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Synergism of Trichoderma harzianum and five fungicides
to Botrytis cinerea
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Abstract: The inhibitory activity of Trichoderma harzianum combined with five fungicides that have
different mechanism to Botrytis cinerea was determined by confrontation method, mycelium growth rate
method and detached leaf method. The results showed that the inhibitory activities of T. harzianum
combined with boscalid, azoxystrobin, fludioxonil , fluazinam and SYP - Z048 to B. cinerea were all
enhanced , which suggested that T. harzianum had synergism with the five fungicides. Therefore, the
combined use of 7. harzianum and fungicides in controlling B. cinerea is possible.
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FUA ZRME IBLE] BB i) AR ARER B 3
PRI PR S, B2 RN E, H
RUATRE T 52 B2 M B S A e s i PR T
HAEr R i, A RS AR A R B
SR 25065 T TAE Y B B IG , DA SE AR
KB BT R 08 A% B R E A0

O — S G T 2R T 1 5 A3 R A (5 T X A 4
o A LA P R R s HE TR
FRHE N B A )2 B A K K 5 I Trichoderma
harzianum 553K B A% 7356 05 A8 4090 i 0
S EA D FEERMARIRE, BT LR A
5 -5 R B DM R R B 7 v 2 B o i
2o Ko RE Y B R e A B2 R
B 5k ARG LA SR B A
PR ) 7 At AR 205 TR R R A, LA B0 i 2 4 Y %
Wy PR A B B IR R R B R e e v e, A S
o I PR A 5 T T L FE /N 0 B s v 41 o FH 1)
BRI e B S | 0 T R AR R
HERZGH) R X IRE I (P 22 A K SRk B R
PRI RSE T 5 R B 7] 5 P IR R 2 TR 6 R 26 8k
JRBEI R A T, B A B A R 2 (R 2 5 2 P
A H]

1 #R5FE

1.1 a4y

Ik : MR KRB Trichoderma harzianum T-S-2
AT AR , H LA RARBE 2 e s Y PR 47 B 58 BT %
PRI 79 2H S 360 2 DR AT IE 4 AL 5 B il K E2 R T Botrytis
cinerea B-Z-13-2 BAfI TR, 2011 4R T b %
FETH, &3 NG B Al 5 A5 Hfl

BEFR B W L AR B R By 77 ik (PDA) 5 91 4

NFREFRIE(CA) 1 18 | 10 g RiiAHE 2.5 ¢, 1%
By 1 g, 787K 1 000 mL,

A :95 % W& T M ( fludioxonil ) J 24 ( S5 1E 15
YEVIRIFATRR S 7)) 599. 6% BE Pk £ i (boscalid ) 5
25 (IR A W] ) 598 % FABENE ( fluazinam) [ 24
(LA HAL AR F]) 593. 2% WE B W (SYP-
Z048) I 25 (VL FHRLEIAE 27 i A BR A ) 595 % 135 1
fi (azoxystrobin ) Ji 24 ( FH#EARA A RA W) .
IR 1 mL SR, BB 1 x 10° we/mL i BEHR,
4 CRRA1E, &,

1.2 KA *E
1.2.1 steEEM g ek REE S R A A 0
FAE R WEA IR AR 25 BEU, 0 ) T K A R

5 AP R < IS TG 1. 875 x107° ~0.3 pg/mL,
MER M 6. 25 x 107 ~ 1 wg/mL, FIENE 0. 01 ~
1 pg/mL, BETEE 1.25 ~20 pg/mL, BEFEE K 1. 25 ~
50 pg/mL, X2 mL B 5 i 2580 AZ 2 K # 1Y
18 mL PDA 3555 rh, il J 3 25 °F- A, [m] B 42 222
LR FR (25 °CL,2 d) J5 MG SRR B A 3 i K B
R PR DF(EAR S mm, BEPFRIAAEE 3 cm) . L&Y
PDA P-4z - B 45 A IS IR R %5 T 553 Al K 2596 TR
PRI R AR 36 B, DS 75 245 PDA A L [m] i
TN PR BT DRI KB T LA By 42 2 i f
PR A2 6 R R B AR A 4 K, i
F42 3 K. ¥ PDA PA I + 25 CHEREFRAE T
B3R 2 d g, Dt 2 e i B T A [l 2 A2, AR
(%)
1.2.2 B2AKkARENESRAEH S FHEA
BR B3R B 25 CTHFR 7 d R = g ok
ABEME , 10 mL KR /K wpk F #F, AUe i) a%,
WepE 4 mL 4 1 x10° 1 x10% .1 x 107 .1 x 10° /I
1 x10° MEFI R ER . #5258 5 A
W B2 B R A 3 4% BRARR L 12 1% L TR A5, 1
WA PDA PR [ VORAW) : V(IEFHREL) =1:9],
T P Je 3RS 7 2 d 5 I K B0 DR ( HAR
5mm), 5F 25 ClHEBEREFEF P2 d. L5
TN 245 YR B8 IR R B TR 8 BT R ) A 3 Ay 245 551 %
B LUK TR 7K B AL 21 R 23 0 BR gk i 4 2
BFEAWRARER 3 K, 558 0 5 K 5
I TR PR I LA TR EE (% ) o
1.2.3 Bkt R 2 M ESRAREE 5 2 W A KA
WATEIER 2% 1.2.2 W kR EE S B mL
B 1 x 10" AT I IA A B BB VR TR, 43 90K 45 4%
BB R B A 50,10 .5 1 F10.5 we/mL, SEHGH
fif AR A A R, TS I N QWI-
150 HYZ3 FEHLHT B0 Sk 58 25 -4 A A R 1B ) i 25 &2
M (B 8 mL) , ARG AL B AR ORI, BT
A IEAC BRI B T )5 1 25 CHEEESE 1 d.
g I WA S R B TR A PRI o R 2 BT
S3 HEAT S AE FA DR AT E o

TR A  ZEME A I o AR %5 B 1 i i T
53 3B S WS TtAS (R BE A 240, A RS R L B
T I BRAb 4R 3 A1 5 2 d S KB TR
WPF(EA S mm)

TRITAE ] TEWE A I IR 25 TR B ) i 7 T
MR AR 42 3 A TEALRE IR 2 d IS K 5 T D
(HAA5 mm) ,F25 CRERREFELd)E, R
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2.1 flFENESER

ZER (1) R K S RS 5 IER R
25 T IR P X e 50 P 2 AT A BT A SR I K T HAS
M B AR 2R RO BA R . b, ig
IR A B TR AT RS 28 5t DK 00 TR P g o 2R
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Table 1 Inhibitory rate of T. harzianum combined with five fungicides to B. cinerea
and T. harzianum by confrontation method
s R _ 1% Inhibition rate/ %A — S—
AT . 5 W IR 5 1 -5 7% T R 6
Fungicides Concentration Single fungicide T. harzianum combined with fungicide
(ng/mL) IRELIRE B. cinerea W ARZEW T. harzianum  JKE5J% A B. cinerea Wk KEEH T. harzianum
WEFL i e boscalid 0.125 23.86 1.44 77.66 24.22
0.25 31.47 2.88 79.70 23.26
0.5 39.09 4.32 83.76 21.34
1 52.03 5.76 91.88 17.51
5 64.97 7.19 97.97 14.63
0 — — 73.60 26. 14
% # i azoxystrobin 0.125 8.46 8.14 79.49 17.31
0.25 18. 46 15.89 69.23 22.48
0.5 30.77 22.48 65.13 24.55
1 43.08 25.97 58.97 27.65
2 53.85 33.33 63.08 60.72
0 — — 69.23 22.48
INE T I s SYP-Z048 6.25x1073 12.28 7.36 64.91 22.48
1.25 x10 72 21.05 10.47 62.57 23.51
0.025 38.60 20. 16 64.91 22.48
0.05 43.86 39.15 50. 88 43.15
0.1 61.40 55.81 64.91 58. 66
0 — — 62.57 23.51
FNENE fluazinam 0.001 7.95 3.86 74.90 22.88
0.003 13.39 6.43 71.13 25.19
0.01 40.59 12.85 61.09 31.36
0.03 66.53 23.14 68.62 26.74
0.1 83.26 52.44 83.68 55.27
0 — — 82.43 18.25
% i i fludioxonil 1.875 x 1073 21.43 9.34 83.93 26.20
3.75x1073 31.25 14.58 81.25 27.56
7.5%x107? 44.64 20.96 78.57 28.93
0.015 52.23 36.22 62.50 37.13
0.03 62.95 64.01 63.84 65.83
0 — — 82.59 26.88

5 AHREEHE N 50 SR B TR I 7 7K B0 T
(A A 230 249 U FE Bl fek TP B B o X IR AR
BRI 8 1 FH 2 /0N X e i i T PO 1 2 FH Y

W I P A % T M B R R, AE IR N S
e PR T I P XS 7 00 R T P 0 3% L A5 2459
PR RIS 49 B A T R T R e R LT R A
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AR, AT RERE B T R B R X 4 R TR I AR
T T AR A PR o, DT AR 17 I R B T 0
AR EERG AT GRS BlOR RS 0a R 5
BRI IR FEGH I A B A B A R G AR A
2.2 HZLERBEREMNELR

SR (LR 2) FR B AN [R] MR B I IR 8 T T
AT RO T A DR o B PR A 1 AN [R] , ELA#% e E
TF1 2 5 LA 5 AN 2 T -5 4% R 1) BB P X 2 70 K

K2 BHZEREEZNERBRKR

o TR P iV 380 e 1 7 2 B R I AR 4 i L 3R
IRy BA U RIVE T, R R4 ] FH B A% 500 A
IR B TR A0 VMR 32 0% 398 DI T 8 5 5 24 g Tk 7
e K 5 we/mL 5 =1 x10° CFU/mL g
DA TG AT PR TR L LA B 22 W85 A T o o e
52 wg/mL 5 1 x 10° CFU/mL f I % K %5 1 6 1
R R T INE 6T A K e TR Y 4 )R AT Gk
100% .

BERS S HRAEFKAXNERRERENMHR(/%)

Table 2 Inhibitory rate(/% ) of T. harzianum combined with five fungicides

to B. cinerea by mycelium growth rate method

. o e W R AN T AL B Wk B
ANBA Concentration/ Spore suspension of 7. harzianum/( CFU/mL)
Fungicides
(pg/mL) 0 1 x10* 1 %103 1 %109 1 x107 1x10°
WERL # % boscalid 0.125 23.86 43.37 75.00 88.27 93.37 96.94
0.25 31.47 45.41 75.51 91.84 94.90 97.96
0.5 39.09 58.67 78.06 92.35 96.94 98.47
1 52.03 72.45 86.73 94.90 97.96 99.49
5 64.97 81.63 100. 00 100. 00 100. 00 100. 00
0 40.31 70.92 86.22 92.86 95.92
% B i azoxystrobin 0.125 8.46 25.64 43.59 78.46 83.08 90.77
0.25 18.46 26. 15 50.26 80.00 88.72 92.31
0.5 30.77 33.33 52.31 83.59 89.23 93.85
1 43.08 46.67 58.46 86.67 92.31 95.38
2 53.85 63.08 90.77 93.85 98.46 100. 00
0 25.13 40.51 75.38 80. 00 86.67
IIE T I s SYP-Z048 6.25x1073 12.28 38.01 52.05 71.35 82.46 92.40
1.25x1073 21.05 42.69 61.40 74.85 87.13 92.93
0.025 38.60 46.20 64.33 77.78 89.47 93.57
0.05 43.86 48.54 66. 67 79.53 90. 06 94.15
0.1 61.40 64.33 69.59 80.70 91.23 94.74
0 32.16 49.71 66. 08 74.85 91.23
FAIENE fluazinam 0.001 7.95 40.59 52.72 69.87 81.59 88.70
0.003 13.39 47.70 61.51 71.97 83.68 91.21
0.01 40.59 53.14 66.53 73.64 86. 19 93.72
0.03 66.53 68.62 71.97 77.41 88.70 94.98
0.1 83.26 84.94 86.19 88.70 91.21 95.82
0 34.31 49.37 66.53 79.08 87.45
% F G fludioxonil 1.875x1073 21.43 28.13 43.30 54.91 66.52 86.16
3.75 x10 73 31.25 37.05 44.20 57.14 75.45 87.95
7.5%x1073 44. 64 46.43 49. 11 62.50 76.79 88.84
0.015 52.23 57.59 59.82 64.73 83.48 91.96
0.03 62.95 63.84 65.63 70.98 87.05 93.30
0 28.13 33.48 50.00 62.05 85.71

2.3 BEMRAZENESR

ZER (DL 3) TS5 MR B Sk FH 3o 7
A KB I BB I TR AR SR AR B
FRIFDR FH2 0825 w8 7 21K TR 70 Xk 28 7 D T )40 il
YRR ZRBL T W R A B R4 o B0 (RIS 3R )T

YERIY ECs, LU R iR TR IR I EC, LUfE, HAA
7 P23 T T T e R o S e 55 T AR 2 K
JE 9 BCso FUAELSER A/ P B 58 . WA e
St e R B T A B ASOR, Ay AR 2 PR A ) B, T
A Aok D235 TR )
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Table 3 Inhibitory rate of T. harzianum combined with five fungicides
to B. cinerea by detached leaf method
7 B 7 352 B3 -
A ek fb 3 v A _ ECy)/ ECy, HUft
Mode of Regression Correlation
Fungicides ) Treatment ) - (pg/mL) Ratio of ECy,
action equation coefficient
I P T4 e i 55 VE 157 Single y=0.5222x +4.494 4 0.991 8 9.30 S8 1
boscalid Preventive Bt Combine y=0.374 8x +5.298 6 0.956 0 0.160 '
WBITVER 157 Single y=0.846 5x +3.839 4 0.956 7 23.5 154
Therapeutic H¢H Combine y=0.244 3x +5.199 2 0.959 1 0.153
FAIE N TBAE Hi5) Single y=0.6137x+4.920 5 0.971 6 1.35 o
fluazinam Preventive Bt Combine y=0.6057x+5.013 0 0.989 3 0.952 '
VBITYEH 57 Single y=0.481 7Tx+4.483 2 0.957 8 11.8 a1l
Therapeutic H¢H Combine y=0.520 4x +4.761 6 0.984 7 2.87 '
% T i i 55 VE 157 Single y=0.731 1x+4.839 0 0.9812 1.66 2.0
azoxystrobin Preventive £ H Combine y=0.709 6x +5.609 8 0.996 2 0.138 ’
B VER 15 Single y=0.988 0x +4.264 8 0.988 0 5.55 28,3
Therapeutic I H Combine y=0.540 6x+5.382 6 0.979 8 0.196 '
i i 55 7 Fiz| Single y=0.5353x+4.949 6 0.982 4 1.24 5 49
fludioxonil Preventive & Combine y=0.5850x+5.177 17 0.987 5 0.497 '
WBITVER #iz| Single y=0.516 6x +4.522 0 0.952 8 8.42 0.2
Therapeutic ] Combine y=0.550 7x +5.046 2 0.993 9 0.824 ’
I T T A i 55 7 5 Single y=0.521 6x+4.345 4 0.963 9 18.0 ”
SYP-7048 Preventive ¢ ] Combine y=0.462 3x +5.415 1 0.948 4 0.127
RIFIER %) Single y=0.602 3x +4.166 4 0.979 0 24.2 6
Therapeutic BXH] Combine y=0.3922x+5.329 9 0.956 6 0.144

T+ BTSSR ) B 5 PR R A TR 5 0 AR B TR A

Note:* Single indicated the treatment of single fungicide ;* Combine indicated the treatment of T. harzianum combined with fungicide.

B X 2 T K B T O PR R VR o xR BE

3 #ig5itie

R XU TR 22 A B R I B iRt ik o
SN FE T A B TR -5 W T W AR | R T TR L TR Y
WG P T 5 A8 A S o 3% R EEK RIS 28 711 K 8 BT
AR T o 2R T, 2 2% T 7 X iy R B R A
L TCAW A FH a4 P /N 44 25 B P 5 346
SR e AR T AR AR TR 78 0 D TR 0 o A
Filo PRI, PRI o FH Wy 2 A B BR1 A1 3% T 79 Nz 2
B U A T G A FH st o 1 S T REZ DAY
2530, A REFC I KA DRI R

WIFE 2 Tl S 2 Bl A b A2y A 1) 52 RO A5 i
W EA W 2 A KRR Rk S
PRI A A R AR AR B T A TR B
TR 3 I PR IR BRI Rk B 224
R AL AP — o B E ARG SRR R MR R
X B A O SR AN TR, U P XHIRF I BT 2224
RGFAE A A F ik R BIESE 1 I ROR B R 5 4%

[ 00 ) 3% T 70 X6 AN 5 T R T AR 8 BRI
B TR R TRV AR B T LA R TR 5 R e T
FHXGH 2 T G40 1 1 P 5 T 22 2 e R 3 A R
Frik B DR AR B T AL, (HJGIE I R 5K A foi P Xt
ANEE R I A P 5 B U ik Bl A 7= 52 P,
BERXF LB A 48 T 78

I Ik S B, A% R - I A B T I X 7
AR BT VE L TR 7 R, X S5 LS
AR TR R RIS P A i TR AR B 0] D 24942 T 3 4 P G
TARTT AR HA RS W6 K 1436 77 A L )
PEFIDLERRARR R o (EAESE PR A ™ i, 56 TR 9k
N PR AR BRI EEK RIS 2 71 i 1) B R0 1 A
PIRIRIZEONE , Lk R JH A AR 2 T R 3% B 0 AL 2
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