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Effects of cerium oxide nanoparticles seed priming on growth and physio-

logical characteristics, and expression of stress resistance genes in pepper
plants under salt stress

QIN Zhongwei, WEI Qianya, LIANG Lamei, LIN Xinqgi, LI Yingzhi
(College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: Capsicum annuum L. is an economic crop sensitive to salinization. Seed priming treatment with cerium ox-
ide nanoparticles (CeO,NPs) can improve the salinization tolerance of plants. In this study, we investigated the effects of

seed priming treatment with different concentrations

(including 0 mmol/L, 0.05 mmol/L, 0.10 mmol/L, 0.20

Y78 H 5 :2023-09-07
HETE /A RHTRHE I H (2016402021016 201202060 mmol/L, 0. 30 mmol/L, 0. 40 mmol/L, and 0. 50
2051); 1A W VE K % B B 4R ke TR B BF R A mmol/L) of CeO,NPs on growth, stress resistance physi-

(GDOU2016050256 .GDOU2013050217) ology, chlorophyll fluorescence parameters, mineral ele-
VEBRN 2P 4E(1997-) , Lo, DU KN TR R 582, DRSS 97 1) ment content and expression of salinization-tolerant genes
SR VE W 0 s A B 2 . (E-mail ) 1198674844 @ of C. annuum seedlings under salt stress. Our results
qq.com showed that seed priming treatment with CeO,NPs could

EIES . 220K, (E-mail) liyz@ gdou.edu.cn alleviate the growth inhibition of pepper plants caused by
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salt stress, and increase the total fresh and dry weight under salt stress. The optimum concentration of CeO,NPs was 0.05

mmol/L. Seed priming treatment with appropriate concentration of CeO,NPs increased the activities of superoxide dismutase

(SOD) , catalase (CAT) and ascorbate catalase (APX) and the contents of osmotic adjustment substances ( soluble sugar,

soluble protein and proline) , but decreased the content of malondialdehyde (MDA) in the leaves of C. annuum seedlings

under salt stress. In addition, seed priming treatment with appropriate concentration of CeO,NPs enhanced the relative ex-

pression levels of five related salinization-stress resistance genes ( CaAnn9, CaNCED3, CabZIP25, CaSBPI2 and

CaOSM1). In summary, the priming treatment of pepper seeds with appropriate concentration of CeO,NPs can maintain the

redox homeostasis and osmotic balance under salt stress by promoting the establishment of antioxidant enzyme system and

the accumulation of osmotic adjustment substances in pepper leaves, and enhance the tolerance of pepper plants to salt

stress by up-regulating the expression of related salt-tolerant genes in pepper leaves.

Key words :

IR TR B EY A K R B AR A Y an
2 BRI B, 4t A £ Al 1hT B 2 A 8
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FEY) PP 33E 47 51 % ab 3 AT DL RE AR M 38 T I
3% (Brassica rapa L.) $H ) ROS &4, B4 0 nl i b
O N K 3 ) S N e o i = RN
Hh, HICeO, NP1 iE47 5| & Ak Bk vl 38 o 9 7 iy
SR B KR b | B IRKAIR G URH O PR R A XS
Ferk BRI S Z R WA i RE

BB ( Capsicum annuum 1.) R 7 B} ( Solanaceae
Juss.) BERAEY) , AT WA & 2 AR
PR T H A2 4 ) 52 3 0 1030 052 e 437) 66 1 3 25
DB R G & 3R, IR Na®™ B s 3 m, W) i)
REAR T AT T, B2 2 9 R (MDA ) & it
H I AT D -3k 35 Ak 2 B 5 e JORURR £ 1 3 22
PRtz — TR AN B4 m BRI 8 58 ) J7 T
NATMECT KREERRTE, Ban, AT AR R 30 BRASUR
THEAT T R AL PR W] A e O B A 2R | T
VYRR [ 0T 1 SR DR A R W30 XA ATy 1 3 B
TR 2 5 KA R T 3 Ao B o R B R B
R T 5T % e BT AT T R i v HL T R B
J32 WIS ER PR , R A R R e T R
24 B BT ST PR D R 28 ) o X AR ) h 7
PP S H T SEH CeO, NPsFh 151 % b3 5
PRHEER B A T B AR A 1 T SHAE FIPLHI A F
IR EE WARIA

R T HR5E H CeO, NPs X BUUFN T 4751 K Ab 3
() A o ey DA 3 3 7K T I 5 SBRORBURE A 1) T
AR AT FEAU LASH R AU A S it 360 Sl A1k,
FHASTR] ¥ B CeO,NPs X HFh 1 #E 47 51 & Ak B
100 mmol/L NaCl ¥R AAUER Wit 251, B 1E W 4
TRRIR (1) 38 5 0 BB AR 19 JE 2548 B (g
o MR P L) KIEA CeO, NP2 75 4T b Wi T
SRR IR 19 A A A B AE T 5 (2) i I s A 3
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AALFE B (A AR R bR R ) & i B E R
) WY (Na® K" Fi e Na® /K A DL A4
PECQn M 2% R & i, M R RO RETE) SR R R
CeO, NP2 i B £k P A A= BEHLHL ; (3) 4%
CeO, NPsI WO 175 | 2 Ak LIS 22 it RABURE AR
R 50N Y RO R R 5 (4) e o B R vk R
CeO,NPs5| K Ab BT W38 T BRI K i 5 55 P AH
XF ek B S | 1 B CeO,NPs i 5 A& A FH 4R 5
BB 52 £8 0 e 1 L

BRSO

1.1 R

ARG BT IR A 81 R, PR S8R 360, HH
B2 T B AL B AT R R R AR
1.2 REHE
1.2.1 #F 31 &%+ 5% Newkirk % 1907 i
B il CeO,NPs %5 W, & B 43 %1 24 0 mmol/L, 0. 05
mmol/L 0. 10 mmol/L 0. 20 mmol/L 0. 30 mmol/L
0. 40 mmol/L 0. 50 mmol/L, 43 | FH SyAbBE S, s &b
Eﬂxsmoﬂ\}—%\smaﬁfﬁ\So.soﬂ\ﬁﬂ\50.405&\}%\50.50@}%
FIR, FREL 2 g BRI TCEE A 1B T (4
HEKEBHMET 7%) TRAT, RS MA 10 mL
AR FE Y CeO, NPT, 31 1 & T4, T
20 CHI%K 24 W7 BIRZEHR , FHZE /K wpk
T3, P HIEAUR T AT 3R 1K 4 5 B TR
ERRE R GE g
1.2.2 H#KE K RIHITFIR (CK) FIRHAS R
J& CeO, NPsIERIEAT 5 K2 b B B BRMURD 743 51 B T
PREA ZEIL (10 emX 10 emX5 em) H, F 25 °C G R
BRFRAETR AT R ZE AL, RS Ab B 60 R BT
T, HE 3R BRI 2R A TR A
A ERRE T f D, FEER SR E 2 i 10
I, A ERA% Rk 2 iR 2 O o s B BRAURR B K 4 ~ 6 5K
B, i B #— A BB R, 100 mmol/L
NaCl VR GeERSER a0 | RS b B 20 Bk, R
3K, FERREREENE 50 mL,2 d FEE 1 vk, SR 7
WK, Bl A THURE 3T
1.3 MEEREFRX
1.3.1  AAARTY SF5AR00 M T BEBUK A — BB
AR, AR B 5 7 RIS U 8T, lEbs R R ORG BE
9°0.01 em) Ak & AR, HTHL RSP0 1 PR o
PRBABUIARTS 53Rty i fef 8, SR Je g L Tt

A, T 105 °C A&7 30 min, B2 80 CHET R 1H
i, PR B AT RR IR SR AR, A A B
WS WHEL,
1.3.2 HM#ARZIBAFGNE  HEMAD LZR
PRSI Y W (MDA ) ik, R b 2
TE AR S R, S K Y 0 DR i Y k
R AT 26 P 3 i, A Nakano %57 % 07 g
SEPUIR MR 3 A Ak Ul (APX) T

FF ek (A st &SR RHE A BRA A I e it
AALE(H,0,) & AR F Al (0) &,
A B AL T (SOD) 16 1 i AL S (CAT) T
M A E AL (POD) T 23 e H KA R (GR) T
PRI 2R 7
1.3.3 #tE K Na"AFegmle e SRR iR
HRZE M A (KT ) B (Na®) S R Na /K
{E, HAARS IR Khan % 507 59 HVEE SR, 44
AbFRZ U R (R 1 SR A 45 A E 5 IR,
1.3.4 stgEi4seymE i &R SPAD-
502 13, M) e R AR IR IA R G (D) A BRA \
di R R B A S AT A, A A A A
W3 WEE AR EE LS PRBRHRIVE , BRI £
HIERAL 4 5 BRI Fr AT o (KR AL ) .
1.3.5 v &AMz R FluorPen
LR Z 9NN (77 B Czech Republic, {X #5271
Photon Systems Instruments ) X A [5] &b 2 211 AU i
E R AT SR 2R DR S M E . e M 900
TR, LRI 2 8 b e KA FROR (F /F,) 5K
PRt #%CR (F! /F' ) B S BRZH R 10 BR AR
PGHEA T 6 o 0y Al AN Ti) Ak B 1 SBfABUAT A )
A AT S SR AR | L E AR R A SRS 3 B 30 min
Je B T A
1.3.6 RNA #9428 R & % %2 & PCR  7£ 100
mmol/L NaCl Ji#i8 T i 0.05 mmol/L CeO,NPs?A
X ERAURD 7 R AT 51 K AL PR 8 it 98 % E B PCR
(RT-qPCR) 431 BRABURE A I - 149 AH 56 35k PR 6 5 1
#, qRT-PCR M5 WLFE 1,k Calbi3 fERHNS
S E e, FRR S B OO B R RNA 28
J5 , 2 BRI A0 RNA 3055 5% 9 cDNA; ), AR 3
VA5, 76 12. 5 wL TB Green Premix Ex Tag 1l (Tl
RNaseH Plus) (x2) B W iR &Y H 3 8 qRT-PCR
7, qPCR EFRAEANT 195 °C FilAE 1 30 ;95 C
A S 5,40 NMEIR ;60 CiR k30~60 s, TERE
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IR 5O RS . B PRIREE 3 DAY
HHE,
*®1 HBATREEE PCR(RT-qPCR)RIHIS| 455

Table 1 Primer sequences for fluorescence quantitative PCR ( RT-

qPCR)
FEH SIHF5(5'—3")

CaUbi3 F.TCCATCTGCTCTCTGTTG
R:CCCCAAGCACAATAAGAC

CaAnn9 F:CATCGAGACTGCTTGCACTC
R:GGCCCTTCATAACGGTAGGA

CaSBP12 F.GTTTCACCCATTCCCAAGGTAATT
R:TAGTACGTCGGTAAAGTCGATTAACAA

CaNCED3 F:AGATTAGTTCAAGAACGTGAATTGG
R:ACTTGATAAGGGACATCATCTTCAG

CabZIP25 F:AAGAACTTTGGAAATGAGCC
R:CAACGAATAGATAGATGACTGC

CaOSM1 F.CCTCCTTGCCTTTGTGACTTACACTT
R:ATTCAGCTAAGGTGTTTGGTGGTTTAC

1.4 HESH

FH SPSS 26.0 4t it 43 B #44 b 2 50 B s,
Excel EE], 127223 H A Rk &
2 HR500r
2.1 CeO,NPs5| & 4bIE3F NaCl BB T SRHAERR &
Al

M E 1 AT, 5 CK A L, FAS TRV BE CeO,NPs
X RN F-EAT 5 A A BRI T A2 i R e AR
BRI . 2 CeO,NPsUEJE A 0. 05 mmol/ LA, HiAR
FERRB ARG B A, 5 R 51 R A L, A bR AR fif
oK M R T AT E M T S
ST E e ARK S5 B ER T 102.27% .
163.48% . 33.13%% ., 242.88%% . 274.94% .
112.83% . 75.16% , 173.51% . 64.80% #il 73.80%
(P<0.05) ;A ,0. 05 mmol/L CeO,NPs5| & A4bHiZH
() B BAE B 2R KRB B P F 0 mmol/L
CeO,NPsALHRZH (P<0. 05) , H MR (AR ff 7 25 fif |
MHff e AR E AT M S ST R
AR K 2 AR T T 44.80% . 49. 38% . 24.09% .
72.90% . 77.20% . 39.45% . 36.28% . 56.77% .
27. 16% M1 51. 11%,,

2.2 CeO,NPs5| % 4 IEXF NaCl FfiE T SRHUAE K 4
BRI
2.2.1 CeO,NPs5] & 422 %+ NaCl Wit F kAot i
TERERGR T EERE HARAS WY mE
2 ATH1, 5 CK A, AN [ BE CeO, NPs X R+
HEATH R AL PRI AT #E ke N ARt F rpon] v v
AT TR B R BT B b il s R 1 AR R
YEFASIAL, 24CeO,NPsHREE R O mmol/ LI, BRAI Fr
AIRT PR R BT % B e, 5 CK AR M i 3 4R
249.79%(P<0.05) , 24Ce0,NPs¥ 7 0. 30 mmol/L
BF SRS R e B R  PEAE  fE e, 5 CKO AL
FAR BT 192.15% (P<0.05), 4 0 mmol/L
CeO,NPsAbHHZH 1 42 55 1 35.99% (P<0.05) ,{H )&
F& 0 mmol/L CeO,NPsAbHEAI AN [R]CeO,NPsAbFEL (7]
Toli % 22 5 (P>0.05), 24 CeO,NPs ¥ i 24 0.05
mmol/ LI, BB 1 v A il 2R 7 i e i, 5 CK A
Fo @ & 425 T 189.51% (P<0.05) , /255 0 mmol/L
CeO,NPsAbERZH AH 25 AN 183 (P>0. 05) .
2.2.2  CeO,NPs3| & 4 32 5f NaCl Wi F skt K
FALRH A Fom I 3 AT, 5 CK A, AR
W CeO, NPs X BUARRN F-3E 17 5| 2 A 335 AT AN [] 2
JE b i R TP 8 T SR Bt AEC A T P Y 3 0
24 Ce0,NPs ¢ B 24 0.10 mmol/ LA, BHLU I K H )
SOD T M e, 5 A5 &4 .0 mmol/L CeO,NPsib
FHZE A oo 0 B 2 B T 252.35% . 104.27% (P<
0.05) , 4 CeO,NPs¥ 2 0 mmol/ LI, BRAH F
Fif) POD WEPER @, 5 CK HIL B R &S T
659. 66% (P< 0.05), 4 CeO,NPs % J& 4 0. 30
mmol/ LA, AR R ) CAT T6PES CK A E 3%
$EF T 370. 02% , {05 H Al CeO, NPs ¥ B Ab 1 41 2
)T 22 5

H &l 4 AT, 5 CK AR, ISRk BE CeO, NPs
X RN - HEA 75| A Ak B 35 ] SR e R
W BT AR S, 2 CeO,NPs K JE 2 0. 10
mmol/ LI | BRHUT F 1 MDA & &5 CK A L&A1,
BEFEAL T 85.59% (P<0.05), {5 5 H il # &
CeO, NP A Z [0 AH LU TG B 3 25 5 . 4 CeO,NPs
W E 9 0. 50 mmol/ LIt , BRI At H,0, & fH48 CK
T s R /N, 5 CK ML Z R AR ZE (P>
0.05) , 24CeO,NPs¥¢ & 0. 10 mmol/ L}, A
A oy S amfl, 5 CK AL B FREART
24.07% ( P<0.05) ,
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Fig.1 Effects of cerium oxide nanoparticles (CeO,NPs) priming on the growth of pepper seedlings under NaCl stress
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Fig.2 Effects of cerium oxide nanoparticles (CeO,NPs) priming on soluble sugar content, soluble protein content and proline content in

pepper leaves under NaCl stress
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Fig.3 Effects of cerium oxide nanoparticles ( CeO,NPs) priming on antioxidant enzyme activity in pepper leaves under NaCl stress
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Fig.4 Effects of cerium oxide nanoparticles ( CeO,NPs) priming on malonaldehyde content, hydrogen peroxide content and superoxide

anion free radical content in pepper leaves under NaCl stress
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FHATS IR ACTRSS , v DL s M3 R BRI
) APX [GR i1k, 4CeO,NPsHJE N 0. 05 mmol/L
IF BB 7 /9 APX 6 PR B 5, 5 CK L0 mmol/L
CeO,NPs b #2414 Lb 43 1) b 25 42 & T 140.23% |
44.64% (P< 0.05), 4 CeO,NPs ¥ J& 4y 0.10
mmol/LAf, A F 19 GR &M & i, 5 CK. 0
mmol/L CeO,NPsAbFEZHAH L 22 AN 3%

2.3  CeO,NPs5| % 4 IEXF NaCl BB T HRHIE KA
E#A Na" S 2 K ' &2 K Na”/ K EHN &M

& 6 AT, FAASIRIR B CeO, NPs X3 R T-10E1 7
FIAAEF |, ERA T B [T Na® M
SRR PRV, B RRAS [RIEB A6 K I
SV L SR, R MR AS A1 1Y) Na®/
KA B ST m . >4 CeO,NPs Y J&£ y 0.40
mmol/ LAY | 5 CK AHEL AR Na* & &350, 5 CK A

FE 1Y) 48 1 A 169. 01% (P<0.05) , {H & 0.40 mmol/L

CeO,NPsXTZ5M Na* {5 BEJC T, 21 5 235 i T 5
RUFRRI 1 Na*™ i, 5 CK AH L BYEIEN 41. 79% (P<
0.05), 5 CK #HLt,0. 40 mmol/LCeO,NPsAbFHE R T
FRBUR K" 9 7 i, HE R R 155.50% (P<0.05), 5
CK AL, 0. 40 mmol/L CeO,NPs b Fi il 35 A% T S8
25 MR KSR (P<0.05) , X BRHUR 25 Y Na®/
KT 5 (B 4w 1t Na'/K' B, /& CK
i 1. 98 fi%(P<0.05) ,

2.4 CeO,NPs5| % 4bIEXF NaCl BB T HRMM F ¢
=R EaE:0p- A

2.4.1 CeO,NPs75| % 4 32 35 NaCl Mri8 F Rt A
ik A Hea ME T AR, AN R R
CeO,NPs X H LA 2 47 51 & 4 B )5, BR 0.40
mmol/L, CeO,NPs &b B 4h AR M | 1 SPAD {H 5
CK A% A B 1L (P>0.05) , 24Ce0,NPsH
0. 05 mmol/Li B |- ) SPAD {E =, H i
Z T 0. 40 mmol/L CeO,NPshbFHZH (P<0.05)



Z e AL AN AR IIURL S | Ak BT R 3 SRR AR b A 1 A B AR DX 3 e PR 23K B S ) 1725

500
400 b

3001 c

2001 de e d
sl
0 S0 S020 Sos0S040 S

CK Sﬂ SO.OS 0.10 ~0.20 ~0.30 ~0.40 ~0.50

S oS

APX3EE [U/(g + min)]
(=)

1500-
ab a ,

L abc
1000 bc cd

cd d
500 ﬂ ﬁ
S.S .S

CK SO SOAOS SO.IO SO.ZO 0.30 70.40 ~0.50
Ab e

GRiETE: (Ulg)

(=]

APX HEHR LR AL s GR 23 W H G R , R R BB A5 R ) /N 7 3 2% 5 25 (P<0.05 ), CK SoAbBE S, o5 AR S, o A

B Sy 0 HbHE Sy o MbHE S MBSy o AL 1 3,

B 5 SWLEHMAKIAL( CeO,NPs) 5| & AIEXT NaCl B8 TEMM F HF BT U S B (APX) (BB H A IRER (GR) & R 2200
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