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o RIS R R SRS E I E R TRETEH 0, i 200240

WE AT AR BANR: MgH, QA TR, I3 E MgO ALAK R 2 20 A P X BRI JE AL AR
REHEBIPERT IR, RGEWETE T A RIAL BN KRR 253 R 23 R 2R a8, AR gl s b/
b ARG 2R KL EARC AR BOR i AR AR R TR A . S5 RS, A R L
KN A AR BEAE TN B R - oA H <MgO AR 4 <MgH, LKA . R SPSS #E4T
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FEASRRW], S0n] i i e 2R SR R R R B L fe
THIUAALRE T IR AR NIRRT 2 fle
BN R T R MG A K AR 2K
B2 KRR 2GS R A S BT A 2
TNy v A= AR PR RRE B — T BB AR, R T B
A R A 2y AL o TT R AT P 24 2

FraTes 3R, BA I8 A 25 St s
FHE S e ARSI . B TR
ST T S R AR S LA R A A )
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MgH, A {2 2 Fft 57 S A A A B0 A T
Wl A 25 R He 45 MgH, B2 A K s A 22
B FRWb , A MgH, AT 2 254t HE /K A8/ 7 A1 1Y
Wi BE R PUIR IR RE ST o AN, AR PRI 41T A
WWF ST R B, K — R R MgH, X S0P Tk 8 £
AT B SRR AR SRR T A R ST AR SR B SR
Py

AHITFE R I8 2 ik 2 R MgH,, ML A B AR
B MgH, LA TR L, I B BE AL FH A XT I 4 (MgO
AT RS IR (CRAb B B AT L, F
F MgH, 4 R R A SN A (A2

1 #MHEEFE

1.1 ##

K K 5 (Glycine max (L.) Merr.) Fi 1A h 8%
37,

LA R 18 A2 X500 S R Y 41 4 220 (B
J& :50~200 mPa-s, BT T ) 52 M (% . 100~
200 mPa-s, B[ $7T) 5 £ 8 5 (Mw13000~23000,
98% K it , BT 1) FH BB R (95% , 15 2 A4k
BHE AR S

BEFEAT R R M0 (99% , JE 1L SR A
PR D) FI MgH,(98%, i EERsh J1 A FRAF]) o

e oMUkt B E K 876 il 7. WE A1
Fi K /NA0.5~1.0 mms
1.2 KE@igt
1.2.1 8Rikmigit

B

R E B R
4

¥ \. MgO
@ ® MgH, RS

1) AARFNERECE . R 4B A, 251
FRH LT AR (S) R OMWE()) R P I LT 4
RN+ CIREE(S-)) Foe R+ IR (K-H) , =
BB AR o (1) R L R AT (S)  FR
1.5 g R LAY Z A, R 100 mL 75 8 E
75, 80°CHNIMSE P 2 h B5E AW, Bl B8 15 o/l
P LT Y AR TR, B R P IR A A R AN A
(S).(2) RO () PRt 4 o M,
K100 mL 25 i e 45, B B dE 24 h 25820
fift  BLEAS 2] 40 o/L R LIRS, BN R 2 ) T
AN (T) o (3) R L2 Rl + 3R L0 B A
(S=J) <4 32 F L2 2 Z2 M A AR (S) TR & M Bl
AKFN (D4 BBIRFR I R 125 B0, BA5% FP SL 2 4k
RN+ IR (S-T) . (4) 7R ME+ BB R
A (K-H) : 4% 3 g SRR INA 50 mLKH FE %
TP 2 WL E A, PN 1S g 570 B0, 4k
ZEREPE 24 h, AR 100 mL A RRE 2R B E &
15 /L 5T HBERI 30 o/L B JE B (IR A9, B 5T
B+ R A (K-H) .

2) AR BRIBOFFRLAR T Ak AH 2 1
K AT 100 0, - BUE A 2 mL, AP BEIR 2
PR S KGR FRMRA, ARB TR, 3k
AR B R G R, BRH TR R
CIRIEAAR SR ILLF 2 R+ R LR FEL A 5%
M+ o R A A AL BE A R4 AR iE A S AL LT
4 \S-J4l K-H4.

3) MgH, Fl MgO Gl A< Fl 7 43 512K F MgH, il
MgO 5K FRA 50, R G R T A, B

Fl 1 MgH, MO fu A< K G Fid Fi/n &=
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RS AR AN 1 TR . BB AR, 7R A
AT 43 i AAS [R] 5 £ 1) MgH, A1 MO, it - 3
T e FEE A J3E : Mg o i VA 3Ol 3.5 7 Fl 14 mg/mL 1Y
MgH, Fl MgO LA, 23 5lic A L, L, Fl Ly 5300 4
B2 mL 9 MgH, Fil MgO LA, 5 100 i Fh 5~ 7555
RA, BRI T 5 AR AR e B ) MgH, T MgO 42
K. MgH,4Hic b MgH,-L, MgH,-1,, MgH,~L.;
MgO 2HiC H MgO-L, . MgO-L, Fl MgO-L,., AR
TFAER X BELE 10 CK 4.,
122 MFHEZIXE
T AR AT R i Al . AR R A A
A PRFNAAA T F4E T A7 5T + 508 (IRFRLE
H6:4) AL (5 15 em, HAR 10 em) B 236
10 JUFp 7, PATIT 2 3 406, A A AP AT DE /K 2 L
PACFEE T N TR A0 (T IR LA,
FXA-1000F-4) i, 35 & &1 0 - fH1 25°C, 12 h
/12 hoOGRE  EIEERE 60% , 28 SAHNHEEE 50%.
1.3 MK AESHES T
| FH 45 4% HL 5% (Scanning electron microscope,
ZEISS Sigma 300, Germany) W2 MgH, Fil MgO ) %
T3, 1A FH 48 o 5 B8 R GE 3 MgH, Fl MO (1)
S-SR 5 B Ot A W BB (MECATECH 334,
France ) WEE K A ARTE S s KE#&FN 4 d FFEREL
I A K T & ZF 8 B H B KT (Sartorius
SQP, Germany) BRI AE K 7 d 1R 24T b F 3 A
T R ek R R AR Z R AR BT R S8 (TP-PAS-
1, China) Z3 M4l B i) =534 RIE A AT L
KAER=T d K ZER TR R P 100% (1)
R = (SBARIER K2R
KEFEFRFHL) X 100%
RAFFEE = X(G /) (3)
X, G R AERTIE] ¢ YA & 2EFR 1
AT AR ELHT I TR B R g A
K () A5 IATIHR
FIH=T d Y X B AR T £x100% (4)
FLHE=T d 4y LB T 4x100% (5)
FIHISPSS 27 AT F 7 2253 HT (ANOVA)
M P<0.05 B 22 53k I KT . R SPSS 27 7
F RS AT, X B PR 2R A VR R IR SR IR A DG 4

(2)

CK 4

BRI 5758 5)
2 ZRE5HH

21 BXRFIXNKEHEZEIR D
R T AR AIE AT, bR T S T4 .
S=J 4R K-H 41 (%) A& 28 %, IE X 7 d RS2 41 1) F

F1 ARG R ER & 2F 5

AN AR

A JIF /% TITRI% EOER/% b Flem
CK 41 65 60 50 13.0
S4 85 85 75 17.5
JH 65 60 35 15.3
S-T4 65 60 50 15.1
K-H4 30 20 15 11.3

Bapkim R A R AR XS LIRS S5 R R 1,

MK ZERKT S & 2 Rt , H 85%,
CK UL K 2F R K 65% 185 T 20% ;) 1 S—J 4 i) &
R CK UM A ; K-H 4119 % 28R FREF] 30%.,
MF AR TE , CK AL F 238 60%, S 4 1) T
R 85%, H CK A48 55 T 25% 5 1111 J 1 S—J 4L 411
fF R 5 CK 4L F5F , K-H 4L 418 A9 F 2R 0
[0 20% ., M ELH KT, CK 4B IR K 50%,
T S ZH 1Y B3R 75%, Ho CK 32 T+ 25% 5 S—J 41 1)
FM R CK 4UM ] 5 J 41F K—H 2 /% B R A L
CK 20 B Ml AR , 43901 M 35% F1 15% . % -k
it , CK 2l i-F- 2458k =5 4 13 em, T S 44 4)
B Rk ik 3 17.5 em, FH I CK 32 & T
29 35%; ] M1 S-J 0 4y i 197 Y9 kK 5 15.3 em I
15.1 em, A0 b CK 2153 5] 45 5 29 18% 1 16% 5 1Mii K-
H A4 0Bk R R 2 11.3 em.

Y DA F A4 A Al AT, S ALY K 2 SRR S
R BT CK 2, 15687 F2 FF L 27 4 2 N A n] fig
PER G A& 51 ] A S-] 415 CK 49 & 2540 2
FAWERRIETH A ., VLA 2R IR AN AR F SL 4T 4
FH+R CIR B AT K E & ZE M A K K-H
H Y K 2 RO R BRI CK 4 22, U W 52
B+ 388 R A S R i k. B, e 4
MgH, Fl MgO A K ik B (L 2 HH L LF e R Bk

65 60 50 13
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AT
22 H$SHMBREBKRKKELEHIH

FI ] SEM WiEZ MgH, Fl MgO A2 IS, -4 H
BARPEATGE 00T, A5 R AnE 2 s . B 2(a) Fl(D)

D=6.3 ym

4 6 8§ 10 12
A/ um

(c) (d)
\ D=22.6 ym
100 pm
o — 10 20 30 40 50
hifE/pm

Kl 2 MgH,HSEM [ (a) VR 731 (b)),
ALK MgO £ SEM [#] (¢ ) FILAE 7347 (d)

AT ), MgH, A R DG BRI B0RE , F-XRi 12
96.3 wme Ml MgO A3 IS AR E 0k, -1
A 22.6 wm, NE 2(c) B () 7R . MgH, il MgO
BIRRORGRL , 5y B A T KGR

2R A2 AU B LB AR A A RIS ] 2
KK G RTETE A, 45 L K 3 s . AEI3(a) Al
DLE 3, Jo A A 1 K 0 3% T8 R 41 2 AR 1) ol Bz 235
F4 5 117 MgO LA K A7 Wi (9 ks B 3 T I,
TR BB A MgO e B % 35 R mi 35 m (& 3 (b) ~
(d)) 51 MgH, ELA R o PULEE 21 1 I ded 19 <ot ( (5]
3 (e)~(g)),XJEM TAEMA LR, #5 MgH, i
R TR SN B R B, s U g
gE LRI, MgO Fll MgH, B I A T K Rl o
23 BSEXRMAXEMFHELMEKHNZME
231 HESEXRMKELZFHEM

Xof AN [F) b B R 14 i 2 3 R 2 8RN R 2R 4L
TG T A5 R E 4 TR . BB 4(a) TAL,
CK 410924 % 234K 70% , Tlii MgH, 25 Fl MgO £H fiy

13 EARKTIE BB A (x10)CK(a) MgO-L,(b)
MgO-L,(¢) \MgO-L,(d) MgH,-L,(e) MgH,-L,(f) MgH,-L,(g)

100 = 12
95 _(a) ab l‘ 100 (b) T a 5§ a uk (l‘) a
ab a a
90 ab P | I ab I ab ab ! I L
85+ ab 'I 90 '[ 10r l' T ab
< 80 & 9f
- B30 b gs-?
& | B | &
&7 0t ® 7
10 10} |
5t 1+
0 0

5. YIRS, U, WP Mg Mg M3
& W ROTE p Pt

0
P VIR, PRI, TS Myg Mg 3o
R T S

Nt b Mg Mg M
O& _}B%O @%0:&0\”;@6-@@6@61

P h B B RR DR 5 PR RE 705 B ()N B s T TR AR AN [ G AR5 e B2 W) 2 5708 5% .35 /K
K4 MgH, Al MgO AN K EL A 2 H (a) R 253 (b) FUAZ ZFFR 5 (o) 52 R
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RAHRIGA IR, Horh MgH,~L, U &K 4 R T & 2
PR CK A b ik 3 & 3% 22 57, P 39 & 2F Bk
93.3%. RAFFHrEER TR (K 4(h)), MO 4 F1
MgH, 20 (1) &% 28 R A b CK 24 . TRl T L&
P, MgO fU AL v, A MgO-L, 1 % 28 45 CK 4
(1) & 25 %6 (73%) HAT 1 35 25 5%, 1 MgH, 41 1Y) & 2F
R CK AU HA B E 2R, L MgH,-L, 1

RER(E4(c)), MgO 4 MgH, 41 /) & 2 38 B
CKAHAE T, HEMgO0 415 CKAM L ZFA R
LM Mg, A5 CKAMLER B E. &0 fhr
B &S24 R, MgO AU A Al fE #E K % 25, i
MgH, EA (Wi %2 2538 Rk 31 i 25 /K-

MgO 2H 1 MgH, 2H 1) A& 25 PR CK 4134 A 4
T, 3% 52 K A MgO HI MgH, 49,4 &b AT Ay Fob 1241k
BEESR VHERA — e R G A EH . i MgH,
YRR E AR TR T & 2R IR MgH, A
Ab B A PR B IR M R 38 ] A AR S
Fro ARTEHFTEN RN BEZESEY B AR A T
W & SR ALY AL O H A TR A K R AR
RN R KRR Rl & . MgH,H T
BE A W VR T AR K S & VR A MgO L AT
ITE N
232 BESEXRMNKXEYHESEENZN

X AN ) A B2 R K2 A b 35 b S e A
Gt or#r, 25 R WE 5 PR .

M5 (a) FRAT T, MgH, 2H Fil MgO 2H A # CK
g, M b ER A A Rk B B 22 R OKOF- .
MgO-L, . MgO-L, . MgO-L, K &G 41 1 ()7 ¥ 3t b 348
fif 5 My 1.64.1.69 F111.83 o, % CK 4H (1.28 )43l 42
T 28.1%. 32.0%. 43.0%., MgH,~L,. MgH,~-L,.
MgH,—1, K 52 %)) 1 1 °F- 24 b L 0 i 85 1.89,1.81
F11.87 ¢, 8 CK 4 43 il $2& & 47.7% . 41.4% Fi
46.0% .

M5 (b) Ha] 41, MgO 2H Fil MgH, 2H #H ¢ CK
4, T AR AT G H MgO 41 v H AT MgO-L,
(A Ml TS S e EE 5 CK AL 34 Jin ik 3] ik 35 /K, 1 MgH,
H ) HiL R A E A CK M g 0 . CK 44
(9 25 R 0 B K 0.57 g, MgO-L, il MgO—-L, )

2.0F(a) ab ? . %F
18} b J
[
o0 1.6F
£
E‘; 14F T
=2 121
0
Ao o M M b
SERTS R TRE O SE R

o -
o o =
T

- (b)

—_—

i

—_—

R g
e o

S 2
wn [=}
A\
N\ T
—

C‘{" 1,’\;\?‘{\»'» pYE

WORE PO WP
5 MgH, MgO fil 4<%k T 4y i B H 38 (a) A0
R b (b) 5%

V-2 4 T s E K 0.78 F10.77 g, B CK 438 =
36.8% H135.1%; 1fif MgO—L, it b 30 e 7 4% CK 41
R, K8 66.9% ., MgH,-L, MgH,-L, MgH,-
L, B 24 1 &R ¢ 8 4 0.89.0.97 #10.91 g, 5 CK
ZHAH H A3 I3 5 56.19% .70.2% H159.6% .

b 35 R b S £ E A2 M 45 SR W, MgH, Al
MgO A K L #R ] d & 46 T b ek 2, (F X b
T, MO A= VR B MgO-L 38 e A i 2%,
T MgH, A4 K 57 3 /4 Jo kv J32 efs 2 359 T i 2 4 T+
MR B X BB IT A SR B IR R R M
e G RN B B SR N AU SR T g i
B S U E] AR Wiy R R R R T . A A
FEAERFW] BB FRICE XTI B R EROCR gk
RO E LT R W i &)
AW EMREREEEM, UEXR AN AR EA
AL (i S S AN
233 HEERMNAKEHHEKESHEIE

SRR AL BER G4 A 7 d A K IE B AT 4
Bro & 64 CK4l MgO 41 Fl MgH, 41 K 5 %) 11 11 -
AR B . AR 6 T LA Y, R[] Ak 2 2]
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K6 CKZH MgO 4 Al MgH, 4 K H 4B A4 T AR AL AR 1A

(R i A KB SRR

X R 4l A KBS CERFZEM) if 17
AT SRR T TR . ZER AT R R (B 7
(a)), MgO 41 K 7 4l i 1 25 KB CK 448 & , i
MgH, 41 KR G40 25 KA CK 41 i 4 . CK 4l
) 4 ¥ ¥ 22 K 11.4 em, MgO-L,, MgO-1,,
MgO-L, (125K K 13.0,12.1 i1 12.6 e¢m, % CK
H 4y 9 7 14.0% . 6.1% F1 10.5%; 1if MgH,~L, .

(a) a
L a‘TC ab |
= abfd bed
- 13 Cfi [
R} L d
22
M p

. VRN, 1,95 §EN My N M
o REICCAtS @@%@%;}xm

3.2

(b) g
3.0 ab T a
pry X
28 F
gt |

My AV AN VIR, A
Cﬂr\%o 21\%023%0‘) 9@@@“%&9‘
K7 MgH, MgO AN KL ZEK (a) 5254 (b) F5211H

MgH,-L, MgH,—L, () °F- 2 25K 5351 oy 13.7.14.2
14.5 cm, ¥ CK 4153 5112 55 20.2% .24.6% F127.2%.
ZEML A R R (1 7(b) ), MgO 2H il MgH, 2H A4
CK A ZEMA S THEH . 3, MgH,-L, (1925048
CK 4 2 Z T, MgH,-L, f9-F 2544 3.1 mm, 42
CKA1(2.7 mm)4RFF T 14.8%. L, NZEFRIE K
B MO A ZE K FZEM 1 A7 2 FHVE A 22 F A
21 MgH, AR = B T 254 A g R
DRI, MgH, 404K AH H MgO 4% S 25 358 3 TR0 otk 32
FH R, SRR FER TR EZER LT .
XK G A AR A KIS AT 40T, 25 R &
8 Hi/n. HE 8(a) ] %, MgO 2 Fl MgH, 4 2 fiE &k
FEHOMAR G B . CKAR BRI A
210.4 em, MgO-L, . MgO-L, MgO-L, i) V-1 AR K
4 359.9.306.5 F11397.9 cm, % CK 44 i E K |
JoH R MgO-L, A9 - 25 BAR K A3 CK 48 7 T
89.1%., MgH,~L, .MgH,~L, Fl MgH,~L, i °F- 44 i AR
K4 378.3.395.2 F1389.9 em, AHHEL CK 4H 43 542 TF
T 79.8% .87.8% F185.3%. H LA Hl, MgO F1 MgH,
AT WE TR G B K . hE 8(h) %,
MgO 2 HA MeO-L, [ MIAR £ s CK 21 % & 318,
i MgH, 2H B IR B CK 20 34 i 353 fn . CK 41
SRR KL K 63.7 55, MgO—L, Fll MgO—L, it F- 25 il
AR 69.0 F 71.2 2%, B¢ CK 41 3% fin 8.3% #
11.8% ;11 MgO—L, F°F- B A ik 85.1 4%, B CK 4
R F) 33.6%., 1M MgH, 25 1 SF- 25 ) 4R %5 (. 3%
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450

<

<

(a) a 9 a a
400 | i
350 F
. b
§ 300 |
% 250 F T
200F
J:

& WOUE gwgo @@E\M?‘ gw}“

0

A, MgH,-L, \MgH,-L, . MgH,—L, i - X AR %0k
79.0.76.3 F178.3 45, 5 CK 41AH b7 5341 24.0%
19.8% F122.9%. & 8(c)~(e) AR ALK G 4y i
ROARTBIE Fr o W] LA 2], MgH, 2 19 — 4R AH 4%
CK 41 R MgO A FRZH B 8 A5k . G MIAR i 38 i
FIFHE PR ASOK 53 FVE SR T, TR $E K G A
KER.

MgO 2 Fil MgH, 2H AR & B 38 CK 41 #2 7}, iX
S22 MgO il MgH, 62 4K Ab B AT S Fp - $2 1L 56 5
75, HARERGIRRKREIERH . DR
2 RN AR R A SR KR, B A 45 1 3
B R AR ZR 10 7RI AR (9 A2 4 MgHL AL AR X R
T SRR R AR X 8 S R T T MgO 4 X
MR HE T 22 5N B3, k02 ol MgH, A AR kb 2
oPNGRALEi s e S LS N Er b= £
SR AT IR L HL,0, A e H RS A K R T
PR EMIAR A 2 71402, 5 L R 25 1T B 3 3 MgHL K
T E AR — N AR A AR, R, MgH, HY
TR RER KGR R KL EERRK M0 1
KEH

95
g0 | ()
85
80
* 751

E ¢

\»\ B M o s
WO wé‘km?‘ 2ty

El8  MgH, MgO AKX R G4 BAR K () MAREL(b) [ 52m
PAK CK(e) MgO-L,(d) MgH,~L,(e) KEAR R IR A

1400
1300 -
1200 -
1100

* RS @%9:&9\”@% g@’“‘w’

E9  MgH, MgO A A 57 LI T AR A 52 i)

X K LAy B I AR AT A3 BT, 45 SR an 11 9 Jir
o HIE9 BT, MO 20 Y i T R4S CK 23 i, T
MgH, 41 ff) - T A4 CK 2 g 5 14 . CK 411073
18 FL K 553.0 mm?, MgO-L, . MgO-L, MgO-L, fi}
S 2 T R 718.8.678.4 F11748.7 mm?, #8 CK 41
BIFETE . T MgH, 21 119 7 25 i 1 A CK 4 5 2 42
T, Hodr, MgH,~L, B9 F-¥ i FLH 1169.0 mm?*, AH
BT CK 4% T 111.4%), 1 MgH,-L, fl MgH,-L,
1 - 4 it T AR 43 0 4 5 60.0% Fi1 83.7% . A I
MgH, A e 5 T2 AR K g int A=
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Kot R RS Mt R e ok Tk A Kk
Ho PEMAN Y FEERA R T2 AL
TR A H TG R SR B SR I e A
YEFHFNZE I 1 >,
24 $SERAEHNHEXEERS S

iz FH SPSS # A4 K G BT I AS ) IS 6 bn A 7
FREAI AT, I AR ERAE ) A SRR AN
TR, B3RS F1—F3 19 £t 77 22 simkeR
K5 69.317% , A0 T R IR R K5 S, dkE

T AR RANEL . 34 F LS IR EAE 530 R 4.318
LA19AI1.195, F1AYERAE ) E P 3K i R Kk 3
P R IERRR ZFEE, UL F1 AT REACER T 52
TR TN 43.178%, UL & 2F [N &
XA K F R B B & MR DTk A K . 2 (R AIE
T i BRI ELA R 2k ey (0.828) , BAHH F2 il gt %
52 M A ) A & R i IR 2, L BT Rk SR Ol 14,187 %
F3 R ] o v i TR B AT = A (0.843) , ik R W]
F3 8 SAH P i it T A DGR R o

2 RELASIRRR T R B BTk A

MERY B MR
mm®  fifFH/e  BEH/e  WEUSZ em

T
e Wk

F1 0.124 0.403 0.380 -0.076  0.032
F2 -0.110  0.696  -0.042 0.586 0.389
F3 0.843 -0.155 0.123 0.082 0.669

EH WRK/ £F &% KF 5t
o Wi we gery O
0.088 0.875 0.865 0.960 4318 43.178
0.828 0.151 0.191 0.071 1.419 14.187
0.151 0.130 0.278 0.145 1.195 11.952

X O 3 1 A2 A HEAT TR, 2R A AR A LR 3.
3 LA, MgH, A 2551545 5 T MgO 41,
CKAMLEEM k. Hrh 2818058 112
MgH,-L,, MgH,~L, #l MgH,~L, i 25 & 1553 HE4% 43 1)

=2 f13, MgO 41, MgO-L, . MgO-L, Fl Mg-L, [¥)
A HER T HIN 45,60 HIL, A 150 HEA
3B, MO A nT R R G il B gl A<,
MgH, B4 bt MgO A A R 52 i & Fl A= A5 B i
=1 MgH L, 2 A AR & A Al Ty

3 AFEAEET R GAE FRMG LS

PUSLE] ERSr P15 EWSr F215 5 EWY F31585) LRt HE#
CK 4 -1.236 -0.548 -0.263 ~0.643 7
MgO-L, -0.364 -0.077 0.091 ~0.157 6
MgO-L, ~0.265 -0.118 ~-0.197 -0.154 5
MgO-L, 0.111 0.584 ~-0.149 0.113 4
MgH -1, 0.518 0.174 0.065 0.256 2
MgH,-1, 0.479 -0.831 0.164 0.214 3
MgH,-1, 0.571 0.036 0.228 0.279 1
3 itip HEPE RIS E R B SRR i Rl AE

MgH, Fil MgO A< K &4 05 & AL LR 25 &1 an
B 10 s 78 L3 K A D B T B 3
21 U AN 1SS 5 R 245, MgO 2B A8 /K fiff 7™
A Mg, Iz 2 MgO+H,0—Mg(OH),, Al kAR
RKARPEEE TR 5 1M MgH, 2% 18 /K = A= Mg i [l st i
77 HP, R R MgH,+2H,0—Mg(OH),+2H, .
BEXHAR AR AR TR WBOR ™ B 3G AR A B I 2

(45 e HE DG 7 W 4 32 i 5 I 2 T 2 2 A
KPR RRe = 5 [F], SOHAE ) A 2 PN A K
HAW] e EVE . B0 e W] 2 n] 28 22 240 i 4
T, U REAR O, - OH T P S BE A Al i 44k
S THARM g A R, SRR Y NO VHL0, %5 (5
ST RMERER ARR MR RFER
PR 2K, DA T AR 2 o 5 1 A Rl i AR AT
I, ASBEE H MgH, 64K 41 A4 R 5L R0 B i e



—t

66 www.kjdb.org NS 2024 ,42(15)
i -~ - .0::..-.!.3.0&
4 6 K/TEMMEN 5 TR -
MgHzﬁﬁ b ; ‘ :. . :
‘._ [ .:“ "0:
— o T Yiazett
AR F R Mg-Hih 7]
® " Ry L] ",
f ) *." “‘.
8 3 -
MeOtLR K/t A=k s LR 3 .
L] ., :'
* *
[ - ] L Yo, et
Mg H: 438 b
KGMF & MgH, ® MO “H, = Mg LA
E10 MgH,fl MgO fA K B & ZEHLHERR 32
AT 28 18 K A R IR EE AN ST 2 (K110(a) ), 1 MgO
- - * & 2% 3k (References)

A HAE NPT 4R LB 5 IR (181 10(b) ), H1 T MgH,
AL AL R R A S BRI, AT A 2 (e R
WA R A A

4 Z5ip

W EFRN Ly v R R PR AR 1 K S A AT
R P SLLT E R ANA T . 2 M MgH, UK
F RT3k A8 T S A R A K SR
T, W ERE T KRG R IR R SRR

WFoE R W], MH, A R O] i 2 42 7+ KLY
KR HA MgH,-L, Fll MgH,~L, A A0 A< K &1 &
ERIKFN 100%, [F;, MgH, A K5 B =T T
A i S e EP R S i S N E
AR AR R MR SRR i B
CKA B EHRTF. M MgO AL BT 42 7+ K & A il &
FA A AR AT dg S BT M A R AR K .
Ja R AT R MRS AR5 BT, A R R
MgH,-L, A K & L7515 4 fe i, R e A D
75 o HARTFIE G A, MgH, £ 4 i {2 ik K 5
i &SRR I BT R BRI MO, 3X ] A
VAR T S P [ A 222800

(1] SREAT . & E Al A B A B E R 2 )], B
L RHE, 2023(13): 80-82.

[2] ZE5adh, SR EIRY, WRUE, 55 . 5 SUKT R SR i & ALl
AR AR, K TLESE, 2022(8): 10-14.

[3] Zhao Z X, Li C X, Liu H W, et al. The involvement of
glucose in hydrogen gas—medicated adventitious rooting
in cucumber[J]. Plants, 2021, 10(9): 1937.

[4] Wang Y Q, Lv P X, Kong L. S, et al. Nanomaterial-medi-
ated sustainable hydrogen supply induces lateral root for-
mation via nitrate reductase—dependent nitric oxide[J].
Chemical Engineering Journal, 2021, 405: 126905.

[5] T 2575, BEoGE . & Sk AR ¥4 2 1 2 m[)]. Bk
P, 2020, 66(4): 63-65.

[6] Chen M, Cui W T, Zhu K K, et al. Hydrogen—rich water
alleviates aluminum—induced inhibition of root elongation
in alfalfa via decreasing nitric oxide production|[]J]. Journal
of Hazardous Materials, 2014, 267: 40-47.

[7] Liu F J, Wang Y Q, Zhang G H, et al. Molecular hydro-
gen positively influences lateral root formation by regulat-
ing hydrogen peroxide signaling[J]. Plant Science, 2022,
325: 111500.

[8] Zhao X Q, Chen Q H, Wang Y M, et al. Hydrogen-rich

water induces aluminum tolerance in maize seedlings by



—t

RIS 2024,42(15)

www .kjdb.org 67

enhancing antioxidant capacities and nutrient homeostasis
[J]. Ecotoxicology and Environmental Safety, 2017, 144:
369-379.

(9] ERHE, BREEE . Fh T AR BOROF SR )], Aok BHL
WA, 2021(11): 8-10.

[10] 5KEAE, Khidr, Sk, 5. SALBERE RN 2 2B BT
P —E AR I E R A O], R AR B
2, 2023, 59(10): 1964-1974.

[T1]Li L' N, Liu Y H, Wang S, et al. Magnesium hydride—me-
diated sustainable hydrogen supply prolongs the vase
life of cut carnation flowers via hydrogen sulfide[]J]. Fron-
tiers in Plant Science, 2020, 11: 595376.

[12] BREHAR, BRSCZE, BRERHE . GA SZ M R Al 1A i & K
Rl B o A 0 B2 W (D). 20 1 R 7 R 2022, 20
(23): 7868-7875.

[13] He J J, Cheng P F, Wang J, et al. Magnesium hydride
confers copper tolerance in alfalfa via regulating nitric
oxide signaling[J]. Ecotoxicology and Environmental
Safety, 2022, 231: 113197.

[14] BARME, Fi—, BRm, 5. ARJE S A A K
KE KB mJ/0L). E 1 SR [2024-07-
15]. http://kns.cnki.net/kems/detail/11.5498.5.20240624.
1148.002.html.

(15] EBWF, AL9, RS0, 25 . AN AR ok B ) il 5 i
oA A AR B PR R SZ IR, P EAOIRHE, 2021, 54
(15): 3198-3206.

[16] HIFHE, M 40K, M, &5 . BRI a3 I Rdie A= A
W BT TC R I AT K B G A A B S (). B 20
2011, 38(5): 849-858.

[17] Cheng P F, Wang J, Zhao Z S, et al. Molecular hydrogen
increases quantitative and qualitative traits of rice grain
in field trials[J]. Plants, 2021, 10(11): 2331.

[18] ARFIHR, TRIR, SR, 45 . & Ak b FEXT 75 252 7 5 Al
TR AT]. B A B, 2022(8): 49-54.

[19] W dith, 2o, M0, 55 . B UK G HEAE 9 2 30
R g RG] 4l TR, 2019, 39(35): 29.

[20] BXEEF, IRUGE, 2505, . W AUK L BT F o A K R
AR B A0l S5 EOR, 2022, 42(22): 6-9.

217 XUMEPH, 240, B, &5 BEE R R B A K
SR ZR YA AR RS IT]. 28 F Al K~ 241, 2024,
45(3): 321-328.

[22] Jualeife, PhE R, Bk, 5. BEE R VAR AT &

A B B R R D). R R A A, 2021, 42(12):
3545-3552.

[23] Liu F J, Lou W, Wang J J, et al. Glutathione produced
by v —glutamyl cysteine synthetase acts downstream of
hydrogen to positively influence lateral root branching
[J]. Plant Physiology and Biochemistry, 2021, 167: 68—
76.

[24] Zhang X N, Zhao X Q, Wang Z Q, et al. Protective ef-
fects of hydrogen—rich water on the photosynthetic appa-
ratus of maize seedlings (Zea mays L.) as a result of an
increase in antioxidant enzyme activities under high
light stress[J]. Plant Growth Regulation, 2015, 77(1): 43—
56.

[25] X =00, skBEfl, A8, 55 . BUINE S/K R kR
4L A B E AR SR AR B R (] B 2
2020, 47(2): 287-300.

[26] Olad A, Zebhi H, Salari D, et al. Slow-release NPK fer-
tilizer encapsulated by carboxymethyl cellulose—based
nanocomposite with the function of water retention in soil
[J]. Materials Science and Engineering: C, 2018, 90:
333-340.

[27] Zhang W Q, Liu Y, Muneer M A, et al. Characterization
of different magnesium fertilizers and their effect on
yield and quality of soybean and pomelo|J]. Agronomy,
2022, 12(11): 2693.

[28] Yuan C Y, Chen W, Yang Z X, et al. The effect of vari-
ous cations/anions for MgH, hydrolysis reaction[J]. Jour-
nal of Materials Science & Technology, 2021, 73: 186—
192.

[29] Xu X L, Yong H, Zhao Y, et al. Investigation of hydrolysis
properties of MgH, in different anionic/cationic salt solu-
tions[J]. Materials Characterization, 2024, 210: 113821.

[30] J5frrtss, 25, XTI, 45 . B ALV Jonoxd 21 38 ) iR
LR A R WA (D). ZRURO B, 2017, 45(2):
13-16.

[31] Islam M A, Shorna M N A, Islam S, et al. Hydrogen—
rich water: A key player in boosting wheat (Triticum aes-
tioum L.) seedling growth and drought resilience[]]. Sci-
entific Reports, 2023, 13(1): 22521.

[32] M=, sk, BRaafl, 55 . & S0k b B0 A i~
INZE A S A5 R R IR (). T e Al R
¢4, 2018, 52(2): 193-198.



—t

68 www.kjdb.org NS 2024,42(15)
[33] Wu Q, Su N N, Huang X, et al. Hydrogen-rich water and auxin[]J]. Functional Plant Biology, 2020, 47(9):
promotes elongation of hypocotyls and roots in plants 771-778.

through mediating the level of endogenous gibberellin

The effects of seed coating by magnesium hydrides on germination
and seedling growth of soybeans
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Abstract Hydrogen has potential biological effects of promoting seed germination and plant growth. Nevertheless, since
hydrogen is highly volatile, it is extremely challengng to coat seeds with hydrogen. Solid-state magnesium-based hydrogen
storage material magnesium hydride (MgH,) could offer reliable hydrogen for seed because of its high hydrogen storage density,
rich hydrogen supply by hydrolysis, long—term sustained release, and easy use. This study used a seed coating technology to coat
soybeans by MgH, and set up the MgO-coated soybean group as a positive control and the un—coated soybean group as a
negative control. The effects of different treatments on soybean germination potential, germination rate, germination index and the
influence of phenotypic traits, such as aboveground/underground fresh weight, stem length/thickness, total root length, number of
lateral roots and leaf area of seedlings, were comprehensively investigated. Results showed that the promotion effects of different
coaling treatments on soybean germination and seedling growth were in the order: non—coating group <MgO coating group <MgH,
coating group. Comprehensive analysis was conducted using SPSS, and results suggested that the MgH,-L, coated soybean group
exhibited the highest comprehensive score and was thus the best coating recipe. Such optimal germination and growth
performance of soybeans by MgH,—coatings may be attributed to the synergistic biological effects of both magnesium and
hydrogen released by hydrolysis of MgH,.

Keywords magnesium hydride; seed coating; hydrogen fertilizer; germination of soybean
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