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E: 2% (Monascus sp. ) 38 H N H T B i DL BRITAT, ARG T HAHT T MR Y 210 it 25 T bk S vk AR AR ™
Wy RTAR 0 D TR P 2B BRSO, A IR SRS sk X A RO B DR B B T s e, RS 5 N E bk, 1
T BRI IR R SR L VR R, B ML i BB ARE, 454 ITS. LSU. pksKS ZEH 541 5 44T,

I3 B T MR 5 S I 4121 Hh 2 ( Monascus sanguineus ). 5 Hiiln 25 R R W, 5 420 i 25 AR A FE AN 22 9% i ( Fusarium
oxysporum f. sp. cubense ). FLEAEZESRE ( F. oxysporum f. sp. tracheiphilium), Bk # ( Phytophthora capsici ). A&
JIARIE T ( Colletotrichum gloeosporioides ) 4 Fia UL AT 455 I B B A B 4F (3 HI VR T o R FIAS 6] 5 9 B X 20 th 25 A7
B, BB 5 AT RS PUIREE L R S ROR A (3% (HPLC ). ZREILIRAAT, A B3 TR ARLT i 25 o8 bk e &1 44
WAL, LR ARG FRE LR AR T W BRI HESR R AN Y, 32 AR, A& ]
F AR GAL 2R TS FE 5, FTFURIE R 10° CFU/mL B BLAT Sl AR B RCR o 25 Bk, By Ak 2 i 8l i 4
2 XTAT 0 T ELA B AR B VE R, AEROK BE 57 3 vh R AR B R A AU A B I TG, IR R R iR
GAEEIE o A FARAE B AL i B AR R R AR B A - B BRI RV T, AT AE Y A W B TR SR R A
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Isolation, ldentification and Active Substances Analysis of Five
Biocontrol Strains of Monascus sp. from Tropical Rainfor est

WANG Lingxuan', DU Yi', SUN Yihan', YANG Yang”', YANG Laying”"

1. School of Life and Health Sciences, Hainan University, Haikou, Hainan 570228, China; 2. Institute of Environment and Plant
Protection, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101, China

Abstract: Monascus is usually used in food and medical industries. To explore the biocontrol potential of Monascus and
its secondary metabolites against plant biocontrol pathogens, in this study, through the isolation and identification of the
fungi from humus samples in the rain forest , a total of five strains growing well on the potato dextrose agar medium
were screened, the colonies were red, with typical Monascus morphological characteristics. The strains were identified
as Monascus sanguineus based on the sequencing and analysis of ITS LSU and pksKS gene sequences, The results of
antagonistic experiments showed that the five strains of Monascus had better and more obvious inhibitory effects on
Fusarium oxysporum f. sp. cubense, F. oxysporum f. sp. tracheiphilium, Phytophthora capsici, Colletotrichum
gloeosporioides. After fermentation of Monascus with different media, high performance liquid chromatography (HPLC)
and nuclear magnetic resonance analysis were carried out. It was found that Monascus could produce abundant second-
ary metabolites with strong antibacterial activity on solid medium, especially on wheat bran medium. The further pot
experiment proved that Monascus could effectively reduce the wilt index of cowpea, and the best biocontrol effect was
obtained when the spore concentration was 10° CFU/mL. In summary, Monascus isolated from tropical rain forest
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showed good results of better biocontrol of plant diseases, and the secondary metabolites obtained by fermentation in

rice medium had strong antibacterial activity, and could effectively control cowpea blight. Monascus strains isolated

from tropical rain forest have great potential in plant disease biocontrol application, which can provide more abundant

strains selection for plant disease biocontrol.
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21 il A ( Monascus sp. ) J& —Fh i A= 22 R =L T
HEE T TEENATREE TN hmEY, 17
FETRA, AR S . 21 ih 8 0 B pH
WHETE 3.5~5.5 Z[H), m@EdKEE—BA 25~
35 CP, B TR R . S S
W HBRH, MR, BAESME . Mk .
fa i p B A Th Rk, BRI R, 2l & ok
AR, WbTTE . BRITER . BIEE. RS
BT EA RS . bR . P . B F
I [ e e 25 B FFI O R, 2t e R AR N A
i AR FIBTE R ZF 1000 R4, 20 H
FRBEEY PO, 2 il E L Lr i b R R
ar i (o R A M, B arsl,

21 il 2 SR A AR = A P . R I
N& . VUshBkoBREREfL . BT . MR S5 4 Y
T, B 2L a R LR AE AR W g R
ZAE e E 24RO 2 i A A A R L
B M2 B8 2 B R DU BRI v, L2 B 32 1 )
F R4, AW RN, Mo SR LTI M
MESE] 1 BREa A (M. purpureus ) B A
WMD2424 HA MR BT RS v 20 ih 2 i 4
FRIOT AT AP AR B 2, e 2 G B
B R BE 2E 7T 1 ( Bacillus subtilis ) A4 BE /148
312 MARTINKOVA Z53F 5 s 2t ih 25 (0, %
PRI XTI TR | RE AN 2R L AT AR
ATFIRU N % BT th ¥ (0 K RE A% I ] 5 2 R
B AN 22 RO PE B . AT 0GR ge & 2 h 6 (o K
Xof 4 v € 7 20 BR BRI R ZE AT B LA S A
B, 2T 2T €0 3R KR B 2T R AT 55 A
M. 20 A SR A A Y BT T T R 4
PRI, 2rih B S AR P M S L A
PIBii6 A KRR, T H ATLT B g R 2 4
Hote BE 2 S B O T, i G i A S R AR AR
PR FEAE P A W TG T T RGN . S
FaMBEEEAS SR P EAKRENEY TS
P, HIHEXT 2Rl Y R B 3 B R
BT HAE M0 A W B 36 A VR RE DA

X B 14 A 1 T B R A A5 T i Y
L, A IT A R A W B i R S LB A, R
PE— 2D PR LT M B AR AT Y 10 257 SR

g B A T MO TR A e B L R R &
R DRAF IR SE s 3 R TR R OR B DR Bt P &2 0 7Y
PP AR, S WG BT AR NSRRI
Wy 20 RN T A IR ) S R Pl 5 A A 2 22
i, HAEZRMAEEMERE L, Rl
FRMR P LA i i R A B O 2R
DA R ERE RIS IR AOCAE B o, FE
Thg Pl AT R AR - S K A A S W
HIAETE S SRR R iR AL
W AR 4L E MR R Y, BT
TF 25 R 3 R A A ) o 9 90 0

ASBIE S T 3o X 465 T 06 R P JE B TR i R AT
o, PR AWNE LSRN THE, %
SEFRE] 5 RRECIE bR W RSO . &
P SR O 1, 75 3] B A% e ) TR b L i
Frdk, JFH A a6 46 U X BT R A 0 1 A=
B RCR o

1 MB57FE

1.1 #r#

111 #XmRE  FHEMZERE (Fusarium
oxysporum f. sp. cubense). LG HiZEiHE (F
oxysporum f. sp. tracheiphilium ). 3 # % 5 &
( Phytophthora capsici ), AJR#%JH i ( Colleto-
trichum gloeosporioides ). 5L 5 Fffilid ( Coryne-
spora cassiicola ). /N IR B HE ( F. grami-
nearum ). KAESUH F ( Rhizoctonia solani ).
U255 1A ( Phomopsis asparagi ). iR #E 4%
& (Verticilliumdahliae), FEfJ%E ( Pyricularia
oryzae ) Hi [ H Al BL 2 BE PR 5T S A W R A
W5 i A ) 90 5 R T S e s R A

112 BhXsa SR mM R 3 %, BLEA
T Tt R EFRARA A . Bk HA T
K B E R RO R B PR B S A PR AP IS B
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1.1.3  AEX3E 73 PDA Bigfdk. D485 200 g,
% 20 g BIR 15.0 g, 7K 1000 mL; KK E;FR3E
KA 50 g, /K 50 mL; FERIGFREL: ZEMEK
WIRA IR (e 50 g, Bl 1:1), K
Hi 225k F KRR 45 25 g 7K 50 mL; MEA KiFEst:
HHHRPW) 150 g, HAMR 1.0 g, 7K 1000 mL , pH 7.0;
PDB 55538 . 483 200 g 4585 20 g 7K 1000 mL;
CYA Kigidk: Wb 5.0 g. iK% 30.0 g, BiiflE 15.0 g,
7K 1000 mL NaNOj; 3.0 g KH,PO, 1.0 g KC10.5 g,
MgS0,7H,0 0.5 g. FeSO4-7H,0 0.01 g,

1.1.4 314 5¥ VoG, LS266, LROR, LRS,
pksl. pks2 K FEFIPLE 1,

®1 BWERRBERHESIWFT

Tab. 1 Target gene fragment and primer sequence
g AR SIS (5-3') K
Gene Primer Primer sequence (5'-3") Product

name length/bp
ITS VoG TTACGTCCCTGCCCTTTGTA 1000
LS266 GCATTCCCAAACAACTCGACTC
LSU LROR GTACCCGCTGAACTTAAGC 950
LRS ATCCTGAGGGAAACTTC
pksKS  pksl TCCTTCACTTCTGCGAGGACT 1520
pks2 AAAAGTTCTTCGCCGAGACTGT

1.1.5 E&MZE  PCRAX. Bl bHEER ik iX |
LUK . FEIR . 28 ‘CHEFRAH . 37 CHEFAE . IEZE
L. BEE . MR . SR ZE RO R 5
12 A&

1.2.1 #eREFEHRS B T20234F9 1 RE
1A P TR B SRR o Y ] S = R FH AR
BEURA T BT B e S P I A R B AN [FDE
S IE L s s kit fraifh, HE LiRPTR
HEMBNEE, SREHEZE PDA BRK IR
Fige, R4S 50 MRECIATABE, XIS B B R T
5. BT 28 CHEEIGFRAN T IGFE, WLk
BERILT M B 1 B AR B BE S Ak

122 ol HERMKGHENEL R EXE
AT AL ER, FIF B A T LS B AR 1 TR 24
AIE ORI UPI N

123 “wFHFA#GSF%52  (1)DNA
BOGECE R IR 1.2.1 Fiisers 2009 B bR vk 757
WEF SmL B0, 78 12 000 r/min 4504 F 5
0> 2 ming FEPUEFIIA 1.7 mL TE ZZ0hik, R
IKANA 1.8 g VA .10% SDS 90 pL .20 mg/mL

FEAM K9uL, F 37 CKRBHPEE 1 h; A
6 mol/L NaCl 300 uL, CTAB/NaCl 240 uL, F
65 C/KHTPIER 10 min; MIAZEEFR S/
SR, JRA), 12 000 r/min B0 5 min; B3
WA —ABEOE T, A 0.6 KRR NEEf
DNA JTiE, 12000 r/min .0 1 min; F FWETR,
A 70% B0 2 IR, T TE &bk, BT
20 CH-f7, &M,

(2)FF5 P18 K PCR A&, DLl 514 VIG
I LS266 X%f 5 4> HAR@E# ITS Xty 4, LIgl
¥ LR5 Fl LROR X} LSU X479 14, #3519
pksl Fl pks2 HI T4 14 HFRH## pksKS X, PCR
ViR Z K 50 uL: 2xEs Tag MasterMix (Dye)
25 uL, ddH,0 17.5 uL, DNA #i#z 4.5 pL, EF
IE5 1145 1.5 uLo PCR W 5&1F: 94 °'C THAEM:
5min; 94 C7AME 45 s, 53 ‘CiBA 30s, 72 CIiE
ff1105s, 35 MMEH; 72 CLIEH 10 min,

(3) R kAWM HE, PCR Wik 4 T
AP TR (L) By A BRA "l EAT 3R
I A5 ) AH B B ITS . LSU il pksKS Bl 3 FF 41 .
FIH MEGA (2024) #4555 2% a0 ih 5 18
PO ITS . LSU Fl pksKS JF 544 £ 3 K & B R
124 oW BRI EERSH  RAERSTE
PRI H A2 ih B AR B AT SN . IO A
ZHRH . BBUER A . ARJNBIHTE 4 FhEZAY)
o L BT 18400 0 M o AT AL TICE A 5 mm
RO bR o R T B DFE T PDA SEM b o SRFEUR
[FIZL MR B AR o3 A BE 2 L A5 K/IMERD T AR &
e JE T B UE 22 AT RN 5 US40 ih B8 0 R
PEXTIR (CK ), BT 28 ClaREEFME T,
RARE 3 RERE . HAE A 2 RIFUG R
AR R R R R TR VR B (dg ) R REZH A
Fr B v AR (dek ), LA ARG E L
FEHWRBEEOMEE. O %{:(dCK_dB)/dCKX
100% . it tH 25 G 40 SR e o Y 1 AR 21 i 25 1A
PRIEAT IS Skl o X0 356 21 i) 3 AR 21 it 2 TR R AR
i — 2L AN G MRS, TR th & T bR X T
PRAUTR . /N2 AR TR . K FESUREIR A . P =R
SR . KIRAROR . AR A TSP R .
125 “awEdrEZHFARE (1) aihs
UAEACH™ P iR B 1.2.4 ik 2 21
B AR RS LR T PDB K5 3R3E . MEA ;3%
B CYA 53R ZRRIGFRE . JOREE TR,
KWE28 do KEEASHIE, SRR IR CTRIR
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WA, SEREE 3 WK, JIEIE 4R R,
FIH R EEZEHLIE T 5 T SR RV A, BRI
HARE =YY o RPN IRE g
3 JE AT ) A A7 O T A R 7 S A 2 0 X BT A
FE R . BUBUZERE B . AR TR 1 00 BT T 1

(2) &R ARG Y+ & B Kt
TEAE AR WA AN b, T RISy ) A
P o (B s B A 20 B T ) R B A
IR, I3 4 R [P B P B T 5 R S AR A
HERERN 10 pL. ASEHALS . Cig-MS-11 4.6 mmx
250 mm., FEFEH EE—K AR EIAH , A 3 mL/min,
AP RKAGI , ek 200~580 nm, I S AR BE LS
B R 20%~100%, PERLHTEISA 25 min, SR S5 HEAT
e RIS AL ER . Sy MrEE RS, 7 HPLC # b
WA B s E, AR s R ARRE FRE T A&
A 2 A 20 i85 O AT E s AT . [RIEDHE
TR AR 1) 6 T 7 0 % 1 S AR Y I RO 0 3G 9 4y
Bro SACH BER G 3.31 mg/L, Kigh
4.87 mg/L o FI| F 43 #7  AH €00 135 F A2 i AL R 1) 45
B, W R F AR ) SR T 20 A IR
AR R F TR, S5 A AU IR 6 45
HF A 30 0 e I 3R 2
1.2.6 &R (1) &0 SR 2R R
A6 T2V H PDA SR 1 ST A 255 0 DAL B
BV 3EA % 200 mL 1Y PDB 35353, T 28 CHr
PR 5 do FH sk RO 5B 96 14k,
BRI TR AIE, REFBEE 10° CFU/mL,
2 H .

(2) il 4 A2 B 1T 21 fh 2 TR RV o 1.2.4
Fh 7 16 21 19 T RR AP 2 200 mL A CYA 1537 3
F 28 CHEIRPHEFE 3 do A BRTHEM T3 B
TR, AR TR, R
10°. 10%, 10°. 10* CFU/mL, %M.

(3) AR o PEHUBRIRE . K/h—3m)
HLERF, AFFMTZ 121 C, 30 min £H4T
K 2 W BREHMHLR T, BE (A%
20cm, = 15cm, JETE 13 em) 15 Tk 1, it
6 #, WAKIFETARSKMET, FHkH. B
BB DL ACH . 56 R B+ B 10° CFU/mL ( F+
10*S ). WeE B+ 10° CFU/mL ( F+10°S ),
R+ B 10° CFU/mL ( F+10°S ). i) i+
A B E 10° CFU/mL ( F+10°S ). /K% (CK).
PRI (F ). &80 17 d J5 I AR AL BREL S
MkkE . AR, MPRESE, W IE AR

O TR R, R =R IR R SR« 100%;
S5 SCHR2 VTR VR 18 o b (B 1) Kk
ik (2 2), THERR R EC R B A SR P,
i 18 18 =3 (£ PRI 18 4 90/ (Rl bR B00< i i

143 90)x100, B 1A 2R =(CK 1% 15 £ -4k B 41
95 1 48 $50)/CK R 1 75 50x100%

Bl mESRRER
Fig. 1 Standard diagram of disease grading
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Tab. 2 Disease index grade degree and description

TR BRI Sk
Disease Degree of D inti
grading infection/% escriphion
0 0 MR ORFFHTEE , 52 @R e Y e
7%
! 10 Y A R, A5 I Bk
2 25 MR B, 4R A R R
3 50 AR o, fEREEEA,
W AR PR
4 80 MR EARZE, 2 NG, 4
BN RO
1.3 HiREALE

21 i 25 T AR B 1 o3 A DL S 2t & vk AR AR
W Py A R e A B A I B AT 3 Rk
Yy A o e 45 R LV S4B w25 6, il
FH SPSS 27.0.1 #AF A AL BEEE . DL P<0.05
FRGIF2ET

2 HERE5HH
21 HERSUE

XA Y S AR BE UL h 25 H bR w AR
FAAE R b 3], SR 5 I IE B 0 G AR T R 1
H2 M T, Hik 6-1 FIFER 6-2 fIEZ I
ARERBWET, DSRMETHREREZ,; Wk
6-4 FIEA TR 6-6 M 225 LA, B
FPE 6-5 MR 224540, HARNKABT (K 2),
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HkR6-1
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2 EHBTFHELES
Fig.2 Morphology of spores and mycelia of strains

22 AHMBHRTETE

# PCR F= it A 707 5 345 19 )7 511 7 NCBI
RISEEATEE T . [T 32 % bk it 51 0,
HIFE ITS JPF RGE LB (B 3). LSU JFHI RS
KER (E 4) Fl pksKS FFAN ZGE KT (F 5),
WM RGE R EW AT, RIELRFIEER ITS P
FIF LSU Jy3w25 1l H AR k¥ 5 CcGMCC
3.5845 ML, J& T ier4rii® (M. sanguineus ),
Ho itk 6-6 Al HfIN ki 2141 i % (M. sang-
uineus), HAYHIRKS ILLT 2T il 85 10 5 G e TR B
Pk 6-5. Bkk 6-4. Hivk 6-2. HHk 6-1 BYITFHIK
W, 4G LSU FAISS R, Witk 6-1 HEaarth
# (M. flavipigmentosum ) CBS 142366 ., URM 7534
FEAE— 8 WA = W AL, (R BT R JE ik
WER IR BR 6-1 J& T I 21 20 fil B i S B (0 21 ify
B o MRG pksKS 751, FIHENIE R 6-4 . FERE 6-5
5 HARE B CGMCC 3.2848 AL, J& T-21 a21 i
I 2T Z=F( M. ruber x sanguineus ). ITS 41 #1 LSU
FEH R RSFIE N, pksKS A R3S 78 F T fig,
K ITS 75 Al LSU 73145t A 2538 T 15 B il
SHEMEFE .
23 AHMBEHKMNEEME

WIS 5 BREL M A BORRXT 4 F 82 2005 )i o
BB TER I, HAk 6-4 XL G AN S F 04

94~ M. sanguineus CGMCC 3.5845 JF922055

M. ruber sanguineus CGMCC 3.19000T MG654475

M. ruber sanguineus CGMCC 3.2848 MG654474

M. sanguineus SICC 3.292 MG654470

M. purpureus CGMCC3.5883 KY635851

M. purpureus var. aurantiacus CGMCC 3.4384T MG654469
57 M. purpureus var. rutilus CGMCC 3.2636T MG654471

M. ruber var. albidulus CGMCC 3.568T MG654472

M. fumeus (ruber) CGMCC 3.2093 MG654473

M. ruber CGMCC 3.4646 KY 635852

100" M. ruber URM 7533 KY511749
M. ruber URM 7531 KY511747
M. floridanus CGMCC 3.5843 KY 635848
M. mellicola URM 7514 KY511730
100|[ M. mellicola CBS 142364 KY511726
63 M. mellicola URM 7520 KY511736
M. pallens CGMCC 3.5844 KY635849
M. lunisporas CGMCC 3.7951 KY 635847
98| + M. recifensis CBS 142365 KY511740
M. recifensis URM 7523 KY511739
81| M. flavipigmentosum CBS 142366 KY511751
99 M. flavipigmentosum URM 7534 KY511750
M. ar i is CBS 109402T JF922046

3 ITSFIRZELEN
Fig. 3 Phylogenetic tree based on ITS sequence

M. lunisporas CGMCC 3.7951 KY635855
M. recifensis URM 7523 KY511769
89| L M. recifensis CBS 142365 KY511770
50 M. flavipigmentosum CBS 142366 KY511781
0- M. flavipigmentosum URM 7534 KY511780
6-1
61 M. argentinensis CBS 109402T KY645974
M. mellicola URM 7514 KY511760
96| 95| - M. mellicola CBS 142364 KY511756
79 L M. mellicola URM 7520 KY511766
M. pallens CGMCC 3.5844 KY635857
L M. floridanus CGMCC 3.5843 KY635856

57

61

M. ruber sanguineus CGMCC 3.19000T MG729601

M. ruber sanguineus CGMCC 3.2848 MG729600

M. sanguineus SICC 3.292 MG729596

M. purpureus CGMCC3.5883 KY 635859

M. purpureus var. aurantiacus CGMCC 3.4384T MG729595
M. purpureus var. rutilus CGMCC 3.2636T MG729597
M. ruber URM 7531 KY511777

M. ruber var. albidulus CGMCC 3.568T MG729598

M. fumeus (ruber) CGMCC 3.2093 MG729599

M. ruber CGMCC 3.4646 KY635860

M. ruber CGMCC 3.4701 KY 635858

100~ M. ruber URM 7533 KY511779

4 LSURIIRGFELEH
Fig. 4 Phylogenetic tree based on LSU sequence

%46 &
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M. ruber i CGMCC 3.19000 MH173054
M. sanguineus SICC 3.292 MH173051

M. fumeus (ruber) CGMCC 3.2093 MH161804

M. sanguineus SICC 3.292 MH173050

M. ruber var. albidulus CGMCC 3.568 MH161803
M. ruber sanguineus CGMCC 3.2848 MH173052
6-1

- M. purpureus CGMCC 3.5833 JF832916
63 M. purpureus var. aurantiacus CGMCC 3.4384 MH161801
100 M. purpureus var. rutilus CGMCC 3.2636 MH161802
M. purpureus CGMCC 3.5833 JX866749
90
M. ruber sanguineus CGMCC 3.19000 MH173055
6-4
100
p M. ruber sanguineus CGMCC 3.2848 MH173053
7
6-5
15
63
99
78
83
56

6-6

6-2

Bl 5 pksKSEIRZELZFH
Fig. 5 Phylogenetic tree based on pksKS sequence

PUEAIES, MERIN 10.84%, TMHEHE 6-1.
BERE 6-2. FEAK 6-5. TIFE 6-6 X UL AL 22954 1R 1Y
FEPUE SR, MERE KT 15.00%; 5 #Re0ih
B DA RR T A FE AT 2290 DAL IR B BRT 2R AE 20.00% LA |5
PEIRE 6-2. TRFE 6-4. BFR 6-5. BHFE 6-6 X BRARE
B DA AR R A, AR R RO K5 B Rk 6-5
IR Pk 6-6 X AR A8 TR AR B A 4okt 35 ( 3R
3, B 6). it itE HARBEMRXT 4 P e & g4

PR GHIAT AL, R 6-5. AR 6-6 I SVANN T %
BT

B IR Ak 5 e B A EL A TR AR A e B TR PR
6-6 VEIE— 2 B B 36 R, R 5T & B0 4r il 25 1
PR 6-6 XA SR N . SRR . RN
BT DL SRR T YA — i BRI E AT, B
XiF /0N 22 7 B TR AT K RE S0A S TR U T AR A
(£4, 7).
24 AHSNEREEFERE

PEHOE ML | o4 A Pl 25 R
WEYERE 6-6 VENJESLAGT HARB#E . il
XTIRFR ISR AL B TR 6-6 TEAS[RIRE 77 H 4514
B & B YRR Y 6 L AR BN I . AR B
DAFIBORURE 25 T S BOVE T (18 8 ). 5 3RHA
TR 6-6 75 PDB 3557 3 H 1) & I 7 W %l s Jit T 1)
PHVE RS , 7822 Bk R 3% 3 v i I 7= 0 % 9
JEEMRSOR B2, 5 2.3 PEE S ER(fE
FHEY R PDA B53R38 ) tHLL, 22 2k5G 97 3 vh 1) & i
FEYIRT UL GAG R B B R T T 216.79%;
SRR R R B L, 22 B R IR OR Ky 7
FEh ) L W A R R R S B (R 5). B,
FIF AR TR IR IR 2 i B R Ak 6-6 53R AEA
T YR AE A S R A R VR

Bl 9 ARSI E R 6-6 LW
ROBAH TSR, AR AR (nm), R
bRl (min), AFEEERREABEIA, A~
[FPE R T RIMOGIE, HIRBITR RN WOGIE /N2
K, WOEMR, BiEEE, Yn S &8,
GERRW], MHRIVERAMT, GIEE I ROKREE SR
HEBETNIERRZ, F8E R, HasHR
(B 10) 5 HPLC Z5 AL, ROKIE 7R 2 %k
KR R B I W R, PDB iR
B RBE YW B AR, ORISR
N T % B I A 1 400 ) A SR AR T AR R A B

®3 AHBERXARERRENMNER

Inhibition rate of Monascus strains to different pathogenic bacteria

A Inhibition rate/%

Wtk 6-6
Strain 6-6

Wk 6-5
Strain 6-5

Wtk 6-4
Strain 6-4

Tab. 3
I JEL A — —
Pathogenic bacteria PP 6-1 Wik 6-2

Strain 6-1 Strain 6-2
CINGR Ve 37511 16.79+5.10% 17.88+6.46®
TR 2 26.90+13.36% 20.64+21.74°
PRAURE 2 1R 16.38+14.33° 30.80+12.96°
NI\ TR 11.10+7.56° 8.52+6.36°

15.31+7.17%
20.23422.59°
31.21£17.59*
15.98+6.17%

26.30+10.25°
20.97+10.81°
36.24+21.87°
22.90+9.05°

10.84+10.03°

20.66+22.88°

24.78+17.21°
6.91+3.90°

I FATARF/NG 51308 22 5 3% (P<0.05 ).

Note: Different lowercase letters in the same row indicate significant difference (P<0.05).
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CK 6-1 6-2 6-4 6-5 6-6 . PN TS
FRk6-1 TEMRG-2 BK6-4 HKS-5 BEK 25 ﬁﬁms—&ﬂgﬁ

= () @@ DO @ WS RN SR 0 LI
@@@@@O k 6-6 XF FARIL TR A RCRAWIE (£ 6), M
B REAGZ A
R4 Bk 6-6 M ARRBREHHMEZR
BB ERT @@ @@@@ Tab. 4 Inhibition rate of strain 6-6 against different
pathogenic bacteria
e QQO000 . LE
Pathogenic bacteria Inhibition rate/%

6 iBEAXTERREMQBIER( L% 4d) e 21581974
Fig. 6 Antagonistic effect of Monascus strains with /J\i‘j% e i.i 4.56+9.13 .
different pathogens (co-cultured for 4 d) SRS 7.83+6.92
Y ZE A 19.04+14.36°
H, T A BR IS IR B A R ST S 20 T 1Y K 4 7.2147.22%
MK T HABEIRIE (3 5). 254 ke Bl e 9742298
E 22 BT E AR E B H T ARG FREFR R 22 5 83 (P<0.05).
Eiﬁ{iﬂ %%ﬁ,l Hﬂﬁ?@ﬂiﬁhﬂ ?%% ’ /\Zi@ Note: Different lowercase letters in the same column indicate
eI N R, HIESCR R significant difference (P<0.05).

SLEAEAE  NERERE KESRE AR KRR TR

AL BT A N ARG IR 3 d AR, KFESORDINT . L ZE R R TR T IR 4 d R, RIRRBCR T R 7 d R
C. cassiicola and F. graminearum were photographed cultured for 3 days, R. solani, P. asparagi and P. oryzae cultured for 4 days,
and V. dahliae cultured for 7 days.

7 EHE 6-6 INEIXRE

Fig. 7 Bacteriostatic experiments of strain 6-6

FOKEE IR

CYANGFE  MEAMiSRE  PDBEi#E:

EBHFIE

8 AREBEFREHEK 6-6 RFTYHNARKREENHERIEM (£EFH5d)
Fig. 8 Antagonistic effect of fermentation products from strain 6-6 on different pathogens in different media
(co-cultured for 5 days)
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K5 ARBFEREK 6-6 RETYNARKREENINEE

Tab. 5 Inhibition rate of fermentation products from strain 6-6 on different pathogens in different media
I % Inhibition rate/%

athonm et EHSFIE JORHEH I CYA S MEABJE  PDB N
Wheat bran medium Rice medium CYA medium MEA medium PDB medium

UL AN SR 48.50+£14.37° 33.37£10.81° 10.37+2.63¢ 14.00+3.69¢ 16.51+4.46°
AR 23.37+6.46° 22.43+4.41° 5.37+1.97° 9.39+3.00° 8.3242.85"
BRI RS 14.71£2.40% 20.32+2.04° 10.63+7.39 6.23+5.43° 6.26£6.78°

T FATARF/NG 5130 22 5 35 (P<0.05 ).

Note: Different lowercase letters in the same row indicate significant difference (P<0.05).

1817

BIEIE0

KA PDBRSFH =4 MEAREFRH=H) CYAB I

RIS Y)

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 1L0 115 120 125 130 135 140 145 150 153 160 163 170 175 180 185 150 195 200 205 210 215 22.0 225 230 235 240 245 250

B9 AREFFEPEK 6-6 REFWHSHURERIER

Fig. 9 HPLC of fermentation products of strain 6-6 in different media
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20 6/ppm
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A: CYA B504E79); B: MEA B3R5 C: PDB iRl ¥y; D: JOKIEFRHE Y E: HERIHFRHE Y.
A: CYA media products; B: MEA media products; C: PDB media products; D: Rice media products; E: Wheat bran media products.
B 10 ARBEFRESUHIRBEILTR
Fig. 10 NMR of different media products

%6 FRIREEHK 6-6 HATHNRERIBENR R7 AEAREEK 6-6 MREHEHMBENE
Tab. 6 Effect of different concentrations of strains 6-6 Tab. 7 Disease index and control effect of different
on growth of cowpea in pot concentrations of strains 6-6
ghpp PR M ES ZiLiiSS b B AT VAR DIREEYES
Treatment Chlorophyll Plant Main root Fibril root Treatment Incidence rate/% Disease index Control effect/%
content height/cm length/cm length/cm F+10%s 100.00 68.75 15.07
4, be c a be
F+10"S  41.68+2.63™ 55.15£12.03° 6.66+2.41 6.66+2.41 F+10°S 30.00 46.67 4235
6 ab b a be
F+10°S  42.67+1.82" 66.2849.75 6.91+1.39 7.38+1.33 F+10%S 100.00 66.67 17.65
8 be c a C
F+10°S  41.7442.61™ 53.20+7.32 5.66+2.18 5.86£2.40 F+10°S 86.67 51.11 36.86
9, be cd a be
F+10°S  42.394+3.80™ 52.15+6.28 6.63+1.23 6.63+1.23 F 100.00 80.95
CK 45.08+2.76"  77.93£10.85" 6.80+1.52" 13.85+4.23"
F 43.62£1.39" 44.91£10.86* 5.99£1.95*  5.99+1.95°

e FSIAF/NE FRERR 25 B3 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

Jitis FHAS [R) e B B 21 i B TR R 6-6 AT DAAT R 458 il ST
TAL IR R E . 10%S A B 5 R AR - A B
WA, FHASCREE; 1008 L BE ARG F 0
WEE, R SRIET I BRI, Bhiat
RIRF] 42.35%, MIXEE (£ 7).

ZEE R R EOMPIASERIN N, B
LTI B bk 6-6 FRAENE Mk A 10° CFU/mL,
HBHIAROR e, I H X R R A9 A2 K R s i %
it FH e B A, B 10* CFU/mL, WP AR & 2% ,
SO R B B, 40 10° CFU/mL, W)Xk Ad 4 4 A=
KRS E P E, X AT RESE T8 3 K &

SR TR A IR A RS

3 itig

A 5T AE TR T AR B 5T b o3 B A B 41 i A
Wkk. BT, FEWNA LD ENITR K Z ML
K. GIEFLECE A R R S TP AR, itk
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AL B R, Sl R S S L AL i >k
SR e PANG B S S Sy 0 iV DU OEAN B ST EAN
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FA T Ay BRI LU R, AE AL A TR R R R L
(FEINSI

H F 2T i B S VR A AR = 0 PR A
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