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Fig. 1. Mean Comparison for the effect of Sodium nitroprusside (A) and Salinity (B) on germination rate in Sunflower
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(Heetal., 2014) ol aisls pubins il axals Jsb
ok sk g s 2 G 5 ST 45 sy o S5 @
I, azalS Job jol cpl g (Neill et al., 2003) s,
b & il eols plad clisss aes o il
e Gl QoKL o azalS Job Sty

(Ghosh and Dutta. 2022)

azalS Jsb

Seedling Length (Cm)

Voo 0.

()VV‘;J-:&) Sy CSJ‘-“’

Salinity Levels (mM)

azals Job

Seedling Length (Cm)

2 Lom s Sl o &5 cul (Sl 5550 25U
(Javadi et al, 2014) wao sl Jolo slae
w290 Blogpg s maw jl Jol> S glass]
25503 BT 5l (B g ek ped (Salexr S0
5Ty 55T sl JSe0ly b a5l o 5 555 o 5o
Gloogpg s mow ams als 1) byl ol g osls
G5 33 W55 e 45 30,8 gn (ST 55 555 s
14
12 -
10 -

a
a et
b
8 4
6 4
4
2 4
0 -
. Voo Yoo

(Plistcs) welwg sy o gsbaw
Sodium nitroprusside Levels(ppm)

OIS LT )0 azals Jsb (535 32 (B) ()9 3 (A) wylusg .9 35 s 03l i1 (5w dun Lo —Y S
Figure 3. Mean Comparison for the effect of Sodium nitroprusside (A) and Salinity (B) on Seedling Length in Sunflower

oo oo hsb g pedl ol o a3
ouds JSie o (glo 3 olae ay jo dzid 10 00,5 oo
(Leietal, 2007) wb o (2alS aalS S 59 4
o9,l5% 5 (Nenova, 2008; Zeeshan et al., 2020)
o e G99 5l G 99,9 5l 6ol el o
ok e Brae wiils jod slalams 0 iy,

Gl 09aS b o, laass] 3l ass o el (65,

AY

e 3 S)5s gohe odle Jlagals iS5
aplS S g p Lol bl 51 wlegpsid
GBI b azalS Sas (s () Jgux) o o s
O3 Nlegno s mow (Jy b plis felS (6,0
SaS Gy eGPl azelS Ses
Pl Voo boled 5 y90 pos bulpd o azalS
Gl 25 (B JS8) 0l evmlice wlug gt mad



(V=301 ¥ ass oylas il Jlo 1ol ydy Sligios g psle

sty (2L

et al., 2020; Jalilzadehkhooei and Jabarzadeh,
Sy ol caillae Bdod ol @ls b a5 (2017
Lo oo 53 ilaganS | 5T ool 8 St iy 1
eS| ST sla IS,
Moo dgete ORI dalpdh 0 ol ged g 0l 5 05 5 o0

(Ahmad et al., 2020)

G el a5 bl

ol yorr S590g 8 (i b (9 LI g o0 axlge
o5 Fl Jy wo)F o0 0l GralS Crge a5 ol
oo mals 1y olS w58 bage Caew g 2O
3,8 b axald Sas 59 ose (Wong, 2009)
CoS ez g dladlew digw )0 Blugpg i mrdw
Aalam, 2019; Kabiri ) ¢l ool (5,155 (5,58 (i

013 - b -. 100ppm(NPS)  * 200ppm(NPS)
0.12
= 0.17
o B 0.1 l ¢ 4
3 = 0.09 B
4 2 0.08 A l h ¢
4 2 0.07 i
0.06 |
) 0.05 1
o 0.04
$ £ 0.03
E 0.02
8 0.01 1

(Yo koo s)r“s zobw

Salinity Levels (mM)

O LST 5o azals i (159 (535 2 529 9 M Lwg g i mrohaw Jiliie T (pailen s lio —F S0
Figure 4. Mean comparison (Sodium nitroprussidexSalinity) on seedling dry weight in Sunflower

A cos azals 5 pasls amalS Jig e ls
FlEe 515 wlugng i e (6,98 ok oolu il
39 als 6,98 55 () Jeuz) S35 18 9
v e Ll ol 2alS (s fostnn j5bay |, emalS
azalS (559 arlh o gre Gl crge dlag g i
»alS Giy ol aigke &5 Gpsba W
O 9 plee Voo wlegngyis mow b Sewln
Slodel Cuvs 4y o L aS (¢ o) sl Cawody (550
Pisum ) 5, 5955 (Rezapour et al., 2016) 1,15
Kabiri et) ailaalw 3 (Nenova, 2008) (sativum L.
CoB yd d asls il .l calhe (al., 2020
5 9y by wlegno s mow b byl Soewly

Lol 0 5,155 5.5 (Rouhi et al., 2019) ), Ken
5 S ok ool Sl jlamuS Ty 9 VG slags 351
STy 5 YBE Glam 3l cdlad 2 ilosg s 5 s
(Y Jguz) ais o g Ll Jilaie 51 Lol g jlo e
5 YU lampl colld (lil carse 5,50 i

Slosel Cuvody mlis b as .ol ol Kldl jo lassTy,

AY

ke «5,58 gobw oole Sl iazalS (Job asll
S o5 Jale 55l Mize il 5 sybag s
e boladtin () o) ol se azalS
ORIl e wald g 550 Laoe 93 58 )3 wilug g i
0L (e &5 5ok b azalS Job Lo
Slog gt mow el Voo b jles o azalS Jobo
Kabiri) gl b a5 .0 JSC) o ooslive (6,95 (3 9
G s cbly el alaalw o (ef al., 2020
g ool LmalS 1) i 4 pjuwgas] 1 olae olge JUs
b eomizrad 09800 (efign Fiew 5 (Jobo el Blo
aals ab) Gall cow (Seege ol 0 e
Job a3l a5 ] 5l (Fan ef al., 2013) oo 5 o
2 Sl azalS Job g Siailzac,s o yalol>
Sob als aws Gl 1) cas g0 cpl (sladdse
GRIB Jds Gees 4 amd oo RPN 55 ) azelS
b wilgs oo Syl 3l oolitl b aalS Jsb asls
Sloyusd olge ialdl« Siailex slae 3l cdlad zol58l
Ansari ef ) asl bLs,l 3 azals (ad b o )%

(al,, 2013



V-0V ¥ ass oyl feaasl Jlo fol )y oligio 5 psle

oL g lguall; e s

5
B 1000 A
32
£
Y =
o
35
gﬂq
gi 2
S
o
(9]
w2

] m. =100ppm(NPS) © 200ppm(NPS)

iC
v
500 - G
O-

(Vs kd) (5555 ol

Vo

Salinity Levels (mM)

010 LST 50 azalS Job sl 595 3 (S0 9 W Lwg g maouw Jiliio 51 (rufileo dun o —0 JSCi
Figure 5. Mean comparison (Sodium nitroprussidexSalinity) on seedling length index in Sunflower

L K3

11000 A
10000 A
9000 A
8000
7000
6000
5000
4000
3000
2000
1000

azalS 39 pasls

Seedling Weight Index

100ppm(NPS)

200ppm(NPS)

: w
L1

Voo
(GVYgo o) (555 Zokams

Salinity Levels (mM)

Vo

Ol LT 50 azalS Ji9 ASLe 595 3 G390 3 M lwg 9y it e 5T (aSilhe dunn o 5 S
Figure 6. Mean comparison (Sodium nitroprussidexSalinity) on seedling weight index in Sunflower

slompl clld S gleansT oS ol
o0yl she el cpl g oo co Salydl 1) cilansl sl
Rouhi ef al., ) w5 oo chidls 3131 sl J30], i
9 S 5SSl S0l b S st (2019
S e b 1, CONOO) STy i JIS50,
WS oo Sbml (6 1eS Sl a0 g WS e g
Sonty 0 Sl (&Bly o (Beligni ef al., 2002)
@ oSy 5 YBI CilownS] T slaps 3l jiwgs
WS oo Joe Las Ll ) cBlas o Sl Jlele plsie
s oo il s kil o lals sl cole o g
oS T laas 31 Lal38l (Yasir et al., 2023)
el o Bl55 525 Bl oL 13 555 5 2

(Saadat et al. 2023b; Saadat et al., 2023a)

A¥

Torabian et al., 2016;) cils cills alises LS
(Chen et al., 2010; Ashraf and Ali, 2008
S L N e
Fathi et) g Lgw ;o (Aalam, 2019) mls b aSaisy
P oadly yo .zl cilhe aouS o (al., 2018
oo b Sl 50 Sl 5 VB sl 3T collad
2 L3l nl ke o ieS g el Vo log gt
A Y S5) ws sanlie Ve oo 10+ (555 Luylys
ol cadlad g ol o i 4 Caglie o (D 3C B
Hossain et ) o> 0529 Stnor olowns 51 sla
(Verma et al., 2014) ) Ken 5 L, (al., 2015
Oomb gloadale o Wlogy gy paaw a5 wilosls lis
w2ge Yo glacdile ;o 5 VLB cdld alfl corge

b oelog gy mow Ssdse mapl onl cllad als



(V=301 ¥ ass oylas il Jlo 1ol ydy Sligios g psle

~slnY b))

0.97
0.96
0.95
0.94
0.93
0.92
0.91

0.9
0.89
0.88
0.87
0.86

>
o

N
Catalase (U /mg'gFW)

. \e Y.
(plssy) welog g5 muaws zolans

Sodium nitroprusside Levels (ppm)

0.59 -
0.58
0.57 A
0.56 -
0.55 A
0.54 A
0.53 A
0.52 A
0.51 A
0.5 A
0.49 A
0.48 -

{0

STy

Peroxidase (U /mg/ gFW)

)'i.)\:.“flﬁ

Peroxidase (U /mg/gFW)

. Voo Yoo
(Flsis) 2los 9 s e zoban
Sodium nitroprusside Levels (ppm)

Catalase (U /mg'gFW)

1.05 1

0.95 A

{0

. Voo VO~
()VVL_J-:&) o C}I‘-‘"

Salinity Levels (mM)

V-

. Yoo
(Yoo sheo) 558 okans

Salinity Levels (mM)

O LBT 30 ST y3 9 VG 535 3 (D 3B) (55540 5 (C 9 A) wylg 9y w00k i1 (5ailno dan Uio =¥ IS
Figure 7. Mean Comparison for the effect of Sodium nitroprusside (A and C) and Salinity (B and D) on Peroxidase in
Sunflower

5 il Callae Lgw o (Gavassi et al., 2019)

Pl Vo dlogng s maw 5o ol Jlade G § i
Jdo 4 T 2alS g anT o Lt 4 Jsho (slacotlad
SrelS 5 o1 sl o)) ity alg s o5 LT
Moucheshi ef al., ) s)ls Jlss 4 |, (5590 yiw

3 (G5 LS G S g ali8l cde (2014

0.46
0.455 A
0.45
0.445 -
0.44 A
0.435 +
0.43
0.425
0.42
0.415
0.41
0.405 -

Protein (mg/gFW)

. Voo
(plisr ) peoimsnsliog g s zglans

o

Sodium nitroprusside Levels (ppm)

Protein (mg/gFW)

A b 2os Gesn Olies il eiien ol e
ATl 28,5 )13 ailog g i mads 5 (598 gk ool
J9i2) ot o cine ey g s mades 9 5598 bl
8L el ey Olee 09 sk GRISIL (Y
Sk VO 6558 5 eFisn Oliee 2505 & Sosba
o dlos gy maces b Kiasly Ll oualie Vs

s> o (Yildiz et al., 2020) gl b a5 apichy 3902 |
0.6

0.5
0.4
0.3
0.2

0.1

. Voo V-
(Yo ko) 558 zskams

Salinity Levels (mM)

OO SRILBT 30 x93 32 (B) (55940 9 (A) dyluwg 129 i o3 00k 1 (5aSlio dumnyliio —A JSi
Figure 8. Mean Comparison for the effect of Sodium nitroprusside (A) and Salinity (B) on Protein in Sunflower

AD



V-0V ¥ ass oyl feaasl Jlo fol )y oligio 5 psle

oL g lguall; e s

adlas cpl o w903 &.’»lwl@ﬂ gSL“’w-.‘.}j codled
5 S Slie p Semln s (255
o b Sl oSBT d oty
b wlogn 9y maw 09 plae Voo wlopgis
R - LU SOV R
e85y 5 SlenSTy GBI lag T il slagasls
Wlgioe dalurg 97 s 45 sy g0 Yl @ iz 0D

B2l (5,90 5l (AL sgw I

‘;"é)n.\ﬁ 5 ,&M’. 3y
Bl 5 65)laS saSiily lgtuse 5l abwsina

23,5 o S1008 5 Sas Loo,| Gime olKiils ands

il s ilgs oo wylg gy maoes b Sopanl
G904 F o (S g e a5 aBlL oolw (gla J5Sge
(Arab et al, 2018) oy 0 i Bgp Sl
AJL\»e): 9)...»..: L: L:b).).: &_ia.a.n.}‘)) aS Cewl ool c_}““)‘)f

(Rouhi et al., 2019) s5% o

G oS sl O Sl gy ol el b

Ol 3T olS (Ssedssnd Slio 2alS coge (5)98
Slompl colsd ()08 s oud iRl Loy ws
e b Sl Wl acdl aalil colans T

Sete 9 Soids s Slao il crge wlug gt

&l

Aalam, L., Sedghi, M. and Sofalian, O. 2019. Sodium nitroprusside and salicylic acid decrease
antioxidant enzymes activity in soybean. Iranian Journal of Plant Physiology, 10(1): 3073-3077. (In
Persian) (Journal)

Abdul Baki, A.A. and Anderson, J.D. 1973. Vigor determination in soybean by multiple criteria. Crop
Science, 13: 630-633. (Journal)

Aebi, H. 1984. Catalase in vitro. Methods in enzymology, 105: 121-126. (Journal)

Ahmad, P., Alam, P., Balawi, T.H., Altalayan, F.H., Ahanger, M.A. and Ashraf, M. 2020. Sodium
nitroprusside (SNP) improves tolerance to arsenic (As) toxicity in Vicia faba through the
modifications of biochemical attributes, antioxidants, ascorbate-glutathione cycle and glyoxalase
cycle. Chemosphere, 244: 125480. (Journal)

Ali, Q., Daud, M.K., Haider, M.Z., Ali, S., Rizwan, M., Aslam, N., Noman, A., Igbal, N., Shahzad, F.,
Deeba, F., Alj, I. and Zhu, S. J. 2017. Seed priming by sodium nitroprusside improves salt tolerance
in wheat (Triticum aestivum L.) by enhancing physiological and biochemical parameters. Plant
Physiology and Biochemistry, 119: 50-58. (Journal)

Ansari, O., Azadi, M., Sharif-Zadeh, F. and Younesi, E. 2013. Effect of hormone priming on
germination characteristics and enzyme activity of mountain rye (Secale montanum) seeds under
drought stress conditions. Journal of Stress Physiology and Biochemistry, 9(3): 61-71. (Journal)

Arab, R., Yadavi, A., Balouchi, H. and Khadem hamzeh, H. 2018. The effect of irrigation interval and
iron and zinc foliar application on some morpho-physiological characteristics and yield of sunflower.
Journal of Crop Production, 11(2): 77-90. (In Persian) (Journal)

Ashraf, M. and Ali, Q. 2008. Relative membrance permeability and activities of some antioxidant
enzymes as the key determinants of salt tolerance in canola (Brassica napus L.). Environmental and
Experimental Botany, 63: 267-273. (Journal)

Badawy, E.M., Hanafy Ahmed, A., Aziz, E.E., Ahmed, S. S., Pistelli, L. and Fouad, H. 2017. Effect of
salinity, selenium and boron on chemical composition of Brassica napus L. plants grown under sandy
soil Conditions. Research Journal of Pharmaceutical Biological and Chemical Sciences, 8(2):2645-
2655. (Journal)

Bai, X.Y., Dong, Y.J., Xu, L.L., Kong, J. and Liu, S. 2015. Effects of exogenous nitric oxide on
physiological by reducing copper uptake and oxidative damage in rice (Oryza sativa L.) seedlings.
Journal Protoplasma, 251(6):1373-1386. (Journal)

Bazrafshan, A. and Ehsanzadeh, P. 2016. Evidence for Differential Lipid Peroxidation and Antioxidant
Enzyme Activities in Sesamum indicum L. Genotypes under NaCl Salinity. Journal of Agricultural
Science and Technology, 18(1): 207-222. (Journal)

AF



(V=301 ¥ ass oylas il Jlo 1ol ydy Sligios g psle oY b))

Beligni, M.V, Fath, A., Bethke, P.C., Lamattina, L. and Jones, R.L. 2002. Nitric oxide acts as an
antioxidant and delays programmed cell death in barley aleurone layers. Journal of Plant Physiology,
129:1642—-1650. (Journal)

Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical Biochemistry, 72:248-254.
(Journal)

Chen, F., Wang, F., Cai, Y. and Mao, W. 2010. Genotype-dependent effect of exogenous nitric oxide
on Cdinduced changes in antioxidative metabolism, ultrastructure, and photosynthetic performance
in barley seedling (Hordeum vulgare). Journal of Plant Growth Regulation, 4: 394-408. (Journal)

Ebrahimian, E., Roshdi, M. and Bybordi, A. 2011. Influence of salt stress on cations accumulation,
quantity and quality of sunflower cultivars. Journal of Food, Agriculture and Environment, 9(2): 469-
476. (Journal)

Ellis, R.H. and Roberts, E. H.1980. The quantification of aging and survival in arthodox seeds.
Seed Science and Technology, 9: 377- 409. (Journal)

Fan, H.F., Du, C.X., Ding, L. and Xu, Y.L. 2013. Effects of nitric oxide on the germination of cucumber
seeds and antioxidant enzymes under salinity stress. Acta Physiologiae Plantarum, 35: 2707-2719.
(Journal)

Farooq, M.S.M.A., Basra, S.M.A. and Ahmad, N. 2007. Improving the performance of transplanted rice
by seed priming. Plant Growth Regulation, 51(2): 129-137. (Journal)

Fathi, A., Baradaran, M. and Amerian, M.R. 2018. The effect of nitric oxide on seed germination and
activities of some antioxidant enzymes in sesame under salt stress. Iranian Journal of Seed Research,
5: 77-88. (In Persian) (Journal)

Feghhenabi, F., Hadi, H., Khodaverdiloo, H. and Van Genuchten, M. T. 2020. Seed priming alleviated
salinity stress during germination and emergence of wheat (Triticum aestivum L.). Agricultural
Water Management, 231: 106022. (Journal)

Gavassi, M.A., Gaion, L.A., Montciro, C.C., Santos, J.C. and Carvalho., R.F. 2019. Seed priming with
sodium nitroprusside attenuates the effects of water deficit on soybean seedlings. Comunicata
Scientiae, 10(1): 176-184. (Journal)

Ghosh, P.K. and Dutta, A. 2022. Pattern of seed development in sunflower (Helianthus annuus L.) as
influenced by seed priming. Pharma Innovation, 11(7): 322-326. (Journal)

Goorgini Shabankareh, A. and Khorasani nejad, S. 2018. Effects of sodium nitroprusside on
physiological, biochemical and essence characteristics of savory (Satureja khuzestanica) under
deficit water regimes. Plant Protection Research, 24: 56-70. (In Persian) (Journal)

Guo, J., Liu, X., Zhang, Y., Shen, J., Han, W., Zhang, W., Christie, P., Goulding, K., Vitousek, P. and
Hanafy Ahmed, F., Hanaa Mohamed, A. H., F. Y., Orabi, I. O. A. and El-Hefny, A. M. 2018.
Influence of gamma rays, humic acid and sodium nitroprusside on growth, chemical constituents and
fruit quality of snap bean plants under different soil salinity levels. Journal of Biological Research,
15(2):575-588. (Journal)

He, J., Ren, Y., Chen, X. and Chen, H. 2014. Protective roles of nitric oxide on seed germination and
seedling growth of rice (Oryza sativa L.) under cadmium stress. Ecotoxicology and Environmental
Safety, 108: 114-119. (Journal)

Hesami, M., Tohidfar, M., Alizadeh, M. and Daneshvar, M.H. 2020. Effects of sodium nitroprusside on
callus browning of Ficus religiosa: an important medicinal plantJournal of Forestry Research,
31(3):789-796. (Journal)

Hossain, M.A., Bhattacharjee, S., Armin, S.M., Qian, P., Xin, W., Li, H.Y., Burritt, D.J., Fujita, M. and
Tran, L.S.P. 2015. Hydrogen peroxide priming modulates abiotic oxidative stress tolerance: insights
from ROS detoxification and scavenging. Frontiers in Plant Science, 6:420. (Journal)

Jabeen, Z., Fayyaz, H.A., Irshad, F., Hussain, N. and Hassan, M.N. 2021. Sodium nitroprusside
application improves morphological and physiological attributes of soybean (Glycine max L.) under
salinity stress. Plos One, 16(4): €0248207. (Journal)

Jalilzadehkhooei, A. and Jabarzadeh, Z. 2017. Effect of nitric oxide application on germination of
Poa pratensis under salinity stress. The first International Conference Tehran City. 13-16 September,
Tehran, Iran, pp: 12. (Conference)

AY



V-0V ¥ ass oyl feaasl Jlo fol )y oligio 5 psle a5 lgmall; ey

Javadi, H., Seghatol Eslami, M.J. and Moosavi, G.R. 2014. Effect of salinity on seed germination and
seedling growth of four medicinal plant species. Iranian Journal of Field Crops Research, 12: 53- 64.
(In Persian) (Journal)

Javed, S.A., Shahzad, S.M., Ashraf, M., Kausar, R., Arif, M.S., Albasher, G., Rizwana, H. and Shakoor,
A. 2022. Interactive effect of different salinity sources and their formulations on plant growth, ionic
homeostasis and seed quality of maize. Chemosphere, 291:132678. (Journal)

Kabiri, R., Naghizadeh, M. and Delfani, M. 2020. Effect of sodium nitroprusside pretreatment on
germination improvement and early growth of black cumin (Nigella sativa) under salinity stress.
Iranian Journal of Seed Sciences and Research, 8(2): 177-194. (In Persian) (Journal)

Kar, M. and Mishra, D. 1976. Catalase, peroxidase and polyphenoloxidase activities during rice leaf
senescence. Journal of Plant Physiology, 57: 315- 319. (Journal)

Lei, Y., Yin, C., Ren, J. and Li, C. 2007. Effect of osmotic stress and sodium nitroprusside
pretreatment on proline metabolism of wheat seedlings. Journal of Plant Biology, 516: 386-390.
(Journal)

Li, W., Zeng, Y., Yin, F., Wei, R. and Mao, X. 2021. Genome-wide identification and comprehensive
analysis of the NAC transcription factor family in sunflower during salt and drought stress. Scientific
Reports, 11(1): 19865. (Journal)

Migahid, M.M., Elghobashy, R.M., Bidak, L.M. and Amin, A.W. 2019. Priming of Silybum marianum
(L.) Gaertn seeds with H202 and magnetic field ameliorates seawater stress. Heliyon, 5(6): e01886.
(Journal)

Miladinovi¢, D., Hladni, N., Radanovi¢, A., Joci¢, S. and Cveji¢, S. 2019. Sunflower and climate
change: possibilities of adaptation through breeding and genomic selection. Genomic Designing of
Climate-Smart Oilseed Crops, 173- 238. (Journal)

Moucheshi, A.S., Shekoofa, A. and Pessarakli, M. 2014. Reactive Oxygen Species (ROS) Generation
and Detoxifying in Plants. Journal of Plant Nutrition, 37: 1573 — 1585. (Journal)

Neill, S.J., Desikan, R. and Hancock, J.T. 2003. Nitric oxide signaling in plants. New Phytologist,
159(1): 11-35. (Journal)

Nenova, V. 2008. Growth and mineral concentrations of pea plants under different salinity levels and
iron supply. Journal of Plant Physiology, 34: 189-202. (Journal)

Primo, D.C., Menezes, R.S.C., de Oliveir, F.F., Dubeux Jnior, J.C.B. and Sampaio, E.V.S.B. 2018.
Timing and placement of cattle manure and/or gliricidia affects cotton and sunflower nutrient
accumulation and biomass productivity. Anais da Academia Brasileira de Ciencias, 90(1): 415-423.
(Journal)

Rezapour, R., Ganjali, A. and Abrishamchi, P. 2019. Study of sodium nitroprusside (SNP) and salt stress
interaction on some traits of canola plant (Brassica napus L.cv. Modena. Journal of Plant Research,
32:319-331. (In Persian) (Journal)

Rouhi, H.R., Moradi, A., Samanm, M., Mohammadi, Y. and Shahbodaghlo, A. 2019. Seed priming with
SNP improves the performance of aged pumpkin (Cucurbita pepo L.) seeds under drought stress.
Iranian Journal of Seed Science and Technology, 8(1): 67-81. (In Persian) (Journal)

Saadat, H., Soltani, E. and Sedghi, M. 2023a. The effect of seed priming with chitosan on germination
characteristics and activity of antioxidant enzymes in rice seedlings (Oryza Sativa L.) under salinity
stress. Plant Process and Function, 12(54): 15. (In Persian) (Journal)

Saadat, H., Sedghi, M., Seyed Sharifi, R. and Farzaneh, S. 2023b. Expression of gibberellin synthesis
genes and antioxidant capacity in common bean (Phaseolus vulgaris L. cv. Sadri) seeds induced by
chitosan under salinity. Iranian Journal of Plant Physiology, 13(4): 4715-4728. (Journal)

Saadat, H., Sedghi, M., Seyed Sharifi, R. and Farzaneh, S. 2023c. The Effect of Priming with Different
Levels of Chitosan on Physiological and Biochemical Traits in French Bean (Phaseolus vulgaris L.)
Under Salinity Stress. Phant Production Technology, 14(2):75-89. (In Persian) (Journal)

Saddiq, M.S., Igbal, S., Afzal, 1., Ibrahim, A. M., Bakhtavar, M.A., Hafeez, M.B. and Magbool, M. M.
(2019). Mitigation of salinity stress in wheat (T7iticum aestivum L.) seedlings through physiological
seed enhancements. Journal of Plant Nutrition, 42(10): 1192—1204. (Journal)

Saed-Moucheshi A., Shekoofa, A., Sadeghi, H. abd Pessarakli, M. 2014. Drought and salt stress
mitigation by seed priming with KNO3 and urea in various maize hybrids: an experimental approach
based on enhancing antioxidant responses. Journal of Plant Nutrition, 37:674—689. (Journal)

AA



(V=301 ¥ ass oylas il Jlo 1ol ydy Sligios g psle oY b))

Sairam, R.K., Rao, K.V. and Srivastava, G.C. 2002. Differential response of wheat genotypes to long
term salinity stress in relation to oxidative stress, antioxidant activity and osmolyteconcentration.
Plant Science, 163: 1037-1046. (Journal)

Simdes, W.L., Silva, J.S., Oliveira, A.R., Neto, A.R., Drumond, M.A., Limas, J.A. and Nascimento,
B.R. 2020. Sunflower cultivation under different irrigation systems and planting spacings in the sub-
iddle region of S&o Francisco Valley. Ciéncias Agrarias, 41(2): 2899-2910. (Journal)

Seiler, G.J., Qi, L.L. and Marek, L.F. 2017. Utilization of sunflower crop wild relatives for cultivated
sunflower improvement. Crop Science, 57: 1083—1101. (Journal)

Seiler, G. and Jan, C.C. 2010. Genetics, genomics and breeding of sunflower. In: Hu, J., Seiler, G. and
Kole, C. (Eds). CRC Press. pp: 1-50.

Shabala, S. and Munns, R. 2012. Salinity Stress. In: Shabala, S. (Eds.) Physiological Constraints and
Adaptive Mechanisms. Journal of Plant Stress Physiology. CAB International, Wallingford. UK. pp:
59-93. (Book)

Shekari, F., Baljani, R., Saba, J., Afsahi, K. and. Shekari, F. 2010. Effect of seed priming with
salicylic acid on growth characterisics of borage (Borago officinalis) plants seedlings. Journal of
Agricultural Science, 6(18): 47-53. (In Persian) (Journal)

Shi, G.R., Cai, Q.S., Liu, Q.Q. and Wu, L. 2009. Salicylic acid-mediated alleviation of cadmium toxicity
in hemp plants in relation to cadmium uptake, photosynthesis, and antioxidant enzymes. Acta
Physiologiae Plantarum, 31: 969-977. (Journal)

Torabian, S.H., Zahedi, M. and Khoshgoftar, A.H. 2016. Effects of foliar spray of two kinds of zinc
oxide on the growth and ion concentration of sunflower cultivars under salt stress. Journal of Plant
Nutrition, 39: 172-180. (Journal)

Umar, M. and Shaheed Siddiqui, Z. 2018. Physiological performance of sunflower genotypes under
combined salt and drought stress environment. Acta Botanica Croatica, 77(1): 36-44. (Journal)
Vaishnav, A., Jain, S., Kasotia, A., Kumari, S., Gaur, R.K. and Choudhary, D.K. 2013. Effect of nitric
oxide signaling in bacterial-treated soybean plant under salt stress. Archives of Microbiology, 195:

571-577. (Journal)

Verma, A., Malik, C. and Gupta, V. 2014. Sodium nitroprusside-mediated modulation of growth and
antioxidant defense in the in vitro raised plantlets of peanut genotypes. Peanut Science, 41:25-31.
(Journal)

Verma, D., Kanagaraj, A., Jin, S., Singh, N.D., Kolattukudy, P.E. and Daniell, H. 2010. Chloroplast-
derived enzyme cocktails hydrolyse lignocellulosic biomass and release fermentable sugars. Journal
of Plant Biotechnology, 8:332-350. (Journal)

Wong, H.M. 2009. Probing the interactions between iron nutrition, salinity and ultraviolet-B radiation
on the physiological responses of wheat (Triticum aestivum L.). M. Sc Dissertation, Lincoln
University, Missouri. (Thesis)

Yasir, T.A., Muhammad Ateeq, M., Wasaya, A., Hussain, M., Sarwar, N., Khura Mubeen, K., Aziz, M.,
Igbal, M.A., Ogbaga, C., Al-Ashkar, I. Md Atikur, R. and El Sabagh, A. 2023. Seed Priming and
Foliar Supplementation with B-aminobutyric Acid Alleviates Drought Stress through Mitigation of
Oxidative Stress and Enhancement of Antioxidant Defense in Linseed (Linum usitatissimum L.).
Phyton, 92(11): 3114-3131. (Journal)

Yildiz, M., Celik, M. and Terzi, H. 2020. Proteomic Analysis of the Protective Effect of Sodium
Nitroprusside on Leaves of Barley Stressed by Salinity. European Journal of Biology, 79(2): 89-97.
(Journal)

Zhao, C., Zhang, H., Song, C., Zhu, J.K. and Shabala, S. 2020. Mechanisms of plant responses and
adaptation to soil salinity. The innovation, 1(1): 100017. (Journal)

Zeeshan, M., Lu, M., Sehar, S., Holford, P. and Wu, F. 2020. Comparison of biochemical,
anatomical, morphological, and physiological responses to salinity stress in wheat and barley
genotypes deferring in salinity tolerance. Agronomy, 10: 127. (Journal)

Zhang. 2010. Significant acidification in major Chinese croplands. Journal of Science. 327:1008—-1010.
(Journal)

Zheng, C., Jiang, D., Liu, F., Dai, T., Liu, W., Jing, Q. I. and Cao, W. 2009. Exogenous nitric oxide
improves seed germination in wheat against mitochondrial oxidative damage induced by high
salinity. Environmental and Experimental Botany, 67: 222-227. (Journal)

A4



The effect of sodium...................... Iranian Journal of Seed Science and Research, Vol. 11, No. 2, 2024 (77-90)

The effect of Sodium nitroprusside on the growth Physiology of Sunflower
seedling (Helianthus annuus L.) under Salinity Stress

Shahrooz Pourmirza Bilesvar!, Mohammad Sedghi?*, Raouf Seyed Sharifi 3, Haniyeh Saadat *

Received: June 6, 2024 Accepted: August 28, 2024
Abstract

In order to investigate the effect of priming on seed germination indices and antioxidant enzyme
activity in chickpea seedlings under salinity stress and an experiment was conducted based on
completely randomized design arranged in factorial with three replications at University of Mohaghegh
Ardabili in 2023 with 3 replications. Treatments were four salinity levels (0, 50, 75 and 100 mM Derived
from sodium chloride) and four levels of priming (without priming (control), hydropriming, priming
with gibberellin (50 ppm) and salicylic acid (100 ppm)). The results showed that salinity stress reduced
germination percentage (GP), daily germination coefficient (DGC), plumlue fresh weight (PFW). But
seed priming with distilled water, salicylic acid, especially gibberellin improved these traits. Salinity
increased the mean germination time (MGT), so that the highest (0.0387 seed per day) was observed at
salinity of 100 Mm. The highest radicle fresh weight (RFW) (110.967 mg), radicle dry weight (RDW)
(19.600 mg), plumule dry weight (PDW) (14.667 mg), seed length and weight vigor index (SLVI and
SWVI) (12.041and 3.288) were observed in priming with gibberellin and control. The activity of
catalase and glutathione enzymes reductase in priming with gibberellin were the application 66 and 42%
higher than the control. The activity of peroxidase (enzyme in gibberellin treatment and salinity of 100
mM compared to the control showed an increase about 96%. Also. lowest amylase (2.1384 mg g-1 FW
min-1) was obtained in salinity of 100 mM. In general, the results showed that gibberellin by stimulating
antioxidant enzymes and neutralizing free radicals can reduce the harmful effects of salinity stress on
some traits in chickpea seedlings and improve seedling growth.
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