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Abstract

To clarify the effectiveness of high-voltage electrostatic field in regulating seed germination and
growth, as well as their impact on antioxidant physiology, two mung beans cultivars (Vigna radiata
L.) were used to compare the differences in germination characteristics and antioxidant properties.
The results showed that the high-voltage positive electrostatic field at the same intensity (3 kV/m)
significantly promoted the germination rate, simplified vigor index, shoot length and root length of
the germinating seeds of two mung beans cultivars. However, the high-voltage negative electrostatic
field with the same intensity had opposite effects on the simplified vigor index and shoot length. The
influence of high-voltage electrostatic field with different directions on the fresh weight of the two
mung beans was not significant. The antioxidant physiological study found that the SOD activity and

O, content of the two mung bean varieties reached their peak under the same intensity of
high-voltage positive electrostatic field. Additionally, the SOD activity of the two mung bean varieties
could be stimulated by O, when the intensity of high-voltage positive electrostatic field was be-

low12 kV/m. The contents of ascorbic acid (ASA) in the two mung bean cultivars were not sensitive
to the high-voltage positive electrostatic fields with different intensities. The scavenging of H20; is
mainly regulated by CAT, and is unrelated to APX during seed germination. The study discussed the
reasons for the differences in the effects of high-voltage static electric fields with different directions
and intensities on mung bean seed germination and antioxidant physiology.
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1. 5|

e, NERHEMS ORIEEHREKE B, BAMERRH. BRFE. DR E v SR
A KA A RS AR FIIRVE PR EBA AN G, IR RE ORGP O I . iAo . BRI AR A
mREE Ty, RIRZENE RN M, GRS A e R, R R R A KLRE I S B
P T 553 T

AT NI FLRE, 3R e S0E S0 i b7 R Ja AR KL A 307 e —[1] [2]. AT A F
TR AMIEAR IR R B BB T ) S AR ARG ST, I, RIRTRSE(2020) MBI TR B, i A
Wit — e R FE IR EE R (GA) EKR(AA). ZEE RZNERBR)A ZM ] LA B4 & 2 58 KF 11 AL 7954 Fh-1-
(R IR B [3] o BRWRARSE(2017) I FTE I, SR — e VR BE AR AR KR R, A AT LABH 450
FORFKFEFF BRG], T HAFRIR SR RFHFE IR A A R g s [4]. RAAFE
FI ER o 0 B A2 KA TR T IRIACEE R I, RIRIER) Na,SO, 1 NayCO3 1] AR R4 i K G Fh-1 1 R 2
R, REBRREIEH, FIREZR NaCl. Na,SO, Fll Na,CO, U B Al A 118 & [5]. #ubHAf, BRK
ST CUESEREEEIRIE . IS KBS RS R AN AR FE 3R mFh I A& 70, S sfEr= &, ok
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AT T (E R AR AR A S R A B A 7 SR AR AR AN TR e A T W A S e, L
t, SHEVBEMERNTORE S, TREEF R PAEEIF S B RN R —.

o M i PR AR BB AGR AT SEAE SRR ) — R M A T AR BT %, S BOR DL I E IR R, T L
XS S RV AR A B e A PR S BN Fa sz AR AT I A 200 P P A A DK 2 0 AT 4 e P 41
R, PAAEMR R TR H . ATAWIARY], ki it R3e. . B SRR
Py B A KO B B WL R A2 0N [6] [7] [8] FERRTTHUIZ E = RN KN LER I T A, BT FE A B,
7E 15 [ LI AL PR EH SR AMUR ZE A 3oy, e ROS S5 BT A Dy e L s L7 (R b A A A 4 JE A LA
[9] X ARSI L 37 R B ) o S Ao A I (0 A 0 2 ORI TE A B, AR MUK 1o Fi 47 A0 i s e Pl 0 ¢
SRR AN B AR S RN 2 e B L ROS & B 22 R R [10]. ST R R ST Bk ROS Y HE %
Bfe A Ge, W] LURGEE bR o A A BACH 42 1) ROS. AT, AIE F AT, X v i s dn e e B S8k ORA
B A GUIRE ROS & RNV E YA 1 A I IR 2B 22 RS W FE MDA A 4RI - BEAh, i T i Hin At
R — AR, AW R AR, B R S R s s g, HAREE S A R AR
FREEWIRE, L, RO SR E WM AR )20 9 1R FUANR 7 1 A5 vy e i r 7 1
YR B LE 2 8S A RE, ASCASR GO R, EEBRITFT 1 ANIR] 7 [ A8 v L i L 7 A B X 4 LT
FAFIE S TR B ZE 5, TR FE AR K B N SR 5%

2. MBSRE
2.1, AR

KA B G NE DR E W E T 2R O ' AR AR ki ire, Kb, HEgErE
UK AR G, RORMA]: /N S IR AVRHIE IR SR €, RN

22. SESHHEHNERE

o L i LR A 5 HE-Z103-1AC (R fE vt [ FLIR ) ) e T ELOAE PRI, i PR Y P O
S, mREES TEN 2 mm BRI, EROVERR, Bz E N ORI IER Y, 0
T E A Oy R A, LA L.

Figure 1. High-voltage electrostatic field device (Left: Negative high-voltage (—/+) electrostatic field; Right: Positive high
voltage (+/-) electrostatic field)

1 SEMBRIMLKRE(E: SEA/HFET; 4: SEIEW-FRT)

2.3. W75k

WS 1 (SRS v s 7 AR ) s BRI KNI AS — B, Ok (1l 2k G AN R N, 42 1%
I B BV O B 10 min Ji5,  FHARTR/KISE 3 Uk, SRR 35 R I 4k AR IR MIRIEIF e ks
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ST 2 N E AR T E RS TG x BAEAN: 9x 10 cm), &AVEFRESY 283 mENEFR L,
ANEFRHEFSET 50 Pl SLIS W R IER Y. R R I AT R CK (AT R F g Ab )3 A
Wb, RIGAGEAVEFRMAE N L MEMSFES, MO 6 IWEE., &K IR RN R 2 h(Fl
SEIGRM, WA KT 3h, GURSRA, RUEAT RN R E N 2 h), BIgREIRE
J9 3 A6 kVim, ACHEREFRRE T N LGRS : PRX-450D, T FEME) P mi k4K, B
FRAAMAERKSHEE R TE37°C, B 75%, JLHGEAE 0 LUX, K36 kvim mkiE. fiiffigkt
PG I 20 S R AR CR 5 38 UK 2 3 RIS AR b (IR L 2R AN S E) 0 B3 72 5=, 3 1 6 kV/m 1
JEIE. s A T WA 2 R, Bk, AR 3 kVim kIR fs g b S 56 25 S m LA
SIHTe I 2 (AR = IE B 3 A0 ). TR 1 1 SEa0 45 AT i e OE B g A B T DUfE I 2
NG R . S ERIFIREE 1, 2RI 0. 2. 4. 6. 8. 10, 12 F1 24 kV/m [ K IE i
AT RO, AR R AN FE Y 6 IRE ST, m R E I AL BRI (R AR B S R AR RS 1, e
JEIES A 3 KE, W3 HBfREETE, HRERG G R TRIRRKAE, 55 apia A smeainm
WisE, [F 8 F1 10 kV/m i 1E B L7 AL BR 1 8 R R PE AN PSR AR 20 0] 5 6 R 12 kv/m FIBEAAETE, i
ASCARKT 8 1 10 KV/m 5 & IE g HL 37 058 2 HE 2 AT R

24. REERXSHMNSFIGHRHNE

AR ST LSRG RAR R B2 1 mm S CUR ZEMARE, 7R s R R I A EE 3 K5I e 4k G IR K
FRMEEE, FRNE 3 MEYHEL. BT 2 G WM ERRE LR A G S 3 RIKFH DA
RN, WANEREE 2 RARSEAEKZE, WA LA B DARAE = S B I AL E 2 SR SRR IR SRR AR 3
B, BEHIRZFER. RIFAMTEIE IR E A R [4]:

KR (%) = (58 3 KWK G IS BUMHASE T 50) x 100%:;

KFH(%) = (58 2 KRN K H 45 BUMHR S T 5D x 100%:;

At e = B3I RGGMRER x 3 REFHRKE,

25. AIRMER. BEREF(0;), TFHE(H.0)FniFMmER(ASA) & ERIRIE

PRI R Ja 2k S 8ERF 0.5 g, I 0.05 mol/L IR RR 22 pP i (pH7.8) 5 mL, K% FAFEE R 513, 42
HUBTE 4000 xg. 4°C N &0 10 min, _EIE A 8000 xg. 4°C N0 15 min, &R VLS HREUK . A
AR A B RN 5 SR 25 L 3 A L Bk [11], DAAF IS 88 A AObR o R 2R B R S S M R B AT v
FEAGE. O §E XM AIENE[12]. H0, & B R BBREL FL (ki 2 [13]. K 10%1 =
FOTRIEEL ASA, L8 S e K A8 i 8 (19 14]

2.6. BEAHELEE(SOD). FIAMEST FIEEAPX)FT S SEE(CAT)E RN E

SOD 1 APX i1 f il 78 2 8 Cakmak and Marschner (1992) (#7772 [15], H:r, SOD iR FH & U
BE(NBT)YEE AL, LA SOD il NBT50%1E A —NEEE HAL(U); APX iE MR H TR LR (AsA) AL i,
HHE H,0, AL AsA TR HH APX 1% 1. CAT J5 1AM 5E R A AR i [16], HE4E 240 nm KR
WG RE T B R 5 CAT vh .

3. RS54
3.1. ARIFEIE—®EE (3 kV/Im)SEFE IR &I AL FFEMESEIERNF

HE L AT, S [ 1 ) SR PR (3 V) e e 3 -8 0 A /N 7 2 3 0 R 2 A AE
WSRO o 550 LA R (CR) AR b, 85 PR I P 070 2 2 iy 1 P 4 M R 2F SRR 2R 340 S50 B AL 32 (CK)
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FHEL, REIER R RS 1R NGRS, REFRIN S0 AR s i I 2 A
ZREL I R ZE R E I E A RO AN, S TRACBEAR LG, e 7 R A B ) B PRI T T 2
SLRZF RS, M RN IR AR R S 3 S A B AR L e W 2B v 22 5 . A J1 R B R
AEAEPAR T3 /9 95 ) B R AR [4]. AFITT R — SR (3 KV/Im) e 5 sz AR B 2 A4 5 dn b 1 7 £
TEITEBV D E RN, XA AL, R R R A PR E R S T 2 DN E A I AL
FRE, T e e A7 PR A AL B U T S A 2 A A ) TR TE  FE

Table 1. Effects of different directions of high-voltage electrostatic fields on the germination rate, germination potential and
simplified vigor index of mung bean

F 1 TRFEESEFEANEERFR, RFHMELFNERNZN

s il A7 RZF (%) K ZF (%) (R AL DAL
CK 94.7 +0.5b 90.2 +1.3b 12.3+0.7b
Y@L R IR 100.0 + 0.0a 99.0 +0.0a 183+ 1.1a
R A L 88.3 £ 2.5¢ 703 +1.1c 9.4+ 0.5¢
CK 94.8+0.3b 952 +1.7a 13.7+0.5h
R NG R IEF 100.0 +0.0a 100.0 +0.0a 17.6 +0.6a
o IS L 97.0 +1.2ab 956+17a 11.5+0.5¢

[FFFEAR, 72 G SR AN /NG 7R RORAE 5%/K T Z - ¥ (n =3, LSD).

HH % 2 T, ANIRN 7 T [F) — 2 (3 KV/m) e e i F A AL BT 2 AN S 50 ol A i T 25 S 4R s 1 A ) 2
BNAE . X HACEAL, m R IEE e RE R T 2 DRGSR AN S . X AL EAR L,
o LR G R0 2 AR EL A R ARG TE (R 5 s, (ER SRR T 2 N a2 . SR Ab
FALE,  AN[E)5 A [R5 B (3 KV/m) i L e FL 7 AR X 2 A2 5 o 1 i B X2 25 P 5

Table 2. Effects of different directions of high-voltage electrostatic fields on the morphological phenotypes of mung bean
after germination

% 2. NEAEEEFBIIXNFEALRESFERNRN

s il A7 MK FK ficf =
CK 6.2+0.2b 6.8+ 0.2b 1.5+0.1a
WL R IEF 8.6 +0.5a 9.7+0.2a 1.6 £0.1a
B 5.3+0.2b 5.4 +0.1c 1.5+0.1a
CK 6.6+ 0.2b 7.8+0.3b 1.1+0.1a
ERGE R IEF 8.4x0.7a 9.2+0.2a 1.1+0.1a
o SR L3 6.3+0.3b 5.6 +0.3¢ 1.0+0.1a

[FFFEAR, 72 G R AN F) /NS 7R RORAE 5%/K T Z - ¥ (n =3, LSD).

3.2. FEEESEEFBRIZXMNEFEIHELIFENESEERIRNT

FHE% 3 WA, EANF SRS R IR B I AR B R, M@ A% TR 2F R AR ZE A 4 kvim B 5 HE 2
TR, 7E 24 kVIm B . i R /INGE G R 2SR AR 2R3 E 4 A1 6 kV/m i 52 & T X, £F 24 KV/im
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IR AR BT, RIERN G EEMER . ANRGRE &K IES I 2 NSt E SR
ARG TR B A A RN T A AR ], BILE 2 kVIm i e BB 2 S TR, 7E 4 1 6 kv/m i 5586 B
EMFER, 1F 24 kVim N H B E T X5,

Table 3. Effects of different strengths of positive high-voltage electrostatic fields on the germination rate, germination po-
tential and simplified vigor index of mung bean

=3 TRMEESEEFEANRELFR. KFHMENENIERHFNT

JSL
(KV/m)

0
2
4
6
12

24

HIBLE G F N
T2 (%) KEEH (%) s TR KEF5(%) REEH ) TR
94.7 +1.2bc 90.1+1.3b 126+1.3b 94.8+1.1b 94.7 +1.4b 13.4+1.3bc
953+1.2ab  953+1.lab 173+12a 100.0+0.0a  955=+1.0ab 16.7+1.2a
100.0+£0.0a  100.0 +0.0a 133+2.1b 100.0+0.0a  100.0+0.0a 15.2 + 1.8ab
953+24ab 953+ 14ab 123+0.9b 1000+0.0a  100.0+00a 133 *1.1bc
90.5 + 1.1¢ 748 +1.1c 9.6 +0.8¢ 94.7+1.2b 90.3+1.7b 115 + 1.8¢cd
84.5+0.7d 73.7 £2.6¢ 8.3+1.2c 91.8+1.3b 83.6 £2.3¢ 10.3 +0.6d

[Fl—gx S d A, [FBHR AR AN F /NG TR ORAE 5%/K T Z 7B (n =3, LSD).

B2 4 BTN, TEANIRIGRE & e RS I A EE T, B S G K ARKAE 2 kvim I i K H B & T
XTI, fE 4 F1 6 kVim I SR E 2R, 7E 12 A1 24 kV/m I B Z8 T RHIE . 76 A [B] 38 B i s 1B %
AN, RN G ZE KRR KR 2 kvim Bf ik, HEEKEZE R T, 75 4. 6 112 kv/m B
SRR R, AE 24 kVIm B R HLR EAR TR EAN R S R IR E BN, 2 M

AR EE S AN A L B R E R .

Table 4. Effects of different strengths of positive high-voltage electrostatic fields on the morphological phenotypesof mung
bean after germination
4. T ERRE S EIEFBIAN R I LR SZEERIFI

Jis:
(kV/m)

0
2
4
6
12

24

L3 RN
RK:(cm) ZEK(cm) % 5 (g/ 1K) A (em) 2K (cm) LEEEN (01279
6.3+0.3b 7.0+£0.1b 1.6+0.1a 6.3 +0.3ab 7.8+0.4b 1.1+0.1a
8.9+0.1a 8.4+0.2a 16+0.2a 7.3+0.1a 9.4+0.2a 1.1+0.1a
6.8+0.1b 7.2+0.3b 1.6+0.1a 6.6 + 0.1ab 8.6 £ 0.3ab 1.1+£0.0a
6.2+0.2b 6.7 +£0.2b 1.6 £0.0a 5.6 + 0.2bc 7.7+0.2b 1.1+0.1a
54 +0.1c 52+0.3c 1.6+0.2a 5.3+0.3bc 6.8 £0.2bc 1.1+£0.2a
5.1+£0.3c 4.7x0.2c 1.5+0.0a 5.2+0.1c 6.0£0.1c 1.0+ 0.0a

[Fl—4x S, RBIHR IR AN R /NG TR RN AE 5% /KT 257 &

#(n=3, LSD).

3.3. T EI58EE = FE IERFH A7 4% B 7814 & (Reactive oxygen species, ROS) & ERIF M

BN ANFRIE BT RO E R B, ROS W] LLidE

Ao B K AR 5 FOR (e E AT (i A, AR T A
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HFEH, JEE RS ROS S &M LTH[17] [18]. % 5 AL, fEAFE &L EFHEAE T, 2 MEE
A AR O Al H0, & EIITE 4 KVIm B i ey HR 25 1 T % B 78 24 kV/m B 2 21K T 50 B B 4R .10 O
TR 2 A6 kV/m I 52 m TR, T HL,0, FEETE 2 A 6 kV/m I S A AL T B M . R
INEEG I Oy A B AT 6 KV/m B35 TR, 7E 2 A1 12 kV/m B S50 B ACERAR ELOC B 2 . ERTA
SRS R IE I AR R, RN E ) HoO, BB AE 2 KV/m I B35 = TR, 7F 12 kVim I &K T
xR

Table 5. Effects of different strengths of positive high-voltage electrostatic fields on O, and H,0, contents of mung bean
after germination

F 5 AEBRESEEFBRIAMNREHLE O, M H0, B

WSS /NG
4 (KV/m)
0, (umolg™) H0, (nmol g™ 0; (umolg™) H,0, (nmol g %)
0 20.1+1.3c 167.0 +10.3b 16.4+1.2b 117.3+4.4c
2 27.7+2.2b 171.2 + 13.4b 16.7 £ 0.9b 136.7 £6.3b
4 39.8+1.2a 248.4+9.6a 27.3+2.2a 169.4 +3.9a
6 30.1+3.1b 176.2+9.1b 255+1.1a 117.7+6.2¢
12 14.1+1.7d 145.2 £ 8.1c 14.1 % 2.1bc 81.2 +4.2d
24 15.2 + 1.4d 137.7 £ 12.4¢ 11.2+ 0.8¢ 88.0 + 3.1d

[Fl—gx S, [FBHR AR AN F /NG TR ORAE 5%/K T Z 7 2 (n =3, LSD).

3.4. FREESEIEFRZINFE AIANEERMFIFMER(ASA) & BRI

SEAENE S EA BRI, BT AN AT DL SR KRR R R R R b B A R A R
M. Mk 6 WA, (EAFBRE SR IER RS AET, 2 DR E M ATE R A S RS AL A EE
AT, EHERFEEZER, RYMEAFRL &K IEH B4R T, 2 NMREAMEAN IR EA
Bl ASA EERERAMIE T YA ENE TR, AR RIS APX IERR H0, I 5%
VERSLR JFAE R I[14] . FEAFSREE SR IES IR, 2 DR E M ASA & 55X AL FAH )
T ENEZE S

Table 6. Effects of different strengths of positive high-voltage electrostatic fields on the soluble protein and ASA contents of
mung bean after germination

6. TRBESEEHBIAIMNEEHLEREERN ASA SEHFMN

M A R RNGE S
L (KV/m)
AR AmMg g ) ASA (umol g %) AR AmMg g ) ASA (umol g %)
0 32.1+21a 11.2+0.3a 24.1+2.2a 17.3+1.2a
2 299+2.2a 122+ 14a 21.6+19a 16.3+2.3a
4 298+1.2a 124 £ 1.6a 23.3+1.2a 16.4+£0.7a
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6 31.0+23a 121+11a 215+28a 17.7+11a
12 30.4+2.7a 11.2+1.3a 22.1+1.6a 17.2+2.2a
24 29.4+2.2a 10.7 £ 1.4a 21.2+1.8a 18.0+1.3a

R4 R, B RR IR R NS R R TE 5%k P2 R 8% (=3, LSD).

35. FEEESEEHFBRIZMNFENAHEEEOER

FEFPF I AOI AR, ROS fid B R A= s AR, JHIERR 3 E B AR B 32 [19],
N T AN [ P v T E B R T R AR ROS SRR R T S Hi S AL R BEE AR
5, A BHIR TGS T AR SOD. CAT Ml APX iEPERIASAL . 136 7 AT, fEA[R)SE
EEIEFF IR, 2 NS A SOD Al CAT JEPEIITE 4 kVim I e, HAE/NT 12 kVim B &3
X IR AREE, 7E 12 F1 24 KV/m B2 ER T X AR . 7EAR R SRE SR BRI AT, 2 NG A
() APX 5 14 5 06 R AL B AR L3 TE B M 2= o

Table 7. Effects of different strengths of positive high-voltage electrostatic fields on the activities of SOD, CAT and APX of
mung bean after germination

#=7. TERESEEREIANRTIELRE SOD. CAT 1 APX SEMHERIFN

WA EENG T
Kb E
(kV/m) SoD CAT APX SoD CAT APX

(Ug'rw) (UgFw) (Ug'Fw) (UgFw) (UgFw) (Ug'rw)

0 424+ 1.1c 77.1+2.1c 16.1+2.1a 333+1.2¢ 57.8+2.3¢ 11.0+0.9a

2 613+ 1.4b 87.6+3.3b 17.1+1.1a 46.6+1.2b 68.6 +1.3b 10.2+0.2a

4 79.8+2.1a 128.3+3.4a 16.6+1.2a 513+2.1a 79.4+2.1a 121+11a

6 62.0+2.2b 92.7+2.1b 15.6 +0.8a 456+1.7b 67.7+1.5b 11.8+0.7a

12 34.4+1.0d 52.3+1.3d 176 +1.2a 253+ 1.4d 50.8 + 1.2d 12.2+0.8a

24 31.2+0.8e 477 +1.60 16.4+0.7a 212+1.1e 450+ 2.1e 10.8 +0.4a

Rl —&x & A, FFFEER AR NG 7 BERRE 5%/K VPR E#N =3, LSD).

4, it

HIASCHIBEEL R I, TEiR A 2 ek BRI AR PEIE R B K DU L B BB AR R, AN
3 T MUAN [ 55 B2 vy s e oL 37 0 4 T A A KD A 00 2 RO AR R AN AL o X6 AN [ 7 ) A [ 88 v s i L 3
PR ZE SR, BB TUARIL, 2R A e S R L AR BN 2 A TR I, i i R B
30%UAE, S WEA A FEFEE A E[20] [21]. 2R MEUEE(2015) % m M 4 r a7 A B 0 H R B ALK
B, 8 TR B e s i R 3 T AR H M 1 A A2 L Bk TR A [22] ﬁﬂﬁt%ﬁﬂyTﬂﬁﬁ

JEFEF IR 2 A ERE R R I A UM AN ], H b R SR (3 KV/m) e IE i L T DA de

CRG AR AR fRATE DR SRR, T s G I 2 /\‘%51nu$¢ﬂﬁ|m4tﬁ§ija§&$D
5?{:E@ét¢%%éiﬁﬁhmﬂNﬂt%iﬁﬁioEE(a7B%§(2005)ﬂ<ﬁﬁ7TFﬂ%iﬂ%WﬂEEIEﬁ$Eﬁi%xﬂzk$a$¢ﬁzﬁtiiﬁﬁjiiﬁ, EPR
RS P vt [ IR i FLIA AR RN, KRG 1 R A2 SRR 2 95 0 2 i T 0 AR B, T 2 A B SR ER T—5E
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