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Abstract: [Objective] In arid and semi-arid regions, the coexistence of drought and high salinity imposes severe constraints on crop
establishment, impairing seed germination and early seedling growth, consequently causing substantial agricultural losses. Seed
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priming with nanoparticles represents an emerging, economically viable, and environmentally sustainable approach to enhance crop
performance under adverse conditions. Thus, harnessing this new approach in developing sustainable strategies to improve plant
stress resilience is imperative. [ Method] This study investigated the efficacy of cerium oxide nanoparticles (CeO2 NPs) as a seed
priming agent in alleviating the detrimental effects of combined drought-salinity stress (simulated by 60 000 mg-L* polyethylene
glycol (6% PEG-6000) and 50 mmol-L saline-alkali (NaCl: Na2S04=9: 4, pH adjusted by NaHCO3)) on alfalfa (Medicago sativa L.).
Seeds were treated with CeO2NP suspensions (0, 1.0, 2.5, 5, 10, 15, and 20 mg-Lt) for 12 h and subsequently subjected to stress
conditions for 14 d. [Result] The results demonstrated that drought-salinity stress significantly suppressed germination and seedling
growth. However, priming with CeO2 NPs notably mitigated these inhibitory effects in a concentration-dependent manner, with the
most pronounced improvements observed at 5 mg-L. At this optimal concentration, significant enhancements were recorded in
germination potential, germination rate, germination index, vigor index, root length, shoot height, and fresh biomass compared to the
non-primed stress group. Also, 5 mg-L~ * CeO2NP treatment also reduced membrane damage, as indicated by lower relative
electrical conductivity (REC) and malondialdehyde (MDA) content, and decreased hydrogen peroxide (H202) accumulation under
combined stress. Concurrently, it elevated the activities of antioxidant enzymes (catalase and ascorbate peroxidase) and the
concentrations of osmoregulatory compounds (proline and soluble sugars). Correlation analysis revealed strong positive associations
among growth parameters, which were negatively correlated with membrane injury indices. These findings suggest that CeO2 NP
priming strengthens the synergistic interaction between the antioxidant system and osmotic adjustment, thereby preserving
membrane integrity and promoting germination and seedling growth under combined stress. [Conclusion] In conclusion, seed
priming with 5 mg-L~ * CeO2 NPs effectively improves alfalfa establishment under drought-salinity stress conditions, offering a
promising nano-agronomic strategy for sustainable crop production in marginal environments.

Key words: Drought-salinity stress; Cerium oxide nanoparticles (CeO2 NPs); Alfalfa; Seed germination; Seed priming; Antioxidant
activity
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sl 58 AH SR FR AR -
1.4 £ KE55IBIERNE

AR RIET, R SAHEN R RN, % SCHER[15]1H 5 & ZE % (Germination potential, GP) .
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FAFTHBSROEERE TR (CL « BE.OEE THAKBHED 15 min DURIEHEAL, B S
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CeO, NPs, respectively, followed by uniform composite stress treatment(simulated by 60 000 mg-L* polyethylene glycol (PEG-6000) and
50 mmol-L* saline-alkali (NaCl: Na,SO,=9: 4, pH adjusted by NaHCO3)). CK refers to seeds soaked in distilled water and treated with
distilled water. Lowercase letters on bars indicate significant differences among treatments (P<0.05). The same below.
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Fig. 1 Effects of seed soaking with different concentrations of cerium dioxide nanoparticles (CeO, NPs) on alfalfa seed germination under
drought-salinity stress
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Fig. 2 Effects of seed soaking with different concentrations of CeO, NPs on seedling establishment of alfalfa seeds under drought-salinity stress
2.3 TRE-EWANET CeO, NPs 2T RILBETEMMIESAS H.0, FRERIF M
T AW R AEbR, EEUE RO 5 R 35 5.0 mgL™ CeO, NPs 12 P4 AT fa 2R 2E B4R bRl 2« 2551
(K 3) kW]: 5 CK AL, H4h CeO, NPs IR0l S AL H 45 4 i A X B AR B2 % . MDA J Ho0;
BEYICEEL (P>0.05) ; 1M+ F-EhMHa BT & 7 =& &8, BOTIRA»mIEn T 124.28%.
123.76%711 135.88%. CeO NPs ¥ fifi il i 3 L it 5 & W& i i, AHXT B35 MDA [ Ho0, 5 B4
HAMHE s BB T 26.01%-. 33.57%F1 39.77%. %i L, 5.0 mgL™ CeO, NPs 2l fE i 3 &l T F - S Ay
851 AR A IE .

ay 100 b) 150 ¢ 15 a
a — a =
2 - T
80 T = E
- E 3
= = — ] -
5 b S 100 b z 10
Z 60 £ - £ b
% 3 3,
o ¢ < ¢ < .
= 40 T = - = : -
& T ;_f S0k :,I“ L -
e 4 X
0 % g
= E
0 1 | ! ! 0 1 1 1 ! - I ! 1 L
CK  50mgL’'CeO, SPA SPAS CK 50mgL'Ce0, SPA SPAS CK 50mgL'CeO, SPA SPAS
At ¥ Treatment b #4 Treatment b ¥ Treatment

3 FR-#hHPHE T 5.0 mg-L™ CeO2 NPs AP SAL B & AN HU T4 (REC) « W (MDA) FIEME (H02) &
IR
Fig. 3 Effects of 5.0 mg-L™ 1 CeO, NPs seed soaking on relative electrical conductivity (REC), malondialdehyde (MDA), and hydrogen
peroxide (H, O ) content in alfalfa under drought-salinity stress
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Fig. 4 Effects of seed soaking with 5 mg-L~ 1 CeO, NPs on catalase (CAT) and ascorbate peroxidase (APX) activities in alfalfa under
drought-salinity stress
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Fig. 5 Effects of 5mg-L~ * CeO, NPs seed soaking on soluble sugar (SS) and proline (Pro) content in alfalfa plants under drought-salinity stress
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Fig. 6 Correlation among alfalfa seed germination parameters following 5 mg-L™ CeO, NPs seed soaking under drought-salinity stress
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SRAE A S ER A T AR . 78 LRHLEI R, SZA R B SR T . I BT (ROS)
MRS PRS0, Hh, MDA & & AE AR IS E AR 1 B B AR08, fEARIF AL H, CeO
NPs Zb3 0 B4 T RIEE 7 H MDA Rl H0, & &, R HEm T APX G (K3, Kl 4) , &I CeOz NPs
R ROS VSRR AE IR T IR Gt . 1245 R 5 2 DA — 80 WAL BI9R R (La2Os NPs)
R IaB, ZnO NPs $THZ ALK SR T SOD. CAT 5 APX iR, DL Z L4k (PNC) 155
£hWE T SOD il POD i 45001, M (K 6) #E—2P# R, 7F 5.0 mg-LCeO, NPs 4bFE T,
I ETE S KR R B EA G, PiELEE (APX. CAT) 53&RTYIFHERE (Pro) BhE ETF,
A5 Ps (RECy H202. MDA) 2R FEMAR, X ULH] CeO, NPs A] fgifiid £ R4t [FIE H
R A iE S R AN . 25 BT, EEIRE CeO, NPs Al i th Al s P A LB M 513 1E
VIR, AR R E AR, AN SR A TR R A RE B R Pt Re

TR R RIURE (10e B 52 FE R R AR H B B e 8 25 50 m, (FAE R A e 5 R 2R Bar
CeO, NPs {50 E 1 FIAA KNS A0, ACBZH 255 RS0 777 O WO T d A AR A2
o S R A E RTS8, a2 HEF B, R4 G I, LRSI CeO2 NPs 544E
EAE AR, SCHEEPURARHE LML ST RS HERL A .

4 45

A TR, KH 0~20.0 mgLt CeOz NPs AL AL 1E 45 Fil -, 0] 2 25 2435 HAE T - SR ibae T i
FHR S AERIRE, Hrb, #EN 5.0 mgL?t CeO, NPs iR F AL BE IR E RO R B fE o 1ZIKE T, CeO,NPs
REELT_FiE CAT. APX ZEfia LREETE, SINnl A MEpE . IMERSBER TR S 2, WEEET A S
MR g, SEmi A Fr 2 A Whia b f) ARG N . B RAE T T B T AR R L AR A
AL T, mAUHIAE s R, B BN A
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