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BE: ARRE KRG B E BRI 7 B8 INE WA Fusarium oxysporum f. sp. melonis 8339 H] 2 R,
KRB A BRI ICK B AT b 6 B ER, SR T A at i R Tk ) AN B LA A K A 2R 35 AR
o % e Bl R B AR éé%Jm— X&) B H AR A 10 mg/mL B, 35K Fask 71 BN L
AT 22 A KAk B AeTo T 9 L drd) FA 2] 100.0%, B L9 R AL R IER T AN E LR
ODgy A pH AN, A A 03 A0 5.5; b F R R R 1245, REIRE K EFHALE T R
Y71 N F AR v oR 3R B A A AL M B AL B (superoxide dismutase, SOD ) F= it A AL £ B ( cata-
lase, CAT) &1 ¥ 2 I % L M6 T Moy A #v, 5 F I 4 Y K B Ao B- 3] 8 48 3 B 78 M 4K, IR
7 10 mg/mL K & % 3% B 4L 22 K 704k 71 B SN F AR 60 h 5, "R 3% & .SOD #» CAT F ¥ % £
AR, 2% # 7.8 mgCO,-cm™-h” 22,9 U/mL #220.8 U/mL. W 8 By % % R &, K E A 10 mg/mL
KB EH BT BN ZRBR D, Brid 2R, 4 93.5%., AR E) BH B S A b5 K
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Inhibition of total flavonoids in Cirsium japonicum DC on growth physiological
indexes and control effect of Fusarium oxysporum f. sp. melonis in field

LIU Ling® WANG Xu ZHANG Peiguang SHEN Liangwei YANG Lei XU Qing

(School of Biological Engineering, Huainan Normal University, Huainan 232038, Anhui Province, China)

Abstract: In order to investigate the inhibitory effect of total flavonoids of Cirsium japonicum DC on
Fusarium oxysporum f. sp. melonis, the total flavonoids in C. japonicum DC of seeds were extracted
with the method microwave ultrasonic, the effects on growth physiological indexes and field control of
F. oxysporum f. sp. melonis were determined. The results showed when the total flavonoid concentra-
tion of C. japonicum was 10 mg/mL, the inhibition rate of hyphae growth and spore germination all
reached 100.0%, mycelium were distortion and fracture; the ODy;,,. and pH of F oxysporum f. sp.
melonis reached to the lowest, which were 0.3 and 5.5; its electrical conductivity was 1.2 times of the
control group; SOD and CAT activities went up firstly and then went down with the increase of total fla-
vornoids concentrations, CMCase and f-glucase activity decreased, when F. oxysporum f. sp. melonis
were treated for 60 h with total flavonoids of C. japonicum DC, respiration rate, SOD and CAT activity
all decreased to the lowest level (7.8 mgCO,-cm™-h™, 22.9 U/mL and 20.8 U/mL, respectively). Field

control results showed that the wilted symptom on melon were the least when treated with 10 mg/mL
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of total flavonoids from C. japonicum DC, and the control effect was the best up to 93.5%. The study

indicated that total flavonoids of C. japonicum DC could effectively inhibit the growth of F. oxysporum

f. sp. melonis, and could be further developed into a new type of control agent of F. oxysporum f. sp.

melonis.

Key words: total flavonoids of Cirsium japonicum DC; Fusarium oxysporum f. sp. melonis; growth in-

dexes; physiological indexes

AWk ) Fusarium oxysporum & 5 1 f)—
Fofr - SR i TR 3 Ao SR A R S i A AR F
FERBE . TS T i (HK I A2 45, 20125 = i 4
2013) K (BR#5,2013)  FOK (Ph##AF,2014) . =
£ GRS, 2017) HHH (T RV MIBEEE L, 2018) 55
ZRARAEY Y] PR ) TR E AR g . Hod 4R
T8 T & N L AL R E oxysporum f. sp. melonis It
| AL R TS 2 IR AR 8 45 T TR R 2 ™ EE 52
LMV BIG AR ZGBING AT 6 55 R B iR AR
Bl T A S B (BRI, 2017)  Ak24 B IR b few
W BECR SR (R el 2 R BUR 2558 B L I
HE W) 2R G0 O Al AN BT 24 ) A B SCR R B 55
2010; MFIEAE,2014) o BfE SACH 25 59 g &
& AR Y BIR S A ST B . HL, ©4
SO A B R BT IR S 960 i U0 TR L A Y TR 5
Uk (Wang et al., 2016; J& & 445, 2016; Fu et al.,
2017).

K& Cirsium japonicum DC A 55} ] J& F A
Yy, oAz o KRBT Ao PR A ki AL
TH b K B i v I S AR S 25 B R, s M oy
FEALFE SVEI A R I A T (AL R
2011) o REAIBIFE LW, BB A SO B E T
WE PRI AT IR VR A A TS 1 DA SO R 4R
H1 551 2 U fig (Fi5 €5, 2001 ; Shand et al., 2003 ;
Liu et al.,2006) . Hij, ENAMCT RKaif B
FEIEC TR TR A HiGE , AR ES S (2013)1IESE R
i HE PR G RAE 22 T Ceratocystis fimbriata . %
K/NBESR 1 Bipolaris maydis . JH 5 HE HR 9% B Cerco-
spora nicotianae %5 AH )9 T 4 EL A — & (40 6 1R
HH 5 JE 35 (2007 ) A9 3 B 80% K i £, BEHE UK g
WA E 5 F #2508 | Verticillium dahlia B9 41K
Yoon et al. (2011 ) M K& H s $2 B 4 vh 43 25 4l
A1 3 FhPT L W BT, X K RS R IE S T Pyricularia
grisea 55 T FPAE I I ) A R AP B iR VEH .
H | R 5 v I 7 X6 S AR ) TR I A AL 5 T
HRE D

PRIt , AR B 53 ) FH R sl o T X 2 A

TGN L AL B AT g A g, 00 i) i B
Mot AR FL e T VR B 2 TR LIS
(24 o 1 B 0 R S g 1 B e R i = |
ODy5 -~ PH .« HL 558 | 4801k 1) 157 fL i} (superoxide
dismutase, SOD) .11 %8 /b & fif§ (catalase, CAT) . -1t
SR EE PR L LT 2 2R T RN 8- 4] 25 W I T 4 S A P
FEBR A5 | XA [R] e F f)  ahl] J 2  E4 7 F [1]
BRI , LA Sk ] 2 T £ S 76 5 T TR 1 A
Bl i6 TR S s
1 MRl5AEE
1.1 ##

HEAR P KO T - KBTI T e h 2
T L 5 24 5 6L e T TR R I L Ak 25 B I T L g
et AR R A

BE SR AL - H S 55 4 E 3 IR (potato dextrose
agar, PDA) 5 #23E . 5y AR 22200 g F A BE 20 g
TR HRY 15 g &4 7K 1 000 mL; PDA 5% % 3 R i
JnEsAE K B A Th44 B 4 (potato dextrose, PD)
(SEE=

TR AN < R0 POk S R e R A  DNS |
NaCl.KH,PO, .Na,HPO,  12H,0 . KCl 2 51 1 Hy [H
FRArHTAl. AB-8 RALI AR , KIS Be R A R
/3] TKA RV 10 digital V BfERE 26 KAL, AR (7
A #1525 BR 2N ] s GTOP B fEC IR F7 48
WAL S A BR 2N 7] 5 UVS800 AN e i,
I TCHT A BR A ] s XB-K-25 M ERki-4k, it
HRAE A FNLAFA PR F] ; LDZX-50KBS % 5
KB, il B2 BRYF a5 Sartorious PB-10
A pH 11 F1 DDS-12A B4, L)1 AE DR A
R/~ H] s CX23LEDRFS1C Y Wi, BAREL 307 ()
D Tk A FRAF
1.2 ik
121 K& AT F & H R

Z:7% BREGAF (2015) J7 ¥4 K Fh -8 T &
K, FRELS g T 150 mL 70% £ EErh , fE T &N
260 W 2515 #i 75 $2 HX 30 min, 180 r/min g4 25 &
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30 min AL B ERVE AR, 0 A 300 mL Jo/K O BETE
4°CT B, 18 VR AR B A T AR O B 2
VW, W38 5 30% SIS A BIUAE s,
FE5) o AB-8 KA itk — 2043 B3 ali Ak K iy S Bl
122 A KIEARegm 2

SR HEAF (2011) Ty ik IF - Tk B, I A
e R S I FRCHI 0(CK) \2.4.6.8 .10 mg/mL /<>
VR R 1) S BTV, AN [ B S BT i A PDA
REFRBEACH] 100 mL & S 35 HR PDA S, 25 H

S " A S (2017) J5 D0 28 TR 22 A= KAl 2
B T T I £ A 2 Fh 21 PDA - s Ak
7 d, FERVE NG TIER R 5 mm R PHEE T35 A
e B BB A Y PDA AR, 30°CHE 77 7 do 38X
PN 22 AR B 3R TR B =TRVK LA -
WD EAR W22 AR A 23R =(1 - B4 TR VR 4 B/
X HRZH R 7 1 LA ) < 100% o

SR R R SRR B I A AT SR ()
85,2014) K855 7 d ARAUHR TR E L Rl 52
B AR TR) M BE B TR ) PDA SEA P, 30°CH FR2 d, T
10x40 £ 627 1 fUBE T Bl e B 3 A4 1L MR 45 7 24
BRI T, R 3K,

27 4 A 55 (2008 ) J7 320 2 96 1 & 30 461
2 K RA R TR AL AL AL A 2] PDA SF- Al
A3 d, FEREVE S ATIUE R 0 5 mm BB DFE T
PDA VA, 30°CHEREE 57 7 d 2748, F pH 7.4
fiz 2% i i (NaCl 8.0 g. KH,PO, 0.2 g.Na,HPO,:
12H,0 2.9 g & 7K 1 000 mL .KC1 0.2 g) ¥ 73 A= 1t
TP RO AR, PR BRI
Fi B2 10°4/mL. WEH 0.1 mL 48 7= 7 M 2
AT e JBE R 1 B AL B 1Y PDA S g 3Rk 4
A1 TIT . 30°CHHIRRE 7 3 d, WEHFiC sl T # &
o B3, BRI Ee=(1-4b FA 6
RAR BRZH A7 0 < 100%

K EA i 55 (2015) J VAT BEAVE Sl T 22
T, FTHUS AN EAR K 5 mm A FE4E 7T @ fiR %
LAY TR P45 22 50 mL 75 K shij G B R 1) PD R 1A% 57
Frf,30°C 200 t/min FEIRHEEFE 7 d, AN RV FE B
T b 388 P T 4% B 10 mL #HE T4 08 I Pk ML TS
N AL BRI () TR 2R, 3 IR A AP
123 ODgy 8 FF F pH #9052

S RBHFE(2007) K SAEHAE RS mm
(AR T BRI L AL R 42 2 50 mL 3 ARV
JEE KB B 1Y) PD YA B 55 5 v il B PD & TR
43 SH 6 Rhfe B Ab R A% PD & B 3.5 mL, il F 42 4h

43 I EE VTN 72 1295 T A ) B ODgsy s 7% TAETH
F5K 5 (2011) J7 35 3 i B b AR 4 B PD & I TR
7 mL, 10 000 t/min, 4 °C N VREC> 15 min, ZSUT0E, (i
FHl Sartorious PB-10 % pH i1 DDS-12A H, S &
AR TR EAL R pH LS L R . FEA 3K
1.2.4 SOD Fll CAT #& ML) &

[ 850 3 S A 7 mL pH 7.4 B2 2% ik
FUETE 1 hJE I 1 mL 28N [R] s B B R 14 A
¥ B PD & B, 8 000 r/min . 4°C N2 B 0> 5 min,
F VW, B2 mL pH 7.4 BERR 2% v R vk AR T
A 1 min, F-YK 10 000 r/min .4 °C ¥ 2.0 10 min, 3K
5V VBRI R ML R, 0 S e e T R I
L AL AL SOD A CAT 1 . 405 5 0.12.24.36,
48 .60 hilll & .

K F NBT 64638 325 (Sofo et al., 2004 ) il &
SOD it . HX 0.1 mLAHBFEIFIIA 3 mL SO (5
2 umol/L % # % 10 pmol/L L-H 22 .2 pmol/L Z,
DY 2R 40 .50 pmol/L NBT .65 umol/L pH 7.4
WERRZZ /IR , 26 R 24 rf U3 20 min 5 ,NBT
AL IR 7 1 5 Ak A W7 560 nm Ab A7 e KR
W B P BN SRy L A ) 509 T il i
UG, B3I A5 RIS U/mL #

KRR Lt (FEER 5 ,2015) 1 E CAT
£, ¥4 0.25 mL AH B 2 25 2 100 mL, B A 157 0 7
W B4 SORE M bRie as (A 1.2, 3 FillE A
WAL TEZS A 1IN 0.5 mL £, 0.1 mL £F
T AEZS A 2 FPIA 0.5 mL 25, 0.1 mL 2% it
W, 25 A 3N 0.6 mL 22 Wil . 765 BE A
Jm0.5 mL 2 5t W (22 FH 05 2 9% vl % 65 pumol
H,0,), 0.1 mL % , 37°CK 41 5 min Ji5 57 B
A3 mL iR R % , 724718 2) , 2 min J5 T 405 nm LA
KME A, IEEWOEEE A, & XA 1 min 53
1 mmol A H,0, Bl & 1 > CAT i PR 8f7 . B 3K,
ZEL LB U/mL R .

1.2.5 AT R 4 F B fe f-F) 2 45 5 B 09 ) T

B AN AN 22 25 (2012) J5 10 5 52 P JL 2T 4
R MG . H0.5 mL AH BEBOM AGRAE, I 0.05%
CMC-Na 2% i ( H pH 4.5 .0.1 mol/L Z 2 2% "Il
Bl )2 mL 2] 40°CTE /K ¥ 30 min J5 0 A
2.5 mL DNS,#i/Kis g 5 min, KA1, 1£520 nm
PR FH L2 24 R I 14, 06 SR R 1 mL AR
BT PRI IR W7 A 1 g % 0 BT B T A 25
DL U/mL FEoRs .

S [H 5 (2017) LI REVE S I 2 B- % b
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TFHEEPE . B 0.5 mL FBE 10 A5 MBI 1 mL 1%
KGR . 50°CHEH# 30 min, 7 HI A 3 mL DNS
Lk RN, Fe 53R AR K T B4 10 min, B
Y, 1E 540 nm AL p-glase WG 1 o p-75 25 W Tl
163K 1 mL F RS AL Y ™ A2 1 ng I8 b
R AN )AL S5 R LU U/mL R
1.2.6  FR3EJE M 2

Z RPN SR AR (2013) (/NI T35 I A el sl il
T8 BE S I i R A A TR R PN %€ 1 0.05 mol 11
Ba(OH),, U542 K 5 mm B DFBCLELZD AR i i Y
INEEN R INIE TR N, ST 2 SE R ZE .
£3B 10 min ZE AT NS FE 5 1 RAIEI, 1 h 5 e i
A 2T B RS 7857, FH 0.023 mol/L Y LR T E B I
W, 10 R IR . L mgCO,-cm™h™ Ay
B7, B2 44T, B 3R,
1.2.7 WA GIKE

F20194F 3 H 26—5 H 26 1£ g 4L X
S e A= A A R A F BRI E T, ixlE T
HESE 3 AEFAR TN . BV 6 N AbHE . 0
(CK).2.4.6.8.10 mg/mL, &/NX I FLA 16 mx
1.4 m, B A S5 3R, e Uk R 3 k. T
20194E4 A 16 H .4 A 26 HAI5 A 6 H k473 ki
MY, Bk FH 29 350 mL, % FUAL RS HE, 5 H 20 H
X454 PREH A AR HEA TG 250 1 VR A, T TSR 1 6 4L

FAEXSBH AL o 1 S BARER 590, 0 9 - 2 FF X AH
FRICHR 5 1 G« 2 F DX AE IR 25% DL R P R 2535 52 9
A X AE IR 50% UL LW 355 53 9 R XA Bk
75% VI Lt 255 s 4 9 A XM PR A G . s
F88= X (B G MRBOA N ) /e 2 B <
A SR E 1005 B iR RICR = O B2 95 1% 45 45— b 31
2 AE FEEO 6 BE A S FE < 100% .
1.3 BiRSHT

i 56 B0 s % 1 SPSS 17.0 #EA7 88 it 0 b, &
ANOVA #4720 0] 22 5 43§ , % JH Duncan [ &
W 2E TR T 25 5 o PR

2 HER55H

2.1 KERHERX LA E NS E A KA

Wi 2 A i B T e B i, 7k ) P I
RIS B S 24 T B PR WA km
il SRR W R A R R =, AN ) e Ak 34 ) A7
TEME 225 . SEERVEEE N 2 mg/mL i, 22 4: K
0 141 232 R0 0 R 40 ) %88 3 54.5% 5 R 10 mg/L
B RIS B WL T ES SN 0MO0.1 g, WLk
KA ZE RN 0] A AW 2253 100.0% (K 1) [F]
B, SR I BRI LA PR 22 0y SO 3 22 i
TERR RN 2L (1) o 33k 3R B A7 2 )Xo 9 7 B
TV AT b 22 (AR B A i VR

F1 ARIKEXE D HAE T RARIEHRELE A ERRR

Table 1 Growth of Fusarium oxysporum f. sp. melonis under different concentrations of total flavonoids of Cirsium japonicum DC

iz P L [ o Dy
(mg/mL) Colony diameter/mm hyphae growth /% Dry weight of hypha/g spore germination/%
0(CK) 70.1£0.3 a 0.0+0.0 f 0.4+0.1 ab 0.0+0.0 €
2 31.9+0.8b 54.5+1.2 ¢ 0.5£0.5a 59.3+4.3d
4 20.0£3.3 ¢ 71.5+4.7d 0.3+0.1 be 79.0£1.2 ¢
6 9.7£0.8 d 86.1+1.2 ¢ 0.3+0.0 cd 94.8£0.3 b
8 53+1.0¢ 92.4+1.5b 0.1£0.0 de 100.0+£0.0 a
10 0.0+0.0 £ 100.0+£0.0 a 0.1£0.0 ¢ 100.0+£0.0 a

FP R R 2 . [RS8 28 Duncan TR I 250506 3678 P<0.05 /K 24 F 5% . Data are mean+

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

B 1 KE] S E AR S H R T B B 2 R R0

Fig. 1 Effects of the colony Fusarium oxysporum treated with different concentrations of total flavonoids in Cirsium japonicum DC
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2.2 KEEEHEERXS OD,, ,...pH MBS RN

I 4k 1 B B TURS ALY B OD sy« pH 347 Bt K
] R i S R S e B . X R AL P
(14 OD g P pHAELIAI IR, 43501120 2.2 F1 7.2 5 S B VAR
JE74 10 mg/mL 5/, 43902 0.3 F15.5, AbFRZH 1Y

HL S R4 B 3 KX IR A, BB TRV R 10 mg/mL
I, LSRR K, 474 ps/fem, X IRZH 1.2 45 (%
2) . UEHARH B R A ROk N ] R A
Tt AV IR A3 70 DR D 2248, 3 K B

®2 ARKEXE S HIAE T RAREIEHNELE OD,,, .pPHFIBSEH I

Table 2 Characteristics of ODgs, .., pH and electrical conductivity of Fusarium oxysporum f. sp. melonis at different concentrations

of total flavonoids in Cirsium japonicum DC

#¢ ¥ Concentration/(mg/mL) 0Dy pH Fi, 4% Electricai conductivity/( pus/cm)
0(CK) 22403 a 7.240.1 a 39.1+0.2 ¢
2 1.9+0.1 b 6.3£0.1 b 42.0+1.7d
4 1.5£0.1 ¢ 5.9+£0.1 ¢ 43.7+0.6 ¢
6 0.9+0.1d 5.840.2 ¢ 45.34+0.6 b
8 0.8£0.0 e 5.6+£0.3d 455+0.2 b
10 0.3£0.0 f 5.540.1 ¢ 47.4+0.3 a

PR B R EZE o [RIANE G AS [R) SRR F2 78 28 Duncan FGHT 8 e 221/ B0 7E P<0.05 /K22 57 8. . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.3 KEEEBRNXT SOD #1 CAT iE& %A 2401

Ab FR 2 I A T TR ElINE 4L SOD Fil CAT 1
PESRE I [3EH 2IETE G T G 24 hitt,
AN[E AL EEZH SOD 1 CAT 7 438 #I&AH , 2 mg/mL &L
B T v B A BRLZH ) SOD 1 1 F K, M 76.0 U/mL;
4 mg/mL 51 B i v B A BEAH ) CAT W& PR i K,
26.0 U/mL. 24 h/5, R4 ] B ETHK L L7 SOD

HICAT 6 M KW & F B, 60 h B, 10 mg/mL &1 #5
i 3¢ ) 40 BT Y SOD F1 CAT 1% PE X/, 43 5 Ky
22.9 U/mL F120.5 U/mL. 5t BN [R) % B K i s o
TR et o [ia] R) AT 48 R 2 6 4k ) T i I & AL L ) SOD
FVCAT 1 P, T2 i AT A AL e ) 5 24 h e f ™
FEEIAFER, SFECLEME TR (R3),

R3 FREIKEXE LA SR EH N ELE SOD 1 CAT & K 2

Table 3 Effects of different concentrations of total flavonoids in Cirsium japonicum DC on SOD activities

in Fusarium oxysporum f. sp. melonis

LD W AN HsH ] 5 RS 7 Enzymatic activity at different time points
Index Concentration/(mg/mL ) 0h 12h 24 h 36 h 48 h 60 h
SOD 74 0(CK) 41.640.7a  432+404¢ 412408f  40.8+0.5a  41.3+0.6a  40.5+0.7a
SOD activity/ 2 41.240.4 a 69.7£0.6 a  76.0£0.4 a 35.5+1.0 ¢ 329+04b 31.7£0.3 b
(U/mL) 4 38.4+0.5b 61.7£09 ¢  65.1+0.4d 30.1+0.8d 30.5+0.4 ¢ 29.9+0.3 ¢
6 41.140.8 a 66.3+0.5b  68.1£0.7 b 36.8+0.4 b 29.8+0.4 ¢ 28.1+£0.3d
8 40.7£0.4 a 66.3£0.5b  67.0£0.2 ¢ 36.0£0.2 bc  27.6+0.4 d 25.8402 ¢
10 40.8+0.9 a 56.840.2d 62.8£0.2 ¢ 30.5+0.4d 25.0£0.2 ¢ 22.9+0.6 f
CAT if 0(CK) 21.7+0.1 ¢ 21.9+0.1d 21.6+0.2d 21.4+0.1¢ 21.5+0.1b 21.7+0.1 a
CAT activity/ 2 224+0.1b  23.0+0.1b 255+0.1b  23.8+0.1a  21.8+0.1a  21.4+0.1 ab
(U/mL) 4 21.7+0.1 ¢ 23.1+40.1b  26.0+0.2 a 23.6+0.1b 21.540.1b 21.3+0.1b
6 22.2+0.1b 23.1£0.1b  25.7+0.1 b 23.5+0.1 b 21.5+0.1 b 21.3+0.1 ab
8 22.7+0.0 a 233+0.1a 25.5+0.1b 22.9+0.2 ¢ 21.4+0.1b 21.1£0.1 b
10 21.7+0.2 ¢ 22.3+0.1¢c  23.7£0.1 ¢ 22.6x0.1d 21.1+0.1 ¢ 20.5+0.4 ¢

F B B 2 . SIS [T B $2 28 45 Duncan G &2 8% 22 B A6 56 AF P<0.05 /K- 25 5 8 % . Data are mean+

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.4 KESEFRTHE T 4R - R R
Wt o B 20 R AR Bl T 11 R A R AN I8 £ 34
G, OB P RLET 24k 2 MR B4 T RS A AN BT 22 18 4

n(F4), Horp, X BEA] g0 B G PR AR P 3k aF
Ak Z WS PRS2 BIAE 36 h #1148 hik B KAl , 239 Ky
398.0 U/mL #1449.3 U/mL. i A~ ] #e J& 5 5% f{ ib



B

TR XA FU B T TG A AR 1 AR BRAY S S FE T ] BRSOk 633

PRI 2 AP TG L B S TR R R RARoK
ST X B ZE, LB 2 6 B T e B N B i, 32

-5 7 A TS T SR /)N, 43 ) A 218.0 U/mL Al
216.3 U/mL, &M i) BB iR vl LLREAR A7 ) b

SELTHE AN A A B P B E R, 60 by, RN AR AL 4E R B 1, 2 HE R AR K
10 mg/mL 5l i Ve J32 Ah BT (9 12 P B 2T 245 22 il A
R4 AEKEXE S HIA LRI AN E UL RET RN - A ETEEENZ N
Table 4 Effects of different concentrations of total flavonoids in Cirsium japonicum DC on CMCase and f-glase activities
in Fusarium oxysporum f. sp. melonis U/mL
i Enzyme brid5 AN HSH ] 5 RS 7 Enzymatic activity at different time points
Concentration/(mg/mL) Oh 12h 24 h 36 h 48 h 60 h
W B 0(CK) 401.0£9.6b  413.7+32b  426.3+1.5a  418.0+2.0a 4493+42a 431.0+3.6a
LY E bl 2 412.743.1a  4257+25a 403.3442b  352.044.0c  3143+4.0c 287.7£2.5D
Carboxy- 4 404.0+4.0 ab 416.7+6.1b  402.743.1b  374.0+40b  323.0£2.6b 272.7+25c¢
methyl 6 381.743.5d  410.3+25b  377.3£3.1¢  336.3+3.2d 304.7+42d 262.3+2.5d
cellulase 8 391.3+42¢  4153+3.1b 364.3+4.0d 310.7#3.1e  282.3+59e 245.0+3.0e
10 3823+£2.5cd  398.743.1c¢  344.7£5.0e¢  318.0£2.6f  260.0£2.0f 218.0+2.0 f
B2 0(CK) 360.0£2.0ab  367.0+2.6 a  381.0£2.6a  398.0+3.6a  386.3+3.8a 378.7+7.6a
Fri 2 352.7+#3.1cd  367.7x1.5a 3253+1.2d 317.7#2.5b  284.3+4.0b 278.71.5b
P-glase 4 357.3+3.1bc  363.7432a  3333+3.1c  317.7#3.5b  278.3+3.5bc 251.7+1.5d
6 362.7£2.5a  366.3+2.1a  340.7+4.0b  303.0+2.6d  277.0£2.6c 259.0+3.6¢
8 350.7£3.1d  354.3+4.0b  324.0£3.6d  308.0+2.0c  261.0£3.6d 239.7+45¢
10 352.0£2.0d  355.0£2.6b  323.0£2.6d  260.0+2.0e  264.3+2.5d 216.3+1.5f

PR YRR e 2 . RPN [R) ) 32 78 48 Duncan BB B AR 25 15 K B8 1E P<0.05 /K F-22 5% 8.3 . Data are mean=

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.5 K& S EERXT PR 3R B R R 0

Wi 25 A P S [ S0E K, AN () R 38 A i B, 5 ) Ak 3
T ARSI ] TR L AR5 B2 A 24 h i IR )
WEAH , 2 mg/mL o 5 i Ab PR 21 fif) 0o 1 e 8 e R, oA
21.7 mgCO,-cm™h", 24 hJi7 , £ 4b FHL2H I W 58 i 1)

B2 FRAIK, 60 h B Ah BRZH S F60 40 70 B N & AL U
W 54 85 24T B I, b 10 mg/mL i ¥ il 4 391 4H 1) B
W 5 B B /1N, A 7.8 mgCO,-em™h™' (£ 5) . #i
10 mg/mL /2 2 i ¥k J3 X A Ft e T v i I & AL U I
Wik P SR e R, TP LA RE ) it

RS TEIREXE]S EER S ARk 7] & 2 I E 4L 2P IR 5% B B9 R200

Table 5 Effect of respiration rate by different concentrations of total flavonoids in Cirsium japonicum DC

in Fusarium oxysporum f. sp. melonis mgCO,-¢cm™2-h™!
mrg Oh 12h 24 h 36 h 48 h 60 h
Concentration/(mg/mL)
0(CK) 10.9+0.1 b 13.1£0.1 ¢ 16.5+0.2 f 20.6+0.1 a 18.8+0.2 a 17.1£0.2 a
2 10.2+0.2d 14.5+0.3 a 21.7+0.2 a 13.5£0.2 b 9.9+0.1 b 9.1+£0.2 ¢
4 10.7£0.1 b 13.3+0.2 ¢ 19.7£0.2 b 12.6£0.2 ¢ 10.1£0.1 b 10.6£0.1 b
6 10.440.2 cd 11.3+04 ¢ 19.0+0.2 ¢ 11.6+0.1 e 9.8+0.2 b 8.8+0.2 ¢
8 11.2+0.2 a 14.0£0.2 b 18.3+0.3d 12.7+0.2 ¢ 9.9+0.3 b 8.5+£0.3d
10 10.6+0.2 be 12.1+0.1d 16.9+0.3 ¢ 12.2+0.3d 9.1£0.3 ¢ 7.8+0.2 ¢

F P R BB ME 2 o R B A [6) 5B 2278 25 Duncan G375 4% 2% 646 30 76 P<0.05 7K F-2% 5 2 . Data are meant

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.6 HIEF AR

FE [B] BI IR ROR 25 5 W, AN [R) L B b B ZH 2
B B VA R AT A 2 25 5 0 o, 2 mg/mL A
W PE B IR N 67.1% 5 10 mg/mL & B R AL B2 (1)

B VAR N 93.5% , 42 2 mg/mL AL FRZH A4 1.4 1% (%
6)o FHILTT A, Bt Ab PR B R B T, X4t
e T GRS ALY 4 (8] B A R R B 4, 10 mg/mL
VOISR E S TN
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Table 6 The disease index and control efficiency of Fusarium oxysporum f. sp. melonis under different concentrations of

total flavonoids of Cirsium japonicum DC

¢ & Concentration/(mg/mL) JRTEFE %L Disease index BEIASUA Control efficiency/%
0(CK) 70.8+2.2 a -
2 45.4+0.7 b 67.1£0.9 ¢
4 40.8+0.3 ¢ 75.3+0.8 d
6 37.3£0.5d 80.6+0.6 ¢
8 33.3+0.2 ¢ 87.5+0.4 b
10 29.0+0.4 f 93.5+1.1a

F PR R BB AR ME S o TR B A [6) 5B 3¢ 78 25 Duncan G 5 4% 2% 546 30 76 P<0.05 7K F-2% 5 i 3 . Data are meant

SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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HUGIRAE T i AT A, W HEST 55 (2018)
9T 2 BB AE T /KSR I Fa e ) T TR 22 (R A K
007 7 S RN D R 1) 7= A= A R E 5 8 SO 55
(2019) & 3 0.1 mg/mL & Fij iR H s XT i 2 ffa 4k 7] 1R
o | R PR B P A R A 5 2540 25 (2018 ) I BRHIE
SEH T S WL TR B X IR A e T B 45 22 Fh
1 b RO B AT BB DI RIVE . AT et
S ] TR AT AR ) BT R T A B R B A e
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PG T S TR AR R AR 22— St ]
PR 22 A AR R T PR 22 25 20 B R i3 MR e IR
W2 B IER K ARREES R BoR | A K] 5
Tl P 28, 2t i ) B I Ak 78 B 22 A K 9t
B R A WL A RIVE AT, i 5 A A (2017) i
T8 PAHE 2 B R Y B AR G- b A1 i S 745 T PR A
22 KR/ &, 28R 100.0% R 458 AE L .
0 0 XS A L A A Y PR R AR S A T A T SR
iR (BN G N TN SN D 2137 AN OF ]
PRI ALY B 220 , 20 A i i i PR K, 2 i
PN R BT A I, 2 T [ L S 38 i 5 R v A
(2018)AIF5Y 4 W] 4 PRAE BT AT RE A 25 22 17 240 [ it
AN R B AR R A 5 3850 H fip SO 1 17T PR R 23838 K
LRI .

SOD I CAT i 1 %5 7 22 2N AL Whif o JE 3 K
I SOD A1 CAT 3% 1 1T A sz e 1 1k 57 3] S8 Ak Wi 1)
TREE (fE45%%,2015) . Ozyurt et al.(2004) B 5% ¢ W]

Wi 25 IR P S 2 SR g R 52 A 388, /0 Uit 40 e P 1)
SOD Fl CAT {if P 52 e i P /N ) a3, LI R
HEFYIDLATIAN o AHFST it B SEEG , BB
T E T R 8 AR Ak BT [R] 0 B84 0, 76 5 T R IS
LALHI SOD Al CAT 15 AR EFHIE R RS
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JI L A U I 0 e S ATR , WP a3 e 2 i iy —
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2 P A IR i ) 5 240 A AS BB 1 245, AT
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