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[Objective] Screening of strong antagonistic strains is the basis of biological control. [Methods] In this
study, the dual culture assay was used to screen Closnostachys strains against P. nicotianae. Sixty-five
strains of Closnostachys belonging to eight species were tested. According to their abilities of sporulation
on colony of P. nicotianae and hyphal coilings produced surrounding hyphae, sporangiophores, and
sporangia of the pathogen, the antagonism of Closnostachys was classified into four degrees: strong,
moderate, weak, and absent. [Results] A total of 6 tested strains had strong antagonistic ability, 27
moderate antagonistic ability, 22 weak antagonistic ability, and 10 no antagonistic ability. The inhibition
rates of Closnostachys strains tested to P. nicotianae were 20.0%—-86.7%. [Conclusion] The strains tested
with strong antagonistic ability were C. rosea 7901 and 11361, C. byssicola 5072, 6729, and 7507, and C.
grammicospora 6730. Their potentia as biocontrol resources needs further pot experiment confirmation.
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Tablel Dual culture of Clonostachys strains against Phytophthora nicotianae

4 FHS 55 30 KA AL LG M il BT ER
Species name Strain No.  Sporulation of Clonostachys Hyphal Coverage Inhibition ~ Antagonistic
strains on 30th day coilings rate (%) degree
TERRA A AR 5072 K7 KL KEf®E 644 iR
C. byssicola Abundant Rich Mass Strong
5101 i Pt LEET 378 559
Poor None Few Weak
5122 K7l ToousE KitE® 622 h
Abundant None Mass Moderate
5148 A7 TosE JoE 24.4 &
None None None None
5150 il ToHisE KEE®H 867 h
Poor None Mass Moderate
5152 K7 D EEgiLE Kemgs 511 h
Abundant Few Mass Moderate
5155 N i TosE JoE 26.7 T
None None None None
5184 K" RS Kegs 489 oL
Abundant Few Mass Moderate
5185 A ToausE Ktz 733 h
Poor None Mass Moderate
6701 LA ToausE R 378 55
Poor None Few Weak
6702 i TogisE SRS 333 559
Poor None Few Weak
6729 K7l KL K% 600 Gid
Abundant Rich Mass Strong
7099 K e RS 467 55
Abundant Few Few Weak
7103 K"l RS SRS 422 559
Abundant Few Few Weak
7138 Kyl Togise T 467 55
Abundant None Few Weak
7172 AT TouLE T 33.0 I
None None None None
7184 K" ToHiLE LEET 444 559
Abundant None Few Weak
7189 A D EEgiLE K% 689 h
Poor Few Mass Moderate
7215 A7 ToEsE Jos w5 311 T
None None None None
7507 PN Y1) KL Kegs 578 SR
Abundant Rich Mass Strong
(F45)
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(Z:# 1)
AR 8249 U Vi) JogiLe R 422 55
C. compactiuscula Poor None Few Weak
9290 U iviii) ikgise D EES 422 55
Poor Few Few Weak
AL R 6848 N ! pel e Joad 28.9 T
C. epichloe None None None None
AR 6730 PN Y1) KigEge  KREEST 867 5
C. grammicospora Abundant Rich Mass Strong
[ A Bl 8761 AR P ot 22.2 &
C. intermedia Poor None None None
PR R 7114 A7 pel e Joad 20.0 T
C. kowhai None None None None
IEAR T T 4354 PN Y1) R YELE KEHE® 667 H
C. rosea Abundant Few Mass Moderate
4359 U iviii) P Km@E® 644 ol
Poor None Mass Moderate
5128 g il T 5e KEET 644 H
Poor None Mass Moderate
6792 K4l Jogise K 556 ok
Abundant None Mass Moderate
6793 A7t P Km@E# 533 ol
None None Mass Moderate
6843 A PN e S 444 ok
Poor Rich Few Moderate
7090 i TogisE KEHES 600 h
Poor None Mass Moderate
7113 A7t P ot 24.4 &
None None None None
7141 PN 1) DR YESE e 378 55
Abundant Few Few Weak
7147 PN Y1) DRSS Kiutfw 556 oL
Abundant Few Mass Moderate
7173 N9 ) PNE DT 444 ol
Abundant Rich Few Moderate
7175 PN YR ) PN e b 400 oL
Abundant Rich Few Moderate
7185 AT Jogise b 422 55
Poor None Few Weak
7193 N9 ) JLgi%E Km@E# 533 ol
Abundant None Mass Moderate
7202 e sl pSelE DB 422 55
Poor None Few Weak
7501 PN Jogise DR 467 55
Abundant None Few Weak
(4%)
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(83 1)
7816 i TogisE KEHE#® 511 h
Poor None Mass Moderate
7856 K" RS SRS 467 55
Abundant Few Few Weak
7860 K" TogisE K 533 h
Abundant None Mass Moderate
7863 Ky~ ToousE R 422 55
Abundant None Few Weak
7872 K= ToousE T 378 55
Abundant None Few Weak
7876 K7l gL Kt 489 wh
Abundant Few Mass Moderate
7877 A Togise RS 289 55
Poor None Few Weak
7885 Kyl ToousE Ktz 578 wh
Abundant None Mass Moderate
7887 DA ToousE TS 378 55
Poor None Few Weak
7888 AT ToausE P 30.0 I
None None None None
7901 K7 KL KiEAES 533 G
Abundant Rich Mass Strong
7905 K7 ToausE R 400 55
Abundant None Few Weak
8729 K7 RS KEHE 511 h
Abundant Few Mass Moderate
8734 K7l TogusE KEHE 556 h
Abundant None Mass Moderate
8819 LA RS R 378 55
Poor Few Few Weak
8884 K" Pt KE#E® 600 h
Abundant None Mass Moderate
10154 P ) Pt KE#E® 556 h
Abundant None Mass Moderate
11152 K" Uy ie it KeEgE® 511 h
Abundant Few Mass Moderate
11179 il Uy et LEET 333 559
Poor Few Few Weak
11361 K1l KL KeEgE® 511 b
Abundant Rich Mass Strong
11364 K" U ie it KeEgE® 511 h
Abundant Few Mass Moderate
11539 K"l DALY LEET 333 559
Abundant Few Few Weak
FEUH 10117 AFEA TogisE ot w5 28.9 G
C. samuelsii None None None None
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TGS (R WSS SO AT AR E O RS
TG GERIOR WA B OL) . LA K B i 7 A7 B0 O
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o ANYESE ) RO PLRE ) (o 75 G SE
RO L) 4 SR

2 HER54%m

PR 65 Al Bl g X HH 38 B () X lRg 35% 57
SER (TR . 258 . 7R A DL A %)
W2 1o RIS RIS PURE S An e, B 10 B
TCHEPURR T4, 55 MRAS A XA B A R I
AR RHSHUEN, b 6 R HERFSHURE
27 MEE P EREBURE 1 . 22 MR HL IS BLRE T .
21 sa¥Emee IEK

WYLUR RS 7901, 11361 FIFRRAE AL S
5072, 6729, 7507 M skt f#as: 6730 Bk AH
R HATRES PR (B 1), 25 FON R R
BN 1A Fios o WTIREEE S5 8 K, BB K
BT R R R AR, LR 22 5 R R B T 24P A T
A, EFEEF R 22 (K 1B F1 1C), s
BLPE R D 22 SR R K R AR I T 4 52 (K] 1D-1F), 5§
9 LE TR AT AN 72 (] 1G) X FIRFES IR 56 30 K,
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22 HERMBENEK
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fRFE, WK 2 FiR. XHIREREFREE 8 K, Bil%
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2.3 SFHEMmeE IE K
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E
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6729 ks
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G
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1 MHRELZSEEEEMENNEEBEEER A EWAERKRNERZEEHZ L HA %, B Al
C: BIREE A 2Z(N) S M B A 22 (M) AT A I s D-F AR T 22 () X ik 4 S8 AR e 3 5 T4 22 (#HL) 5
G: RORE%s R 22 (40) 28 Se M v s A L R A 78 . ARRL: 10 um

Figure 1 Clonostachys strains with strong antagonism against Phytophthora nicotianae. A: Normal hyphae
and sporangium of PP24 in blank control; B, C: Hyphae of Clonostachys (fine) close associated with PP24

(coarse); D—F: Hyphal coilings of Clonostachys (fine) surrounding hyphae of PP24 (coarse); G: Hyphae of
Clonostachys surrounding sporangiophores and sporangia of PP24. Scale bars: 10 pm.
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2 WHERESEETSFHENENNKEEEK A-C: WML AH% 4354 (£) 50w % PP24 (17)
XIS 5, 830K ; D-F: MyZLERES: 7173 (F2) 5 M HLHEH PP24 (F7 )W IR #5265 5. 8F130°K
G: HiH%; 4354 R 22 () D RSN R I 22 (0L) s H: BOEEE 7173 T8 22 (40 ) 16 0 92 25 0 22 (K1) S
FIR AR | BORR%EE 7173 T 22 () P S 0 S e R F R RS0 75 5 3 BB 7173 T 22 5 N syl 5
W22 (HL)PATAE K s Ko IEHAERMERE SR 2 LA 7. G-K PirR: 10 um

Figure 2 Clonostachys strains with moderate antagonism against Phytophthora nicotianae. A—C: C. rosea
4354 (left) vs. P. nicotianae PP24 (right) in 5th, 8th and 30th day; D—F: C. rosea 7173 (left) vs. P. nicotianae
(right) in 5th, 8th and 30th day; G: Very few hyphal coilings of 4354 (fine) surrounding PP24 hyphae; H:
Rich hyphae of 7173 (fine) gathering around hyphae of PP24; I: Hyphae of 7173 (fine) surrounding
sporangiophore and sporangium of PP24; J. Hyphae of 7173 (fine) associated with PP24 hyphae. K: Normal
hyphae and sporangium of PP24 in blank control. Scale barsin G-K: 10 pm.

ey

FLPZE R TR VK AL REAN B o I R 5 e Vs (18] AA-AC) WA i 58 H
24 FTHingEEk H22(F AD—4F), SN M Vs B e s T

MACEREE 7114 %5 10 DRI PIRE ST 35, WIRESFRAS 30 K, REEEIE MRS E TR
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5, 2 W\

3 WRERSEEBFEMENNSEERER A-C. KMZAFE 11539 (£) S ME R PP24 (f)
XRG4S 5. 8 1 30 K3 D-G: AIBHE: M 22 () /D M e R i 22 (L) s H: 1EH AR KA s
B0 22 KA 74, D-H 4R : 10 um

Figure 3 Clonostachys strains with weak antagonism against Phytophthora nicotianae. A-C: C. rosea

11539 (left) vs. P. nicotianae (right) in 5th, 8th and 30th day; D-G: A few hyphal coilings of 11539 (fine)
surrounding PP24; H: Normal hyphae and sporangium of PP24 in blank control. Scale barsin D—H: 10 pm.

4 NEERBLEMENNRIBERR  A-C: WA 7114 (&) S5 PP24 (7)) %
FR43 5. 8130 K; D-F: AuREE R 22 () NS R wE R 22 (K1) D-F 4R 10 pm

Figure 4 Clonostachys strains lack antagonism against P. nicotianae. A-C: C. kowhai 7114 (left) vs. P.
nicotianae PP24 (right) in 5th, 8th and 30th day; D—F: Without hyphal coilings of 7114 (fine) surrounding
PP24. Scale barsin D—F: 10 pm.
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DA K B g 2 E s S, B M
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24 R VR B PSR AT R B . AR s
X 8 65 PRk i MR R R U RTIRE RS 5%, R
10 MR MR R I oA PLRe 1 4h, HAy 55 PRk
WHA —EEhiae 71, Hhmar sl | Wik
AR AR IORERE N 6 BRI R
FIFE TR BT o % 25 T B UE SRy 21K B 2 AT
SR A A AR A A R AR Bl T 1 A, o R E A
KBTS RE, £ TR RN R
Fh BTG UR o i 2 0 AR ROR A LA Y S5
Frift—2 5%

W LURRE S R UK S TR 27 AR TLTA , BEZHSE
A T IR R I A AR LA 2% Demissie 451
K, 5K X PR AR A 8k T B (Fusarium
graminearum) i1  id 22 4= K B 2 I8 52 9T G
AR, MRS RK . AFRP, R
WZE B B AR ] )7 A= I Bl AR T 22 58
SRR R W 2 AT, B R
(0 A K s T o P 2 390 o o e 35 5 1k 7 ok
| 5 PRARFEX R ERE RN H 2K R 77.6%-89.6%.
MG PSR XTI R 4 d IR ROK
Xof M B E F I ) R 249 50.0%., F FE45E i 1 %
URF 45 3 2 0t 1 3] — MRAG B 2R AT I 21b, X
BRI 22 KAMHIR N 78.33%. fuf 1] 4518
3 3o PO IR R e A B ZEAAT R M C4-2 X
R PRI () - Y B 8k 63.86%. AT AL

TR ARG R RS2 R (R P T 5 20.0%-86.7%,
Hodp, XPUH R EE RS BURE SR 1Y AR 6730 A
HF N 86.7%, KIATEXFIFRE AT, NHEAL
TR AR X O 2 B T ) AR IR K 2 5
1F 4 Bouanaka %5 PO i 58 e BH , 78 X iR % 57
R, A 13 HROREREINE] Fusarium
culmorum & 22 i A, 7| %6 6.97%-85.22%,
AR ARERERIEDRE I 25 2% . W H, &R
A G AR TR T A T AR 0 B ) S B RE Rl
OYFRUE, A FPAS [RIHEHTRE 7 10 AS T8 R DA A AR
PR 1T 225351k 62.2%. 56.1%. 40.0%
H1 27.1%, I 7 A R TR A4 0T R R B A 5 B B
TR S 2R N E MG, BREESIIE T, K
B 25 W7 TR R 5 O T 55 X8 R 355 % B i o R
22 HE AR R SR T AR TR S I LA
Ko ATIFE WITTAN R HELR 5 75 o VL T Dl 7 25
JE O D B D 22 A AT 8 | TR 22 JE BERR IR
P TEM R AT By s,

ABRE A DL B S A, 7 s Bl AE R
T2 B A At 7 DY £ 50 2RI, T4
UG D TR R ) TR B A AT R R R
J& BRI T LUE FE FAEIAR R, S A A K
FEAPTEE L T Y O R 2R R R
T 55 Hofth A= 5 58 ) A L TR PR . &
VEY) B 500 F WB A o A ST XA B 75
A RAEPURE 1 AR BRI R , A i i 2B Akl
B I8 R — 25T, AR RS Y
AW BGPTSR B A= 7 TR R

4 Hi

ARl el 5 X0 A 2 7 DR I 7 o L TR 2 %
FERE K= faf i, fiakhy 65 A~ Ak X R 2
MIFEHLRE AT 20 Mok . L SRUE 4 NS, F
PR 55 62.2% ., 56.1% , 40.0%7i1 27.1%.
Horp, ByerkifisE 7901, 11361, WWRRA: KRS
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5072, 6729. 7507 Fl &AMk fH%E 6730 FEHLRE
Jii, FeE iRk 86.7%.
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