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H 1 S. flavogriseus; 1 ¥k C-21 88 7= £ 4F 4 Z Bl 7K & Bl fo 52 1) Bl 55 OO B 5 2L K BEIR AR ABOR BB TR
FWRALTSE MmN T, 25 MR R FIoT £ R ARBRBERHIAT W5 Fo A
69.31% A 57.94% ; & #k C-21 3t % 75 W 9% I 649 TR b7 2R An 8 I7 30 R 45 #1 43.57% #7 59.28% /%»H}]
A Ak C-21 3 & 556 8098 7 09 By 74 2R BT, A BAFO TR B A% A o
KUIA): H AU BRI F; ARAFE; HE; fFRALH

Isolation, identification of antagonistic bacterial strains, and the antagonistic
mechanisms against tomato late blight pathogen
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Abstract: To screen microbial resources for the control of tomato late blight caused by pathogen Phy-
tophthora infestans, strains with strong antagonistic activity were isolated from soil using the plate con-
frontation method. Their taxonomic status was determined using integrating morphological, physiologi-
cal, and biochemical characteristics, combined with the /6S rDNA gene sequence analysis. The antifun-
gal activity, action mechanisms, and control effect of the antagonistic strains were investigated via the
mycelial growth inhibition method, spore germination assay, and pot experiment. The results showed
that a total of 11 strains exhibited antagonistic activities against P. infestans. Among these antagonistic
strains, strain C-21 exhibited the highest mycelial growth inhibition rate of 84.41%, and it was identi-
fied as Streptomyces flavogriseus. This strain could produce extracellular enzymes including cellulase,
protease and amylase. Its fermentation broth could disrupt the mycelial morphology and cell membrane
integrity of P. infestans, and significantly inhibited spore germination and zoospore release, with inhibi-
tion rates of 69.31% and 57.94%, respectively. The preventive and curative control effects of strain C-
21 against tomato late blight were 43.57% and 59.28%, respectively. These findings indicated that strain

C-21 had an excellent control effect on tomato late blight, and exhibited promising biocontrol potential
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for further development and application.
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action mechanism

PTAER , BEAE B i M AN B A e, 2 i AL
TR ARG I, ™ o 5 0 T 2 G R B AR 28 0%
RIEMRAET K . W BURPE %S Phytophthora infes-
tans 7| A2 Y W TRE S S A K PR P ol 20 B i 2 7 )
K E Z —(Yerasu et al., 2025) . %N H A L5 H
JEPR RATIERT S M iR, JC R iR
Jiti B AR IR = R PR B INEE T i 0 R A R
Ji R SR W 25 Tl A i U K & 3 Bk . 1B 48
A 36 977 92 R s A ol FH A2 28, AR B T Tt 24
o JELAEAS A E0 R, ] B Bl 2 AT Tt 28 4 RS I
P E A 258 BE [ i B0, DXL b, 9 6 RN O e IR B A
G Y ) A ) TR R A ) AR 24 G Ry E L (Wed et al.,
2025)

BEFE I Streptomyces PR B Z =Y+ &,
BiiGm F VE I X2 HATe g 2 EAY)
BFVE TR . RAIREE (2025 ) WF9E & AL AE A IS5
[ Streptomyces malachitospinus W 45 5 B 16 ¥ RF K
JE , I i R AR R AR . A A (2024)
W58 K BR B DL 4% B 18 Streptomyces nojiriensis 9-13
R s B3k R I Colletotrichum trunca-
tum , BEHS I R AEL I TR DA 22 4548, X I s TR 32
7 W & 4] %835 100%. Van Minh et al.(2015) &
PSS A A3265 DR AE DU RIS TR 0T, X A
I8 Botrytis cinerea . JRHAL# Fusarium oxysporum
S5 Z2 bR W e I L TR B SR TG 1 . Zheng et al.
(2019) & $N 4 55 1 FIAT-31547 B ik & BRI )
Xof B Al 20 AR Rl A s 1 BIIARICR , B
A4 1EH . Khandan & Janardhana(2015) M 1
e 4y 85 09 E K EE R TR Streptomyces flavogriseus
ACTK2 X2 H Bk B8 Fusarium proliferatum E
HIEP/ER . Kuzikova & Medvedeva (2022 ) M - 13
rh o3 B A 2 (1) K B T MK 7 B AR X K 5 18
T AR TR AN BEAS U T Alternaria alternata L 3 H:
b 22 A i TR R B AR VR R OF HLBE R AR
Y)/E £ . Oh et al. (2016) F 5% & H #% Ik 4 55 14
KRA15-528 T #k [ & I U8 80X 7 5 AR 45 4k 1R
Meloidogyne incognita 1 %)) 1} UP Y5 LA #5iR 1Y)
T SEBCER . B, AT K55 75 1R 7% T
288 5 A DL p s B s

UTAERE B XS 51 W B2 O F BIE R i e F Y

TS — e R, D 1 J5 AE A S50 e s 1R B
W Trichoderma spp.. %< AR B Ml 1 Pseudomonas
Sluorescens Fll DU 28 MUAT T4 Bacillus velezensis %
T A = A R P ) /N DX b 2 B 1) B
TR (Elhjouiji et al.,2025; Rana et al., 2025) , 1 H
BTN TR B ¥ 7 i MG 0 O RH P S EAT AR X A
PR o ASHIFSTALL DA A FREAE 2 (R MR s -8 v 2 2 i 1R 4R
HREAS AT R ) B0 12 B WY TR , I RHZ T R A 70
AL BIFIARCR BAM LA BT, LU o it
W 2255 B4 A= I BT T B L0 B i) B P T A D

1 B %

1.1

At SRR - BOPT P R AR e LS ROl R A
Y 35 Wi A S e AT AR At

BTG BT S SRR A R
g, b Bl PR F MR BRI
B A AR RSO BHCA R AR . ik H AR A
T Ll PG 48 3 T R A DX {4 R R AR PR
+IE,

P Bs FE AL . 2252 (rye sucrose agar, RSA) 15 57
Fr A IRA 60 g (WIS IR , oK 23 , 8 IR ik
DEICIE W) HERE 20 ¢ BUIR 18 g AEIRUK 1 Ly
(oatmeal agar, OA) 5 7R 5L 53 M HEHE 20 g it 3
% W (1 mg/L FeSO,7H,0. 1 mg/L MnCl,-4H,0.
1 mg/L ZnSO, - 7TH,0) F5ifl5 18 g 2B /K 1 Ly AU
By A e Wi 1Ak (oatmeal broth, OMB ) 15 77 3 ; figi s
K5 i (trypticase soy agar, TSA ) 1557 3 il 0 M Jik 25
FIPR 15 g .NaCl 5 g KRS ¢ il 18 g Z%1H
JK 1T L AU NI AR A JR 8 K 52 PR W A4 (trypticase
soy broth, TSB) % # 3 ; [ br #% % P& 1 % (interna-
tional streptomyces project 1, ISP1)~ISP7 5 57 %k /i,
327 B R (2022) JAECH s R 15 (Gauze s
medium #1, GM) 55 37 H Ji 73 2 w] ¥ L TE B 20 g
KNO, 1 g.NaCl 0.5 g.K,HPO, 0.5 g.MgSO,*7H,0
0.5 g.FeSO,*7H,0 0.01 g . ZIg 15 g Z&IM/AK 1 L; A
IS INBEAG N GM AR RS 23 s /NAKR T RE R 1Ly
F/NKN0 g A 10 g FEH R 3 g.NaCl 2.5 g,
CaCoO, 2 g Z&IR/K 1 L; 525 M 2 A 32 B (glucose
yeast extract, GY ) ¥5 FRHE Rl 43 22 ZEHE U 10 g 187
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BEREUY) 10 g A %IHE 4 ¢ 281K 1 Ly BB A2 204
B ¥ (yeast malt extract, YM) 55 35 B il 43 0 42 27 42
B 10 g BERHEIY) 10 g A 4 ¢ Z8IBK 1 L
Pee B 32 K3 PR 75 %8 # (yeast extract peptone dex-
trose, YPD) 15 772 3L il 43k 1 264 20 ¢ R H R 20 g
BEEERY 10 g Z8I8 7K 1 Ly 3R H JL4F 4 K 4 (carboxy
methyl cellulose-Na, CMC-Na) {55555~ CMC-Na
10 g BERHER) 2 ¢ MgSO,-7H,0 0.2 g NaCl1 0.2 g
Bl 20 g ZEIBIK 1 L s A0y BEAG I 15 5% 36 A 40 Ry ]
WAPETEN 10 g KNO, 1 g . MgCO, 1 g NaCl 0.5 g.
K,HPO, 0.3 g BilGH 15 g 281K 1 L; 2 A B 0
BRFR IR IR TR 15 g Bl 16 g ZRIM/K 1 L,

2557 AR S A RS < 25% W R - 76 % AL (metal-
axyl - propamocarb ) A] ¥ 7], V195 5 R Ak T ey
A BRS04 R U R & L 2% Basy Tag
SuperMix, T2 E A YA PR ] s HAthia7]1%
Sy Hr40 . T100 Thermal Cycler % PCRAY, |
RAAr R A BRA F) s DY Y-7C B IR . WD-
9413B RUEE I LG AN , b s — AR A BR A 5
SK200 7 A 47 fab B, 22 BRLauts Sl 4 AT B A ] 5
GMF-520 BI5GB AET , HifEaa U as A BRAF
1.2 Fik
121 ARG B THik

2% Zhang et al.(2021) J5 7% ML 13 4355
FRE. FRE0.02 g H3EFE M, 8] A JCH 10 mmol/L
MgCL ¥ 25 mL , 15 J5 % il & 15 min il #5505
W . B4 500.1 500.500,167.56.19 pL %)
WA 1L 10% TSB ;3 rh | 45 222.666.2 000,
6 000,18 000,54 000 1% ZRFUMFEHL . AR LA
FL 160 pL 4324 28 96 FL AN 5 3= 4, B 101 5% £ 5
30 CHOEHFET do MY A K, L EZ) 30% fL
L0 AT LA A A R TR B AR Sy S5 A A B K B2 (optimal
dilution concentration, ODC) , . &4 F FHIEFLZ H
By R (IR A SN A i) . U515 ODC . ODC/3
N 3xODC BB EE , BERR B FE 5728 30~45 H 96 FL AN A b
FEM, B 3 BTG B R SR BT IR H SO e 5
B3 7 dJ5 F EAE 8 mm AT FLASHT B UF , Befh T
RSA R FE 3 Hi b gk 78 B B TR 0F 2.5 om Ak s 4% 1
W E B DA PR , TR R AR 6 ML, LAEEFPEL
S PERE TR AE X B, T 20 CHEIRIERE R 7 d,
D2 B0 B RV AR PR R . B R =
FE 2 TRT 9 - A28 — A B2 A 9 A ) O R 2L R 9
R-TPEEAR ) x100% . 75 H XS0 B 1 0 2%
TR I R AR A T 5 225

1.2.2 B C-21 6975 &5 F IR B A 39 4 AL ] 2

2% 1a] b ) (1992) J7 B4 B bk C-21 Rl L 42 Fh
T ISP I~ISP 7-L A5G #R3E S GM B5 9 5E |, T 28 C
TR MG 397 7 d, A AR R d 42 3 Ik, T il s
BIVE C-21 76 8 Pt 3R 3k B 224 KA R4 H
L2 FIEN T2 AT PR IO B R
C-21 RNZ G FRAE OA F5 -5V b, 44 F 5 WL
ZLRR C-21 il FIE A il 15 1 3 Pl , 2Ll e
128 o S5 (A7 240 TR 46 T 01 ) i e 747 Ak
C-21 W AE A AR 4B IR A 7 B
A0 H,S AR S B 5 -

1.2.3  BE# C-2149 16S rDNA X R 757 547

SR FH 4 R 356 PR 2 2 BB ) 6 R R P A C-21 19
LR 2 DNA, F) FH 27F (5" -AGAGTTTGATCTGGC-
TCAG-3' )/1492R (5'-TACGGCTACCTTGTTACG-
ACTT-3") 519, LA DNA NSAHRY 15 16S rDNAFEMA
30 uL PCR " #4 /K % . 2xEasyTag SuperMix 15 pL.
DNA 47 2 pL 1E & a1 51445 1 L. ddH,0 11 pL.
PCR W 2 J¥ : 94 CTHAS M 5 min; 94 CAEPE30 s,
57 CiE k305,72 CHEMH190 5,25 MEER ;72 °CRHHAE
17 min, 488728 25 19% B BEARREE A v kRS I
B 5 ik AL SRS I B oA BRA F
W o B DU 45 21 /9 13 51 78 NCBI W s | 17
BLAST Xt , I 25 AT & R 4 3R 7 41 5 R
FHIMEGA 12.0 /4 LA SRR A R R 5 & B, boot-
strap K494 1 000
1.2.4 B C-21 A B3k oh ik

S ZEEARSE (2024) 0 7% /KR T 1S
I TSB R (GY #5373 \YM 5573 . OMB K;
FEHE YPD 3557 HE M GM MR AR KG9 58 7 Pl 2 R
FH 2 e85 35 B 1 5 ARV, 19 R TR o 5 TR PR C-21 401
LRALFI T OA BRI, 28 C FIERGFR 7 d ), il
R B R AT, I ATC K il g6 B,
B2 MR E R 10° CFU/mML, SR 5 L) 2% 2 Fh A L
ARG & B R R, 28 °C 180 r/min 4514 F 1555
7 dJi LA 12 000 r/min Z5.0> 30 min, FIEKZ0.22 pm
TALUE R IR IS B BRI PR C-21 TR -

R TR 22 A A RN 8 R AN ] & RO 3K
SRS PR 22 K s i (RS, 2024) . TFELK
P RSA B S5 508 HI 2 55 C A2 A7, 3R BEL 1:19
BRI LT 5 RSA B BER G IF 450 R 245
VAR o FEREF S 25 A R 1S BN 8 mm
PO P B T F , AR A 5 R ALY RSA 8557
FESEMRAE Ry R RE L, T 20 CAEIELREDGRE 3% , B & B
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W 3L, 55957 dJE R 738 g i
7% EHAR TR R 22 AR KM = A TH
& EE- PR B V% BT )/ O BRZH T V8 AR - F
1£)x100%.
1.2.5  H#RC-21 K Bk x Bm 95 5 o dp b & b 2.
X B TE RS A 22 R A 52 < T 1.2.4 7
TEH B/ INK R R R B 48 C-21 KRR, 4% FEAN )
PR B L 2] RSA K 5% 5 v B i B ik B0 0.1%
0.5% 1% 2% R 4% (1) 5 254, A rh ez 14>
HAR R 8 mm MBEURFEE R DE, T 20 CE R EDCRE
o DAEERMD 2R 5 R R Y RSA 55 95 3L -t /R 25
FAXT R, AR Ab PR EE AT 3 AL, 45557 7 d JE SR 5
AR R T AR THRANEIR . ke 1.2.4,
XoF B P2 B A0 E W A BRI < R R RE SR T d Y
HBOREEE L, A3 mL EFKIED &R 4N
29.4 pm P8 W1 P8 RS B T RERVE R . T 1.2.4 7
TE B /INK IR T 35 55 5L 5 TR bR C-21 KA B
SO R TR TR 1 AR IR AT 96 4L
Y SR b, AL SR TR 300 pL, IR G R IA R
WG PR C-21 A2 TRV Y 20 52 43 301 R 109% . 20% Al
50% , B2 BT HE B TR A LU R 10°1~/mL,
DA [ e BE 5 T T A AL TR, o 7 e J3F o e s 3 3k
) VR ZS AN IR, T 25 CCE TG R 5% 24 h,
AL PEREHLZE L 10 S PLEF , £ 100~150 196+ 22,
e W U LSRR A0 R 0 Wi A I, v 2R
KA/ T3 B0 1218 i &, HF 5
il I EE 3K, Bk R=1 kT35 S
THEH<100% , i R = B 41 46 748 0 & R -4k
FRZH AT %K) /4 BRZH A T4 8 & K < 100%
XF BU A R B S R . S5
IR TR R C-21 KBRS O R TR
TP T 96 fLAN ML SRR A J5 B T 4 C R RbL#E
B 2h, T 20 CHROGHE 1 h, 70062 BIMEE N
61RO S I O, R PRFE AL 1041
$f 3 100~150 5% , Horh s 190 b 12
CR il T . I EE 3R, Weshfl 7Rk
=23 R B AT REE<100% , $1H1 F= Cf R
HREHOR- A IRL R ) /X BB 36< 100%
1.2.6 A4k C-21 3 8m s F o9 4F A ALH) BF 52
BERR C-21 7= A= M AMREAG I - 21 4k K il | 25 14 il
R 22 i3 55 (2024) Jy i, R IR i AR C-21
SUEEAE CMC-Na VAl p e, 728 CHERKTF 14 d,
THI0.5% WSR2 YL 57 444,15 min, 285 H 1 mol/L
NaCUA B, AL RIAR C-21 75 T LR 5 = i3

WIRE , #A 3 W RE  SR D B bk C-21 7 AR 2 4 R
W TRIBR C-21 w5 B2 16 81 1 A I SF- Al o, F 28 C
THIREEFE 14 d, WL AR C-21 1 7% R Bl & 75 7= A i
W, 254 8 I P U R B TR i C-21 P2 A R . UE
ARSI 2 0 e A2 55 (2015) B 6, 5 7 kR C-21
ST TE T M WG DU P-4 ke, 28 CCHE TR G IR
14 d, e OB INAE - M, 25 bR C-21 T3 77 4R
75 B P 0 3 B TR Rk C-21 72 A T M . ARG
P 3IRER .

X BN E R T LTSRN B % 1.2.5 )71k,
BRI PRBOE T A R C-21 & IR N 4% Ab PR
P BOREERE R 22, TOR2F I PSR, L/ vk
R IR BRSSO IR ULER S AN, ik
W3RER .

X B30I 92 o 200 R0 B 5 VR () 5 ] < 255 RE AR TG
85(2024) J7 7% , I FHRLAR TR g G (675 LB TR R C-21
RO B P 5 TR 22 MR e R . e
PRI f 28 C-21 AR Ry 4% R3S i B0 9%
TR, A 1 mL 10 pg/mL AL BER) 2 mL
B, 25 ClEYEYL S 20 min 5, FH0.01 mol/L .
pH 7.2~7.4 BB IR 22 vh 6 175 RIS 3 YR DA B 225k B
FIUI o PRI 22 F9 % AT T BEML LSS 1 22 7%¢
JEAENL, WA S AT, K50 3 IRE R .

1.2.7 Bk C-21 x4 &7 B 9% I 84 TR By R M 2

VEUHLI () An -, SN T R RS B
T 20 3L 0 A K 18.5 em L §E 15.5 em . 5 12.5 cm
BB FRER AR ERAE R 20T, B TR E IR RR LD
B 6 A i, 6 B 45— S0y i B A T
GOALTE . 1.2.4 5 R/ ORI T R 4 e R
C-21 REER , IS A AR B R 2% S A5 10 1%
PR, 40 S et RIS , it 2w SR T4
J& , R RS A B R GEDURA , 2012) , TG
TS AT S il i 3R Bz FE SR FE A 101 /mL 1Y
HUREAE R T BRIV, T I 20 uL, BASREE
MR, 3 dF UM FIE R . LA 800 15 25%
FH R « 7 R JA A 3 ) R G R 7K Ak B 3 3] 1 BE
X IR AR XS R . REALER SRR, 3K E R . ARG T d
T2 1 e, S22 k. 2R 2 K255 1 R EA TR,
TR T 2 FRA 8 it 7. S5 9K (2024) T
AT 090, BARPRIE R - 0 9%, JoHRBE ; 1 9, 9
B AR 5 R R 5% K AR 53 9%, o B i AR
M- THL AR A 6%~10% 5 5 5%, 58 BXE 18 AR o 1 5 T AR Y
119%~20% ;7 9, J B T A o - 7 T AR Y 219%0~50% 5
9 9%, o BETAI AR o7 i R THL AR A9 50% LA | e 545 2
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S R, TR T R B A B TR AR . T R =
[ (4% G 00 X A 2R 1)/ (IRl 5 i 4l <
9)1x 100 ; Tl 57 255 S = (of HE 2HL 5 175 48 %0 — b BRZEL I 15
B0 /% R T 40<100% o
1.2.8 A AR C-21 x5 &7 BE 92 % 84 78 7 AR M 2
27 13RI LA T D TR R A A [
TR IR C-21 R o S S48 Fh 800 928 25 9 J
PRI, Je it S TR A B B bR C-21 B, 4%
PRGBS FIEE B kR 1.2.7, LIBHH
800 175 25% FH 75 « B JA 1] Y 14 3 7] A1 TG 7 K Ak B
A3 A SR Xt B TR A o B A A B S R, 3 R
o BT dizs 1R, 2 29k B2 R G
1R TR A RS RE B L SR TSR .
1.3 #HESH
=% F Microsoft Excel 2024 HA X HA 56545 361 7
et (1 SPSS 26.0 F A T HLR 2 2250k
56, W FH Duncan FOBT = M 25 15001 722 5 B B VERG I

2 BERESM

2.1 BRESENEKRND BT

K53 B8 Al AR 1 DR R RN OIS e B X IRE RS 5%, w125
T BEAS 2] 11 M0 SO e B A TSP E TR RE , 20
HE— 0 1k 2 PR TR AR C-21 MBSO et (' 1), %
P22 AR A 355 84.41% (%K 1)

Xt CK C-21

BE1 EikC-21 M EmREEERAIINHIR
Fig. 1 Inhibitory effect of strain C-21 on the growth of
Phytophthora infestans

2.2 EHRCR2AWEE
22.1 HBEFHIE

FEOGa A T AR B R Bk C-21 I FF55 B
WEZMIE (B 2-A) . ZEFH S T T LSS
PR C-21 (A5 R TRDHLRE , bl v el IR K 1
SRR M TV A IR, HES TG A S AL, AR
() AT R MR 5 A6 L2 RDE |, 2% 1w 8ok i (& 2-
B~C). filZ RI¥HEEiEHIE i 14k (& 2-C) . 1R

5 21 JB 5 24 R 000 2 5 L T 7 4

Streptomyces .

F1 BRAESHEREKRNTGE
Table 1 Screening of antagonistic strains against

Phytophthora infestans

RS RS EIETES
Strain no. Colony radius/mm Inhibition rate/%
C-21 8.72+0.94 a 84.41+£3.10 a
L-1 9.27+£0.02 a 82.61+£0.05a
C-C 15.26+2.71 bed 62.84+8.93 be
C-E 15.81+0.48 bed 57.40+3.54 cd
C-20 14.44+0.16 be 65.54+0.54 be
C-10 17.04+0.09 de 56.97+0.29 cd
C-8 13.94+0.58 b 67.20£1.92 b
C-17 16.28+0.11 bede 59.47+0.35 bed
C-H 16.54+0.25 cde 58.60+0.82 bed
C-34 16.86+1.87 cde 57.5446.17 cd
C-35 18.35£0.75 ¢ 52.62+2.47d
X IR CK 34.29+0.11 f -

R R 22 . ISR NG FREROR
Duncan [C 7 52t 22 15 46 5 22 5 W % (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference by Duncan’s new multiple range test (P<0.05).

FEPUREBE C-21 FEAS [R] 5 72 5 L i 55 R R IE AR
[f], 7E ISP 1~ISP 7355 5k FAE KRR fEm [C 1 53
FRk AR RS . Wk C-21 78 8 iU [A]ss IR 2k 1Y)
WK IG O 2 R A B, 5 IS K (1
T2 R R IS KR ARAIE (R 2) o B 2 TR PR
C-21 )& THER W & B KO R o
222 A AR

A PRAE ARG 4 R AR TR AR C-21 (2R 22 [R e
o FHYE, IR AL R W R 7 HLS 4 ik i S
N TERI KA LT dE R IR S B P R
ARG A I . BB LARERE R 22 20 A S
I8 BRI D-JE0E R 85 P (R 3) o BB A4
fiE B FEMAR A S A= BRAE ARRRAE , ALK B AR C-21 %5
FE RHE K5 RS # Streptomyces flavogriseus
223 HTAYMFER

R A IR WK, Wk C-21 5 KA
B T SR B 1 Streptomyces flavovirens 5 N —k
(P13) o AR B R e 25 T /S BB R FH R AR UL e 25
il . A TEARFRHE SRR AR A LR R
ST AE AR LK TR C-21 % B K
HEFE I Streptomyces flavogriseus .
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°
%ece, lHm

500am
L:i.._l

A:TRBR C21 B T5E ;B /75 C. 720 25 RO, %5 Sk B s W #§E . A: Spore chain morphology of strain C-21; B: spore

morphology; C: cross-section of spores after division, with arrows indicating the sheath.

2 HER C-21 T HE R M F R ASHHE
Fig. 2 Spore chain and spore morphology of strain C-21

R2 Bk C21 EARERE LHEFER

Table 2 Cultural characteristics of strain C-21 on different media

GRS AR AW RN AR
Medium type Growth status Aerial mycelium Substrate mycelium Soluble pigment
ISP 1 ++ WK (M Light gray /K5 {4 Gray-yellow JG None
ISP2 +++ WK Light gray B {0 (0 Yellow, orange-yellow T {7 Yellow
ISP3 +H+ LK Light gray #0824 Yellow, light yellow H 4 Yellow
ISP 4 +H+ LK Light gray  FR# (5 Brown-yellow A Light brown
ISP 5 +++ HIK Light gray B {4 Yellow {4 Light yellow
ISP 6 +++ HKD Light gray #5254 Brown-yellow JE None
ISP 7 -+ KA Light gray 3 {% Orange-yellow 5 , Yellow
B 1555 + WK Light gray 2K {4 Cream white B (M Light yellow
Gauze’ s medium #1
AR R AR BT+ A — . +++: Vigorous growth; ++: good growth; +: moderate growth.
R3 HEk C-21 AEREENEE
Table 3 Physiological and biochemical characteristics of strain C-21
KI5 H Test item 25 Result KI5 H Test item 25 Result
2 LY A Gram staining + D-J: 5 D-fructose +
FEf 2 i Catalase reaction + WA Glucose +
2FHEZ K # Cellulose hydrolysis + 7L Lactose +
VMK f# Starch hydrolysis + L-2EF 4l L-galactose +
7 H,S H,S production + JIUEE Inositol +
R Ak Milk peptonization + HiFB¥% Raffinose +
PAE L Gelatin liquefaction + L-FaTfi7{f14 L-arabinose +
7725 M6 X Melanin-like substance production - FRZ=HiF Rhamnose +
JEHE Sucrose + 22 2 M Maltose +

+ B s 55 A ME ;- BAPE . +: Positive; +: weakly positive; —: negative.

2.3 EHRC-21 KBRS ENERE

INKIR IS TR L TSB 3523 GY 3553 JE Xt g
TR IR C-21 & RO SO B3 H A i 5 e i, 138
£ 100.00% . GM AR F=EEXT N 1 C-21 K A
IHPREAR, R 12.15% (F1 4) o LA 255 A AT
PRAICR SO INARIR T B SR I R TR R C-21 1 e
KRR SRR T G A5

2.4 Btk C-21 EBERMMEF Y
2.4.1  AFECIRIEE A LA Kk g Ak 4E

PRI C-21 X5 S50 928 25 1) 400 i 255 SR Bt o I TR
VI E BN T 38 5 | & TR VRV A 0.5% It , Yo B0H 928
BB 22 KA RN 25.35% , W JE H 4% I}, %5
S JE B ) T 22 A A 58] 3K 76.95% (R 4) o
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0.01 87| IRESEEBE Streptomyces griseus NBRC 12875 (NR112314.1)
o6 | REEEBHE Streptomyces erumpens NBRC 154037 (AB184654.1)

99

C-21
100

T E k. T: Type strain.

HRGEEBE Streptomyces alboviridis NBRC 13013" (NR112340.1)
BEUGREEBE Streptomyces flavovirens NBRC 127717 (NR112269.1)
81 5 FIREEBH Streptomyces flavogriseus CBS 101.34" (NR028988.1)

HHE ABEEE Streptomyces cremeus JCM 4362" NZJBHMCR010000032.1)
L INFIFIEEE S Streptomyces galilaeus JCM 4757" (MK424308.1)
ARREBR Streptomyces graminearus NBRC 154207 (PV449459.1)

SREFEEEER Streptomyces viridochromogenes NBRC 13347" (AB184873.1)
100‘_— BB Srreptomyces stramineus NRRL 122927 (NR115464.1)

B3 ETF 165 rDNAF 53R BB EMBE C21 SHXEKRNRELZ TN
Fig. 3 Phylogenetic tree of strain C-21 and related strains based on /68 rDNA sequences using the neighbor-joining method

100 o 4 4 b b
E 80-
g
= 60+
b=
£ 401 ¢
%20— d
T e wE M WE WE WD WS
Q ~—
w5 hE KS KE hs REShE
- EE LR
tg ﬁa §3 53 ﬁa fﬁsgﬁg
Be 5 B Bs 8o W ®:2
X7 5 M7 M7 RS EE2 03
S gig-owi 337 ES
BS @2 B3 ™ 8
= B2~ B
= G} [

B FEFEFHIZR Type of culture medium

El4 FEtkC21 ERRLBEFEEFEX
Brma ERIH &
Fig. 4 Inhibition rate of strain C-21 against Phytophthora
infestans after being cultured in different fermentation media
P b B R - SRR v 22 . AR RNE FRERIR £
Duncan [K 87 &tk 22 125 4 B 22 7 i 2 (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant

difference by Duncan’s new multiple range test (P<0.05).

242 NEBEERTERHLNO 0

3 Foft A [i) o B ) B R C-21 2 T 9 0o 3880 o
6L HE W] R BRI HIVE (R 5) . Bl AR
C-21 & W He B 00 e, 5000 928 3 78 - B i R o
BHTRRAR . TN 10% HY & B 00 B0 1 B AT
PEWT K BN Z K 33.77% 5 W N 50% 11 & BETR
XoF B0 2 B A T HE W R AR R 69.31% . R
BRI AR C-21 K TV BE 100 ) S50 2 B TR i %

R4 FEREEKC-21 EBERNBRES
BEAERKNAFER
Table 4 Inhibitory effects of various concentrations of strain
C-21 fermentation broth on the mycelial growth of

Phytophthora infestans

RWEROKE W %
Concentration of strain ' Colony Inhibition rate/%
C-21 fermentation/% diameter/mm

0.1 55.48+0.37 a 9.75+0.71 a
0.5 47.27+0.53 b 25.35+1.01b
1.0 37.59+2.15 ¢ 43.76+4.09 ¢
2.0 28.06+1.24d 61.86+£2.36d
4.0 20.13+1.49 ¢ 76.95+2.84 ¢
XF B CK 60.61£3.21 f -

RPBE PR R 2 . RPN FREFRIR 2
Duncan [ 52 % 22 75 K 9 22 5 1 % (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference by Duncan’s new multiple range test (P<0.05).

RS BEHRCA RKBERNEREERTEBLHINGIER
Table 5 Inhibitory effect of fermentation broth of strain C-21

on sporangium germination of Phytophthora infestans

il T2 k%
e g Sporangium germination BNEAIES
Concentration/ rate/% Inhibition
%o X HEZH AbPHZH rate/%
Control group  Test group
10 36.96+6.51a 24.85+£7.48a 33.77+8.74 a
20 39.25+5.34a 19.7546.67 ab 50.33+13.02 ab
50 40.56+4.19a 12.1942.49b 69.31£9.09b

R PR PR bR 2 . ISR NG TR
Duncan [C#7 &2 # 22 7 £ 55 22 5 1 3 (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference by Duncan’s new multiple range test (P<0.05).
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243 ABURREILT LHAEH T 6 A
3 PSR e B 0 TR bR C-21 R B R S0 2 25740
FHERIOF TR R BB MGIEA (R 6) . B
KRR 2 1) T, BUwW e R i s AT B OR 2
BT RO, W N 10% 1 %K B W i sh 46 1
TR IR 2R R 15.85% , W JEE R 50% 14 2 T % iE
TR I 2R 57.94%, £ FE R C-21 k&
PRV FE 11 T S50 928 B A BE RS O BN 7T
2.5 H#E C-21 WEIREEHINEHLH
2,51 HARC-21 fe s B
PAIRK C-21 TELFAEZR T  TE Ry B AN AR I ARG 35 7
B LIREr A 0 H AR RS I PR (5, i
FRAR C-21 4 P28 (Al 274 = BRI i A B
252 MNEREFERALEENGYA
B EZ 45 T S, R IR 2 R b 3 2H B0
WL BT R A 225 6 R i 2206, Tt
A5 ﬁ/ WA AT S AN S 5 (6] 6-A) 5 b3

A O P B T 22 L AL il AR TR | A R
2L NEDHNE B AT G (K 6-B~D) . K]
Ik C-21 i) i Z WA SR e R I H 2225
®6 ik C2 RBANHHEERTERY
A HI NI 4E A
Table 6 Inhibitory effect of fermentation broth of strain C-21

on zoospore release from sporangia of Phytophthora infestans

T st TRER

. Zoospore release rate/% =
I Inhibiti
Concentration/% R QPR mhibition
Control - rate/%
Test group
group
10 39.66+2.58 a 33.31+1.85a 15.85+5.83 a
20 37.36+2.06 a 18.06+1.52b 51.71£1.68 b
50 38.46+1.44a 16.16£0.63b 57.94+2.45b

R B R T B R 22 . ISR NG SRR R 2
Duncan [G 7 52t 22 15 46 5 22 5+ W % (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference by Duncan’s new multiple range test (P<0.05).

BE5 EHk C21 4R (A) JGEMER(B) FNEBER(C) BT
Fig. 5 Detection of cellulase (A), amylase (B), and protease (C) produced by strain C-21

A:XTHRZH ;B .C.D: A HIEH 5 1~4. ﬁ’ﬁ”ﬂ“i"ﬂ[mﬁrﬁ/ ?HH@WE&"J&V\I&%%{@ WEY AT Wﬁ%ﬁﬁﬁfiﬁo A: Control

group; B, C, D: treatment groups; 1-4: indicate distortion and deformation, cell wall rupture with cytoplasmic leakage, uneven

distribution of cytoplasmic contents, and uneven distribution of cytoplasmic contents, respectively.

El6 Etk C-21 R BB E LTSN
Fig. 6 Effect of strain C-21 on the mycelial morphology of Phytophthora infestans

2.5.3 AR E T L R 7 R0 % 0R
BRBE C-21 A PR 5 110 B0 28 B TR 22 28 LAk TR e
Yett f5 , n SRR B A9 2T (6,58 G AE 5 5 T AE AR [R] G

ESAET X HEZH DU A AG I 21 B (8 21 (2,58 5, AN S PR
TS s Tl AR YO (E 7).
C-21 REME IR B P 55 TRl 22 AN OB ) S ek

KRR
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9135 |
Bright field |

3%
Dark field

20 um
| S

20 um 20 um
| I =

7 BI#k C-21 M BUR R S A AR T E SRR N
Fig. 7 Detection of effect of strain C-21 on cell membrane integrity of Phytophthora infestans

2.6 Bk C-21 XA iR R HmAIBA A R

AIRIFR B BUR AR C-21 & BT 75 it e 28
W —EBIIGROR . LEFRT R b, 2 55 Bk
JEETT B ¢ TREVR0T 25 i R 5 9 %) 9 95 450 R Ky 43.57 %
25% W 7 - 76 B WAL R0 T R N 44.24% ,
[ JC & 25 5 (R 7)o TEVRYTIRge 21854 Bk i

T Y R TR AL B A TR YT AR A 59.28% , 25% H F -
FRAL AL BRI TR TT RN 68.20% , R # [R] TG I 3 2%
S (RT) o WA KRR R T RS 1R 508
TR, B IR RO B, R R PR C-21 R B
X} T it 2 9 ELAT W R B TR AR

RT B C-21 REERX B AR RABIARR
Table 7 Control effect of strain C-21 fermentation broth on tomato late blight

e TR iR Preventive assay V6Y7 IR Curative assay
Treatment LB TR ST AL IRIT R
Disease index Preventive effect/% Disease index Therapeutic effect/%

bk C-21 KA 2x 24.65+2.78 a 43.57+6.35 a 19.0442.6 ab 59.28+5.56 ab
Strain C-21 fermentation broth 5% 29.40+1.22b 32.71£2.79 b 21.8242.35b 53.34+5.02 b

10 36.86£2.75¢ 15.63£6.30 ¢ 31.0243.49 ¢ 33.66+£7.47 ¢
25% W #5  FFE W WP 800x  24.36x1.57a 44.24£3.60 a 14.87+2.33 a 68.20+4.98 a
25% metalaxyl - propamocarb WP
757K X B Water control — 43.69+1.02 d — 46.76+2.63 d —

TP BRI B bR 2 . WP RING FhEFR R 2 Duncan [GGHT 2 W 22 K656 22 7 8 3% (P<0.05) , Data are mean+

SD. Different lowercase letters indicate significant difference by Duncan’s new multiple range test (P<0.05).

3 iTig

TR A BR) 2 P A BB LT , M
RSV R TR BN 2 — . A Tk
TR, IR A P G U5 Bl e T S LA B AU
BREAMR 2 e R SR A T Ak R AT KRk
b (A B 45, 2021) o AT AAE AR B L 398 o i
TEEI 1A B0 P8 B HAT BRI VR F 1 2 e 5

PR C-21. AW HIE B0 K5 W B R4
YA TR Ve, RRASHM I 2 i SR AL TR K AT FL TR R
S5 100 T I A% 0 TR 25 22 B i 7 2E 1 (Khandan &
Janardhana, 2015 ; Kuzikova & Medvedeva,2022) .

ik EAE(2025) FIXIHEFSE(2024) 5318 T 3
AR IMINER BT Corallococcus coralloides FN55 /N
R Corallococcus exiguus W) /& A% 46 W HE . 25 1
B EE R A s BRI PR AR (2021) HiE 2L R R
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M Pseudomonas fluorescens 1k KBL17 ) & [E &
TN B R A A -3 2 IR 3R 4435 90%
DL b ARSI R B H R C-21 R Eh 4%
R, Xk B0 78 B 0 TR 22 A A 325 76.95% , Wk B
R 50% Ik X6} 46 B & R Bl A B A ] %
53 31K 69.319% F1 57.94% , [F] B W] A 3K B 22 (T 265
S S AN S A , R B TR C-21 R R Y
TE P 0] P 22 A K g 3 i

TEHUTE RS- WA R K fff BEEE AN R S B A b A
B AR, 588 5 45 (2025) 93 & B DL ST 2 i
FT- TR Sneb2570 fE 73 WA U il N A 18t o 1 39 R 45
(2024) i & H4 1) /N 22 2545 B Puccinia striiformis f.
sp. tritici 1= AUHE U R AR B 22 5248 % 1/ Streptomyces
rectiviolaceus RE5T WL VE N I R i (LT 4ER T, A
WEIE K LR PR C-21 7T LA £F 4R R i 2R 11l VE#
[ DR N T E Crsp L e [ e s W A 13
2o R, bk C-21 3 5 7 A= B 41 4 2= B ik v 22
2 FfLRE | e ok A I M IR B0 92 B TR 22 T3S B A
PRI R, TSI o 22 AR KOR T iR (R
Py AWIFEGE , BRSSP A LT
(Ekundayo et al.,2022) , F Z2 A 93 Ji e 41 it B 11
FERRHILT B Wbk C-21 & mae~ A LT i
it ity ZEE— DTS

AR, O A RS X T it 92 g Je I 2 By ik
5, Elhjouji et al.(2025) 5T KW , 28 D3R 2 i AT
T T R RS65 Tk i b H 5 B i 25 PR AR 5 T . T2 s
M) & 9 B2 B, AH LU X RS AIR T 14.72%.  Di Fran-
cesco et al. (2017)WF3T 200, H 2R 40 AR B 1A Aureoba-
sidium pullulans T FE L8 XJ 7 fifi B 328 5 B A I 3 1
Biiia &R, IR AR TR RCR , B Ak 3k
AR T 60%. AWFFLIE R E AT L B, |
Rk C-21 S TR 5 3t T2 9 1) T )5 8CRAR TR YT
RO, 5390 N 43.57% F1159.28%, 5 ik #F 58 AT,
SRR 33 T A PR Ay T 22 AR T S ) A TR S i
S, (A5 R IR s i e 4R T I 30 T 22 A K T B g
A RN RS R . TRk C-21 KRR P
Wy o5 Seid s e — LR AR A T o
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