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Toxicity and control efficiency of fungicides
against Botrytis cinerea

HUANG Hai,ZHANG Xin,ZOU Hang.,YANG Hai-yan,
CAO Jing-jing, AN De-rong
(State Key Laboratory of Crop Stress Biology for Arid Areas /College of Plant Protection ,
Northwest A& F University ,Yangling »Shaanxi 712100, China)

Abstract: [Objective) The toxicity of Bacillus amylolique faciens wettable powder (WP) on Botrytis
cinerea and the control effect on tomato gray mold were studied to improve the application of Bacillus
amylolique faciens. [ Method] The inhibitory effects of five fungicides including 1 X 10° CFU/g
B. amylolique faciens WP,1 X 10° CFU/g B. subtilis WP,40% carbendazim WP,50% iprodione WP and
40% pyrimethanil WP against tomato gray mold pathogen were determined using hyphae growth rate
method and spore germination method, and their control effects were determined in pot and field experi-
ments. [Result] The 50% effective concentrations (ECs,) of B. amylolique faciens, B. subtilis,40% carben-
dazim,50% iprodione and 40% pyrimethanil against the growth of the hyphae were 946. 28,757.19,75. 36,
8.95 and 5. 53 pg/mL, respectively, and their EC;, against the germination of conidia were 1 665. 56,
1416.16,241.90,37. 32 and 21. 35 pg/mL,respectively. The control effects of five fungicides (diluted 750
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times solution) were 68. 47 % ,70. 14%,74. 18% ,74. 13% and 80. 63% in pot experiment and 63. 37 %,
64.83%,69.56%,73.49% and 75.55% in field experiment. [Conclusion) The toxicity and control effect

B. amylolique faciens WP in field experiment of were equivalent to those of B. subtilis WP. Therefore,

B. amylolique faciens WP can be used as assistant biofungicides to control tomato gray mold.

Key word: Bacillus amylolique faciens wettable powder;tomato gray mold;pryinethanil efficacy trials;

assistant biofungicides
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B 36 7 ol K 2 s LA AL 27 25 50 O 3 B ¥R i B A A
FH245 5 K A & B A2 T e T AR 25 5% B R b
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L1 # #

B2 5] < A € by 27 F AT I (1< 10° CFU/g B.
amylolique faciens, WP) ,FEFG I C ZEW Bl %4 R
DN A R R ZE AT R (1 X107 CFU/g B. subti-
lis, WP, zx BB AE W il i A RN R A= 775400 2
B R (40% carbendazim, WP) , I 1] [# 5% 4% 1k 1 4>
ATBRA AL 55000 St H K (509 iprodione, WP,
VLV R 2 Ak T BRAS W) A 7 540 00 5 55 e (40 %0 py-
rimethanil, WP) , I 75 75 5 ) 1E 43 4% 28 W) R4 R
AN

S5 IR A T KT WG W (Botrytis cinerea ) s i1 5
DA 0 30 455 A )~ I 0 o 0 2 R
1.2/ &

L2.1 R@HraHNE SHFRRAH 1.0 g,
fin 20 mL 20 mmol/L pH 8. 0 #z £k 22 sh ¥ T 100
mL B P, SRR 10 min, B A 40 mL B0 #F
1,8 000 r/min B> 15 min, B _EVEW . ULIEF N
A 5 mL ARFRAR % 100 %0 Y EE CAR)D #2920 min, Jif
Jiid vk OB W 5 F WA T F A 25 mL R
o, FHWE IR 6 28 W RUE 25 2 20 BE L b i vE R 2F AT
TR FIUA 55 2F 90 A B AY E 25 W] AL g i (<< 0. 22
pm) 2 U8, B 415 4% 25 0 1Y 25 A% B RE W, DD 40
mg/mLATC I TAERE .

L.2.2 #HFrnhBEREedTE&Faassds XA
Tl R ENT I E 5 b 250 X F o K R A LT i &
MR 1 P o R 7 0 K B A R PDA B SR 56 BT
22 CHiFR 5~7 d. FpiR I B K R 7 )5 .
FE TR IR F VR 8,1 000 r/min 8.0 5
min, 8 5 FIEW L MA LB 7K, HEL. &EH
JoU A S35 10 060 BEME VA VR R TR T & 6 X10°/mL,
P BRI IRR) pH 2 2,

1.2.3 5 25 R & & 46 & om B A 2 & K oh dp )
YR R 22 KL e . R L PDA
BRI my R RS WA X 1 mL 2 mg/mIL 7 iR
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B2 T 25 mL WO TR 2 FEAE L FAE 455 T 4 il
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500,250,125,62. 5,32 pL,IR4) . BIAREE 60 C
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1.000,500,250,125,62. 5 pg/mL) 255 f9FEH . [
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Jiig il B 5 AN TR B e R R (24,12, 6,3, 1. 5,0. 75
pg/mL) 2GRN B . T 3G 9 HEBE S K 4T
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1.2.6 5 # 25 A 2t & 36 Kk E g% By s 6h W A 9K 3
A4 5 A2 R 750 A% R AT K O6F BED LA 1050
L/hm? 24 ¥ £ % J2% % 2% 55 K 25 95 1 1 28 300 38 Jh A
MRFEATHESS . NIXTE AR 15 m?, A AL FRE 4 4 W, 3
24 A/ BEPLIX AL HES . /N A 5 AL TR 3
oA R RO R 12,5, RS 1 R
2 R A R B E 3 Rt 2 JE 10 d A 3t
S I R BURI BT IR RO S I X B IR ROCR AT 25 48
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_ CK,— Pz,

= 4 79 — =770 - '
By (1 CK, <X P1,

- CKo xR AR BRI 1 (9056 1 45 %, CK,
Xt A BRS04 9 1 4 s Py 24 50 A B e
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B H8 5 Pr, S 2 500 A 3 I e 1 55 19 4 4L
2 R 50
21 AR BN REREHLEKNIH
1EH

5 ol 245 300558 T 5t K B 0 T DA 22 A K 4 i 4R
mFk 1w, mE AT LIFE W8 A 5 5 IR
7 i IR T DA 22 1E K B R B B R VE L EC,
43R 5. 53 Fi18. 95 pg/mL; ok o Z W R LECs,
75.36 pg/mL fif UE M 2F LR ORI BE ZF A0 AT TR X
e 00 K B TR P 22 A K B A R A 5 L ECs, 4 il
k7 946. 28 Fl 757.19 pg/mlL,
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2.2 STAFNBFMKERF/EA R T I KX B HD & SR 21,35 F1 37,32 pg/mL; IR M Z 1 R L EC;,

ER
5 b 24 500 %8 2 3t I o T At T BT 2 1) 40 ) A
W 2 i, MR 2 T LU Y . 0 25 i R S T R0
T 0K o T 0L T T R LA i G 4 ) 1 EC

N 241,90 pg/mls fif BE K 25 AUAT BROA AL 55 2ZF S AT
PR T K B TR AL T W K B A VR S  ECs
G304 1 665,56 Fil 1 416,16 pg/mlL,

1 SHMAFMBEMRBERARLASEN
Table 1 Toxicity of five fungicides against the mycelium of tomato gray mold
" 5 mE LIPS A X EE 7 6 %L
é’\jnu e . . < . ~~ _ .
o Toxicity regression Correlation ECso/(pg + mL™H) Relative
Fungicides . L S
equation coefficient toxicity index
eegry— e
fif-GERD 2EALRT (WD) y=1.574 6--1.151 Ox 0.950 2 946. 28 1.00
Bacillus amylolique faciens
I, L
i fi SE AT I (WD) y=1.994 441,043 9 0.961 5 757.19 1.25
Bacillus subtilis
100 Z W R (WP) Ca s - o =
10% carbendazim y=3.457 7+0. 824 3x 0.9715 75.36 12.56
SO%EﬁW(WP) —a 539 5o 0C 95 s
50% iprodione y=3.534 8+1.539 5x 0.992 6 8.95 105.73
40 %6 WE T i (WP) I . -
40% pyrimethanil y=3.552 9+1.947 6x 0.970 8 5.53 171.12
Wy AAHIRIURAE o 2550 B R B BB . TR .
Note:y is the probability value of inhibitory rate,x is the log value of fungicides concentration. The same below.
R2 SHAFMEMNRERERBTFHNESN
Table 2 Toxicity of five fungicides against the spores of tomato gray mold
" |l E 5 LEPSEYA AR 3 7 45 8
25 e . . . . _ . L
o Toxicity regression Correlation ECso/(pg + mL™H) Relative toxicity
Fungicides . L .
equation coefficient index
ﬁqm*ﬁﬂ‘}ﬂﬂ—%(WP> . y=1.482 7+1.091 8z 0.964 7 1 665. 56 1. 00
Bacillus amylolique faciens
S— e
hlﬂ_ﬂ:?@ﬂ:lﬂ(wp) vy=0.823 3+1.325 5z 0.986 8 1416.16 1.18
Bacillus subtilis
0% ZH AR (WP) _ ) ! ;
10% carbendazim y=—4.986 0+4. 189 4x 0.992 3 241.90 6. 89
0/ B e
500 SEHIIE (WP) =1.278 9+2. 367 2 0.981 4 37. 32 14. 62
50% iprodione
0/ 1% 2 1
4090 HERE M CWP) y=1.152 2+2.894 6x 0.975 3 21. 35 78.02

40% pyrimethanil

2.3 SMAFIMNBERKREROIABHERR
M1 3 TT LA o fff D 0 28 TR B G 2R FR AT
. 40% Z B R .50 % 5 B IR AN 40 Yo W B e B B
750,1 000 Fl 1 250 % IF . 24 %6 & i v A K 55 95 BoA
B IR T ME R S E . DL 5 R 2 500 7 R
% 3

750 fE AL BB R 47 VR B A BT IR BOR 93
68.47%,70.14%,74. 18% ,74. 13 % 1 80. 63 %0, H
H R DAY 2 ARUAT TR RIR R 2 AT TR A DR 4 B
IR T oA 3 Bl 24759

SHMAFMNBEHRREFRHARMEHR

Table 3 Control efficiency of five fungicides against tomato gray mold in pot tests

¥ 1% 75 X Disease index

B3 H/ % Control efficiency

2 M REA ey ey S TR
Fungicides Treatment Times Therapeutic Protective Therapeutic Protective
effect effect effect effect
S TE S SERAE T (WP) 750 56 53 66.59 68.47 ¢
Bacillus 1 000 67 71 60. 25 57.83
amylolique faciens 1250 82 86 51.24 48.89
750 53 50 68. 37 70.14 ¢
—— e
i 2 LTI (WD) 1 000 65 62 61.51 63. 44
Bacillus subtilis
1 250 77 81 54,22 52.19
% 750 45 44 73.15 74.18 b
400 Z W R (WP) - .
10% carbendazim 1 000 57 57 66. 46 66.23
1 250 70 73 58. 54 56.70
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4%k 3 Continued table 3

W T 5 81 Disease index

B G RH/ % Control efficiency

2 R TR R R TR
Fungicides Treatment Times Therapeutic Protective Therapeutic Protective
effect effect effect effect
% 750 36 44 78.94 74.13 b
50 % Sk (WP) e tc
50% iprodione 1 000 52 55 69. 43 67.36
1 250 70 69 58. 82 59.03
% 750 31 33 81.74 80.63 a
40 76 W 75 i (WP)
40% pyrimethanil 1 000 43 46 74.45 72.92
1 250 65 60 61.54 64.71
CK — 169 169 — —

T« RSB JE b A /NG 8 3 08 22 5 3% (P<C0. 05) . TR,

Note: Different lowercase letters within the same column represented significant difference (P<C0.05). The same below.

2.4 5 MZGHITE KB A HE AR

HH 2% 4 AT DU Y, 8 e FN SR B IR 1Y 750 A%
Xt Tt K B 95 1 7 I6 R B AL 4 B R 75, 55040 A
T3.A9% HHEZM IR EFEER ZE RN 750 5

BI A RO . K 69. 56 %6 5 il VE M3 2 H0 KT & 1A 2T
R FE B 1Y 750 A% W B TR AR 8BRS ok
63.37% H 64.83% i JC b 1 25 SR 4 19 251K
FHAth 3 FpEGH .

R 45 MEGFI X E A K F A H E RS BR

Table 4 Control efficiency of five fungicides against tomato gray mold in field tests

W5 1% 758 %L Disease index

25 i B A 5 i 25 Wiz 5 DIREY & Y
Fungicides Time Before spraying After spraying Control efficiency
fungicides fungicides

i VE K 2 0T B (WP) Bacillus amylolique faciens 750 176 459 63.37 ¢
Al L ZE AT 1 (WP) Bacillus Subtilis 750 141 353 64.83 ¢
40% ZH R (WP)40% carbendazim 750 173 375 69.56 b
50 % F IR (WP) 50% iprodione 750 155 292 73.49 a
40 % W5 g it (WP) 40 % pyrimethanil 750 167 291 75.55 a
CK 750 138 982 —

3w

LI 075 126 folt 22 0 455 BT 681 28R L0 9 BT R
(B PT  AE O E G BTT h a RR e, — JBR T
T A TR X D T 2 R AR 9 ke 1) A A0 o) ik
(ECso) fF 23 A2 i 0 [ L A F AT TR B 18
A7 i v A B R A 7 A R Y T E e I
Go—briE L ARG L 2 b Gl A TR R X i
K25 T 22 AT 1 ECo (¥ 8K B B s Tk
R, VP HEIE R O W A B TR AL
T JEURR 1 ECso i R T2 4 2 3 2 PROR AL 2 ok
2 7 i b R DA AT R T ) o L HAT R e
ot 4 g o T R A R R i LA i R i TR ROV
TR AR S T R B G A A B Y 8
fi%.

AW T B R AR 56 v o i R 28 AT B0 B iR
BRI A6 243 590 7 A% 20 6 484 R T /) 2 7 2
55 25 R B AR R A O 5 R I P L 2 PR LA )
AR AERFBE 750 A5 BT IR RIOCR 5 3 Bl Ak R
FESRADAFAE B 2 57 (AR 2 T 63,370 L L

X5 AR WA DR B AR T RS B R G S R
o s (8] MVE 3R 7 AR A O A R A A
KPS ZFAE RIPLE A 6. T 2 F ik 9 4% w5
{14 Bl 6 28R 0 3 22 5 L R WA S8 B 2F JRAT BN
T IR R I B 7 1 RCRE 5 A 2 AT TR AH 2

Tl A= 0 A 7 ) 50 7 By 3 A 0 s 3 IR G i) By Ak
FEAEATE . KR TAEYEERIEA QRS .
32 A EAAB G Y 8 IR Gl L ROK 7 5 A% B AR
W e AR A= W DR 05 ) L AR B B A AR A I
] 5 A DL 35 O0F BRI AL i D B A 1 A B ) 7R
B B ARG E 1 7 15 R e S A A A 2 RS, — 5 T
T A b A 2 14 8 I AR A 2 24 590 B B O v XL
W% 5 53— J7 100 i 1 A AR 0 A B o 3R BT A A E 1Y
[ R A 0 o A U B 2 AT B B YA i K 2
o B8R AT TS LA A s Ak 24 52 I B N A
JKFE G B B A T T — 25

[ &% sk ]
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