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Effect of seed priming with ascorbic acid on germination and seeding vigor of wheat under

salt stress
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Abstract:
This study evaluated the effects of wheat seed priming with ascorbic acid on germination and seedling vigor under
salinity stress. A factorial experiment was conducted using a completely randomized design with four priming

treatments: unprimed seeds, hydropriming with distilled water, and priming with ascorbic acid at 50 and 100 mg L.
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Three sodium chloride levels were applied: 0, 100, and 200 mM, with four replicates for each treatment combination.
Final germination percentage, mean germination time, germination speed index, root and shoot lengths, fresh and
dry weights, and seedling vigor indices based on seedling length and dry weight were determined.

Increasing salinity significantly reduced germination, seedling growth, biomass, and vigor, while increasing mean
germination time. Seed priming improved seed performance compared with unprimed seeds, and ascorbic acid was
generally more effective than hydropriming. The 50 mg L™ treatment produced the best response for some growth
traits under non-saline conditions, whereas 100 mg L™ showed the best overall performance under severe salinity.
At 200 mM NacCl, seeds primed with 100 mg L™ ascorbic acid achieved a final germination percentage of 63%,
compared with 38% in unprimed seeds. The interaction between priming treatment and salinity level was significant
for final germination percentage, total seedling length, fresh and dry weights, and both seedling vigor indices.

These findings indicate that wheat seed priming with ascorbic acid, particularly at 100 mg L™ " under severe salinity, is

a promising pre-sowing treatment for reducing salinity damage during germination and early seedling growth.
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12.52+£1.87% 2.34+0.28? 98.00 +2.312 mg/L50 claysSall o>
11.58 + 1.69% 2.53+0.212 97.00 + 2.00? mg/L100 clyysSudll (e
6.12+0.64" 3.41+0.44° 74.00+5.16° sl s
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0
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0.0344 +0.0008*  0.2704 +0.0047° 7.46+0.55"  9.41+0.54° Shdeske
0.0349 £ 0.0005*  0.2858 + 0.00282 8.41+050° 11.12 t mg/L50 cliyeSedl aes
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mg/L
0.0244 +0.0009"  0.1871+0.0066° 453+0.16° 5.56+0.46° sl
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mg/L
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0.015140.0009®  0.1092 +0.0081°¢ 246+016°  3.36+0.22% shdacle
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1 8Ld) 2 590l (30.078 £0.456 (e Blaedl (350l 3sall Juds aasyl LS. JIsall (e « mg/L100,5 50 S5 osysSadl
W@l clalas puar Ot G9xall 6 sl e (Ldi cDlalall § 0.087 + 11265 0.090 + 0.9474 0.073 + 0.724

()l @ s 52 LeS ol ST deyd (el mg/L 100 7SI domasg Al (yn Soad) i wic Zgins

[245]
2026 ot (2) SN Al (1) Js¥) aa bl g ALyl pslall uial alil) Alaa

200
200
200
200



Gl sl s lyalidl 8935 ¥l e oSl (e modll yad st il

(B) e aaieall il ol 558 Jida (A) aaisal) <l ol 3 58 L
PR Ukl ke
mslee e Wi 2
W kil eldy Bkl oy
B mg/L 50 ) Sl asa B mg/L 50 & ) Y aea
B mg/L 100 cly ) Sl aea B mg/L 100 & 5 Sl aaa
4 2200
)
1: ! & 1700
E :
3 1 = 1200
éj § 700
:4 : % 200
‘ 0.000 100.000 200.000 e A S o

M NaCl) is sl 4 5 )
(M NaCh fastiig i MM NaCl)) iasial s ien

Slyaldl 893 Jals (A) Haluill Aoglll Slgiung soddl B Slalan 0l s maddl Slpoly 393 Sluls .(3) JSad!

Al ST Sl anyT cillasgie Beel] Jies .ladl ¢ 3el e wotall clysladl 363 Juds (B) 5 cJalall e saall

Bl a4sln 10

Miad (LY o) dasegio g latly clidsg SLaY) Bl G sy palassl d] @l pgasguall dpglS 318555505 of lud! oy
oobiatal (e 5odll 8,48 (alasst () U3 sgang alaldl 5989 Dgumell Ay gyiasdl goazlly sodad! Jlshl azl5 oo
oo o G &asSTlly Asa¥l ¥l ) 2ols] (Sladll AUl dpa ¥l Sldaall 151 oo 4y Loy Ao glll s el
glasyl ae meddl Bl (@ Ly yga ks Igloe s ¢l ¢ Fuller etal. (2012) ae &mididl s 38359 2 glsel Alazuc¥lg aluasyl
mM.200 &> NaCl 58,5

Lols UL 2n@ll il oo ST clinysSUlll paes ails 0B Bled) e sedll &lae Lol ol ydige oddl At s
ALl clleall sy @laill cadoll 5sls ) Jlaall el e bl et dag mM. 2005 100 d>lll ysiue ic
@ls] Ld el mg/L 100 51S7U1 3a> a8y BawS W slall 595 cloysSulll (o) JLaY! Goadll (uSay Loty «ladl)
oo Aaayllg Ahsgall 5SIAN o lgazg (adll ¢ Baig et al. (2021) a0 Baks Loy cBuyaddl dslll tie sladld Sy Jiasdly
(gl sl2¥! s eadll ) e § 36 LaS ST il el oSl aa

Leabuney U3 uas (Sasg adlaly daslall Llols byl Jlshol § (o lasei¥l cloyoSulll (aamy sodull &g s LS

Fercha et al. po <3 381509 . gaill 2o DU A8UII pd39 &35kl Slsll A0aT @eng cnlasii¥ly Apde¥ lem § lyeSll

A

[246]
#2026 (e (2) AU Alaall (1) ds¥ 2l Lyl Al pglall yuall aldl) Alaa



Ali et al. ang oLzl s gladly Alll 7 L) oo Agsudl wliusg Al § ity SbysSadily Al Ishyy el ((2014)

g (aemmy Aolall way 3,01 (9550 plaseil BelaSy Cladl ¢ 3001 § L gl ol ((2024)

@ 8:LaS ST mg/L 50 S 085 Lae Amslill clyolidl Baga 39 Akl o) sie 3 il a1 o lyald) 893 Mo o
Bdy ceud ¥ 1S Loyl de Joy Lea « MM200 wis z94s9: mg/L 100 3S01 B3 Loy <A glo (193 sl line (amy
A glll Lyl wie ST dylas ¥ S S35y cno 3 cApaladl Cagylall 3 LIS (aaseill AN 058G adg sl

0S5 @ LI B5all ddag caladly Zladl cmizelly JSII Jslally calo¥) A § Bgine a>gllly 2@l o c)lela)l ol
Dhalasy A glll A5l cilayd @il cuaes iy Sruasdl goazlly Hizdl ol dldsg Sla¥l (o) lauste @ Lgine
100 3S5 Lass Vg «2liysSaldl (aazy meddl sody &g of Aaladl mludl uS359 Ls Jelan)) 4o ,8 caaes Loy (Al

CHESTR (PR TIVIE FESIRSTIO-F SIS UPVRL PRCHIG, {OWES PN JUPRNES [F JUPIREPEERUE BV IROEL T /R
Adaxll Caglall cums

aaslill 11

Slstus ot Sl 3989 LY s § lonysSadll (aeomy medll sody R Aedeld @uds J) Awlyull sds s
Ll G platie a3 (@ ctsad MM 200 ] 0 (10 paasgaadl wsyslS 58,5 ¢ Lasy) oof bl coploly . zmlll sla¥l o dalise
Wlally dzsllall Olis¥ls Grasedl poamlly i) gas (alaseily SLa¥l (a5 Jasge Ala] J) ly calidsg Ll sl
09985 ) Ll ey oo ey Loyl 0l el Slyaly uaelad Touxs dole Jiad 2 gll) oo I3 0S50 .ol 353 Loy
ALl 3Ll 1S1,5 e Leyadg 5,00

W@l oo guing AST el oSl aes A8l 05 gl e Amslidl Hlus¥l 8ud Julas § sedd) A cusgal (LBLI 3
@ kbl laial mg/l 50 HSAN 3ax> 3 fola¥) Gaiun L Crediiadl GiSAl BelaS calis| U8y . haall (UL
MM 200 e Logw Mg @aai,dl 2o glll e 3. ST mg/L 100 xS oF Loy cdsglll Glie wie gl ciligs amy

293l L (et @1 Al Bl (ye Jhmity ¥ cnolilll ASAN oy o U5 G

Jelatly el asldl dcudl Lgo cduds l cilaall o sue & Lgian o agllly @l oy Jelaall of Bl Spdsl LS
OSay I3 e clog ol2¥! Sorume MLy Al Hoddl Blemiwl s (e Jus Los 38l Mg gumdl dlisTly ST
Ao gludl Jlas el pag Aumelll cilind! § Sl gidl cpancea) Baely Alolas lisysSaddll (aazey medll oy Agg slie]
AN paaidl Bute dpuzmiy L oS (e Bamill ulas oplmi e bz ly (oge Ui Bzl SIS Ally Caially sl g lally
Aalzsell 6,0 oleag 1 Cag,ls s Yl

B‘J.U 4ald 12

A

[247]
2026 ot (2) SN Al (1) Js¥) aa bl g ALyl pslall uial alil) Alaa



L_;;LLI sle¥l cems lyaldl 8989 il e @)554#5" - Ea.&."”.u w,ﬁt

Afzal, I, Basra, S. M. A, Cheema, M. A, Faroog, M., Jafar, M. Z., Shahid, M., & Yasmeen, A. (2013). Seed priming: A
shotgun approach for alleviation of salt stress in wheat. /nternational Journal of Agriculture and Biology, 15(6),
1199-1203.

Ali, N., Nyéki, A, Jalloul, A, & Alahmad, T. (2024). The effect of ascorbic acid on salt tolerance and seedling
performance in Triticum durum Desf. ‘Douma 3’ under salinity stress in Syria. Agronomy, 74(12), Article 2982.

https://doi.org/10.3390/agronomy14122982

Almansouri, M., Kinet, J.-M., & Lutts, S. (2001). Effect of salt and osmotic stresses on germination in durum wheat

(Triticum durum Dest.). Plant and Soil, 2317, 243—254. https://doi.org/10.1023/A:1010378409663

Alom, R, Hasan, M. A, Islam, M. R, & Wang, Q.-F. (2016). Germination characters and early seedling growth of
wheat (7riticum aestivum L.) genotypes under salt stress conditions. fournal of Crop Science and Biotechnology, 19,

383—392. https://doi.org/10.1007/s12892-016-0052-1

Athar, H. U. R, Khan, A, & Ashraf, M. (2008). Exogenously applied ascorbic acid alleviates salt-induced oxidative
stress in wheat. Environmental and Experimental Botany, 63(1-3), 224-231.

https://doi.org/10.1016/j.envexpbot.2007.10.018

Baig, Z., Khan, N, Sahar, S, Sattar, S., & Zehra, R. (2021). Effects of seed priming with ascorbic acid to mitigate
salinity stress on three wheat (7riticum aestivum L.) cultivars. Acta Ecologica Sinica, 41(5), 491—498.

https://doi.org/10.1016/j.chnaes.2021.08.010

El-Hawary, M. M., Hashem, O. S. M., & Hasanuzzaman, M. (2023). Seed priming and foliar application with ascorbic
acid and salicylic acid mitigate salt stress in  wheat.  Agronomy, 713(2), Article 493.

https://doi.org/10.3390/agronomy13020493

Feghhenabi, F., Hadi, H., Khodaverdiloo, H., & van Genuchten, M. T. (2020). Seed priming alleviated salinity stress
during germination and emergence of wheat (7riticum aestivum L.). Agricultural Water Management, 231, Article

106022. https://doi.org/10.1016/j.agwat.2020.106022

Fercha, A, Capriotti, A. L, Caruso, G., Cavaliere, C., Samperi, R., Stampachiacchiere, S., & Lagana, A. (2014).
Comparative analysis of metabolic proteome variation in ascorbate-primed and unprimed wheat seeds during

germination under saltstress. Journal of Proreomics, 108, 238—257. https://doi.org/10.1016/j.jprot.2014.04.040

[248]
2026 ot (2) SN Al (1) Js¥) aa Al g L) pslall el aldl) Alna


https://doi.org/10.3390/agronomy14122982?utm_source=chatgpt.com
https://doi.org/10.1023/A:1010378409663
https://doi.org/10.1007/s12892-016-0052-1
https://doi.org/10.1016/j.envexpbot.2007.10.018
https://doi.org/10.1016/j.chnaes.2021.08.010
https://doi.org/10.3390/agronomy13020493
https://doi.org/10.1016/j.agwat.2020.106022
https://doi.org/10.1016/j.jprot.2014.04.040

Gl sl s lyalidl 8935 ¥l e oSl (e modll yad st il

Fuller, M. P, Hamza, J. H., Rihan, H. Z., & Al-Issawi, M. (2012). Germination of primed seed under NaCl stress in

wheat. [SRN Botany, 2072, Article 167804. https://doi.org/10.5402/2012/167804

Hasanuzzaman, M., Bhuyan, M. H. M. B,, Anee, T. I, Parvin, K, Nahar, K., Mahmud, J. A, & Fujita, M. (2019).
Regulation of ascorbate-glutathione pathway in mitigating oxidative damage in plants under abiotic stress.

Antioxidants, 8(9), Article 384. https://doi.org/10.3390/antiox8090384

Hussain, S., Khan, F., Hussain, H. A, & Nie, L. (2016). Physiological and biochemical mechanisms of seed priming-
induced  chilling tolerance in rice cultivars.  Frontiers in  Planr  Science, 7, Article 116.

https://doi.org/10.3389/fpls.2016.00116

Paparella, S., Aratijo, S. S., Rossi, G., Wijayasinghe, M., Carbonera, D., & Balestrazzi, A. (2015). Seed priming: State of

the art and new perspectives. Plant Cell Reports, 34(8), 1281—1293. https://doi.org/10.1007/500299-015-1784-y

Sairam, R. K., Rao, K. V., & Srivastava, G. C. (2002). Differential response of wheat genotypes to long-term salinity
stress in relation to oxidative stress, antioxidant activity and osmolyte concentration. Plant Science, 163(5), 1037—

1046. https://doi.org/10.1016/50168-9452(02)00278-9

Venkatesh, J., & Park, S. W. (2014). Role of L-ascorbate in alleviating abiotic stresses in crop plants. Botanical Studies,

55, Article 38. https://doi.org/10.1186/1999-3110-55-38

[249]
#2026 ube  (2) AU Alaal) (1) Js¥) aml) Al g Ailay) aglell il Aldl) dlaa


https://doi.org/10.5402/2012/167804
https://doi.org/10.3390/antiox8090384
https://doi.org/10.3389/fpls.2016.00116
https://doi.org/10.1007/s00299-015-1784-y
https://doi.org/10.1016/S0168-9452(02)00278-9
https://doi.org/10.1186/1999-3110-55-38

