseal) g asdlSll ASHA d8LaY)
il sai it ol e @il caddey e 3a ) asageal) 230
S s\l A8l iy cdaglally pliall Ll 8 madll Jseanal
o) 8 e andaiiul Leagl) Ko laa Sa slael 450
)l e Aanlil) dashall bl Jeat 8als3l Allad g dpabiail) dlsce oS

Al Jlad (s30Tl 16y el sl sl il
Gibie b juetial) el (giee (mlitil Cass laall (aliial Al
«(Hasegawa et al., 2000 ¢Dawood & Rasheed, 2015) sl
Al Lol 8 el Jals Al Zilal) sald) dls e Slad
Jalgal) 028 @3l Ml (Zan er al., 2011) s lgia cudaf Al
oaliad) axe 38l (slls gl Jial) Llee (aliad) ) dading
Claal e Ll (el Les Ll Jahs ilad) 50l S)sg Jis b
< sl dae g3l
lanas U8 o guallSIL sl Cagon i (o s ¢ AT il (g
LY plall Y e catill (ag amageall mla dlgadd
Alld (8 el g9 ¢ sailly Cla¥) Chise (s pests psiigeall
Aaiie Al DAY o Bliall 3 gl eyl st Y
ok oo sl (Agurla er al, 2018) Ll el s il
) LY (Sibole er al., 2003) (sl as b il e
S Jaal) e Inpdn il oLl clall Galaidl sab)
Cical -(Elouaer & Hannachi, 2012) <lsy) dlac & el

camageall 2)lS S5 Sl caling agaageall Galsial Qi e Jons asaudl €D o ey L)
¢Shabala & Pottosin, 2014) 4l lasy abli) a e
Abstract

Shakir, W.M., N.S. Ibrahim and A.A. Ghlaim. 2025. The Role of Calcium in Enhancing Bread Wheat, Triticum aestivum
L. Tolerance to Salinity Stress and its Effect on Improving Growth Indicators and Seedling Growth. Arab Journal of
Plant Protection, 43(2): 247-256. https://doi.org/10.22268/AJPP-001321
This study was conducted to assess the role of calcium in increasing wheat tolerance to salt stress. Wheat seeds were soaked in calcium
chloride solution at concentrations of 0, 50 and 100 mg/L. Following this treatment, seeds were exposed to sodium chloride solution at
concentrations of 0, 50 and 100 mg/L. The study examined several growth parameters, including seedling vigor, seed vigor, plumule length,
radicle length, and the fresh and dry weight of plumules and radicles. Results obtained indicated a decline in seedling vigor, seed vigor, plumule
length, radicle length, and the fresh and dry weights of plumule and radicle when wheat seeds were treated with sodium chloride at
concentrations of 50 and 100 mg/L. Conversely, treating wheat seeds with calcium at concentrations of 50 and 100 mg/L led to a significant
increase in plumule and radicle length. However, calcium treatment at these concentrations resulted in a significant decrease in seedling vigor
index, as well as the fresh and dry weights of the radicle. Furthermore, the study showed variation in all studied characteristics except for the
germination rate, primarily due to the interaction between sodium and calcium at the specified concentrations.
Keywords: Salinity stress, calcium, plumule, radical, germination, wheat, physiological diseases.
Affiliation of authors: M. Shakir', N.S. Ibrahim'* and A.A. Ghlaim?. (1) Biology Department, College of Education for Pure Science,
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