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Toxicity testing of different fungicides for Colletotrichum cereale on oat anthracnose

GAO Peng, LIU Lin, LIU Yunxin, WEI Jiangming, LI Yao, ZHAO Xiang
(College of Grassland Science, Shanxi Agricultural University, Taigu, 030801, Shanxi, China)

Abstract: Anthracnose caused by Colletotrichum cereale is the main limiting factor in the production of oats (Avena sativa)
in the northern Shanxi Province; however, no research has been carried out on the prevention and control of oat anthracnose
using chemical fungicides. To clarify the inhibitory effects of fungicides with different mechanisms of action on oat
anthracnose, 10 fungicides from six categories were selected and studied, and their antifungal effects were measured using
the hyphae growth rate method and the droplet method. The results showed that carbendazim (50% wettable powder, WP),
propiconazole (50% WP), azoxystrobin (25% suspension concentrates, SC), and pyraclostrobin (25% SC) had strong
inhibitory effects on the growth of C. cereale hyphae, with ECs, (50% effective concentration) values 0 0.092 1,0.8774,0.1180,
and 0.0029 mg-Lfl, respectively. Chlorothalonil (75% WP), carbendazim (50% WP), azoxystrobin (25% SC), and
pyraclostrobin (25% SC) had a strong inhibitory effect on the germination of C. cereale spores. For chlorothalonil (75%
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WP), when the concentration was = 0.80 mg~L71, the spore germination inhibition rate was 100%, and the ECs, of
carbendazim (50% WP), azoxystrobin (25% SC), and pyraclostrobin (25% SC) were 0.1124, 0.1184, and 0.0059 mg~L71.
Based on the different mechanisms of action, it is recommended that chlorothalonil (75% WP) be used as a protective
fungicide before anthracnose occurs, whereas carbendazim (50% WP), azoxystrobin (25% SC), and pyraclostrobin (25% SC)
should be used as protective and therapeutic fungicides. In addition, producers should promptly rotate chemical fungicides

with different mechanisms of action to prevent and control diseases, improve planting conditions, introduce and select

disease-resistant varieties, and ensure the sustainable production of oats.

Keywords: Avena sativa; Colletotrichum cereale; fungicide; mechanism; inhibitory effect; ECsg; chemical control
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Figure 1 The colony (a), conidium (b), germ tube (c), appressorium (d), and hypha (e) of
Colletotrichum cereale on oat anthracnose
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Table 1 Information on the fungicides used in this study

T 711 Fungicide 712! Formulation 2K Type A= 2 Manufacturer
e . S JiPERw = o

EIBi& Chlorothalonil TS%EHRIERIF 75% WP o o ed phenyls FRAL T Limin
ARFRELEE Mancozeb 80% I B 71 80% WP BRI L P Fd— 4K Jinan Yinong
¥ Thiram 50% 1] S 77 50% wp  Aminodithioformic acid  ya |k #% 14 Hebei Zanfeng
% R Carbendazim 50%THEPER 7 50% WP g gk VL7 =101 jiangsu Sanshan
Fi 6% B % Thiophanate-methyl  70% Al ¥ K3 7 70% wp  Benzimidazoles FFRIZEA Jinan Taihe

; : bl N . .
YR iE Bromothalonil 25% B PR 7 25% WP f}ﬁ%ﬁ;&jﬁm {LIFFEER Jiangsu Tuogqiu
JX WL Tebuconazole 43%BTF A 43% SC =k F¥H.(*F ) Bayer
¥ M Propiconazole 25%%LiH 25% EC Triazoles Hi i WU Weifang Shuangxing
W% R i Azoxystrobin 25%:=3F 71 25% SC P 420 L P A7 i 2 Ja1EIE(F5 ) Syngeta

Nk ek B T Pyraclostrobin 25%=F 5 25% SC

Methyl 3-methoxyacrylate  yiy |, o1 {48/ Heibei Green Agricultural

WP: AREMERF; SC: &M EC: b TR

WP: wettable powder; SC: suspension concentrates; EC: emulsifiable concentrates; this is applicable for the following tables as well.

43 R FH B 2 2B K R VR R v, 7E TR 56
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(# 2)»
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120 SR FREN &

TEH G TAE G, R B 7 KF e i #s
Tk 0F 87 Jo 2 B R % B R RO KB A T R
8 FH K A R R R O B K K % R T R ) e K
BEARVRFE (19 10 570, SR JEH 10 UK v H 1/2 £ H
B, SR HLRIR BE I 10 590 . 7o 12 RAHEE M,
2R o A FH K B B WA 43 Sl = B 1 mL pE Rk
FERI 10 50N 9 mL £ 50 “C ] PDA 85373 78

IR . BANWE R 4NES, LR T HE KL
TE Xt
1.2.2 $R P A0 B VR D &=

B A2 5 mm M4T FLARFEEE 3% 7 d R IR
JEL T B VR 10 20T L, TR 22— T TR) R T80 TE 1) 4 1 1Y)
TY R R, IR — AU E T 23°CE
B R R R . iR EE 6 Rk, XA+
TR R HEE EAA, HEE 2 AR,

R 22 AR K] 26 =[O0 IR TR 78 LA — AR T T
HR)/ CTREE AR - WUFER)] x 100%.
1.2.3 U180 ) 4

EERE R TAMARE REE %, HKEEE
KRR I M LB RBE T, W KMbE 3%,
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Table 2 Fungicide concentrations for sensitivity assays with mycelial growth and spore germination
of Colletotrichum cereale on oat anthracnose

S AV T 22 A A PR 2 it ik B2 V) R A A PO PR (At i JEE
Fin\lgicil de Concentrations for sensitivity assays Concentrations for sensitivity assays

of mycelial growth/(mg-L ") of spore germination/(mg-L ")

H HIE75% AT W A 7
Chlorothalonil75% WP

AR AR 80% AT Vi A% 771

0.800 0. 1.600 0. 3.200 0. 6.400 0. 12.800 0 0.050 0~12.800 0

Mancozeb 80% WP 1.000 0. 2.000 0. 4.000 0. 8.000 0. 16.000 0 1.000 0. 2.000 0~ 4.000 0. 8.000 0~ 10.000 0
Y SEL M S\ =X
}E%XXSO%E‘”& A7 4.000 0. 8.000 0. 16.000 0~ 32.0000. 64.0000  0.1250. 0.250 0. 0.500 0. 1.000 0. 2.000 0
Thiram 50% WP
o) vHE ) 74N
z ﬁSO%ﬁIm P 77 0.040 0. 0.080 0. 0.160 0. 0.3200. 0.6400 0.040 0. 0.080 0. 0.160 0~ 0.3200. 0.6400
Carbendazim 50% WP

FH LA B R 70% 1 ¥ A 771
Thiophanate-methyl 70% WP

PR IE25% A JE A 771

Bromothalonil 25% WP
T 43 9% 2k 3 77
Tebuconazole 43% SC 0.028 8. 0.057 6. 0.1152.
TPRIRIEE25% 3, 7H
Propiconazole 25% EC 0.028 8. 0.057 6. 0.115 2.

1 B 1 2 5% i T 771

Azoxystrobin 25% SC 0.008 0. 0.016 0. 0.032 0.

WL A P 1 P 2 5 %0 877 771
Pyraclostrobin 25% SC

0.800 0. 1.600 0. 3.200 0. 6.400 0. 12.8000

1.200 0. 2.400 0. 4.800 0. 9.600 0. 19.200 0

0.2304. 0.460 8

0.2304. 0.460 8

0.064 0. 0.128 0

0.003 6. 0.007 2. 0.0144. 0.028 8. 0.057 6

0.800 0. 1.600 0. 3.200 0. 6.400 0. 12.8000

0.300 0. 0.600 0. 1.200 0. 2.400 0. 4.800 0

0.028 8~8.000 0

0.028 8~8.000 0

0.016 0. 0.0320. 0.0640. 0.128 0. 0.256 0

0.003 6. 0.007 2. 0.0144. 0.028 8. 0.057 6

5ELHE DA E, H R B 2K Ik I &
1x10° 4 mL .
1.2.4 {7 TR M0

P > B8 x /N 7.5 ecm x 2.5 ¢cm x 0.5 cm. H R
ML E 42 1.6 ecm. 3R 0.2 cm H K B 548 3% A 7K
NP4l 2 5K KR 4R, FEAN 5 mL L /K=
B RS IR o fd K TR A AR L 0.09 mL i
AVE WD 0.01 mL AU BE 1) 10 A5, BT 5L
Pe I RE R R A, KR SR E DR E T 23 °C
B BRI fER IR 12 h i), FE B N
Ko RN . FEALEE 100 T, 4t
THEA Rl S8, M ElmaKEBE 7 E
R 172, B A B 5 M B A o 85 R (B 1) TR
TH R B R ME R BIRER4DE
52, DL RO R KA EAE X IR

PR R = (W R M T 50/ 7550 < 100%;

T A R = [P R T KR - bl
TR ZR) /5T BT 05 2K ] x 100%:;

1.3 it o

K H SPSS 23.0 347 HH4 Gi vt 7 o K )
% R LR, DA A% AR VR R o Bk B A
B, X (400 61 26 WL AR PR AR R, HEAT 2R VE A,
A )[R UH J7 R 9F T S 20h IR BE (ECs)e i
53 7% T 700 69 75 0 80 09 7 AR T S0 o) 2 S A Xt
7 E TR, FHEAT o K06, RAFAN S S 4, 1PAh S
0 00 AR 2 T £ 2 S5 5 1

2 BR50M

6 K25 10 Ff 3% B 77 % 8 27 R H e A B 22 AR K
YA — MR, @k x5 77 18003 07 72 AT
Era oo K, O T A 25 A0 I A A Sz 4 2 1)
Z 53 (P> 0.05), KX ECso M MIME B A S it
FREN . HF, 50% 2R R AR R 25% P ek
LT 25% 185 [ 1S B T 7 T 25% Akt I Fk 1 i L T 741
X ARAT 5 JE P B 22 K I A A FH B3, ECs 301 H
0.092 1. 0.877 4. 0.118 0 F1 0.002 9 mg-L"'; 70% F %t
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T b R PTRRPERR I 75% B B PR R 7R 43% [k
T L VS I E IR 22, ECso 23118 1.7551.2.576 9
11537 1 mg-L s 80% FRARERE: AT IR 7. 50% #2E
RUAT IR TN 25% 5L ER1 I TR AHR7 770 AR 4 e 4 FH e
55, ECso 43919 10.6905.4.7534 F15.628 6mg L' (#3).

249 75% I PRIV T 0.800 0mg L
I}, F T R 408 %44 100%: /N T 0.800 0 mg L I,
Xof i B R TG R AR o 43% 3 Mk P v 5
A 25% PR 2R M 3, 9 6T - B Ok ¥ 6 B 3 AR
R o 0P 4 7 Mok BRI B0 8 0 A7 BRiEAT LG

Zo o K, T A0 I 2 10 TR A N S A 2 1) 25
B3E (P>0.05), KR ECso A5 MG BA Giit &
o Horf, 50% 2 B R AT IR S 25% 16 B B AT
A 25% L s Ji TRT 16 A= 7 75 6 R 48 R JH B i T B
R0 1 FH B 5, ECso 23 %128 0.112 4, 0.118 4 Al
0.005 9 mg-L™'; 80% 1 2% & % 1 i 4 77 Rl 50% 4
SRR IR AR T A R A FH IR 2, BCsg 239304 0.755 3
107929 mg-L "5 70% FAEEH 1 7A@ AR 77U 25%
PR A B T R 7 A4 0 1 38, ECso 48 N
3.188 6 f12.185 8 mg'L ™' (3 4).
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Table 3 Indoor toxicity tests of various fungicides against mycelial growth of Colletotrichum cereale on oat anthracnose

AT RIZE + PRz ECsy/ R7ME
Fungicide Slope + SE (mg'L") Chi-square value P
T B 75% AT A 7 Chlorothalonil 75% WP 1.2865+0.169 7 2.5769 0.058 3 0.999 6
AARAREE80% IR MK 77 Mancozeb 80% WP 1.162 0+ 0.083 5 10.690 5 0.061 6 0.999 5
EFR50% AR A7 75 Thiram 50% WP 1.6513+0.1353 4753 4 0.073 5 0.999 3
Z T 7. 50% ] {1 K 71 Carbendazim 50% WP 2.0209+0.2155 0.092 1 0.128 4 0.998 0
FH LT 14 'R 70% T ¥ P48 771 Thiophanate-methyl 70% WP 1.959 8 +0.130 8 1.755 1 0.1193 0.998 3
TR B 5 25% 1] Mg 44 577 Bromothalonil 25% WP 1.3350+0.048 1 5.628 6 0.068 6 0.999 4
TR 43% %577 7] Tebuconazole 43% SC 0.8882+0.1458 1.537 1 0.039 8 0.999 8
PIFRIE25%F. 7 Propiconazole 25% EC 1.1470+0.100 5 0.877 4 0.064 9 0.999 5
I T 6 2.5% 384 V7 7] Azoxystrobin 25% SC 0.879 2 +0.035 4 0.1180 0.0312 0.999 9
T P i il 2 5 %0 22 V7 771) Pyraclostrobin 25% SC 0.921 8 +0.087 3 0.002 9 0.885 1 0.999 9

R4 FRIXBREFFNRERBERFEBRFHLNSZINE

Table 4 Indoor toxicity tests of various fungicides against spore germination of Colletotrichum cereale on oat anthracnose

Y pall BRI + ARAER ECs/ VL
Fungicide Slope + SE (mg-Lfl) Chi-square value P
AARAREE80% P VE M 77 Mancozeb 80% WP 2.1864+0.3323 0.755 3 0.083 5 0.999 2
82 XU50% PIIR 44 77 Thiram 50% WP 1.661 0+ 0.134 4 0.792 9 0.1195 0.998 3
Z W R 50% 1] A 77 Carbendazim 50% WP 1.405 4 +0.196 2 0.112 4 0.067 3 0.999 4
FH 6% B R 70% ] ¥4 K3 771 Thiophanate-methyl 70% WP 1.1383+0.188 1 3.188 6 0.047 7 0.999 7
TR 5 25% 1] Wi 1443 77 Bromothalonil 25% WP 1.2237+0.1149 21858 0.063 3 0.999 5
WA T 52 5% 7 7] Azoxystrobin 25% SC 1.079 8 +0.181 9 0.118 4 0.048 4 0.999 7
bk e ik £ I 2 5% %% 711) Pyraclostrobin 5% SC 1.199 6 £ 0.136 0 0.005 9 0.056 6 0.999 6

3 e

T 7 O A A D A B P = R i 7 i
I (glyceraldehyde 3-phosphate) H v 14, 5 24 Bt H
ik (glutathione) 2 9 & 1111 & B2 L. AR AR 4

BRI 56 XU X 5 A SR (-SH) B A )R 1 g i
R A L 33 Bl R B B £ 6 A
fio 3 P L7 A T 24 1 X AR S A R, AR A4
Gr AR % 7 T R A R R L A
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WEFL & W, A IS AR S P AR 3 LIS 0t e
F ORI N 22 A KA BEMSER, Hd | wig
ff] ECso 81K, 4 2.576 9 mg-L ", A% T X ik 71 o
JH B (Colletotrichum gloeosporioides) F 4 1 j} JH
(Colletotrichum acutatum) ] ECs, (173.341 0. 151.441 0
mg-L )" (B R v R T ), B G A
TR A R A T R4S B T R R A
o R A A [R5 7 R, (EUR I S ROk
= 0.800 0 mg-L I, % 78T+ % B4 3% 100%.
AR 5 AR AR 2 U0 1) £ 1 17 & ) ECs0 AHIE, 73 731
4 0.755 3 f10.792 9 mg-L '« T W, EAHE BT,
R E A 2R A DR R R K AR T, A
T T T AR 9 875 76 e 2 5 JEL I B DR 37 R O B )

% 1 R A LB B R 2 DA Y K A D B 4K
W — KA N, W5 H WL T2
) B A BR A (B-tubulin protein) 45 A #1190 B A
22 53 1, S B R T AR SR, R T
B3 V62 HEL 0 R L B R R R 2 — o 2 B R A e 52
R JE 9 1 B 42 A K 18 ECo 9 0.092 1 mg'L ', T
Xt R A 9k JH B (Colletotrichum graminicola)- V. Jif H|
L f (Colletotrichum linicola) F1 & i  JH (C.
gloeosporioides) 1] ECsy (0.956 9. 0.510 9 1 0.174 0
mg-L )" T A T A DR R R I A 4 A
(i 5 2 PR & (0.100 0 mg-L ™Y, % B 3% 95 J51 i o ot
LW AR EGIME . A, ZE AN T KBE
3 A AR, AE AR 7 o R R B T 22 AL,
I W Tt VA B2 5 A 0 o) Ak BE A — 3, A e TR
RAEN BRI ORI AE L o FF 2R B R 0 A 22 IR
JEL T B B B35 B AL, B 3L ECso W,
% DA R S o H T B A A R

T P T R P P M Oy S I R AR A0 A 5
(sterol demethylation inhibitors, DMIs), i i T #f 8¢ FH
W7 903 5 T 2 AR S B A BOR ST RAE AL 2 H AT
JS2FH d5e A T2 B A IR A SR TR AR, O BE T ANAE T TR
B 5 10 2 AW B 5. DMIs
A& H A ME— & H T BiiE R RIHE (C. cereale) 5l
B2 PR B pIH N I — BRI AESRE NI, il
I 43 BT AR A 9% JE B 4 DMIs B8R, R B e
TR P W 4100 1) B 22 A K ECso 1B 43 9 24 0.082 0
10140 0 mg L 'PY, AT 5 45 B 18.7 Fl 6.2 15 .
T A 7[R I 20 4 1 A 145 H) DMIs % R 45 7% JH 1

PR, 45 R R, ECso B E R T
6.5 £, dy AT L, 5 b Hh X 3 22 g T R
XF DMIs A2 1 — € W Bt 245 1%, 7290 35 B v b B 1E
HAGH .

W% AT i R HEE A TR BT 5 o T A OR B o B — 20
1) B 41 #0171 (quinone outside inhibitors, Qols),
H KB AE H 5 B 40 i . & (cytochrome b, Cytb)
BC1 B 52 A4 Qo £ s B 45 & % VI AH ¢, n] #1128
LA ) O I % e R . T R R — s
M Re B 1 AR BRI R, DR K 22 8000 AR - I ok
R e B 2 DY, X T RE R E R T
XoF % TR e AT A A T BT R vy BE RROIRK N R L . BT L
T A TR AR b A T T I R A A TR 22 AR K AR T
KA R A B A, FRBERPAGEITIEH, 508
i T8 X i 9 aR JH B A SF Sk R JH W (Colletotrichum
truncatum) ] ECs, R T 7 Rl o % O 75
TE#E 2 I W B 6 AL SE A .

AHIF T AR AR (1) 388 22 I 1A P B8 b XK
[F) T R A L 1) 38 22 P R FH, Gh i b X A T ()
9 FH A R IR A KA, H R X 3 R
K FH W% i 3% B 7R 7 96 0 T X R] RE A2 3 U O it
N OPNE 2 & e i i YR R /i A O P
b, 2 NI E 25 SR 5 H (8] S BRASE B 2%0RT REAE AE 22
S, A Ayt — 20 ik A 5 6 I R B A Y SE B B
o i A 2 Hh X G 52 AR P RIS R b R A B 1 3
I, i B O R R, AR R
PR JEL 975 AL 8 AR B e 4 SR F AN [0 /R F AL A1
() Ak, 2 2% T 700 B 45 =, T IS S0 MR SR A, 5l gk
AL & PO Bl CRUE#ESE B AT RS A 77

4 4t

AR T 908 X 6 K2 10 Fh R B R B0 B AR
AN 1 e SR (0 5 5 IE SR e FE AR JE I TR )
FLA I 25 15 280 ABAS [ 2% B8 791 MDA 82 22 T) AR ] T
22 AN B R AR R AR 2 . AR 2R
R PO PR M R I A AL I PE R 15 X R A8 R JHL A B
22 A A R A A R B B 2 R W R R AT
WEL A T 7 T X R 2 2 JEL AT 8 1 A A 410 ) 4 P A
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