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Abstract: To clarify the effects of oxidized glutathione ( GSSG) priming on seed germination ability and seedling
physiological characteristics of sugar beet, the seeds of sugar beet 801 were used as the experimental material in this study.

Six different mass concentrations (10 mg/L, 20 mg/L, 50 mg/L, 100 mg/L, 200 mg/L, 500 mg/L ) of GSSG solution

and two durations (16 h and 24 h) of priming treatment

Wi B #8:2025-04-24 were set up to analyze their effects on seed germination

ELTE A5 H (2024ZDNY 1) 5 108 BSR4 I AR 358 16 52
B AR R Z CFFRH 751 H (CARS-17011004 |
CARS-170113-1) ; R R AR M A A 348 [ 58 LA AR b ™
A AR Ok ) B0 H (CARS-170102) ; FH 5 H 4K
Bl 4 B0 H (32272148) 5 BIRITA 1+ 5 i 115
H (LBH-Z22246)

TEE R T (2001-) 4 PGB BF5E L L BF507 1A) different concentrations of GSSG solution for 16 h and 24
HEER T3 & AR E M. (E-mail) 1917699718@ qq. h, but there was no significant effect on germination rate.
com Under different priming treatments, the antioxidant enzyme

BEIREE : T8F, (E-mail) haixiang80@ 166.com activity, malondialdehyde (MDA) content and H,0, con-

ability and seedling physiological indexes of sugar beet.
The results showed that compared with the non-soaked
control (CK), the germination index and vigor index of
sugar beet seeds were significantly increased, and the con-

ductivity of sugar beet seeds was decreased by priming with
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tent of sugar beet seedlings changed greatly. Compared with CK, treatments with 20 mg/L, 50 mg/L, 100 mg/L GSSG so-

lution for priming 24 h could significantly improve the antioxidant enzyme activity of sugar beet seedlings, reduce H,O,

content and MDA content, while treatments with 10 mg/L and 20 mg/L. GSSG solution for priming 16 h, 200 mg/L and

500 mg/L GSSG solution for priming 24 h could reduce the antioxidant enzyme activity, increase H,0, content and MDA

content. The soluble sugar content and soluble protein content of sugar beet seedlings under most priming treatments showed

an increasing trend. In conclusion, most GSSG priming treatments can improve seed vigor by repairing membrane damage,

regulating oxidative stress and promoting the accumulation of osmotic substances. Among them, the treatment with 20 mg/L

GSSG solution for 24 h is identified as the most effective.
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(GSSG) I [ 3 [ Sigma-Aldrich 23 #] . 43 HIFREL 10
mg .20 mg 50 mg. 100 mg.200 mg.500 mg GSSG, H
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Table 1 Protocol for seed priming with oxidized glutathione
(GSSG)
Py AL Tk begliny 1]
A TR (mg/L) (h)
LbPE 10 16
Qb 2 20 16
AbFH 3 50 16
QLT 4 100 16
AbFE S 200 16
AhE 6 500 16
Qb 7 10 24
JGELIRS 20 24
AbEHE 9 50 24
A3 10 100 24
RbFE 11 200 24
RbFE 12 500 24
CK 0 0
1.3 #HiEsh

HIH Excel B HEAT Bodha b 28 7 RIS 22 A
FH SPSS RAFREATAE IR 25 53 1 A0 M (P<0. 05) o

2 ZER55HT

2.1 AERERE GSSG 5| & 4B 3T EH KM F i
EHsm

AR BT E R FE GSSG 51 A A BRI S &
BN 2 fraa, IFRHATLIE 1,50 me/L. 100
mg/ 1. GSSG &1 16 h LK 200 mg/L. GSSG 12 24 h
)& ZF3A 2 = T AR5 & X I (CK) , 4351t CK &
9.33 AN 43 4..8. 33 AN E 43 19,00 AN 4 A, H:
b FEE ZE 45 CK B EES, FUBMEFRY
CK ¥ L £, A HE e EI B E &S T CK,
Hrf,GSSG 12Ff 16 h WALEE 1 ~ b3 6 & ZFR %4y
W CK 34 32.46% , 32.08% . 51.39% . 51. 66% .
43.97% 26. 08% ,GSSG 127 24 h AUALFE 7 ~ Zb 3 12
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KEFFEEUY M e CK 380 38. 24% 30. 82% .48. 88% .
48.06% .57. 2% .34.37% ., GSSG 2 Fh 16 h A4k ¥
2~ AbFE S 35 F1FEEST A L CK 3811 57. 21% 74 68% .
80. 07% 64. 96% ,GSSG 27 24 h AL FE 9 ~ 4bFH 12
6 1 48 B4y Wtk CK B4 133.28% ., 79.01%
95.09% 53. 65%
22 ARKRERE
SR Mm
AR B R GSSG R A AL BRI | #iER R TR

*R2 SHBBBHER(GSSG) 5| %A E I FiEE N

GSSG = Ab I8 X} B SE M F BB

PR R R E TREEE (£ 2), GSSC R
Fli16 h (AL FE 1~ 403 6 B TR W CK P&
77.40% . 78.37% . 80.24% . 76.65% . 78.32% .
80.71% ,GSSG 5% 24 h HYALBE 7 ~ 4L B 12 HL K
29 CKOFE AR 79.29% . 79.24% . 79.14% .
78.10% .76. 64% 77. 31%, 500 mg/L ik JE T,
12824 h ALFRA L TR B E S TR A 16 h AbFE
b AH ) 5tV BT, AN ()95 Aol i [ Ach 8 ] L 388 25
FARE,

Table 2 Effects of oxidized glutathione ( GSSG) priming on sugar beet seed germination

KRR

A b %

(wS/cm)

s ki fesy
AbFE 1 73.67+0.88abcd 77.33£2.03a
AbEE 2 73.33+2.19abed 78.00%3.21a
fbEm 3 78.33+1.33a 80.67+0.88a
AL B 4 77.33+0.67ab 78.67+1.45a
AbH 5 74.67+3.38abc 76.67+3.84a
LB 6 67.33+2.19d 71.67+3.76a
AbER 7 71.33+1.20bed 74.67+1.20a
AbHE 8 67.67+0.88d 71.00£0.58a
Qb9 75.33+2.73abc 76.67+3.53a
AbFE 10 73.33+2.33abcd 76.33£2.60a
AR 11 78.00+1.53ab 80.33+2.60a
AR 12 69.67+2.85cd 75.00£2.08a
CK 69.00+1.15¢d 74.00+1.00a

24.28+0.16bcd
24.21+0.61bed
27.75+0.33ab
27.80+0.07ab
26.39+0.64abcd
23.11+0.32d
25.34+1.05abed
23.98+0.28cd
27.29+2.59abc
27.14+0.81abc
28.91+0.26a
24.63+1.96bcd

240.06+5.80bc
249.64+5.61b
277.37+8.01b
285.93+11.47b
261.94+12.38b
237.71+8.49bc
249.28+5.43b
238.58+3.65bc
370.43+77.41a
284.25+8.70b
309.78+7.82ab
243.98+21.90b

62.37+2.12bc
59.70+0.79bcde
54.53+1.42de
64.43+2.23b
59.83+0.86bcde
53.23+0.70e
57.17+0.77cde
57.30+1.05cde
57.57+2.59bcde
60.43+0.93bcd
64.47+2.26b

62.63+2.14bc

CK AbBH 1~ 4bP 12 W% 1, [ASEU 5 AN R)/NG iR A Bl 25 57 1. 3% ( P<0. 05)

23 GSSG 5| &4 EXF A B RWERE R

GSSG 51 & Ab P XT it =2 &)y i 4 A4k ) 1 Ak il
(SOD) iGN 1 iR, MWEH AT LIA
AN[AI A BSR4y 1 e A AL P 5 ALl ( SOD ) 1 A7 A
BFEXES. 20 mg/L .50 mg/L 100 mg/L GSSH ¥4 ik
12 H 24 b 5 FHSESIE Y SOD WEPE B FE T CK, 4
HHE CK 3401 34. 019% ,22. 75% A1 25. 25% , it HH i L6
S PRREAROHE T PR LB B R S, i
HiAbEE SOD 36 M B E LT CK, Ho  ZbBE S AbBH 1
AbFE 3 KEFE 6 ARFE 7 B SOD TR CK AR
40.19% 35.97% 34. 17% . 27. 44% . 26. 66% , [% & ¢
K AbFE 2 bR 4 KbFE 11 AbBR 12 SOD JE 4351 e
CK &A% 20.02% 12.35% 11.73% . 18. 73% , 1}t W 1%
SELP PRI HIEHREL 1 SOD 1k

GSSG 5| K AL FEXTFZRELN V¥ CAT 1% P (1) 5% W 4

18.33+0.45¢ 158.79+8.18¢ 276.00+4.36a
2501
200+ ¢
=) d
E 150F g e
g\g 100 . ]
S)
%]
0
CK12345 7 9 10 11 12

CK ALBE 1~ 4b38 12 W3R 1, EHE EARR/NG S8k 38R 4k 2 1)
E5 R (P<0.05),
1 SUBEMHERK(GSSG) I XAENHKHHBENLY
15711 B (SOD ) iE MR 20
Fig.1 Effects of oxidized glutathione ( GSSG) priming on super-
oxide dismutase (SOD) activity in sugar beet seedlings
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Fig.2 Effects of oxidized glutathione ( GSSG) priming on cata-
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lase (CAT) activity in sugar beet seedlings
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2 AbER S ARER 11 EESESNE POD 1 L CK B
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ME 1~ K 3 kel LIE 5 CK ]I, ALk
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TEE POD WEYEY AN T CK, AbEE 4 POD {5 1P
F CK, 1Ml CAT i& 1 .SOD I& AL F CK; 4B 5 CAT
T CK, i SOD &A1 POD 1§ PEALF CK; 4b
7 CAT {EEM POD I PE S T CK, 1M SOD i&PEAR
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CAT 1E AR T CK, XSG A BE S A [R) Bt 8 A6 il

AE G 4 A I3 B B4 i AT e R 22 57
2500¢ .
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2 000F b
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Fig.3 Effects of oxidized glutathione (GSSG) priming on peroxi-
dase (POD) activity in sugar beet seedlings
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P10 B4 GR 3G Pk HL CK 30 17. 85% Al
19. 94% , 15 HH 33 $L 40 B BB 1 55 2 iR 18 A RS BT
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P11 AP 12 1 GRS CK TR # x5, Hith
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CK FEMI%47. 71% 203 3 FNAbFE 4 GR 3G PEIR 535 E
CK T F% 30% LA I, 13 B 3 46 b 381 AT fig i o T4 4%
o R i A2 B AR 1 R IA 2 IR GR TITE
2.4 GSSG 3| £ EXIMFELHEH,0, 2 EMN I
AN TR GSSG 51 & ALHEXT R 411 H, 0,
TEPEZMAE 5 s, WEIHETLUE AR 4
AhFE 6 AbEE 12 BSR4 H,0, & i 4 At CK 38 m
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Btk 4 ¥ H,0, & & 43l H CK 34 19.09% .
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Fig.4 Effects of oxidized glutathione ( GSSG) priming on gluta-

thione reductase (GR) activity in sugar beet seedlings

3.82% .5. 07% , Ui FH 3 46 4b B RE 75 5 450 0k 1) S Ak I
WO N Kb S FHERAN T H,0, S S CK LR ¥ 2
S, HAB AL BT SR 40 H,0, S R R T CK, Hid,
AbFE 8 FIALFE 10 =4 H,0, & 540 5tk CK B
ik 42. 59% .50. 67% ,Ab#E 3 AbFE 7 AbEE 9 R4
B H,0, &% 843 9l b CK B 1K 12.82% . 17.31% .
30. 32% , Vi B 3 S b AT BEAF 7 50 A0 B Pt B AL
WAL AL R G, IR REM R
[7i) &b B AT RE 1 4 B 45 NADH 85T 8 AL 95 58 22 45 1
BR85S L B H, 0, RS 2 T 5 ) H
AR RS

1.2+
1.0 b

B

0.8 e d d
0.6+ g h

041 i j

H H
0CK123456789101112

b3

CK AbFE 1~ 403 12 W3 1, FEIRE FORIR/NG S8k 05 4 31 1)
P53 (P<0.05)

5 SLBIARBH(GSSG) I ZRAEIEHKLHEH,0,8 8

5% i
Fig.5 Effects of oxidized glutathione ( GSSG) priming on H,0,
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content in sugar beet seedlingss
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Fig.6 Effects of oxidized glutathione (GSSG) priming on malon-
dialdehyde (MDA ) content in sugar beet seedlings
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protein content in sugar beet seedlings

2.7 GSSG 5| X B MEHEMAEESEN
A

AR TR BE GSSG 5] A BRI 3 &)y i 7T
PEVE SR A A 8 s, A, AbEE 8 it
SEGNE A PERE SR L CK B9 31, 03% , IR
WA A 7 AbFE 1 AREE 12 FERA LA R
T CK B8 26. 72% 24. 67% 24. 47% ,YE5K 2,
O 6 AT 2 ACFR S ALFE 11 BHSEAE A s o
I CK 541 13.01% .8.97% 5. 33% .5.19% , 4t
FE 10 FOAbFE 4 Ll T v A B L CK O BRAIR
47.76% 37.97% , 8./ fe AW i, kb PR 3 FAb 3 9
Al &0 v AT OB i bk CK RIS 10, 90% Fil
2.87%,

AEFR 8 i [F] A ISR 4 i AT v b & s A Al
VPR A AL EE 4 B AR A R IR 3 0 AT A
B (52.49%) AHIRRE IR FEAK T i Mp 7
(37.97%) , X AR I 9728 AL a3 AT fig 5 ik LA 1Y)
FOF P ECAR G, A0 B 10 TN e B4 it T i v b
SR A AR R, AL BRER R A AT
GRS S AL R S AR A i — 20
Mt ZACH B IR ALHI AL T EEL R,

3 g S

GSSG 5l kB &4 S EWFh 115 & 68 1 Fl4h
HAEHEE, ARG REN SR L 16 h fll24 h
151 K Ak B REA RHE i B SEAD 111 & 2R 48 BORTG

70+
60 c
50+ g

f
i
40+ ,
301 J
20}
10F
0 5
A3

CK AbBE 1~ 4812 W3R 1, AL BORIR]/NG SRk 75 Ak 3L i)

25 W3 (P<0.05)

B8 SEBMHE(GSSG)S| ZREHEL EHAFENE
BERFM

Fig.8 Effects of oxidized glutathione (GSSG) priming on soluble

FYRERE S (me/g)

Iin

8§ 9 10 11 12

(=)} Hoo.

sugar content in sugar beet seedlings

FIHRE, Hod 24 h 5] % Ak B Y R R RSO T G X
FEIR R 5| sk [] 5 A ) F AR 3 i 7243
HEFT NG SR ESeFh 10 R RE ), BLAh , AN TR ot i
WEE GSSG 51 & Ab A Fh - i 5 3840 dnd 2 Ik T %
TR X UE B GSSG 51 & Ab BB AT R4 16 58 T 3¢ M 7 41
JHL RS2 A ok /L LA B T , 3X AT R TR TE D 4
Fo

ARG IE K I, FER P T K 248 BOMTE 148 5L
(3T B S AR 1 A 28 TE 2 IR 58 4 — B A
X G T 45 R —5, A, 5l
KI5 WIS RN & 2R 48 BORIE 1 de BUR R Y & T
CK, {FA [ 4 Bt ST Tl 376 i 22 AN [) 1) 3¢ B A
o, MBI 1~ kbFR 3 40T 6 ALFE 11 ABFE 12 HrAfk
6 P AR IIG T CK, T AL B 8 ~ kb3 10 Hréa (Ll
WEHESRY & T CK, ARGE A # 4 H,0, &
MDA & i 5P A BEEE M SRR IO P E L
EPEE T CK LAY & AT CK A FEAE, H 4TS
SR BLAL I 3 FIALEE 5 BT AL BETE 1 SRR T CK |
AP (H,0, MDA) & & 7ME T CK AR, X
F Al — 2k nl & i T GSSG AYAE AL I B4l
WGP A 22 52 10 W00 , T2 3l o 22 Fh g 42 3[R
RAFVEH . —J7 1, GSSG I 38 1 438 I H A1 24 45
eI BT A AHL IR 2 A AR 0 5 o5 — T i, e
PR R SRR 7 0 ) ) B SR AR S A S )
Dy IR R EE TR,

REFFE4E R, GSSG 7l % Ak B % 2% fit A AL
P —EE AR BE 3 AbBE 7 ~ A0 F 10 BSR4
H,0, & &5l MDA & &3 T CK, i HAth b #1 S A



1906 AR N S o 14

2025 4F M5 41 & 4 10 1

m T CK, LR TR] GSSG o s vk RN 5 | 2 Bisf [F] X 2%
AL B E e i K, B R KNG &
iFIE] I GSSG 5 B vk S B A T 28 i SE Ak B i

GSSG 51 & Refe ik Fit R 4l v 15 33 )8 15 ) Jot i AR
B AW KER S B 51 R BT GSSG
51 R A BEFP 55 B A T RS O R A T
OO R X RS A T ) B A RN B
HERFAN IS 5 V-, 0 RE A R T 85 & g i A K 4R
LR BE R RIS FR Y, X 5 Singhal 251 fE5
AN XUFESCAENS W B T 45 R — B, AW ST 4G
R it — Ui GSSG 51 & il it Z &% U A fEH
ReWGEFIFERE

KL, GSSG 51 % e TG Pt A Ak b7 180 52 48 A fid
HEB B WY TR AR AR A, o 24 h
5| 2 Kb B 2 A0 i R M R iR b R AR R
T HAR

S

ARG, 25 VG, AR 5. NS e I R S A 7 AR
EXPRE[T]. R BHEE R, 2025,44(3) . 81-84.

(1]

(2]  RFMR, FERIT BRr a4t 45 B P R sTat e[ I]. b
ERLE AR AR, 2024 ,54(7) £ 1226-1253.

[3] WAZHE. d R E PR E S IR [ D], MR . B
TLK2,2019.

(4] PN, R RHE, 22200 45, R EIRHSERNIL & S Bk 2 A B st
REALLT]. hEFNE,2021(3) (14,

(5] @SR, M5 DR, BRI TT DX SEM b i I AY Rl A S5 4 5 (1]

Bl RGN LRI, 2001,17(3) :227-229.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

XUFETR , PN B, 0 BE R , 45, 60Co-y 4 5 X RHERFh 1 & 1Y
EW[T]. BIETTRE,2025,16(16) 1 16-19.
FATDLEAMEI R 7 SE. WG ER M TR &
MM )], LRI R ,2025,53(8) 1 129-132.

gk K. AMIEREXTESE R TR A A K ST [ D).
IR . B4R VTR 2 ,2023.

S o o DU I S W N N A1 D i B a2
W[ )], ey gRl2#4% ,2024,52(6) :60-67.

Bt AT B A LK A B A 48 Th 4% B A K R 7
P2 [ 1], BRI AR, 2024(21) :35-37.

JA O fE A, REUERE, AF. AMNRA R H MO R e T 4 R
A TERRPUE ARG MR [ 1] . AR 5T, 2024,
47(14) ;75-80.

A4 MY AERA R FEEMBE AR [ M]. Jba . SmEHE
H AL, 2000.

M WILZE BE R AEEESC (M. Jha. S E BT
#:,2016.

PR A A B SRR T [ M. b SR EE
2006.

h B, EEE R M IR E B 15 R AR
(1], ZEAR R 240 (A ARBEE) ,2020,35(2) :366-370.
SINGHAL R K,PANDEY S,BOSE B. Seed priming with Mg(NO;),
and ZnSO, salts triggers physio-biochemical and antioxidant defense to
induce water stress adaptation in wheat ( Triticum aestivum 1..) [ ]J].
Plant Stress,2021,2;100037.

FET5AG I, B AR AMIEARIRER I TR B Ly B
THRBIEX BAE KT F 1 & A BRI e [J]. b
242,2025,33(8) :2494-2501.

XUFESC, ZETEHE , 4 TN, 2. CeO, AN AITURE 8 44 7 M AR A AN
—EARKR RK R S RE T [T]. P EAEwE S 4k
P, 2023,39(7) :991-999.

(WA B M)





