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Abstract: Cerium oxide nanoparticles ( CeO, NP ) have been shown to improve the salt tolerance of plant due to the
potential to eliminate free radicals and the antioxidation properties. However, the effects and mechanisms of seed priming
with CeO,NPg on pepper plant are unclear. To reveal impacts of CeO,NPg seed priming on the germination and seedling
growth of peeper plants under salt stress, using the Maoshu 360 variety of pepper( Capsicum annuum)as material, a total of
seven concentrations of treatments (0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mmol - L") and a control of un-treatment were carried
out to investigate effects of CeO, NPy seed priming on seed germination rate, seedling biomass, and physiological and
biochemical indexes under salt stress. The results were as follows: (1) In the seed priming with 0.5 mmol - L CeO,NP,,
soluble protein, content of proline, activity of catalase (CAT), content of ascorbic acid (AsA) and ratio of AsA/DHA
significantly increased and levels of the superoxide anion (0, ) significantly decreased. There was no loss of viability for
the seeds primed with cerium oxide nanoparticles. Indeed their germination rate and germination potential were enhanced
under salt stress, and their germination index, and vigor index were improved under salt stress. (2) Under salt stress,
seedlings from seeds primed with 0.4 mmol - 1" CeO,NP, showed the highest fresh weight, dry weight, and root length;
additionally, soluble protein content, AsA content and AsA/DHA ratio were also improved. In conclusion, seed priming
with CeO,NPg can not only enhance seed germination under salt stress by decreasing seed water potential, accelerating
storage substances metabolism and improving antioxidant capacity but also promote seedling growth through boosting protein

synthesis and ascorbic acid-glutathione cycle (AsA-GSH).

Ze P AESE . SRl GOK URE AR 15 | K R SR 30 R SBABURD 7 B K e A i AR RYEE I 2301
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IR EA R AR AR AR A 4R e
AELEY 30 R 22—, AT 52 M 5 09 IR W F0
AR AR K (Yan et al., 2022) , i 5
Y A T B (Na Al CL) o B AL ik 4
WU ( Yang et al., 2020) , [A] B2 2O 815 M 4A
( reactive oxygen species, ROS) /=4, it AL &
( hydrogen peroxide, H,0,) Fl i % B & F
('superoxide anion, 0,7) ( Yin et al.,2021) , i 41 il
8 2 E AT T T B AR RO R, AN AR e B
W( Capsicum annuum ) | 3¢ B 9 J& ( Zygophyllum ) |
& % ( Brassica rapa ) % fH ¥ Fh ¥ MW W &
( Gammoudi et al.,2022; Hussain et al., 2022; Zhou
et al., 2022), it 52 M BB, 4= M K ( Calotropis
gigantea) /N ( Triticum aestivum ) 55 21 Wi B9 1E %
HK (Ke et al., 2018; H H#k, 2022; Nouman &
Aziz, 2022) , B [EKFE ( Oryza sativa) SFAEY B
P (WBURAE 2017) o PR, 5T AT 4 v ¥
TER AT 1Y & 25 32 TG i AF bk 09 35 1 38 it 52 RE
T3, 0k fifp o ] M R 3 A T DR B A ) Y 2 4
Kt &8 & e 2B A 8 K E X (Raffaella et al.,
2022)

T 53| i S — Tl 2% 14 g %of kot Ak Jilk 38 1) A
FAEBREAR | BIVAE P 7 2% 28 Hir R AR F/ 805 |
RFALER 75 AR E B9 AR IR A A
TC AL AR A AE 38 e R OGBS B s A

AR AR Az I & A2 19 £ 5 38 (Shang et al.,
2019; Goyal et al., 2021) ., Z R4k £ 8L an &k
BEYK WKL ( zinic oxide nanoparticles, ZnONP,) i
P K JRL ( selenium nanoparticles, SeNPs) | %8 fk fifi
YN KR ( cerium oxide nanoparticles, CeO,NP,) 55
BT FhF 5] & ( Rawashdeh et al., 2020 ; Prakash
et al., 2021; Sardar et al., 2022), HH' CeO,NP,
JE— T S AR AR, D BAT R 0 O R BR BE
N zis T BEY At i ATl AR ok iz
HF KAl ( Newkirk et al., 2018) , CeO,NP
It Ce® FI Ce™ k28 AR 40 BT 4 AL I 3% 7 v >
ROS #5t BERR 2R | DT 252 fifp A 180 280 AR 0L 330 B
P& AW R 395 B2 32 M. Khan 45 (2021) #F 5%
KB, CeO, NP il i Bl 151 %z 4k BE5 Wl 42 5 2= &2
( Brassica rapa) F-F 19 o-VE K5 B 15 PE G bR S &
ROS, Jf-4i i HAE SR P38 T 19 % 28 32 | W] I 7T 7E
1993E o 52 R W8 R 25 EZ 4 Y SOD | POD 1 1
FVAL VAP 2, T 1 5 2 AT AT vk S AR
B iR, BT, A G CeO, NPl i
o515 | A BEOOE BRAUER 38 T AR K B R ey T
MIBIEFE I A i . B, S i R UR AR ),
THEA e JE B Ak s AL PR A BUSEE
AR RBEAR R 5 2 (AR 715 ,2022) . HAl, &
] 8 R0 A ff SR e v 1 I 8, M AR TRTRRC 78
T, 7 21 9007 M ( A7 4F,2019) 5 HER
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43 %

STEA KRR DG E Y (R R ) e’
di B2 AR dh AT ML R T B TR S (TR
24E,2019) .

AR TEBAR I 1 58Kk 35 152 A 7t S e Tirf R 4L
il , AT LUK BE 360 AR Ee A4k, sl A1 5] k&
Ab BRI AE B AE AR o B, B AER B . (1) CeO, NP Fif
T | R Ak Bk ER A8 TR BRAR R 1 K 2l AR K
SN 5 (2) CeO, NP Bl 551 A 4k B 7 i BRI £&
PERYFR AR 5 (3) P15 | Ak P 1 BROA i 32 11
4 T BEAE HIBLA

1 #HHEF*

1.1 ik

AR T 2022 43 A E 8 AL RHEKR¥
WA 2 BEEAT . AR B Ry O, R
B 360,
1.2 iR
1.2.1 #AF 51 A 42 5% Newkirk 55 (2018) f9
2B U 5l 9 K JBURL (CeO, NP ) I WK, I K BT
B CeO, NP AR FETE 4 °C, 43 I i & ik
45 0.0.05.0.1.0.2.0.3.0.4.0.5 mmol - L (435
FH S0.S0.05.S0.1.90.2,50.3.50.4 .S0.5 F /) H
CeO,NP &, H:H, 0 mmol - L' CeO, NP & K
(S0) M3 mW, 1 100 mmol + L' TES 1 100
mmol - L™ MgCL 4 i, A HCl #8735 pH N 7.5 4E K
CeO, NP A PR XTI P br R i /N
— I BBFP 2 2 ¢ B TR T, 73 51MA 10 mL
ANFH L B CeO, NP WL, B 1 J5 & T 55 52 46
1% 24 h, FHZEE KK Bl vp 3k T, uE 40K T
J 18T A 0 K
1.2.2 #F L% KRG LA (CK) F5| &AL
B BARRD F & T AR R ZF I (10 em X 10 ¢cm X 5
em) F1, A SmL ) 100 mmol + L™ NaCl 75 AR
AR 38, JHCE AE 25 °C BYOE BEEE F2 56 R 1T & 2
R, AL B 60 Kifh T, A 3K,
1.23 A% B CK AURFEIREE CeO,NP 5| A&
b3S (A RUR - 43 0 16 Bl TR A I A BB
B, BB 50(5%10) K & ZEM 7, IR DEA K
JE 4 100 mmol - LAY NaCl ¥ W B ILEL e, T
LR IR B P — O BURE, R AT & A A
I E

1.3 $EHRNE
1.3.1 #F 8 K 4547 DR EBEFN L 2 mm 1EH
-1 ek AR b i K ZEARUE . DR AR B R I SR UL
Pl RFER A8 M FLEFRNIE, &%
Gammoudi %5 ( 2020) W) J7 & it B & ZHF
( germination potential, GP ) | KR ( germination
rate, GR) . & % #8 U ( germination index, GI) i 7]
F8 2 (vigor index, VI)

REFH(GP) = (3 d WK ZF B/ F 7
) x100%

RHEFR(GR)= (KGRI 1 & 55015/t
WA T%0) x100%

KEFRE(GI = X (Ni/ti) o

NGBV = GPx (TR +IRK) .

K. Vi IR — R FA 8 o 2
Tk B 56— Uk & 25 R I ]
1.3.2 A K34 FRHML K ZEW T —.O0 8, B8
RSB 2 |, R s S RIS Ve 1,
b R RO R e AR, S T 7 R R Al
BEELARJRREAE AL BT HEAS 105 °C R 30 min, fif
Jat % 80 CHET R Idsk T,
1.3.3 A2 3 4F K5l RE A RXKEW
I —C ) 40 B AT BORE , 1000 7€ 2R BRAE AR . SR
AR E HE 2 12 1 ( Velikova et al., 2000) il & 79 —
[ ( MDA ) & & (nmol - g'), & H Schneider Fll
Schlegel (1981) {77 il B A P+ (0,7) & =
(mol = g™) , R JH BB LL 0.3 (5K B, 2017 ) P&
AVAMERE S (mg - o) B D R Ak (&
RIX,2006) ) M Al PR E A LS B (mg - g7)
K H Wang 2% (1991) B9 J7 3% W & Bi 36 10 AR
(‘ascorbic acid, AsA ) Fl i & P K M R
( dehydroascorbic acid, DHA) 7% #& (nmol - g") , K
i Nakano Hl Asada( 1981) 1977 25 I % HT IR il R 1o
A ALY TG PE (ascorbate peroxidase, APX) |, il {7 4
LI(U - g'1 - min™) R, R IR F Sk (LR R 3R
FRHA PR F) W E 88 A Ak B AL (superoxide
dismutase , SOD) i Ak A [ ( catalase , CAT) 3 %8
AL Wil ( peroxidase , POD) 76 P, BTG PELL U - g 3R
ARG & (AUt R E R R A A T
FEMER T (ng - g') o
1.4 HEgIt 550

FIHI SPSS 26.0 ettt i Ak B K
Excel fEE
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2 R 59

2.1 CeO,NP i F 5| %& &b 32 33 £k B iB T SR L Fh F
#5 & 1 8 M

2 1 Al AR [EHE CeO,NP Fh 151 & Ab B
YIRefe s Eh Bha T A BBRr i &, S0.5 b2

Pl 7109 28 e i, R 51 & Ab B Y R 45
T 34.59% ,3F B R ZFH ARG KA FEA I 12 1%,
AN[EEAE 7R, CeO, NP 3h B 35 8 5 & 2 5 40,
FEERINA T, BT A 1 51 vk BE DL F- # AE o35 & 2
FEBC TG S1HE 8, S0.5 AL Y A 2R AR BORNE 13
B8 ) fe KT (5 R 5 Ak B4 20 AE E 43 )
L T 399.57 F17.84) .

& 1 CeO,NP ¥ 5| & 438 3 £ BB T BRFH F 85 2 B %2 0

Table 1  Effects of CeO,NP, seed priming on pepper seed germination under salt stress
b3 KA R ZE B [GAE (514 KRR
Treatment Germination rate (%) Germination potential (%) Vigor index Germination index

CK 73.89+6.74c¢ 6.11+£0.96¢ 34.01+5.35d 10.72+0.90¢

SO 92.22+5.09ab 60.00+1.67ab 325.26+£9.04¢ 16.25+0.66b
S0.05 91.11+6.74ab 56.11+4.19b 305.13+£22.81¢ 15.70+1.06b
S0.1 92.78+2.55ab 63.33+4.41ab 360.40+25.09bc 16.70+0.09b
S0.2 88.89+6.31b 59.44+8.55b 350.90+50.49bc 16.07+1.12b
S0.3 94.44+1.92ab 60.56+11.10ab 354.25+64.92hc 16.76+0.91b
S0.4 93.89+5.36ab 66.67+2.89ab 402.00+17.41ab 17.28+0.95ab
S0.5 99.44+0.96a 71.67+£6.67a 433.58+40.33a 18.56+0.65a

T FAIARNE FRRRZERRE (P < 0.05), CKAXRA, S0~50.5 73 HIREAR KL CeO, NP AL, 4352 0.,0.05,

0.1.0.2.0.3.0.4.0.5 mmol - L', FI[d,

Note ; Different lowercase letters in the same column indicate significant differences (P<0.05). CK is control group. SO to S0.5 indicate

treatments with different CeO,NP concentrations of 0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mmol - L'". The same below.

2.2 CeO,NPFl F 5| %& &b 32 X 25 Fifr 8 T BRI 40 &
AR B N

FH % 2 AT, B E CeO,NP 5| & AL BEAE(E
HEER I T B A T A K S0.4 Kb B 1) %)
Wi EEE  TEMMRK Y EE S TR RO,
I NRE T 35.75% .135.33% 35.48% , {H ¥k & B
FIRT RGN R, Ui A 751 & AL BLEE S
FRHAERARMAELR,
2.3 CeO,NP # F35| Z B EHIBRMA FAEAE
LT
2.3.1 CeO,NP A F 7] K 4L 22 )5 *F s AMAT F B AL B
R Hea WIE 1L AT, S0.5 AL FRA B Y
HAEE S E TR R A FEIR T
68.54% HFI FHN & EIRE T 21.74%, 5
KoK L2 F A E

26 3 I, S0.5 AbHEAL A FF T A9 CAT 36 1
WER TR LAHA 5 T 54.06% , (HF T
POD APX i i K TR 51 & A #4430 BEAI
T 44.56% ,59.98% ;S0.5 AL FRZH (AP F 1) AsA &
T ARSI R EA R T 8.89%, [A AT, S0.5

LEFRZH T 7 () AsA/DHA (5 K 51 % 40 P 41 41
M E S T 78.81%,

2.3.2 CeO,NP F¥F 5| A 4 22 )5 xF #RARFF F 7T i
EAR ERR TEEESTHH R HRE4]
H1,S0.5 A FZH BT 1% 1T R B BRI AR
HRER T ARSI ALY RS T 119.62%
F1114.50% B Fp 1 /9 o] @ PR 0% & 2 5 Rk 51 & b
FREAAH L TC B35 25 5%

2.4 CeO,NP 1 F 5| & b 3B 3T EL B8 T340 &
41 A A HE R B2

2.4.1 CeO,NP FF-F 7| & 4L 22 xf 35 phid F 3RAM4h G
TR R EER TEERES TN YA W
5 AH,S0.4 b A A TR O A R
BERT AR ZAHEAL, 5T 20.51%, (H4h 1
F1%) it 0 R AT S P o 2 i AR TR g | R ik B
2, BIFEAR T 75.02% 1 41.16% .,

2.4.2 CeO,NP FFF 5] & 4L 22 %% 3k phid T FRA 4l
AL v 6 N, S0.4 Kb L4 2 v
) CAT ,POD ,APX  SOD i ¥E ¥ 8 Z K T A5l &
AEPRLH | Ay R T 84.92% | 13.58% | 41.33%
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Table 2 Effects of CeO,NP seed priming on growth of pepper seedlings under salt stress
Ab 3 i T T Frmi UESN
Treatment Fresh weight (mg) Dry weight (mg) Plant height (em) Root length (cm)
CK 44.10£1.97b 1.50+0.10d 3.74+0.17a 2.17+0.14d
SO 34.77+3.74d 1.63+0.12d 3.29+0.19b 2.40+0.14¢
S0.05 37.80+2.16¢cd 1.63+0.32d 3.35+0.21b 2.42+0.06¢
S0.1 43.03+£5.61bc 2.80+0.35b 2.87+0.09d 2.95+0.15a
S0.2 58.27+0.85a 3.50+0.17a 3.35+0.11b 2.80+0.09b
S0.3 39.50+1.39bed 2.17£0.15¢ 3.24+0.13bc 2.89+0.14ab
S0.4 59.87+0.45a 3.53+0.12a 3.36+0.13b 2.94+0.16a
S0.5 44.23+0.84b 2.37+£0.21¢ 3.08+0.13¢ 2.83+0.18ab

Iy
Superoxide anion content (umol-g™)

CK SO $S0.05 S0.1 S0.2 S0.3 S0.4 S0.5

CeO,NP, 3k B
CeO,NP, concentration (mmol-L™)

ANTR)/INE B e R 4 4 P R) 22 5 8. 35 (P<0.05) . T[],

[ 5
MDA content (amol.g™")

CK SO $0.05S0.1 S0.2 S0.3 S0.4 S0.5
CeO,NP, ¥ i

CeO,NP, concentration (mmol-L™")

Different lowercase letters indicate significant differences between treatments (P<0.05). The same below.

Bl 1 CeO,NPFHF5| RKAMEXEHMF FEBEAPEFMA_ESENZM

Fig. 1 Effects of CeO,NP, seed priming on superoxide anion and MDA contents of pepper seeds

61.79% ;S0.4 AR ZH 4y 15 79 1 5 IR TR
KA KT 20.38%

I 2 A, SO.4 A B4 %) A AsA i Al
AsA/DHA [IE 0 3 TR G| KA ERAL, 43 0 42
T 111.04% 1 273.77%

3 it

3.1 CeO,NP i F 5| & &b 32 3t £k il 18 T B Fh F
#5 & 1 5 i

EIN IS ERGIBURY 3791l SIER L TR/ IR NS e
s AR A 340 T s O R, DT 7 A AR

( reactive oxygen species, ROS) , 24 i g i1 4
b R T A A 2 T A i R A7 B B Al
FhF i A 52 B ( Zhang et al., 2022) , AL, i
FEEATE R ROS BB 1 AR R i 47 Fh 7 51 A ab 3
JE HHTBON B BT RTT 02—, W5 R, A
LSl 4 K UKL ( CeO, NP ) 7T LU 1F 5 B ROS 42
A YR BT AL R g 55 Oy AR AN A R AR
Yyhia T WA 5 % ( Lizzi et al., 2020)
AFFFEF W], S0.5 Ab L (1 BRAUFD 51 & 5%
AR, B8 1 E8 38 T ORUR 7 1Y W] A
ARt T AT R R, AT R B, SO Ab B
ZH BTN T 10 K 2 R WL i/ T ARG KA B, AT
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&3 CeO,NP I F5| XAEMEMMFRELBREASLI R ENZ N

Table 3 Effects of CeO,NP seed priming on antioxidant enzyme activities and antioxidant contents of pepper seeds

PUAA AL 1 YA S
Antioxidant enzyme activity Antioxidant content
Qb3
Treatment CAT 15 Mk POD 7514 APX 7514 AsA B
CAT activity POD activity APX activity Content of AsA AsA/DHA
(U-g") (U-g") (U-g" - min") (nmol - ¢™)

CK 86.06+5.83bc 455.00+15.88a 1513.89+107.45a 5.90+0.05b 7.96+0.10c
S0 125.16+6.81a 343.85+18.09b 743.18+10.71cde 5.61+0.06b 13.81+£0.72a
S0.05 87.53+5.15be 363.97+2.13b 720.16+59.45de 5.86+0.09b 13.46+0.58a
S0.1 76.11£4.77¢ 288.61+17.91¢ 343.76+33.05f 2.88+0.09d 5.09+0.67d
S0.2 87.41+4.62bc 308.29+4.65¢ 1112.68+91.05b 5.52+0.05b 11.19+0.43b
S0.3 90.85+3.14b 166.11+1.06f 847.69+41.73¢cd 4.41£0.39¢ 9.14£0.22¢
S0.4 97.71£5.23b 205.04+9.08e 946.01+3.69¢ 2.03+0.18e 4.34+0.31d
S0.5 132.65+0.11a 252.26+12.95d 605.82+10.77e 6.43+0.07a 14.23+0.96a

& 4 CeO,NP FhF 5| & Ab B Xt BRALFH F AT A 1%

EBOR.AER. TAEESENZIN

Table 4  Effects of CeO,NP seed priming on soluble

protein, proline and soluble sugar contents of pepper seeds

& 5 CeO,NP FhF5| % 4 13T 25 BB T SR 40 B

ARMEEARAEER. TREESENZI
Table 5  Effects of CeO,NP seed priming on soluble

protein, proline and soluble sugar contents of

pepper seedlings under salt stress

AT R A o AT V2 M g A B
R AR W A T{ﬁﬁ#ﬁa.m
Ab 3 Soluble protein . Soluble sugar
Proline content
Treatment content ( . 71) content
(mg-g") e -8 (mg - g")

CK 9.86+0.10d 697.27+82.02bc 153.76+0.94a
SO 18.42+2.17¢ 593.06+21.67c 101.19+0.89¢
S0.05 21.50+1.09ab 649.14+46.99bc 110.73+3.89d
S0.1 19.42+1.22bc 615.84+32.41¢ 121.77+0.30¢
S0.2 22.52+0.20a 756.68+73.63h 141.82+0.55b
S0.3 20.65+1.91abc 593.91+16.99¢ 128.08+7.57¢
S0.4 22.56+0.75a 722.26+86.93hc 129.04+1.13¢
S0.5 21.64+0.39ab 1495.10+£22.97a 150.93+0.28a

Al s - A EL . AT s e B A -
T{:ﬁﬁﬁHfﬁa; WA & T«ﬁfﬂﬁ bt

Ab 3 Soluble protein . Soluble sugar

Proline content
Treatment content ( . ,,) content
(mg-g") nere (mg-g")

CK 2.08+0.11¢c 247.27+£12.32a 17.69+0.41b
S0 1.60+0.19d 89.90+9.95bc 16.37+0.24¢
S0.05 2.18+0.24he 95.88+7.69h 12.09+0.41e
S0.1 2.90+0.07a 73.75+£6.21cd 20.50+0.32a
S0.2 2.70+0.02a 66.61+6.86d 17.30+£0.46b
S0.3 2.53+0.03ab 41.96+3.97e 17.12£0.51be
S0.4 2.51+0.25ab 61.77+5.02d 10.41+0.30f
S0.5 1.90+0.20cd 99.78+9.28h 13.59+0.16d

fiE 5 SO &b i) MgCL, ¥ 5 84 B 1E g TEHIL i) Fil
T-51 & R FESE T 00 W R A (R RS AT
2021)

S0.5 AbFRAAFIF RO N —EE S R & T ARTI A
AhERA | F2 W CeO, NP Bl 75| % Ab B 0] E Xt F 1
) S AR T A7 3 T — g R B Y R 3X T g
W TYOREEELE, (H)2,S0.5 4320 1y Fh ¥
A o E R E M T ARG KA A, IF Bl
AR M B CAT 1% BRI R (AsA)
i M AsA/DHA B B3 TR 51 R A2 | 3
W] CeO, NP JFRBUFP 51 K& AL BEFE M 1 b1y A= 3

AR S BEERR AR R A B TR E A B B
2 V-l DR AP A A 52 A A A R OR B 30 A 5C
HEHABA R (Gui et al., 2015; Noor et al., 2022) ,
PE— LR AN CAT BTG ME , S5 H0R M R - 43 e H ik
EER P[] 975 o o ) 396 1 S o A A 0 i B R
P R 2, e 2 0 2% Wk 380 XS BROABURD - 117 ik
e v BT B ) 40 i oo ST R BE R T 4 A Ao
TR SE R, R T RE RS A & 25, JF H O H
REHFRBF R TR, K] CeO,NPy
ol 557 | A Ak BB T 8 1Al R A TR 32 5
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Table 6 Effects of CeO,NP, seed priming on antioxidant enzyme activities and
MDA contents of pepper seedlings under salt stress
. f)}?ﬂ%%iﬁ‘fﬁi N
ntioxidant enzyme activit
AL y y I\E/Iqu%ﬁft
Treatment CAT {Efi POD (El‘ﬂ: APX {Eﬁ SOD (Efft (nmo]l- g])
CAT activity POD activity APX activity SOD activity -
(U-g") (U-g") (U-g" - min™) (U-g")
CK 39.50+1.09a 486.44+5.64a 106.52+4.61b 62.17+3.75a 3.10+0.05d
SO 5.46+0.10f 124.13+11.75¢ 139.09+9.07a 46.47+3.16b 4.45+0.5b
50.05 7.16+0.35¢ 69.83+2.11f 60.34+3.43d 9.38+0.51e 5.13+0.32a
S0.1 12.62+0.59bc 108.81+8.57e 90.24+5.86¢ 32.00£1.04¢ 2.19+0.08e
50.2 10.78+0.77d 179.67+11.33d 86.38+2.37¢ 29.77+1.68c 2.43+0.2e
50.3 14.09+0.66b 241.39+4.42¢ 112.86+4.93b 27.94+0.68cd 4.34+0.17bc
50.4 5.95+0.47ef 420.38+8.08b 62.50+3.15d 23.76+1.95d 2.46+0.24de
50.5 11.44+0.26¢d 88.73+5.29f 88.04+0.74¢ 10.13+0.23e 3.81+0.24¢

AsA content (mg-100g™)

CK SO S0.05 S0.1 S0.2 S0.3 S0.4 S0.5

CeO,NP, 3k BE
CeO, NP, concentration (mmol-L™")

AsA / DHA

S0.2 S0.3 S0.4 S0.5
CeO,NP, 3k B
CeO,NP; concentration (mmol-L™)

CK SO0 S0.05 S0.1

B 2 CeO,NP #F5| %40 xFEhiiE THRHILN H AsA & 2K AsA/DHA L {EHI SN
Fig. 2 Effects of CeO,NP; seed priming on AsA content and AsA/DHA ratio of pepper seedlings under salt stress

YRR, ] B b ] LA UE B BRBUFR 7 LA 38 I CeO,
NP EEPEM R HLA] . X 5 Khan %5 (2021) R H
0.1 mmol - L' CeO,NP 5| A& AbH H =5 25 ZE fp 13
R38R K 2R B 5T 45 AR, R CeO, NP B
F51 & Ab BT HE R F-TE £ W han i & B A
— 28 WA AE FH, EAS [R)A8 90 1) B o v B RN —
A
3.2 CeO,NP i F 5| % b 32 33 Eh BfviB T BSR40 &
KR EENZN
EINISIERTTEUS A VR ik =W s OB = VAR |

A S5 7 S A 9 0 4 K & B (Rossi et
al., 2016; 2022 ),
CeO,NP L9 UiF B 7] 42 48 9 19 2E K & B ( Khan
et al., 2021),

AR, S0.4 4b 3 A /Y B F 78 R B R
Kl ghmt T H MR AR BN B T &
KRAE, & & T RS KA A, 3 W] 3 | ok
CeO,NP 5| & 4b B AT {12 1F 25 38 T AR &)y 1
MAK . X5 Khan %(2021)}% 0.1 mmol - L.
CeO,NP Fh ¥ 5| AL P2 200 1 )5, vl {2 3k £h P e

Hassanpouraghdam et al.,
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Ze P eSS GOK TURE AR 15 | K X R B30 R SBARURD 5 B e e A ARSI 2307

NG R KR T BB 5 RARRL, R A
SO.4 AbFRH 75 R W38 T K R B &) T I £
T AR RS T S0 L H 4, i CeO,NP,
Tl 75| % AL BEXT S AR K R 5 e VR AR T
MgCl,

£ 38 T 240 i T 17 38 1 49 A R R LA 3 ok
MDA 1) 7= 4 Al L 2 ok 5] ( Deinlein et al.,
2014) , ARWFFEH,S0.4 AbBRA (40 B AE RN IA T
TR & LR AR, 3R CeO, NP Fh T 51 & Ab #
X U O ) 1 e R T8 T R R B R A R
—E M BEAE R . [, 4 B9 CAT,SOD 3% 11
FEAIC, WTHE 5 CeO, NP R UKL 3 1H 77 75 + 3/+4 &
b3 J 2 be 2 L 5 A A R 09 28 B R AL
(CAT ,SOD) {if 4 & (Zhao et al., 2012)

AsA ATVESN AR P AL D) B HH BR ROS,
A0 R R B H K (GSH) — 2 2 5 Hi 3k 1 BR -
A HOBK 96 ¥ ( AsA-GSH 1§ ¥/ ) ( Rong et al.,
2022), AsA/DHA H{E ] Jz it AsA-GSH fE IR 0R
AT FHF PR B 48 Ak BE g AN i 8 A4 A B35
(Gao et al., 2022) , AHF5ERM, S0.4 4b P2 1)
WIEFEER I8 T A AsA 7 & M AsA/DHA [ {H &
FHE R, ULEH CeO, NP PP T 5| % Ab B AT 38 5o {2 #F
LTI R AsA-GSH i FR R 4ER5 58 e T 9 i i)
AL BT 3% 5 Gohari 45 (2021) 7£ 75 mmol -
L "' NaCl B ER 030 R XA 45 ( Vitis vinifera)
W HEAT I 1 W CeO, NP R, W] 38 5o 42 3k 76 24
5 T R i R - 45 I BRI B8, DT B AIC i R
ROS & 5 R 2% fiff 5 W30 46 25 I 5 19 4804k 17 98 s
N7 ) AF 5% 45 SR AR

4 Hiy

(1) AN[EH BE CeO, NP 34 ] i 1k B AU AP 175
WA TR &, L 0.5 mmol « L BB fe Ak,

(2) & H W JE CeO, NP P15 & &b B 5 vl fiE
R R AERK A A EMES, L) 0.4 mmol -
L7 B e

(3) CeO,NP Fl F 5| &AL B f5 , vT 3 48 38 % W
AT KRG 3 A W A5 Oy S S A
KRR T A DA AN 4R PR AR
{23 ASA-GSH 1 ¥ M\ 1fif B AR Al 5 ik 41k | 22 4
bR ok 32 = 4l i it ER . CeO, NP RTFE Sy —
PRk 5] &R SER D e SR e R AR R E

SE .
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