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Effects of Cerium Oxide Nanoparticle Priming on Seed Germination and
Physiological Characteristics of Alfalfa under Drought Stress

GE Meng-ting, QIAO Dan-dan, WANG Xin-yue, ZHANG Ruo-lin, BI Mingyue, HE Xue-qing’
(College of Grassland Agriculture, Northwest A&F University, Yangling, Shaanxi Province 712100, China)

Abstract: Drought stress inhibits seed germination of alfalfa (Medicago sativa 1.. ) and reduces its yield. This
research studied the effects of cerium oxide nanoparticle priming on seed germination and physiological charac-
teristics of alfalfa under drought stress. Alfalfa seeds were used as materials and primed with different concentra-
tions of cerium oxide nanoparticle (CeO,NPs) solutions (0, 50, 100, 150, 200 mg-L™") in the dark for
24 hours. Drought stress was simulated with 15% PEG to explore the mitigating effect of CeO,NPs on seed
germination. The results showed that 15% PEG significantly inhibited seed germination, while priming with
150 mg-L ' CeO,NPs increased the germination rate to 77% (P<C0.05), which was 5% higher than the non-
primed treatment. It also shortened the average germination time, increased the germination index, and
enhanced the fresh weight of germinated seedlings. At the physiological level, the 150 mg-1. ' CeO,NPs prim-
ing treatment increased the activities of a-amylase and p-amylase, and significantly reduced the contents of
reducing sugar (P<C0.05) ; the 100 mg-L™" treatment significantly improved the activity of antioxidant
enzymes; the 50 mg-L ™" treatment effectively reduced the ROS content; all concentrations of CeO,NPs prim-
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ing treatments significantly decreased the malondialdehyde content (P<C0.05) and the proline content, and
increased the soluble protein content as osmotic adjustment substances. Comprehensive analysis indicated that

150 mg- L' CeO,NPs priming had the best mitigating effect on alfalfa seed germination under drought stress.
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Fig.1 Effects of PEG concentration on germination characteristics of alfalfa seeds
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Note: Different lowercase letters indicate significant differences between treatments (P<Z 0.05), the same as below
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Table 1 Determining the identification concentration according to the linear fitting of seed germination index under different PEG

concentrations

ek LIS O s fabail AHE S e S
Index Linear fitting equation Critical value of the index Identification concentration/ %
K ## Germination potential y=—4.15222"—18.696x+22.355 0.9147 0.50 11.97
K 2 ¥ Germination rate y=—282.5452"+78.516x—0.1577  0.8062 0.50 18.46
S-¥4 % 2F 5 6] Mean germination time/d  y=—0.1378x"+6.5959r —8.5363  0.9647 3.20 11.16
K HHE L Germination index y=—0.00392"—0.46722x+20.769  0.9096 16.75 11.85
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Fig.2 Effects of CeO, nanopriming concentration on seed germination characteristics of alfalfa under drought stress
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Note: CK represents no priming, D represents germination treatment under drought stress conditions, and the number represents the concentration

of CeO, nanopriming solution, the same as below
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Table 2 Effects of CeO, nanopriming concentration on the

growth of alfalfa germination seedlings under drought stress

e LS HiK W 1L i
Root length/  Seedling Root top  Fresh weight/
Treatment .
cm length/cm ratio mg

3.7840.09" 5.384-0.09" 21.9741.14"
3.44+0.29" 6.284:0.22°  6.0240.51°
3.1840.43" 5.4440.35" 5.5240.15¢
3.1640.31* 6.0940.30" 7.104-0.45%

CK 3.20£0.09*
DCK 2.99+0.26"
DO 2.72+0.38"
D50 2.74+0.28"

D100 2.9440.29"  3.36+0.32" 6.70+0.29" 8.01+0.56™
D150 2.52+0.25"  2.954+0.29"° 5.51+0.20" 9.49+0.58"
D200 3.314+0.26"  3.83+0.30" 6.38+0.18" 8.75+0.78"

T R PR S B AR kiR R R NE R RO 25 R B A
(P<<0.05)

Note: The data in the table are mean= standard error, and differ-
ent lowercase letters indicate significant difference (P<C0. 05)
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Fig.3 Effects of CeO, nanopriming concentration on amylase activity and sugar content during seed germination of alfalfa under

drought stress
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Fig. 4 Effects of CeO, nanopriming on antioxidant enzyme activity and ROS content of alfalfa germination seeds under drought stress
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RIEE S, 78T R Whia T, L9k A ibsis] &
Ab B S AEH B BT MDA & B3 R K (P<
0.05) , H i 50 mg- L' 40 >k & Ak 4l 4k B /Y Fh 7
MDA % # &1, }y 32. 38 pmol-g ' FW ,{L Xt I
HADCKMO0.481% . TH&MT 5] K kb A Fl

14 il & 2 (Proline, Pro) & 1 &l & F& Ik (P<C0.05),
5100 mg- L~ "4 K S8 Ak Sl b B 1) b i 420 R o5
e L8 0.08% , A B T 4 K AR M B 8 ¥, 52
Pt WK o [, 51 & b B AR R F 6 AT R
(Soluble protein, SP) £ & 3 # Jin (P<<0.05) , H
H1 200 mg- L g oK S AL Al b R R P T AR O

P = N =

i dm, M 122.21 mg-g 'FW,
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Fig. 5

Effects of CeO, nanopriming on malondialdehyde (MDA ) content and osmotic adjustment substance content of alfalfa

germination seeds under drought stress

2.8 TEMEZGHTEAKRELMHSI ZLEHE
HEHEHEAMTEEREXESH

1 &6 TN, 7 T R0 AR R R R T
KHEF(GP) 5 & FR(GR) 4l f F (FW) i
IEAH G (P<<0.05) , 5l AL & & & (HO) ) i 3
IEAM G (P<C0. 0D, 5 F ¥ & ZE i M (MG T) & 2 171
FHIE(P<<0.05) . RHFRE K ZFHEE(GD (4 fif
HOBAAMEREF&EO,) GFELE TR
N (MDA B 3 1EAH KR (P<<0. 05), 5 o-3E
3 BT PR Ca-ALD B 25 1 A0 ¢ (P<<0.05) . Pk
ZERF ] 5 & 2R AR AR B3 UM 56 (P<<0.05) . K3
6 80 55 4l e T A B OE A OC (P<<0. 0D, 5l R
B 7o B EEMEP<0.05, 4Bk SH
KW B3 IEMHE(P<<0.0D) . 4K o-TE K
T U 6 (P<C0.05) . 4B AR E St R Ak
AFEDENMEP<0.05), 2t E S AL
Wy AR TR M (SODD 5 3 A5G (P<<0. 05) o a-TE
By BTG PE S FORE A B (ReS) 3 f M 56 (P<

0.05), 574 . & il 3 A 56 (P<<0. 0D . B-
TE 3 WG PR (B-ALD 5 I8 IR B i i 3 UM DG (P<<
0.05) i JFME 7 & 5 79 8 & & 1 35 A OG(P<
0.05) o i F Ab Wy B AL il 1% 1k 5 AT s v AR 1
(SPOWFHIEMK(P<0.05 ., #MANEFS RS
T AR IR A 56 (P<C0. 05),

2.9 TEMEZEGHTEMNKEUGSIZLENE
HEEHAMFEENRRERHE S

TR 8 S G Ak A S 5] R AL Y 2
A6 T W K Bl 45 6 A S R B AT 45 R AN 3R 3 T
AR AE T B0 4 F T, 200 mg- 1R 4 K AL 4
1% Ak B SR JE R BT 8 R, KGR K51k,
100 #1150 mg- L '51 & 351,50 mg- L~ '5| & 1k )8
PR S (B AE 51 e Ak BT b fe /0N 3 I % A T 5 b
T X 5 A A Tl R S AR K AR BHRE P 9 5 ) L
KB PRI 200 mg- L '5] & K51 & (100 il
150 mg-L '3l % .50 mg-L "53|k
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Fig. 6 Correlation analysis of various indicators of germinating seeds of alfalfa treated with CeO, nanopriming under drought stress
LGP, B HHGR, B3 MGT, F YR HEM T GL R HEGRL AR SL, # K s R/S-ratio, MUE L s FW 6 T 5 o- AL, o JE B I 15 8
-AL, B-VER BTG 5 SS, A TEME & & ReS , B J5URE &% 5 SOD i S AL B AL REE 18 POD , i S AL W B AL G 45 O, S A 3R B T
it HL0,, i FAL S & s MDA TN R 35 Pro, IR & 5 SPL, AT MRS A i
Note: GP, germination potential; GR, germination rate; MGT, average germination time; GI, germination index; RL, root length; SL, seed-
ling length; R/S-ratio, root-shoot ratio; FW, fresh weight; a-AL, a-amylase activity; B-AL, B-amylase activity; SS, soluble sugar content;
ReS, reducing sugar content; SOD, superoxide dismutase activity ; POD, superoxide dismutase activity; O, , superoxide radical anion content ;

H,0,, hydrogen peroxide content; MDA, MDA content; Pro, Proline content; SP, Soluble protein content
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Table 3 Membership function analysis of each index of alfalfa germination seeds treated with CeO, nanopriming under drought stress

Ab B Treatment CK DCK DO D50 D100 D150 D200

& 2 Germination potential 1.00 0.00 0.54 0.04 0.24 0.61 0.54

& % Germination rate 1.00 0.36 0.36 0.02 0.00 0.52 0.34
S35 % 2RI ] Mean germination time 1.00 0.00 0.59 0.61 0.63 0.74 0.82

& 8 Germination index 1.00 0.00 0.11 0.21 0.08 0.35 0.44

MK Root length 0.86 0.60 0.25 0.28 0.53 0.00 1.00

i K Seedling length 0.95 0.56 0.26 0.24 0.47 0.00 1.00

3 e Root top ratio 1.00 0.32 0.96 0.46 0.00 0.90 0.24

fif # Fresh weight 1.00 0.03 0.00 0.10 0.15 0.24 0.20
a-JE Ky AE % Pk a-amylase activity 0.00 0.11 0.84 0.86 1.00 0.60 0.90
B-TE ¥ Bl 1% P B-amylase activity 0.00 0.06 0.98 0.59 0.91 1.00 0.36

Al A i Soluble carbohydrate content 0.53 0.58 0.65 1.00 0.00 0.34 0.40
b JE B £ B Reducing sugar content 0.81 1.00 0.16 0.09 0.00 0.47 0.68
SOD % 1 SOD activity 0.00 0.68 0.91 0.62 0.69 0.44 1.00

POD itk POD activity 0.00 0.90 1.00 0.23 0.44 0.22 0.49

4 B B F & i Superoxide anion content 0.00 0.30 0.27 1.00 0.56 0.58 0.51
i AL & i Hydrogen peroxide content 0.00 0.92 0.45 0.77 1.00 0.10 0.47
MDA % MDA content 0.00 0.05 0.41 1.00 0.87 0.39 0.63

I % % & i Proline content 1.00 0.98 0.40 0.00 0.80 0.71 0.08

n[ %5 1 4 11 7 i Soluble protein the content 0.00 0.38 0.49 0.35 0.28 0.48 1.00
R B O ¥ {E Membership function average value 0.53 0.41 0.51 0.45 0.46 0.46 0.58

Y PEHEF Drought resistance rank 2 6 3 5 4 4 1
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PEG-6000 i i = 38 i J& 0 55 #4152 i aa
B X - 17 K 1) 2 ) kAR R A v
B BOHE oR 5 XA L, 5 Y PEG AbH ) £ 4E
BT R ZFRIEAHER ,10% PEG AL T Fh
TH A ZES,15% PEGAMER R , 2808 1 1 19 & 28 3
KRRy BB BT B R R ACR B R R A
B A)E 4G 3k 55 Bl g A i e A R — 3, /W
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i B A WY A AR L T 5 aE R KO8 & 2 A (A
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DL PEG &b B o %) & AR AF 0, e 36 5% Fp
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15% 5 [A) i % & 21 20% PEG &b P £ 7= & 41 i 2h i
A KRR TR Sk A BEAE bR W B A8 159
PEG 3@ B 019 1 5 W 38 400 B
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45 1 Y 28 R L
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(10 B 35 1 FH 2 B B i . L 150 mg- L' Ab B
T W B ZEFRAR T 77 %, 8RB K AL PR i
5%, [l I 8 35 45 0 - 34 % 2R ) B R 2R R, OF
fdi 4l fE B R E0 9. 49 mg, N T X R K 1. 5817 5
200 mg- L~ kb B 7E % 25 85 B8 T+ A0 OF- 2 & 2
Vi) 245 4 7 1 2 L2 (H & 2F SRR F 150 mg- L
ARBE 3% 5 Lizzi 5577 K BN K AL VA ) Fh 7
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]2 (A A5V B 02 L 150 mg- LA B AR N 4R
M EEE AR K MK I BREER, X5
Tian 278 KT 751 & BF 5 b 0088 2 A4 < 2k 9 i
S SE TR E AR VIR, FTRE R e TR AR
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W R R A

UE oy il T PR Y B T 9 oK A ] ek T
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0 Bl R RE Bt 3X 5 A AE O R B 51 R Ak 3
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OGS PR T o A HIF ST v UE A I TS M S R 2E W BT
2 IR [ 45 28 4k - 50 mg- LAk B4 AT v MR
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200 mg-L ' 4b B fii SOD ., POD i 4 4 % ik %
44 611.15U-g '*h"' FW #11200. 36 U+g '*min ',
3 e T A AL B A R B A2 W BR)Z E L 50 mg- LY
A PR R B S 1 R A 68.92 pgrg ' FW, 100
mg-L Ak B O A AL = & & K2 0. 13 pmol-g !
FW, P 28 &80 7 3 [m] 98 7 1 3 PR A (ROSO Y L&
X 5 Gohari 55 FE ) A £ W30 AF 58 b & B g oK
S 3 S e R P A TR R T S OB RN B ROS 27
fiff 305 BT A5 I LR — 3o APk R I R BB R
e T U N PR E M < T A K A A Ak B 3
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AR B AR B0 A R .
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