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Abstract: [Objective] This study aims to investigate the effects of nano-priming technology on rice seed germination
under salt stress, in order to provide technical support for rice cultivation in saline-alkali soils. [ Method] The japonica
rice variety, Ningjing 47, was used as the experimental material. Salt stress treatments (0 and 150 mmol/L NaCl) were
applied, and five concentrations of Fe-Mg nanoparticles (0, 50, 100, 200, and 400 mg/L) were tested under 150 mmol/L
NaCl stress. The effects on seed germination, seedling growth, and physiological characteristics were examined. [Result]
The results showed that salt stress significantly inhibited rice seed germination and seedling growth. Nano-priming did not
significantly affect germination percentage or germination potential but enhanced seedling growth. It increased the
activities of superoxide dismutase (by 27.78%—76.39%), peroxidase (by 14.05%—38.71%), and catalase (by 18.67%—
120.00%), as well as the content of ascorbic acid (by 4.40%—225.79%), soluble sugars (by 63.08%—145.96%), proline (by
10.33%—16.88%), and chlorophyll (by 45.38%—105.31%). It also reduced malondialdehyde content (by 16.94%-32.41%)
and enhanced the selective transport coefficient for K* over Na*. [ Conclusion] The concentration of 200 mg/L Fe-Mg
nanoparticles was identified as optimal for alleviating salt stress and promoting rice germination and seedling growth.

Keywords: rice; Fe-Mg nano-particle; seed priming; salt stress

i ZE: [HM)RAGORIIEBAN EE R KRR 1IRm, Ehit kRt R 2%, [hik]
LT 47 SOKRE AR RE, R E B ME A0, 150 mmol/L NaCl), F7E 150 mmol/L NaCl e F, #E 0.
50~ 100+ 200 400 mg/L5 FiKE 1] Fe-Mg K BURI AL, HFFEGIK T RN ShIE F KRR PR #hiaEK Kk
AFARRE RS . (S5 R Y Shiphia S HH) T KRER T ITR R A . PR ER I KRR 1) R 2E B AR ZE 3
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it Ak S (18.67%~120.00%) 3% P K 4k 4 & C(4.40%~225.79%) « 1] ¥& T ¥F (63.08%~145.96%) « Jifi & &
(10.33%~16.88%) M 42 (45.38%~105.31%) 7 5, FEIKAN B 58 (16.94%~32.41%), R B T30 H A5
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22 U SCHR[14-15]5F 38 3k 150 52 56 A 5 35 B
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J&, KR T BT ASEWRE Fe-MgNPs 5| i, %
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R R R 1B, B H g0 R FEHOHEE A
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Table 1. Effects of salt stress on the germination of rice seeds

R E KRR 22 (Chin J Rice Sci) 55 40 55 4 1 (2026 57 H)

NaCl # ¥ K KEH REFHREL WAL =S
NacCl concentration(mmol/L) Germination potential(%) Germination rate(%) Germination index Vigor index
0 90.83+3.26 a 97.924+2.08 a 32.02+1.73 a 193.09+10.54 a
150 66.67+7.14 b 90.00+3.33 b 17.45+2.86 b 48.86+3.65 b
[FIFVEHE AR R R ZEREE (P<0.05). T
Different letters within a column indicate significant differences (P<0.05). The same below.
%2 Fe-Mg NPs 5| & X & BB T /KT & B2 0T
Table 2. Effect of Fe-Mg NPs priming on seed germination of rice under salt stress
Fe-Mg NPs # /& R R REFTEE VAR
Fe-Mg NPs concentration(mg/L) Germination potential(%) Germination rate(%) Germination index Vigor index
0 82.78+4.99 a 93.89+4.95 a 27.8243.46 b 113.23+14.07 b
50 83.89+7.55a 93.89+4.95 a 27.04+3.29 b 122.924+14.96 b
100 85.00+4.92 a 95.56+2.46 a 30.8140.92 ab 135.11+4.03 b
200 86.67+3.97 a 96.11£3.51 a 34.86+4.54 a 175.55422.86 a
400 80.56+6.07 a 93.89+4.35 a 27.45+3.51 b 114.51+14.65 b

FR P<0.05, IG5 RIYH P EREZELRIR .
2 GRS

2.1 EBMEXTKFEMFIEAZRE

5 0 mmol/L NaCl 4 ¥ AHLEE, 150 mmol/L NaCl
Ab PR 5N T K FERR I R (P<0.05). BRI
REFH KRR REFEFRECNE J156 505 7 B
26.60%- 8.09%. 45.50%FK1 72.81% (P<0.05, % 1).
[ A, 5 0 mmol/L NaCl A4bEEAH LK, 150 mmol/L NaCl
AbER R E IS KR ALK, Hh, AYES
(b L EREE L AR R B E AR T E) 7 T
FFEAK 32.43%. 21.91%A1 44.00%; TEASH(H K.
A R AR %00 7 ) 2 25 PR 19.28% « 53.57% Al
44.00%; RRFHESEARBZ I IRE TR R
FHEAARFIR R AT 73591 5 2 PRI 42.16%- 44.95%
10.00%F1 46.67%. MF4R% a & M43 b Al
45 2B B I AR 50.00%. 83.33%-. 61.90%,
KA NERTERAREZER; PiALEE SOD.
POD 1 CAT & PE 7 A2 35 PRI 27.42%- 23.70%F0
31.90%, VC & 5E> 72.69%I MDA 7 & i
EHIIN 159.56%; AT I MR AR =08 & 5 43 73l 3
17.07%F1 37.06%; Hh b3 5 R Na™& &4 338
1461.90%-+ 311.10%, K*& &5 A% 22.05%.
25.49%, Na'Mh b#i-1R R REE N 288.46%,
Kt 22 4 20 FRAIK 54.73% (MR 1),
2.2 Fe-Mg NPs 5| & X &8 K385 & R 20

I LR FE 1 Fe-Mg NPs 5| & Al i T /K

FEMF IR . BB RFNRERIGIN, KRR
B E B HER 2). KF B ZFRAEAF LR
IRPE IR 35 22 573 (P>0.05), Y RFFELEIRT, 705
FasE7E 80.56%~86.67%F1 93.89%~96.11%. K15
OIS 1R 0 H R FE O, 7 200 mg/L B 58
M, REFFRERNE 48503518 (E, % 0mg/L
SR E N 25.31%. 55.04%; 1 4K B % 400
mg/L B, MRS, HEE RIS 0 mg/L /K
o BEE TR FNREERIBGIN, BRI R P
EHAE 1. 5 0mgL Mk, 100 mg/L RIMEAL,
R SR RO HUR 200mg/L, HEiK
AL 100 mg/L K 7.09%; SRiM, MikEHE
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Fig. 1. Effect of Fe-Mg NPs priming on the germination rate
of rice seeds under salt stress
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Fig. 2. Rice seeds treated with different concentrations of Fe-Mg NPs under salt stress for 6 days
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Fig. 3. Effects of Fe-Mg NPs on shoot fresh weight and root fresh weight (A), total dry weight (B), shoot length (C), and root

length (D) of rice seedlings under salt stress
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% 3 Fe-Mg NPs 5| %& 3t Eh B8 Rk FE4E R RIFEA RN

R E KRR 22 (Chin J Rice Sci) 55 40 55 4 1 (2026 57 H)

Table 3. Effects of Fe-Mg NP priming on root characteristics of rice seedlings under salt stress

Fe-Mg NPs i

Fe.Ma NPs A HRBRTAR HRE MmN WRAERE AR
g Root number Root projected area(cm?) Root surface area(cm?) Root diameter(mm) Root volume(cm?)
concentration(mg/L)

0 2.47+0.37 b 3.54+0.36 b 11.11£1.14 b 0.26+0.01 a 0.09+0.01 be

50 2.91+0.34 b 3.89+0.25 ab 12.2340.79 ab 0.27+£0.02 a 0.10+0.01 abc

100 3.07£0.23 b 4.17+0.43 ab 13.09+1.34 ab 0.28+0.02 a 0.12+0.01 ab

200 3.84+0.23 a 4.54+0.92 a 14.27+2.89 a 0.2840.01 a 0.12+0.03 a

400 2.84+0.41 b 3.49+0.39 b 10.79£1.00 b 0.27+0.03 a 0.08+0.01 ¢

2.4 Fe-Mg NPs 3| & EMBTRKIEHERRYT  SGURER BT, B2EHERFERES . 200 mg/L

nd:opAl)

i H IR L Fe-Mg NPs 5] & v] & Z e it & i
TKFEGEAR BRI K(P<0.05), BEE S R
Hm, WRFHMESH(EFREREL REE R, R
THIAR B AR R AARAR) 35 52 S0 1 i P 353k 3). R, 200
mg/L BRI AE, SR EA BIEE, B0 mg/L 737l
SEWN 55.47%. 28.25%. 28.44%F1 33.33%; SR
M, MRS 400 mg/L I, #-Fabstd B & [0l
& (HAERRE, S AOFENTHR EAR TG R,
X8 Fe-Mg NPs 3= ELi8 i 2 AR R AR B
K (17 A 1G R ) >R 385 5 7K 8 407 1 P S 2 12 o
2.5 Fe-Mg NPs 5|%&xfthimiB TKFE4h&EMt A
MtRESEFI

& EIRE ) Fe-Mg NPs 3[&7&%‘?5 i EhhiE
NAKFEGE AR a R TR D FE.
EE N Ny %DW%%E T E(P<0.05). BT
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e SOD. POD #1 CAT i&E. BEE 5| KFANKSE
H3Ehn, B2 ERFERER . 50, 100, 200, 400
mg/L ~, MBS EE ST 0mg/L, HH SOD
TS N 27.78%- 76.39%- 40.28%- 36.11% (&
5-A); POD 543 A3 18.09%- 26.61%- 38.71%-
14.05%( &l 5-B); CAT & 1473 7334 11 18.67%-70.93%
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Fig. 4. Effects of Fe-Mg NPs on chlorophyll content in rice seedling leaves under salt stress
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Fig. 5. Effects of Fe-Mg NP priming on SOD (A). POD (B) and CAT (C) activities and MDA content (D) in rice seedling leaves

under salt stress

H 50, 100. 200. 400 mg/L ¥JEEMKT 0mg/L, 4>
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W R gEAE R C FR(P<0.05). BEE 5 R ANK
FERIHEm, ghiamt F4eE R C HE 2 ERE
.50, 100. 200, 400 mg/L ¥ &% & T 0mg/L,
A3 32.70% 143.40%. 225.79%- 4.40%,
7E 200 mg/L & 2| IE{E (K 6).
2.7 Fe-Mg NPs 5| % 33Eh B RKFELEM R+
LA MRS 2R

T IR Y Fe-Mg NPs 5| & 1 5o 25 38 £k e
NKAES R R (P<0.05). BEFE T
RAVREER T, BeEEES. 5 0 mg/L
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Fig. 6. Effects of Fe-Mg NPs on vitamin C content in rice
seedling leaves under salt stress
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Fig. 7. Effects of Fe-Mg NPs priming on soluble sugar content (A) and proline content (B) in rice seedling leaves under salt stress
4 Fe-MgNPs 5| L3RBTk FEE PR TS ENEMN

Table 4. Effect of Fe-Mg NPs on sodium and potassium ion content in rice seedlings under salt stress

Bty Fe-Mg NP % Fe-Mg NP concentration

Index 0 mg/L 50 mg/L 100 mg/L 200 mg/L 400 mg/L
Hb B35 Na'# & SNC(ng/mL) 36.03+0.15 d 37.43+0.31 ¢ 38.47+0.25 b 34.43+0.06 ¢ 43.3040.20 a
R A& Na* & & RNC(ng/mL) 4227+0.51 ¢ 50.93£1.15 b 44.30+0.78 d 53.53+0.86 a 44.50+0.50 ¢
b B35 K5 & SKC(ng/mL) 9.17+0.06 a 8.97+0.06 b 8.43+0.06 d 8.83+0.06 ¢ 8.43+0.06 ¢
R AR K& & RKC(pg/mL) 3.03+0.06 ¢ 3.17£0.06 b 3.03+0.06 d 3.50£0.10 a 2.97+0.06 e
Na® Hb E#i/MR R NS/R 0.85+0.01 ¢ 0.74+0.02 d 0.87+0.01 b 0.64+0.01 e 0.97+0.01 a
BTG R4 SK/Na 3.55+0.09 ¢ 3.85+0.05 b 3.20+0.05 d 3.93+0.19 a 2.92+0.05 ¢

SNC, Shoot Na* content; RNC, Root Na* content; SKC, Shoot K* content; RKC, Root K" content; NS/R, Shoot-to-root Na* translocation factor; SK/Na,

Leaf([K*/[Na*])/Root([K*}/[Na*]).

Em T IHANG R AR SR, 2451 R G 2 400
mg/L i, FHERSEL 0 mg/L BE %K 28.06%
(Kl 7-B).
2.8 Fe-Mg NPs 5| & xtEhpE Tk FE4h s 89 ¢8
BTS2

TEEIKIE ) Fe-Mg NPs 51 &% #h it N /K Rg%)
B AN B IR S s A W3 R (P<0.05). BEE
ALFEVR E (3 I, M BB Nar & B2 ETHEA(E 4),
200 mg/L I HIL 25 R R, 400 mg/L B I8 S UEAH
52 Mk, #R%& Na* & #=1E 200 mg/L BIA s 7K
{HFL Nathh E3AR RILIE REORME; M B K& =
2R, BAR K-S 8 200 mg/L B4 2 KK,
B i R A R e R B, 1E 200 mg/L I,
SRR RE, 5 0mg/L AHLL, RN 38.00%. 28
M, MR E 400 mg/L I, NSRRI
2.9 Fe-Mg NPs 3|4 5th B Tk FE4EEIBE
V0L E P e Ky

FIE TR (A 8), POD. CAT i, VC
SEERE. RETmA. REIHR. REAEAR

FHEN R IR, TATEREAME R S B B A
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Fig. 8. Correlation analysis of growth status and physiological indicators of rice seedlings
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