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Table 1. Analysis of variance for the effects of salinity stress and seed priming on physiological and biochemical traits
in Camelina sativa

(MS) Slayye Sl

S5 gibio N il N T R ca o
Source of Variation K pesly Na o K/Na Bgmmrs Sy CAT g2 ks 5)1% Selles og)he
SOD GPX Phenol  Flavonoids MDA  H,0,
Salt stress (5 ,g. (i3 679.43" 2527.90™  51.08" 77.86™ 243 9.80™ 2128.84™  808.99° 141.06" 21.45™
Seed priming )& Swslyy  114.09™ 74.45™ 0.283" 0.923" 0471 252" 1557.36™  374.09™ 144" 0.197
29 X Sl 15.73"  58.42™ 0.127 0.134"  0.053™ 0.173™ 100.19™ 32.78" 629"  1.03”
Salt stress x Seed priming
Error Uas- 0.449  0.340 0.004 0.044 0.011 0.163 2.16 3.83 0.294  0.016
CV (%) (1) &lyeis o o 277 1.66 3.60 4.56 8.23 791 2.71 3.96 6.59 4.09
bl e doyd Sy g gy Jleisl s jo b e i 5 # ol pre e ™

™ not significant, * and **: Significant at the %1 and 5% probability levels, respectively.

(@)

(b)

(©

Different letters indicate significant differences at the 5% probability level based on the LSD test.
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Figure 1. Interactive effect of salinity stress and seed priming with magnesium dioxide nanoparticles (MgO) on potassium (K)
content (a), sodium (Na) content (b), and potassium to sodium (K/Na) ratio (c) in Camelina Sativa
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Table 2. Mean comparison of the interactive effects of salinity stress and seed priming on Phenolic content, Flavonoids

content, Antioxidant Enzyme Activities (Superoxide Dismutase (SOD), Guaiacol Peroxidase (GPX), Catalase (CAT)),
and Malondialdehyde (MDA) and Hydrogen Peroxide (H20;) levels in Camelina sativa

Trc::::nts J:hé‘}.w et 6‘5@ SBgomm sy n cullad JaraSly LS ol VB clld 0sle ‘%\W lyione
— enol Flavonoids SOD GPX CAT el 350
(VYsokeo) 65 (55 o jeocmnS Tgilin )3y Kyl yy content content (umol min" mg"! protein) (wmol min" mg™"  (umol min™ mg™ MDA (nmol g DI
Salinity stress (mM) __ Seed priming-MgO (mg L") (mggFW")  (mg gFW™ protein) protein) IFW) H202 (nmol g FW)
MgO-0 26.54j 33.891 1.78i 0.5%h 0.69j 4.54hi 1.26k
0 MgO-100 44.35h 39.41h 2.22h 0.87g 1.71g 5.16h 2.40i
mM NaCl MgO-300 33.94i 46.88f 2.49gh 0.86g 1.03i 3.86i 1.81j
MgO-600 49.79g 42.38g 2.57g 1.04f 1.38h 6.22g 2.37i
MgO-0 56.13¢ 49.66ef 4.85ef 1.25¢ 2.18e 11.28b 4.19¢
100 MgO-100 67.35b 57.77b 6.61b 1.74ab 3.11b 9.13de 2.81h
mM NaCl MgO-300 74.11a 62.37a 6.92a 1.84a 3.42a 7.89f 3.07g
MgO-600 65.17¢ 53.67cd 6.75ab 1.59¢ 2.42d 8.48ef 3.58e
200 MgO-0 52.83f 52.06de 4.59f 1.09f 1.87fg 12.06a 4.73a
M NaCl MgO-100 58.46d 48.77fF 6.28¢c 1.15ef 2.01ef 9.80cd 3.77d
MgO-300 65.99bc 55.31bc 5.30d 1.61bc 2.69¢ 9.82cd 3.33f
MgO-600 60.35d 51.79de 5.11de 1.40d 2.25de 10.44¢ 4.41b
LSD 2.11 2.81 0.303 0.148 0.234 0.778 0.184

el LSD (5051 bl 3 0030 0 Jlozst mhacs o lo e <glis snias oyl alises Bg,>
Different letters indicate significant differences at the 5% probability level based on the LSD test.

fY



(FO-OYIVE Yo oz o)la [psih Jlos /ol s ligions 5 pole

oy Sxaly

Sboply Sl Giludld @b Il (See
Cush 1) plaensT Sl @ bgrpe slags e ROS
Moradbeygi et al., 2020; Singh et al.,) oS
S S Gasi b slaaiil b il (2023
Olydeil b Sy 5l oolainl (5,98 s Co wis S
el ol8l & ,>ie (Zine nanoparticles) o,
g &b (Zea mays L.) &3 o SlawST 5T sl 5
Alhammad ef al.,) sls zals 1, ROS a0 ol
(2023
3920 S5 3 dp T 500y gllo (slgizme
5308l lyme a8 ol lis el s i b
b o (H202) (35,908 30515 5 (MDA) s
9o ol Blite SISl s Sl ()98 5 o gme
s MDA (50 0 iobe () Jgiz) w85 )18 Jale
O9% Ysehee Voo 6y0h i Luld s HoO2
P MDA (50 02505 odleay al osalive Sl
PGk Yoo b Sl by 55 poe lo
b aals e 0 HoO2 plie 0n S 5 MgO
Sops 55 Ll 30 s cnl Gell 2 (V J592) Sy
Llys 4 cons H2O2 g MDA lgime Ygo Lo ¥ -
Gl o3 VY g VVFIY s S (5,08 (5 pae
el e 35 iy Krpmsly U e 0 il
So G5 cos plalS 5o SlaS 5 cnl Glye GhalS
pae Lulyd ;o MgO o5 oo Yo gy jlod 0l
9 PVIR o e |, HoO2 g MDA (glgizms (555 (o5
O9n s ke Voo (698 A5 b dalie )3 0o 0 PV
GBI L yeh 5 (T Jguz) oo pall Seenl
wilizee gl LSt 5 o] sla o], ol
NEAPC R SRRNINIK SNCI KV BVCON B JESVE
aSle s wallisopslle Glie SRl O @b
ol .(Forozan Bakyani et al., 2022) <ol (35,000
Bt Gt 5l pleasls Glyea oloSy
logyl (tal 3l 5 g oo St lagb 50 (gamlannS]
S Ul 2alS 5 Jolo slalid o ol enimog i
Huang ef al.,) cuwl oo loyoyiwl b ablae jo
aslllae b s ! (2021; Haghaninia ef al., 2023
Ol Rl cage syp8 A5 sl plas oS alie
codl Llyep s Ll oL o H20: 5 MDA
Sleslaiw! (Jl=cp! b .(Bazvand et al., 2024)

Y

@ o ywd RIBIL e sete S3SU L Senly 2o S
Sl S (sl s g3l Jlsd 5 G olis
03505 Cu gl (598 SIS Lo | gDl g L8 (slgine
Ghasempour ef al.,) o5 Joss |, g I3l
(2024
ST T e 3 cadlad

e 3l codld oS ol lad il )l 4300 gl
JSLE Glgenns araSTpgm Joli olapnsT ol
(Srh BT s b cow By jlacsTy
35S B e Gl blie g o seie 350 L )0 ool
2 lampl cpl cdled cn i () Jgaz) <5 )13
Voo Somln Lolyon Yoo doo Ve (650 (25 oS
colled o 5aS o I 4 s saalie MO o5 Lo
(Y Jgi2) o wals s 4 bayye 550 lag sl
5 GPX SOD (slagy 5l culas o5 ol i b sus
Yoo Saly b Yoo oo Voo (558 Lo 0CAT
00,3 YAO/F 5 YV /A YAMY (o5 4 MO o5 Lo
et ol odle (Y Js92) 052 wall jlews 5l 5 e
P Yoo boads Simly Yoo oo Voo (5590
O Yoe ks Vo
FNA DTN i el 55550 laes 51 udled « Soas

g s b awglie ;0 MgO

«Syg daslpl o (Y Jgaz) ol iolidl s yo AY/Q 4
pas obml cage IS 5 o Glagg cdale ol
S Jlab losis 0> Sl adlst 5 s Jolas
(Fokw blid 4 ol 4 e wilgi oo 45 09l oo
ol o (Naheed et al., 2021) 545 DNA 4 b p5g
s dlar 1 bS5 sl
Olyeds B g 5ol JoSLE bgonns 9pnSTyom
A5 S 5 ROS al5 Ly 0,8 Joe pelis b 5,
Moradbeygi et ) oS o cliblre gilannsT o il
(zen (al., 2020; Haghaninia et al., 2024b
b oads Kivaslp slo,les o e 3l opl i o led
3 Gge i Al e MO aS sas o oyl &l 345
e Sydsl S Lyl olF _elss (olp sl oot
wilgs oo Mg slagg 5l ooy b ge S plges
Foo Fwgd bi> g lowdly IS Ll cus o
5 ROS wdys 2als & Wil o ggd9e (nl &5 il
Faiz et al.,) s5is e SlauS) 5T slogewly d5ue
O3l opl » ogdle (20225 Kanjana et al., 2020



(FO-OYIVE Yooz o)las [panih Jlo /ol s ligions 5 pole

ohlKen o Li Sk~

siels 4 e Sl cpl (El Sabagh et al., 2020)
P g it gt wile Sojgle s slaanl b
GE5y CokeS 9 CueS p (Ked a5 035 o0 (Fon
Ghassemi-Golezani and Ghassemi-) 45,135 3l
ol 5l eads Jol> b b gy o (Golezani, 2018
oS g S 3 ($y98 S (o2 b Olioe (g
yebds (6,00 iis wis ST 138 (Glycine max L.) L gu
a0 Plsla oie a5 098 o o] 8,Ses g LS le
O &5 4 45 0sd olS (6l (55900 ska Sl Jlixl
Ly oy o 8es 5 05, Glyime ;o ol (als Wilgs e
s>y opl b (Sadak et al., 2020) asb asls o 40
o8l el wlgs so 35l ol (8, 0 Slas g (2,
Wod ad 9 io e ile (5908 (Some yole D
Sl Glaan 15 09 g 355 0 4yl (ol &5
Sonr 4 45 35d e obS ;3 (555l p1BS Il olS
NI e Oy S¥es 9 85, Gleime
(Haghaninia et al., 2024a; Batool et al., 2021)
Cogd b Cwl Sen pajeie Dl3gl ol p ogdle
Dgudt Ay (S g yiwwgid diile oS S glio slaas] s
auS (S8 gyed ikl o olF al, bld
5 8 gleassl b mls ol (Fatemi et al., 2022)
0aidd3 gy Jole G laicas Sl 3gl )l eolaiwl aie;
Al oS A ol Sl (gyed i dalpd o
iiwsid e Gralidl b wiles e lydgil b Sieslyy
lacenl als 5 weSles (n)S ©io cud )l sou
5SS dgie wxge $ysd A5 G gl
oS bl o (Brassica napus L) 115 24, coaS

(El-Badri et al., 2021) o

SA5e ssba Cudly musee D3l LA Sl
@Sl b ogeen was 25 1) )00 Ghie OS]
Qg oo Dl3gil b Hd Syl a5 wisly lis oldde
03 ok 5o 1y o1 sle Jesl; sl Glies 5550 sl
3o g odls zalS (Pennisetum glaucum L.) s s 1
Khan et ) aas als' |, HyO2 g MDA 50 ass

(al., 2020
o9y 0y dlos g (9 Slgxo

(Sopd o5 A ol ol Gl s mls

2 Samln s Gopd A bl Sy 0 Sl
S Jlaiml s ;o LoLelS (85, 9,8es 5 (585, lyme
S8les g 9o)d (n e (V1 J592) 09 o gxe oy
b ool Sivanl (550 (2 pas Lyl jo LLals 2,
o polie (S 5 el Cawoty MO o5 Lo Yo
Sialyy 09 Yoo Voo g)ad A5 Ll
ol 0as 00l L ¥ ISS jo oS el los s oanline
sebar ol pals 1) s, o Sles 5 woys ()90 G
9 92,0 YIA (89, slgiome (25 oo Il jo ol
Voo ysh G5 4 Comd 2o 0NWVIF (89, 0 Slos
Lood Sl (J ol bcdl Galsl Yee Lo
S e, 0 8kes 5 oy (ll cage st O350
Sal Cawsy MO o5 Lo Yoo b omls e s
O pas Lulyd o MO 65 e Yoo b Sl
Slyome 0 gauo,0 YARIY o TY/F dopp g (5,50
S35 s ay o LalS (489, 0,80es g (89,
O (Y S8 s S Sl s Ysedee Y
olS aiy ) e o S cdale jilidl cel (6,04
SISl ;o (groml JLa8 slml czge ol (al oS 050 oo

Sebi oo s Slge 5 O Lix pals Sl 0 5 BLS

Lalols’ 50 (S 9 (05 Wlao 2 o Sl 9 g 8 151 il ylg a2 3o =Y Jgur
Table 3. Analysis of variance for the effects of salinity stress and seed priming on quantitative and qualitativetraits in Camelina sativa

Ol et il als e 059 Al o ,See g, sleme 5, 0, 8ee el Sl el Sdpnd sl Sl all Sedand ol Sl 650!
Source of Variation Thousand grain weight Seed yield  Oil content Oil yield Palmiti acid Linolenic acid Oleic acid  Linoleic acid Eicosanoic acid
Salt stress (g ,ss 5 0.150" 0.223" 216.91™ 0.047" 2.856" 537.79™ 103.04™ 440.74" 21.60"
Seed priming 3 Saslys 0.154™ 0.074™ 57.41 0.013" 0.283" 112.94™ 3.51° 1.05™ 2.73™
oy P Sealn 0.017 0.008 5.30 0.001 0.018 14.17 1.11 5.49 0.612
Salt stress x Seed priming
Error Uas 0.0005 0.0002 0.096 0.00001 0.005 0.252 0.029 0.034 0.021
CV (%) (1) &y o o 2.23 2.82 0917 2.95 1.48 1.37 1.20 0.760 1.739

Wil g 2oy S gy Jloisl mhaw (ol e oS i 4 i g o e ;6 IS
ns not significant, * and **: Significant at the %1 and 5% probability levels, respectively.
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Figure 2. Interactive effect of salinity stress and seed priming with magnesium oxide nanoparticles (MgO) on oil content (a), and oil
yield (b) in Camelina sativa. Different letters indicate significant differences at the 5% probability level based on the LSD test.
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Table 4. Mean comparison of the interactive effects of salinity stress and seed priming on fatty acid composition of
Camelina sativa oil

Treatments b Lo

Sy el Sedgid ol Segl sl Selgrd sl S3il5555] sl

(Ysolen) o9 A8 mimiessnSlolbsis Sl poiit acid (%) Linolenic acid (%) Oleic acid (%) Linoleic acid (%) Eicosanoic acid (%)
Salinity stress (Mm) Seed priming-MgO (mg L)

MgO-0 4251 37.25¢ 1391f 2 11c 779
MeO-100 4.43h 44.25b 14.62d 29 86ab 8.5lc

0 Mm NaCl MeO-300 4.34hi 45.26a 17.01a 30.04a 8.09f
MeO-600 4599 40.92¢ 16.84ab 29.67b 8.25f
MgO-0 5.16b 33200 11.79i 19.79g 7.63gh

MeO-100 471F 41.53¢ 14.43de 24.04e 9.42b
100 Mm NaCl MgO-300 4.78¢f 39.33d 16.36¢ 28.59 10.73a
MeO-600 4.93cd 34.46¢ 16.69b 25.87d 9.20¢

MgO-0 5.56a 2641k 10.02] 17.151 6.68]

MeO-100 4.84de 3235 1432 19.71gh 7.02i

200 Mm NaCl MeO-300 5.03¢ 35.28f 12.22h 23.59¢ 7.58h
MgO-600 5.23b 29,44 12.55¢ 19.52h 8.83d

LSD 0.102 0.721 0247 0.265 0.207

sl LSD 5051 Lol 0o y0 0 Jloiorl b 50 jlo siine glis sz oLis alisee g,
Different letters indicate significant differences at the 5% probability level based on the LSD test.
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Abstract

Salinity stress is a major agricultural challenge, leading to reduced growth and productivity in crop
plants. While seed priming with nanoparticles has emerged as a novel approach to mitigate
environmental stress effects, limited information is available regarding the impact of magnesium
nanoparticles on camelina (Camelina sativa) under salinity stress. This study aimed to investigate the
influence of seed priming with magnesium nanoparticles on growth, biochemical traits, and seed quality
of camelina under salinity stress. The experiment was conducted as a factorial in a completely
randomized design with three salinity levels (0, 100, and 200 mM NaCl) and four concentrations of
magnesium nanoparticles (0, 100, 300, and 600 mg/L). Results showed that salinity stress reduced the
potassium-to-sodium ratio, thousand-seed weight, seed yield, oil content, and caused unfavorable
changes in fatty acid composition. In contrast, seed priming with magnesium nanoparticles, particularly
at a concentration of 300 mg/L, improved the potassium-to-sodium ratio, enhanced antioxidant enzyme
activities, increased phenolic and flavonoid contents, and decreased lipid peroxidation. This treatment
also boosted seed yield and oil content by 168% and 43%, respectively, and improved oil quality by
increasing unsaturated fatty acids and reducing palmitic acid content. Overall, the findings suggest that
seed priming with magnesium nanoparticles, especially at 300 mg/L, can enhance the quantitative and
qualitative traits of camelina seeds under salinity stress and serve as an effective strategy to mitigate
salinity stress and improve crop productivity.
Keywords: Antioxidant activity; Camelina; Nanoparticles; Oil quality; Salinity stress; Seed priming
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