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Abstract: Six flavonoids were extracted and isolated from root of Glycyrrhiza uralensis Fisch. by using
multi-column chromatography and recrystallization methods, three acetyl derivatives were obtained by
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structural modification, and then nuclear magnetic resonance and optical rotation technology were
employed to confirm their structures; on the basis, inhibition rates of nine compounds at 10 pg + mL™'
against plant-pathogenic fungi and bacteria were determined by using mycelial growth rate method and
turbidity method, and EC,, ( median effective concentration) and EC,, ( compound concentration at the
inhibition rate of 90% ) values of compounds with anti-microbial activities were further assayed. The
results show that six flavonoids isolated from root of G. wralensis and three acetyl derivatives are 4'-0O-
4,4'-0-
diacetylisoliquiritigenin, 4-O-acetylisoliquiritigenin, and 4'-O-acetylliquiritigenin. At 10 pg - mL™", 4'-

methylglabridin, hispaglabridin B, glabridin, liquiritigenin, isoliquiritigenin, liquiritin,
O-methylglabridin, hispaglabridin B, and glabridin exhibit high inhibition rates against most test
pathogens, inhibition rate of isoliquiritigenin against Xanthomonas oryzae pv. oryzae reaches 76.25%,
while those of 4,4'-0-diacetylisoliquiritigenin and 4-0-acetylisoliquiritigenin against some pathogens are
greater than 30.00%. The EC,, values of 4'-O-methylglabridin against Sclerotinia sclerotiorum, Botrytis
cinerea, and Magnaporthe oryzae are all smaller than 10.00 wg - mL™', and its EC,, and EC,, values
against B. cinerea are significantly (P<0.05) lower than those of control fungicide thiophanate-methyl,
but those against Rhizoctonia solani are not significantly different from those of thiophanate-methyl in
general. The EC,, and EC,, values of hispaglabridin B against B. cinerea are significantly lower than those
of thiophanate-methyl. The anti-microbial activity of glabridin is the strongest, and except for the ECy,
value against Colletotrichum gloeosporioides , which is 48.90 wg + mL™", the ECy, values against other test
pathogens are all smaller than 10.00 pg - mL™", meanwhile its EC,, and EC,, values against R. solani,
Fusarium oxysporum, B. cinerea, and Fusarium graminearum are generally significantly lower than those
of thiophanate-methyl. The EC, value of isoliquiritigenin against X. oryzae pv. oryzae is only 2.98
wg - mL™", which is not significantly different from that of control bactericide bismerthiazol. It is
suggested that 4'-O-methylglabridin, hispaglabridin B, and glabridin possess broad-spectrum anti-
microbial activities, and can be developed as leads of novel bio-pesticide; isoliquiritigenin possesses
potent anti-microbial activity against X. oryzae pv. oryzae, and can be used as a lead for developing
control agents against bacterial disease.

Key words: Glycyrrhiza uralensis Fisch.; flavonoids; derivatives; phytopathogens; inhibition rate;
laboratory toxicity
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solani) JWSE R IR H ( Sclerotinia sclerotiorum) /NZ%
IR B ( Fusarium graminearum ) | 75 £ K 25 5
( Fusarium oxysporum ) . ¥ JN JK % %5 I ( Botrytis
M)ofS o® JH W (' Colletotrichum
gloeosporioides ) FFE I 8 ( Magnaporthe oryzae) 7 Ffi
ELA LA M K FE E R R B ( Xanthomonas oryzae pv.
oryzae) | AT, 577 H A T HI B9 PSA BE 3Rk 5
200 ¢ - L' A LG E W20 g - L7 EEREAI 16
g« L7 B ACTs BE IR A0 B I Y NB 8 R A
3g-L'"FRRES g L'ZREAK 1 g - LB
BRHZF M0 g - L7 REME, pH 7.0, JifF Bi R 3L
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T, 15 LR ORI AR E 200 g, IRE SRR, A
M- 2R M A5 (AR 100 : 0 20 @ 100) #E47
BAEEEVEDD, 1538 Fr.1 2 Fr.10 48 10 44y, HrbFr2
(11.55 ) SrEHE I R 78 A AL P BE R 45 0, 15
FMEAEY T (21 mg) ([ fiEk- 28R LR R 5 (KRR
20: 1)) LB (16 mg) (A ilkk- LR L RS0
(B 10: 12 1: 1))AEEW (19 mg) (£
BE-ZROBERG (AR 10 : 1 &2 1 : 1) FI=FH
Y- RS (AT 10 : 1 51 : 1) );Fr.5(9.43 g)
AT B Ay B Al AL A s A L SRR S
V(28 mg) [ f1ifit - R OFR ARG (KR S5 = 1 &
1: 1) JFEEYV (23 mg) (A - R OBER S
(RS 1 8 1:1));Fr.7(7.86 g) BRERKE
S3ES AL AN A 5L A 2 G V(116 mg)
(At - R OB ARG (AR 10 1 &2 1 : 1) fl=
AP BE-H RS (AL S0 1E10: 1)),
1.2.2 #7445 %
122.1 44-0-" 2RSS HER (LS B
A B S H B K (500.00 mg, 1.95 mmol ) Fl Al B
(4.00 mL) IRA¥5), THEZE 80 °C, JINA L BRI (0.40
mL,4.25 mmol ) Fl 4— — H Z FEL ML IE (4.00 mg,0.12
mmol) , I 6 h J& , FE R A, FIA 15 mL Z81%
AKH FEFEVKIE N REEENEFE 30 min, RRULYE7E 25
UE R E I B ZE AR UE, A AR TR 15 i T K
501.72 mg, W% 75.6% .
1.2.2.2 4-0-CWERHHEZ (LGP 15 L
B 55 H & 2K (500.00 mg, 1.95 mmol ) FIHEBE (2.00
mL) IR EH4), THEZE 80 °C, M A ZBRHEF(0.20 mL,
2.12 mmol ) Fll 4 — — W1 Z JE 1L U (2.00 mg, 0.06
mmol ) , I 4 h J&5 , FE R A, FIA 10 mL Z81#
KH FEFEVKIE T RREENERE 30 min, RRULYE7E 25
UE DRI B ZE KR BE, B AR TR 15 o T K
472.34 mg, JH 81.2%,
1.2.2.3 4'-0-ZFEHER(LEWX) &K
W H#E 2% (500.00 mg, 1.95 mmol ) FIAK BE (2.00 mL)
REHA] FHE A 80 C, A LR (0.20 mL,2.12
mmol ) Al 4- " F Z JL AL IE (2.00 mg,0.06 mmol ) , %
N 4 h 5 RS IRREA BIA 10 mL 2848 K T 3 AE
VKT T FRRSEHE 30 min, FRILVESE 2 5 HhuE, UV
AR IR YE, H AR T 15 A A A 428.93 mg,
K 73.7%
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Ac,0: LRI Acetic anhydride; DMAP; 4- " H G R nE 4-dimethylaminopyridine ; Py it Pyridine. & W A3 EC I The percentages in the figure
are yields. IV ; H# % Liquiritigenin; V : 5 H % 3 Isoliquiritigenin; VI; 4,4'-0- " Z W5 H &K 4,4’-0-diacetylisoliquiritigenin ; VI, 4-0-Z, k3
S H T E 4-0-acetylisoliquiritigenin; 1X : 4'-0-Z i3 H B 4'-0-acetylliquiritigenin.
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Fig. 1 Synthetic routes of acetyl derivatives of flavonoids from root of Glycyrrhiza uralensis Fisch.

1.2.3 fesdmsmier (AR IRRIEEL
X iR 9 MNMEG YT S RE .

1.2.4 #HFHNE

1.2.4.1  XTAEY)R R LR ARG PRI E R 451k
HYHARE T R 2 (DMSO) |, BE# A 10 000
pg - mLT BRI, OB PSA B 3R RN B AL IS S IR
B MR SRILA I E 55 C AR AR, IAKET i 2 Hk
FER 10 pg - mL™ B A AR 6 em BYE;FR LA 6 AL
25, LA SR FH DMSO (1 PSA SEB AR b i 771 %t
W DL B PR LB A R ol X R 25541, 55 i PSA &5 H
SRR AN R B 245080) VR 2 U IR e 7 Fh |
BT R PSA SFA b, IF7E 25 CAfbEE SR AR
TREFR . FHATALASAE BURE 37 00 A5 1 36 1 e g 30 2%
HBUEAE 5 mm P TERE, IR T 25 PO IRV 00 X IR
I 25 PSA Ml L SRIG TE 25 CAEARRE IR h 8 5
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EEHA(IBRAEBEEAS S mm) , KR ITE AN
IR = (0 BB 75 B - 25 70 A B TS V5 1
1) /RN IR AT B2 ) x100% B4 Ab PR B3 A
BARES ,LRHEE 3K,

1.2.4.2 X AE Y8 B 4l 1A 30 R Vs R DU E FE NB
BRI B AN IEAE 28 °C (175 v+ min~ R F R IR

BrR 2 6 B KA, AT DL 4 0 O B R Y e
(ODgy) % 0.02, FFH . B 1L5 P T DMSO, B il
B 10 000 pg « mL™ ' BEE, 17 NB 5589 oA B
LW 10 pg - mL™", LL& SR FL DMSO #Y
NB 5532 AE Ry 000 B | A5 e 5 W Ay e Ay 6 1R 24
I, 551 NB 25 [ R IR AE s FIX IR, 1) 4 25 mL
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1.2.4.3 FHNFHEEFEITE B WET
DMSO, B i i 10 000 wg + mL™ £ ¥, W ¥E 10
pg + mLT AL YIS AS [R5 T B 04400 ) 5 3 v
BEEE , I H DMSO XFB: 1775 B, 15 5 6 AN
WML ST, Hie B8 Rk Dy kil 4 & 25 PSA F
MR B % 24 NB RE R, 5 B R0 B, SR 5 3R B
FRI BB 0 48 AL e THE R A IR AR R ) e
FRE EC,HA ECy, B, BB E 3 AR
B LWER 3K,
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EHAHT,
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HHRAR T 6 NBEEIZE LS P25 WLIE 2,

k&Y 1. A8 K, H-NMR (500 MHz,
CDCl;) 6:7.06(1H,d,J=8.5 Hz,H-5) ,6.92(1H,d,
J=8.5 Hz,H-6") ,6.71(1H,d,J=9.9 Hz,H-1") ,6.53
(1H,dd,J=8.5,2.3 Hz,H-5") ,6.49(1H,d,J=8.5
Hz,H-6),6.40(1H,d,J=2.2 Hz,H-3"),5.61 (1H,
d,J=9.9 Hz,H-2"),5.14(1H,s,OH-2") ,4.43(1H,
dd,J=10.4,2.6 Hz,H-2~cis) ,4.09 (1H,t, J=10.2
Hz,H-2-trans) ,3.81 (3H,s, OCH,-4") ,3.58-3.56
(1H,m,H-3),3.04(1H,dd,J=15.9,10.9 Hz, H-4-
trans) ,2.92(1H,dd, J=15.6,3.7 Hz,H-4—cis) ,1.48
(3H,s,CH,-4"),1.44(3H,s,CH,-5") ,” C-NMR
(125 MHz,CDCL, ) 6:159.4(C-4'),154.3(C~-17),
151.9(C-8a),149.8(C-2"),129.2(C-6"),128.9( C—
2"),128.2(C-5),120.0(C-1"),117.0(C-1") ,114.4
(C-4a),110.0(C-8),108.7(C-6),106.1(C-5"),
102.2(C-3"),75.7(C-3"),70.0( C-2) ,55.3( OCH,—
4"),31.8(C-3),30.6(C-4),27.8(C-4") ,27.6(C-
5") o VA B SCHER [ 19 ] 0 B 45 RS A — 2, ik
Kzt &R 4 -0-HHLH T E (4-0-
methylglabridin)

e L. AEam R, [al) -26.84(c=1,
CHCI,) ,'"H-NMR ( 500 MHz, CDCl,) 8:6.88(1H,d,
J=8.2 Hz,H-5),6.85(1H,d,J=8.2 Hz,H-6') ,6.71
(1H,d,J=9.9 Hz,H-1") ,6.69(1H,d,J=9.9 Hz,H-
1),6.42(1H,d,J=8.2 Hz,H-6) ,6.32(1H,d,J=8.2
Hz,H-5"),5.67(1H,d,J=9.9 Hz,H-2") ,5.61(1H,
d,J=9.9 Hz,H-2") ,4.97(1H,s,0H-2") ,4.43(1H,
dd,J=10.3,2.6 Hz,H-2—-cis) ,4.08 (1H,t,J=10.3
Hz,H-2-trans) ,3.59-3.53(1H,m,H-3) ,3.00( 1H,
dd,J=15.6,11.0 Hz, H-4-trans) ,2.87(1H, dd, J =
15.7,1.7 Hz, H-4—cis) ,1.47(6H,s, CH,-4" ,5") ,
1.44(6H,s,CH,-4",5") ,”C-NMR( 125 MHz, CDCI,)

8:151.9(C-7),151.5(C~8a),150.2(C-4'),149.8
(C-2'),129.3(C=-2"),129.2(C-2"),128.9(C-5),
127.0(C-6') ,121.3(C-1") ,117.0(C-1") ,116.6( C~-
1'),114.6(C—4a) ,109.9( C-8),109.6(C-3"),108.6
(C-6),107.4(C-5"),76.0(C-3"),75.6(C-3"),
70.1(C-2),31.8(C-3),30.6(C-4),27.9(C-4"),
27.8(C-5"),27.7(C-4") ,27.6(C-5") , VI F-EE 5
SCHR[ 20 #2345 R A — 8, s z e &Y
hispaglabridin B,

& . [ G H A, H-NMR (500 MHz,
CDCL,) 6:9.36(1H,s,0H-2") ,9.09(1H,s,OH-4") ,
6.88(1H,d,/=8.5 Hz,H-5) ,6.85(1H,d,J=8.5 Hz,
H-6'),6.57(1H,d,J=9.9 Hz,H-1"),6.36(1H,d,
J=2.0 Hz,H-3") ,6.31(1H,d,J=8.5 Hz,H-6) ,6.22
(1H,dd,J=8.5,2.0 Hz, H-5"),5.67(1H,d, J=9.9
Hz,H-2") ,4.27(1H,dd,J=10.0,2.1 Hz,H-2-¢is) ,
3.97(1H,t,J=10.0 Hz, H-2~trans) ,3.35-3.31 (1H,
m,H-3),2.73(1H,dd,J=15.0,12.5 Hz,H-4-trans) ,
2.53(1H,dd,J=15.0,2.0 Hz,H-4—cis),1.37(3H,s,
CH,-4"),1.36(3H,s,CH,-5") ,®C-NMR (125 MHz,
CDCL,) 6:156.7(C=7),154.5(C-4"),152.1(C~8a) ,
150.4(C-2"),130.1(C-2"),128.4(C-5),126.9( C~
6'),118.8(C-1"),117.2(C-1"),112.7(C~-4a),
108.8(C~6),108.0(C-5"),107.4(C-8),102.6(C~
3'),75.3(C-3"),69.5(C-2),31.0(C-4),30.1(C-
3),27.4(C-4"),27.3(C-5") . LA F%d 5 3CHk[ 19]
EFSENVERE S % N G G SR R =L/ b o § I Ve
(glabridin) ,

EDN . A ERBK, KB E10%H, S0, 1 5
i, ' H-NMR (500 MHz,CD,0D) 6:7.77(1H,d,J=8.4
Hz,H-8),7.36(2H,d,J=8.4 Hz,H-2',6"),6.86
(2H,d,J=8.6 Hz,H-3",5') ,6.53(1H,dd,/=8.6,2.4
Hz,H-6),6.40( 1H,d,J=2.4 Hz,H-8),5.41 ( 1H,
dd,J=13.0,3.0 Hz,H-2) ,3.07(1H,dd, J=17.0,13.0
Hz,H-3-trans) ,2.72(1H,dd,J=17.0,3.0 Hz,H-3-
cis) . "C—NMR (125 MHz, CD,0D) §:191.4(C-4),
165.7(C-7) ,164.2(C-8a),158.7(C-4"),131.5(C~
1'),129.3(C-5),129.0(C-2",6"),116.0(C-3",5") ,
115.3(C-4a),111.6(C-6),103.2(C-8),80.6 (C -
2),44.9(C-3), DL E&ds 5 S0k [ 21 ) il ) 45
FEAR—F WO AL G Y H R R (liquiritigenin) .

EWV E OB AR, K4 10%H,50, WA
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[.4-0-HREHFE 4'-0-methylglabridin; 1l . Hispaglabridin B; I . Y6 H ¥ %E Glabriding IV, H # % Liquiritigenin ; V. R H®EZE

Isoliquiritigenin VI, HEH Liquiritin.
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Fig. 2 Structures of flavonoids isolated from root of Glycyrrhiza uralensis Fisch.

# {1, H-NMR (500 MHz,CD,0D) §:8.16(1H,d, /=
9.2 Hz,H-6"),7.76 (1H,d, J=15.6 Hz, H-B) ,7.75
(2H,d,J=8.8 Hz,H-2,6),7.72(1H,d,J=15.6 Hz,
H-a),6.84(2H,d,/=8.4 Hz,H-3,5) ,6.40( 1H,dd,
J=9.2,2.4 Hz,H-5") ,6.28 (1H,d,J=2.4 Hz, H-
3"),”C-NMR (125 MHz,CD,0D) §:192.3(C=0),
166.9(C-4") ,165.2(C-2"),160.1(C-4) ,144.6(C—
B),133.3(C-6"),131.7(C-2,6),128.2(C-1),117.9
(C-a),116.6(C-3,5),113.9(C-1"),109.2(C-5")
103.7(C-3") . VA b%ds 5 SCmk [ 21 ] iz 8 19 45 1 5
A - HEEZLEY MR HER
(isoliquiritigenin) ,,

A VL. AR, RT3 10%H, S0, 1B #%
., [a]})-60.84(c=1,DMSO) ,'H-NMR (500 MHz,
DMSO-d,) §:7.65(1H,d,J=8.6 Hz,H-5) ,7.41(2H,
d,J=8.4 Hz,H-2',6"),7.07(2H,d,J=8.4 Hz,H-3',
5),6.51(1H,dd, J=8.6,2.0 Hz, H-6),6.32( 1H,
br s,H-8),5.50( 1H,dd,J=12.4,3.0 Hz,H-2) ,4.89
(1H,d,J=7.2 Hz,Gle-H-1) ,3.11(1H,dd, J=16.6,
12.4 Hz,H-3-trans) ,2.69(1H,d,J=16.8 Hz, H-3-
cis) . "C-NMR (125 MHz,DMSO-d,) 8:190.3(C-4),
165.1(C-7),163.2(C-9),157.2(C-4") ,131.9(C-
1),128.1(C-5),127.7(C-2",6"),116.2(C-3",5") ,
113.2(C-10),110.3(C-6),102.7(C-8) ,100.1( Glc—
C-1),78.8(C-2),77.2(Gle-C-3),76.1(Gle-C-5) ,
72.7(Gle=C=2) ,69.3(Gle-C-4) ,60.1(Gle-C-6) ,

43.1(C-3), VI 8RS SOk [ 22 ] B 45 R 5 A
— 3 S E AR E YN H B (liquiritin) .
22 HERPEMEUEVRZHBUTEDNEE

HHROAR S 2L G0 3 > S AT A= Y
ZE LA 3,

& ¥ VL' H-NMR (500 MHz, CDCL, ) §:13.02
(1H,s,0H-2") ,7.96(1H,d,J=8.5 Hz,H-6') ,7.94
(1H,d,J=15.4 Hz,H-B) ,7.72(2H,d,J=8.6 Hz,H-
2,6),7.58(1H,d,J=15.4 Hz,H-a) ,7.23(2H,d, ] =
8.6 Hz,H-3,5) ,6.84(1H,d,J=2.2 Hz,H-3") ,6.77
(1H,dd,J=8.8,2.2 Hz, H-5") ,2.37(3H, s, CH, -
2"),2.36 (3H,s, CH, —2"),"” C=NMR ( 125 MHz,
CDCl,) 6:192.6(C=0),169.0(C-1"),168.4(C~
1) ,165.2(C-2"),156.7(C-4") ,152.7(C~-4) ,144.5
(C-B),132.2(C-1),130.8(C-2,6),129.8(C-6"),
122.3(C-3,5),120.2(C-a),117.9(C-1"),112.8
(C-5"),111.3(C=3"),21.2(C=2"),21.1(C-2")
WS EZ G 4,4 -0-" RS HER
(4,4'-0-diacetylisoliquiritigenin ) ,

AV H-NMR (500 MHz, CDCL, ) 8:13.29
(1H,s,0H-2") ,7.83(1H,d,J=15.4 Hz,H-B),7.78
(1H,d,J=8.8 Hz,H-6") ,7.63(2H,d,J=8.3 Hz,H-
2,6),7.46(1H,d,J=15.5 Hz,H-a) ,7.16(2H,d, J =
8.4 Hz,H-3,5) ,6.40(1H,dd,/=8.8,1.9 Hz,H-5") ,
6.35(1H,d,J=1.9 Hz,H-3"),5.85(1H,s,0H-4") ,
2.33(3H,s,CH,-2") , WS EZEYI N 4-0-L 1%
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Vi Vi

VI: 4,4'-0-" BT HEZ 4,4"-0-diacetylisoliquiritigenin; VIl ; 4-0-Z B35 H 2 2 4-0-acetylisoliquiritigenin; IX ; 4'-0-ZB3EH % 4'-0-

acetylliquiritigenin.

B3 HERTEMELAWHZBLTENNENR

Fig. 3 Structures of acetyl derivatives of flavonoids isolated from root of Glycyrrhiza uralensis Fisch.

H S H B2 (4-0-acetylisoliquiritigenin ) .

LAY X' H-NMR (500 MHz, DMSO -d,) §:
10.62(1H,s,0H-7),7.70(1H,d,J=8.7 Hz,H-5)
7.60(2H,d,J/=8.5 Hz,H-2',6") ,7.21(2H,d,J=8.5
Hz,H-3',5"),6.57(1H,dd,J=8.7,2.1 Hz,H-6),
6.42(1H,d,J=2.1 Hz,H-8),5.63(1H,dd,/=12.8,
2.7 Hz,H-2),3.15(1H,dd,J=16.7,12.8 Hz, H-3—
trans) ,2.78(1H,dd,J=16.7,2.9 Hz, H-3-cis) ,2.31
(3H,s,CH,~2") " C~NMR (125 MHz, DMSO~d, ) &
190.07(C-4),169.62(C-1") ,165.16 (C-7) ,163.41
(C-8a),150.92( C—-4") ,137.06(C—-1") ,128.91( -
5),128.30(C-2',6"),122.38(C-3",5") ,114.04(C—-
4a) ,111.16(C—6) ,103.08(C—8) ,78.94(C—2) ,43.66
(C-3),21.27(C-2") ., #EEZILEWH 4'-0-C

Bk H B 2R (47-0-acetylliquiritigenin )

23 HERPEMELSYREZEBLGTEYRN
[Eprg s

23.1 sHHMIERAGIFHE 10 pg - mLTHEAR
BT SEAE5 W) B HE T A AT A o8 0 i T 1Y
PHIR L 1, & 1 UL, 7F 10 pg - mL™' A,
4'-0-H I H B2 | hispaglabridin B F1EH #E 5 X
R A3 B B B AR e . Herpr 47 -0 - 3
D H B X K R SO B R B T 253 T ) 410 1 32
8835 v RS R 2 7R Y BT TR SR, Xk /N AZ o g T A
FERG 2200 B Y 0 R S R R T R OC B 25 S
hispaglabridin B X} 2 JICMK %5 9% B 0 400 1 56 0 2 5 T
PR R 2R, X/ N2 A o T 410 1 230 5 R R T R
TC I 25 5 5 06 H O XK A SORG R T /N 22 AR i

£1 10 pg - mL'BERPEMEL SYRE ZBALITEYIHE YRR ERHIH R (X+SD) Y

Table 1 Inhibition rate of 10 pg - mL™' flavonoids isolated from root of Glycyrrhiza uralensis Fisch. and their acetyl derivatives against

phytopathogens (X+SD)"

W XA [ 09 TR B A9 %R /%  Inhibition rate against different phytopathogens

Compound Rs Ss Fg Fo Be Cg Mo Xoo
| 49.79+9.70ab  64.30£5.91b  52.45+6.23ab  35.16x1.19b  70.16x4.07a  24.33+2.63b  51.84+0.23¢  56.21+3.50b
I 18.02+4.73d 40.92+0.99¢  46.06+£9.37ab  22.96+0.67c¢ 41.83+1.95b 29.55+3.66h 64.79+0.50b 23.37+0.94d
I 65.78+7.85a 80.39+£5.79a  59.18+7.36a 48.89+5.30a 67.64+3.86a 25.77+3.12b 40.73+13.94c  58.33+5.58b
v 19.44+5.88d 14.07+5.44de  17.60+2.08d 6.07+1.30fg 3.51+£2.35¢ 7.97+0.52¢ 12.16+3.69d 2.51+1.21ef
A% 7.10+3.09¢ 18.12£7.08d  18.58+1.55d 12.82+£1.97d 14.90+£9.48de  9.42+3.51c 14.04£6.72de  76.25+4.95a
VI 8.85+1.40e 6.68+1.99¢f  15.38+5.37d 8.32+1.26ef 5.52+5.19de 7.99+3.85¢ 4.38+2.35¢f 1.84+0.76f
Vi 12.33+7.29de 13.12+5.61de  27.99+5.63¢ 6.47+2.97efg 7.05+1.38de 8.86+5.99¢ 3.30+0.87f 37.04+4.42¢
Vil 38.67+6.48hc 4.04+1.65f  32.49+7.02¢ 12.39£4.29de  15.48+8.66d 6.20+4.70c 2.85+0.71f 56.34+4.45h
IX 9.57+1.94e 8.94+1.26e 18.78+6.84cd 5.15+0.80g 6.28+2.77de 7.05+2.66¢ 7.66+2.46de 4.14+0.78e
™ 35.92+1.54¢ 80.07+2.84a  45.70+1.48b 33.49+6.78b 31.09+5.23¢ 97.73+0.97a 98.72+0.64a —
Bis — — — — — — — 79.57+£6.81a

DT, 4-0-WEeH Rz 4'-0-methylglabridin; 1l ; Hispaglabridin B; 1II . e H g Glabridin; IV . HEE Liquiritigenin; V ; SHEZE

Isoliquiritigenin; VI . HEH Liquiriting VII; 4,4'-0-—"24, BERSSH 2K 4 , 4’-O-diacetylisoliquiritigenin; Vll; 4-0-24 Bt 5 H E & 4-0-
acetylisoliquiritigenin; IX; 4'-0-Z Bt H B &K 4'-0-acetylliquiritigenin TM; F3LB & R Thiophanate-methyl; Bis: WEF{i# Bismerthiazol. Rs: 7K
TSR B Rhizoctonia solani; Ss: WERBEAZIG T Sclerotinia sclerotiorum ; Fg: /NE INFEWGHE Fusarium graminearum; Fo: FHEMZEIRE Fusarium
oxysporum; Be: o TR 555 Botrytis cinerea; Cg: FIFCHIE G Colletotrichum gloeosporioides ; Mo T R Magnaporthe oryzae; Xoo: IKFEH
M55 Xanthomonas oryzae pv. oryzae. [@) 4 R R] ) /NG FRER R TE 0.05 7KF | 22 5 58 35 Different lowercases in the same column indicate the
significant difference at 0.05 level. —: TEHE No datum.



%6 2

W%, 55 H R s i S M aa s B o0 B S AT AR A S A RS PR IS 39

TR B A 2205 TR N 8 TR B TR PR ) 2R 0 2 v T
FH BB B R, X SR TR A% T P 1) 32 5 R T R
T EER,

SN DO N S WU RO
76.25% , 55 % BRI e Al e TG I 35 25 5 (RO bl |
B M R AR 1t 20.00% ;4 ,4' -0~ 2 R SH
B RO KRR 1 A 9 TR A 4 3 5 T 30.00% , 1H i
FAR T ERG W X BT (N E AR IR EBRAN) 1Y
NIRRT 20.00% ;4-0- 2B I 5 H w0 2 % KRG 8L
I B L/ INZZ R B B R RS 1 Pl s B 1 00 i 5
T 30.00% , FHorr XK ARESOR I R A 40 ) 2 5 L
PR TG0 2 22 5 (R AT 0 T B P 40 1) R 241
T 20.00% .,

IEAh, HEE H AR 4 -0- 2 B3 H R X}
JE A At it TR A 0 A 3R 2 R 3 20.00% , 40 TR T
PEBLA
2.3.2 MM I/BRE G ECyFe ECoy L YT 10
pg « mL™' 4" -0-HESEH HE hispaglabridin B St H
FE I 4-0~ T S H 53 00 A 4 s i L TR
AN BR AT B4 A0 B 0 e, DRI, — 25 13X

4 AR T A A BT Y = N EE T A 10
pg - mLT RHEEM 4,4 -0- LW H HEZ X
PR A P B BT A B0 TR TS R I T 2 A
AL E NS, SR (R 2) BR. A
K LA, 710 pg - mL7' B, Bk 6 NMEA PRI
Yo D B 1 0 ) 3 b gy, EG O 3 A 0 9 D 1)
EC, fl EC,, AT,

40— FOEH B ELA TR B T, XS
PRI TR B TR 00 D RN R o TR 1Y) EC 5, 153531
H5.75.5.30 F19.61 pg - mL™", EC, [543 5H 33.29
26.82 F156.60 wg » mL™" IR SR B4, Hod ) X %
JEIRBEIR B 1K) ECo R EC, {5 2 3 K T FF LB 3 R
BEAE 4" -0-H 36 H B2 X K R GRS s 1 Y EC, Al
EC, 55 36T RER E 0 & 25 /N IR
R EC A5 W HRm A R I % 2 5%, H EC, i
0 R P R T R X AR 2R B M A B SR
PRI (1 At ot EL A — 8 0 B 1, (L
EC 5l EC, {8 I 215 T X BRG]

Hispaglabridin B 0 A | {80 G 1, 2 HAD
AR L5 T 4/ -0-H 3o H Fow , Hob xR

®2 HERPEMEUEWREZEBHLATENEYHBEREN EC5) 1 ECy)E (X2SD) "

Table 2 ECy, and EC,, values of flavonoids isolated from root of Glycyrrhiza uralensis Fisch. and their acetyl derivatives against phytopathogens

(XxSD)V
IKFE SO T SRR INE TR A
asgy] Rhizoctonia solani Sclerotinia sclerotiorum Fusarium graminearum Fusartum oxysporum
Compound
ECy, ECy, ECy, ECy, ECy, ECy, ECy, ECy,
| 14.91£1.66bc  76.87+22.09b  5.75+0.47b  33.29x14.74b  11.54+0.24b 340.36+52.23a 29.93+2.68b >500.00
I 56.80+6.17a >500.00 14.46+1.88a 176.34+39.10a  40.52+10.36a >500.00 35.66+0.96a 464.17+39.57a
I 7.56+£0.24d  36.23+1.0lc 3.72+0.22¢  16.23+1.39¢ 8.48+0.20c 71.44+10.92b 8.80+0.03d  57.68+5.98¢
VIl 19.03+3.24b  288.53+94.08a >500.00 >500.00 57.01+7.94a >500.00 >500.00 >500.00
™ 13.64+1.09¢c  74.82+3.76b 1.37+0.31d 9.43+3.28d 11.35+0.67b 87.86+9.57b 13.47+0.52¢ 93.84+6.95b
E MR HIEIR T e R SRR A R
sy Botrytis cinerea Colletotrichum gloeosporioides Magnaporthe oryzae Xanthomonas oryzae pv. oryzae
Compound

" ECy ECy ECy ECy ECy, ECy ECy ECy
| 5.30+0.13d 26.82+0.78¢c  188.06+38.18a >500.00 9.61+0.33a 56.60+11.15a 10.52+1.15be¢  193.52+12.01b
I} 14.87+0.80b  191.32+31.91a 96.98+21.47b >500.00 4.11+0.28b 33.54+8.82b 12.12+£0.66b  162.16+25.21b
I 5.94+0.09¢ 32.39+1.88b  48.90+6.63¢c >500.00 8.99+0.76a 50.05+12.42ab 9.52+0.90¢ 97.52+16.33¢
Vv >500.00 >500.00 >500.00 >500.00 >500.00 >500.00 2.98+0.27d 24.79+5.12d
VI — — — — — — 18.43+1.58a  366.50+76.47a
Vil — — — — — — 10.13£0.93¢ ~ 310.87+62.71a
™ 67.18+13.92a >500.00 1.72+0.15d 4.14+0.95 4.31+0.88b 8.39+1.62¢ — —
Bis — — — — — — 3.25+0.98d 16.96+3.27d

D1, 4-0-WHEEHEFE 4'-0-methylglabridin; 11 ; Hispaglabridin B; I ; Y HEE Glabriding V ; 5 HH & Isoliquiritigening VI ; 4,4'-0-—"2
B3 55 H FEFK 4,47-0-diacetylisoliquiritigenin; VII; 4-0-Z k35 H &K 4-0-acetylisoliquiritigenin; TM ; F 347 B R Thiophanate-methyl; Bis, 158
F M Bismerthiazol. ECy,: B3 Median effective concentration (pg - mL™") 3 ECyy: 4 2 909% I AL & e i Compound concentration at
the inhibition rate of 90% (g - mL™"). [Al5 R [E /NG FHE 2R TE 0.05 /K- 12257 1.3 Different lowercases in the same column indicate the

significant difference at 0.05 level. —: Jo¥t#i No datum.
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5529 %

IKFEIRE ) ECs, Al EC, B 0 3% T H L0 0 R Xt
FEIEIR ) EC,fHAL 4.11 pg - mL™", 5 H AT H R
T EZES 0 EC, (6535 = T W ILai 5 2 i HAth
HEEIR R A EC I EC, (E ) B3 & T X B 257

JEH O B TR B E AR T S A
BT 4 -0-PESCHEE , BR TS A I
() EC, 54 48.90 pg » mL™' &b, e H 55 0 Hofth Akt
IR EC, ML T 10.00 wg - mL™, Hor X7k
TGO I3 TR | 7 A5 A 2205 B AN B TCK B2 B 1Y) EC,
M EC, 63 0 A% T F L6 B8 R 5 X /N2 IR B0 B
M) EC, fH R E LT H R E R 0 EC, ATt & %
S T Y PR A TR AN AR TR LA 5 R s B A P P
T (H EC M EC,, (B .35 5 1 W I i & 5 Xy
FeL A JECI9 AR K e 1 Pt T EL AT — 8 AT AT T
B EC, Fll ECoo B4 25 /5 T X BRZ4 7]

S HER X KR M AR ECyy F ECy, fH 53
A 2.98 Fl124.79 pg - mL™", S HERGETC 2 22 5,
IE AR T AL 5 MEEY, 4,4 -0-"C Bt S
R AR A R EL AT — B R
EC 1 EC, 8 0 35 5 THEANME | 4-0- 235 H B
B KRR SRR T L/ INAZ PR R TR R K e 1 Pt s TR
HA—E I BEEPE, (B ECy, Il EC, {8 .25 5 T X
FRZG 3R, 0 JH Al AR 32X B B I 0 T 3 P A0 1 T
B,

3 ML

AN H B P45 3] 6 MEa Y ATk
153 3 MEEY . IR EBIRHE, ik 9 MBS
Yiorh 3 P2l .4’ -0 - H B H B2 | hispaglabridin
BADEHR & h &K GY, » HHER 4,4 -
O-—LBEFHERM 4-0- LB R HE R A&
IREZEAL G, HER HRHM 4’ -0-Z B H 7L
R NEEEAEY .

IV ER I P 0T LUE L, 4 -0 - H 36 H FE
hispaglabridin B 16 H 5L 5@ X R HR 73k 1A 4 9 5t
TR AR AT I A VBT 0 1 5 S 3R (SR 0 s A
KB IN R 4,4 -0- 2R FHIE R
XoF R A P B A — i B TR T 5 4 -0 - STk
S H R RO A ) 9s Jir 20 TR ELAT S TR PR A X R
A 03 i Pt B — i I TR 1 Ak S
Py XoT KL A i T TG0 R P A TR T PR A

4'-0-H I H FE  hispaglabridin B FIE H &
E RO BE SCHZR Y, A S s S L & Yy R
g5t TERTA BESAL S b, G H B BOI0E TE E f
R, 47— 0BG H B R IE TG R,
3 RE 9 DL A 140410 T 9% e 0 T 0 IR 2 5]
W i R 55 2 A0 24 ; hispaglabridin B SRR W BA T 1%
RIS P (B LA B S R A AT 4/ -0-F 3k
HEEMDEH RE , A EBAER V] 5 sl 5 Y 4s
Frh B 0 b AL S5 1 386 O, AT SO B R
i, WM, #7451 ke B, o H R R 2 00
( Ralstonia FomHE M W A
( Pseudomonas solanacearum ) . K H 3% K J& 5 &
( Erwina carotovora) FUSRME Bk I 9% 9% H ( Pseudomonas
syringae pv. actinidae) SFAEY)I I 20 PR HLAT 58 20 () 417
EAEFT , XF 2 i K B2 9% 18 ( Botrytis cinerea) /N2 755
SRR AR T T ( Phytophthora infestans) &
9 TR A4S M 2R I B ( Colletotrichum gloeosporioides )
S5 AE ) e L T O TR 1 98 W At B A R SR 4
WG, A A S A TE . AR AT
JEHREE RN, K IR 2 RN i W E I 225
i TR HLRE KB IR B8 ( Botrytis cinerea) | S5 4% 2 FL 2%
W& ( Alternaria solani ) | ¥ % 2% 2 9% T ( Alternaria
alternata ) F17G JIAE 2295 1 ( Fusarium oxysporum ) %5 FH
Wi I AT — E RYIRIVE ] . RS R s Ol
HEE S R BA T R SE YR 25918 T

SHER 4,4 -0-_ WS HHEM4-0-
ST 2O e H R R BT AR Y, B A K
KA W EIAZ AR AR TSR 55 TR RE
LIy, SR, S H R R B R BEAR s i
TR A R I L Y S0 PR B 1, AE R X (A R s D
TR B R A R TG A 5 0k R 24 50 R A AL T 18 25 22
S, JF B R AL T HoAl 8 D EER2E A&, B =
B B IT e O W A0 T T BT IR 2450 B8 D
4,4'-0-Z LA S R RS R B T KA B
it T 0 00 B P (M TR TR R R e R R B B
M, SRHERREME,4-0- 28RS H R K
P A T 18 400 T T A B T B (LR 7K RS S0 9 T
F/NZE SRR B AR I — € MBS . Rt
FEER R AEA KIS WR A B 3 E5I AR
PRBE, 2 S ECHAM G PERRAL, HE R BE Rz &
Wz OIS, 05 R L SR AR I R
IR EE BT T4 & A BE S50 PR S | AT D

solanacearum ) .
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SN TR 7/RST SN DL (SR I 1Y EE I R o

WA AR E R T FR HEF M 4 -0-&
BERLH R RAE 10 wg - mL X AT A A0 B Y
El N RE RS

5 3 MR S Y BIIMRTE E , RHE Y R
TR AR S8R ph e B AU S B 2R AL 5 ) A K
R4 59 TR 28 A5 W), X8 He s Dt 400 R (7K e
P A BT ) ) 490 2085 v e BAER AR K Sy £ 7K i 2
EY SR AR S Y .

i LR, WH B R B8 2R 4 -0~ RO H
F5E  hispaglabridin B A1 H B Xt 1204 4905 it B
BHAT 1SR s, rTVE B R E YR 255 b &
WEATIT A, S 0 (A B /R 1 I s T R
A B R EE, ATE N e LS W R AR
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