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Screening of Fungicides for the Control of Diseases Caused by Alternaria spp. on Apple
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Abstract: Alternaria spp. can induce a variety of diseases on apples. In order to screen the effective fungicides to control
the diseases caused by Alternaria spp., the toxicity against Alternaria spp., the eradication effect of Alternaria spp.
colonized on the apple fruit surface and the damage to the flower of 12 fungicides were tested by indoor toxicity assay,
spraying fungicide on the surface of fruits and flowers. The indoor toxicity test results showed that difenoconazole 10%
WG, pydiflumetofen 20% SC, iprodione 50% SC and pyrimethanil 40% SC were highly virulent against Alternaria spp.,
with the mean ECs, values of 0.450 0,0.650 5.1.626 and 3.064 mg/L over the four Alternaria species, respectively. The
eradication test results showed that pydiflumetofen 20% SC and pyrimethanil 40% SC had better eradication effects against
Alternaria spp. of fruit surface, with eradication rates of 87.95% and 83.13%. Pydiflumetofen 20% SC and captan 80% WG
had better eradication effects on over all the colonized fungi on fruit surface, with eradication rates of 42.37% and 39.83%.
Pyraclostrobin 25% EC, pydiflumetofen 20% SC, mancozeb 80% WP can effectively inhibit the necrosis of style after
pollination, the eradication rates are 38.66%, 34.45% and 31.93%, respectively. Pyrimethanil 40% SC, pyraclostrobin 25%
EC, dithianon 22.7% SC and captan 80% WG had great damage to the flowers. Among the 12 fungicides tested,
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pydiflumetofen 20% SC can be used as the first choice to control diseases caused by Alternaria spp. and other weak

pathogenic fungi after flowering and before fruit harvest. Nest was mancozeb 80% WP. Pyrimethanil 40% SC and captan

80% WG can be only used to control fruit diseases caused by Alfernaria spp. and other weak pathogenic fungi before fruit

harvesting.
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A. alternata y=0.855 1x+0.457 7 0.1340n 0.291 6 0.123 7~0.687 5
A. burnsii y=1.613 0x+1.200 6 3.7878n 0.180 2 0.096 6~0.335 9
10% AT LRI WG A. solani y=1.194 1x+0.184 1 0.150 6 n 0.701 2 0.470 7~1.044 8
A. tenuissima y=1.238 2x+0.251 1 0.2319n 0.626 9 0.418 5~0.939 2
FEME 0.450 0
A. alternata y=1.701 8x+0.929 2 19.695 2 ** 0.284 4 0.212 6~0.380 6
A. burnsii y=2.159 5x+0.174 3 6.4299n 0.830 4 0.607 9~1.1343
20% i MR R S C A. solani y=4.120 0x+1.086 9 8.640 2 * 0.544 7 0.466 2~0.636 6
A. tenuissima y=2.917 4x+0.075 1 10.109 1 * 0.942 4 0.7321~1.2133
FEME 0.650 5
A. alternata y=0.777 8x-0.201 0 0.077 8 n 1.813 0.8302~3.959 5
A. burnsii y=0.856 2x-0.244 0 1.629 0 n 1.928 0.960 2~3.869 6
25% 1L ek B HREC A. solani y=0.920 5x-1.237 9 1.9915n 22.120 13.336 7~36.689 5
A. tenuissima y=0.848 5x-0.036 5 0.564 0 n 1.104 0.471 7~2.584 6
FEME 6.741
A. alternata y=1.318 9x-1.6372 6.950 5n 17.43 11.921 9~25.485 3
A. burnsii y=1.472 8x-1.686 1 10.958 0 ** 13.96 9.903 8~19.672 9
80% AR Eh EFWP A. solani y=2.106 8x-3.600 7 12.352 1 ** 51.18 37.998 9~68.930 8
A. tenuissima y=1.053 6x-1.605 4 4.009 9 n 33.40 20.196 6~55.240 7
SFHME 28.48
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A. alternata y=1.437 8x-2.095 0 2.3539n 28.64 20.937 5~39.186 1
A. burnsii y=1.304 8x-1.691 2 4409 8n 19.78 13.568 3~28.824 6
22.7% 5 & SC A. solani y=1.087 6x-1.631 3 0463 5n 31.61 21.311 0~46.896 8
A. tenuissima y=1.280 0x-1.958 4 4.296 8n 33.89 24.192 2~47.466 1
A 28.48
A. alternata y=1.687 7x-0.132 1 2.7532n 1.197 0.896 2~1.600 0
A. burnsii y=2.540 4x-0.356 0 2.5196n 1.381 1.136 6~1.67717
50%357 Ik SC A. solani y=2.426 2x-0.889 2 6.8233n 2.325 1.9220~2.813 6
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PEE 1.626
A. alternata y=1.274 9x-0.207 3 0.9509 n 1.454 0.896 2~2.359 6
A. burnsii y=1.461 5x-0.842 0 7.067 I n 3.768 2.792 1~5.084 8
40% M5 7l SC A. solani y=1.020 0x-0.039 7 1.4259n 1.094 0.5503~2.174 1
A. tenuissima y=1.286 8x-0.995 7 11.873 6 ** 5.940 4.2650~8.273 9
FEE 3.064
A. alternata y=2.330 2x-4.288 9 15.944 8 ** 69.28 53.628 2~89.491 2
A. burnsii y=1.694 0x-3.101 2 54184n 67.71 48.329 8~94.851 5
10%Z H175 % WP A. solani y=1.040 9x-1.164 7 1.9782n 13.15 8.634 2~20.026 1
A. tenuissima y=1.516 6x-2.018 2 5.6142n 21.42 15.936 3~28.781 8
I 37.54
A. alternata y=1.892 6x-3.618 5 11.3294 * 81.65 63.006 1~105.823 1
A. burnsii y=1.962 7x-2.582 0 5.8300n 20.68 15.642 1~27.3432
80% b ¥ /T WG A. solani y=0.913 5x-1.213 4 4.1327n 21.30 13.169 5~34.434 0
A. tenuissima y=1.794 0x-3.444 1 6.983 8n 83.13 63.202 5~109.333 1
FEE 51.69
A. alternata y=1.440 7x-2.820 4 6.104 I n 90.72 64.116 0~128.359 3
A. burnsii y=0.996 6x-1.493 8 3204 1n 31.55 20.571 4~48.381 0
2% AT R AS A. solani y=1.716 8x-3.188 4 6.927 8n 71.97 54.897 6~94.363 1
A. tenuissima y=1.019 9x-2.236 5 0.368 9n 155.90 83.723 8~290.388 0
TEE 87.54

T n IR A

A ARG IR

AL S B 85 28 e, * RN A AL SR 7E0.05 7K - EA7 AR 35 2 e, e A A 1 S B4 #1001
KV EAFAE S ST

22 FARAAMNRELRDEZABBIOA G

# R

11 Fof 235 T )68 SR S5 2 THT 2 B A% 11 11 A S 712

T A AR 5™ bR AR . 78 7 /K AR 2R CRF D 11934tk
RN LS 108N A 2 e rh, e B3R AT 1184
L B 7, L BE RS R 83 AN, FE AN R IR L (644
ZLHO 1 7 A 6.56 0 BB B v A R AR R
4.614, 1770.3%. LETTRP R B, 20% 96008 1 12
12 SC RN 40% % 7 i SC Ak BE R 51 32 11 43 15 1) A% 1
TR [ T8 9% 5040 )k 3 101056 4N F10. 784, 53 /K Ak
HESL S AR R TR 4. 61 N A B S, R
Tofr 2 50 0 SR I 2 T B AK 0 B L AT BT BR AR, ST B
Y 87.95%H183.13% , HoAth 9 Rl 7% 1 771 Acb B

SIS T 7 A B At A P ) B VR B 0 RO R L
Tt 22 WO 245 7050 S S 3% 17 0 5 B P R A £ TR I
A W2 I ERSCR AT LR R B A, 20%
P TR TR F i SC AT 80%% 7 1T '+ WG Atk 3 5 512 3 1T 7
BORAT IR IT B B VR S ) Ok B I3, 784N F13.94
A, 55 7K Ak B35 S ST 7 AR R R T B A B
72 5t 2 B R 2y 0] SR S 3 T B LB AT B B
RO, BRI 42.37%A139.83%., HoAhOFH 24
T Ak B S SR ™= A2 R L R B Ve B K T 4,834,
B 7K A B L S RS AR I VR A B A
BB A IKT26.5% , 2 B9 24 70k S 52 3 1 v B
BB B BRER GRD

_56_



2023 4£ 12 H

EAE, S R R RRAR 1R T B0 B R 25 0 %

£33 NN HREFANRIRAEEERRE

I £ HE R
A F B A B
21 B HYERY PR RN PR
A W% N BR%

10% <1k H ER WG 4.06 a 12.05 6.39a 2.54

20% I M B T 72 e SC 0.56 ¢ 87.95 378b 4237

25%IH MLk R R EC 3.72a 1928  583ab  11.02
80% AR ER EEWP 2.83abc 3855  4.89ab 2542
22.7% A KESC 294abc  36.14  4.83ab 2627
50%:¢ A IKSC 3.17 ab 3133 583ab  11.02
40%I% 7712 SC 0.78 be 83.13  5.67ab  13.56
10%Z L8 2 WP 3.94a 1446  5.83ab  11.02
80% 3¢ 14 JTWG 3.00abc 3494  394b  39.83
70% FH LA BT R WP 4.11a 10.84  556ab 1525
33.5% MM EC 3.50a 2410  583ab  11.02
7K 46la 0.00 6.56a 0.00

T ARG P RER R F S R AL I E0.05 7K - b 2% 5t ek

23 FRN LS R

256 T I 1) 8 2% 1 K A6 A A AN R R B )
P8 IR 5 A6 TR A S P A A i T BV RS I
IKARBEAE S I AEAE AR BE , e AT 3350 LA B 4 5
(P FE 4 23, e IR JEFR 0N 0.99 7 8 Fif
AR, BR70% FH G 17 2 WPAE, Ho At 7 3% B 771
XPACAE IR BEAAT — 2 (IR, 538 7K AT
FESR R 22 L Horp, 25% M BT SE E.C L 20% 9, M 1R
T 35 e SCF180% A R AR B B WP 3Fft 24 751 %ef 16 41 (1 3K
DUAT BT 1P 400 11 28R S 40 o) 3k 31 38.66% . 34.45%
F131.93% o VU T 58 A6 A6 AT RS 7R LA AR 427 d
Ja » BTG IIRGE (EID o 35 KA FE A 2 AR 7 d
Jii o AR (1 AR C RN IR B T AR — M AN B I A e 2 4
WA 10%, TR A 0.385 40% 1% %7 ik SC A
25% MLk P42 Tk A7 1l SC Ak 3 18 4% [ 2% €60 R SR 5 THI AR A
70% L L, ZEWCHR# h 0.86 810,79, 55 %) MR A7 4 1 %
FES L 22.7% - FUB R SCHIZ0% bi 17 T WGAL BE ¢ I
HIRFREUCH0.62510.53, SXT AR E X, R
B4R R A R A FHEH GRD . 10% 2§15
ZWP . 80% ARG AEWP . 70% H LA 15 2 WPAI20%
e AT I 112 SC 4 24 771 Kb BHEA I 28 MO 0 B o0
HEOC 2 35 22 5, AR W AZ 4R 24 3510 6) 3 TR A6 45 1) 43 55
ERAK,

T T B P A SLIE ST

WEE A i i

Bl FAEANLE7TIEEAFEEERNTN
x4 SHMRABENNMEEFREMEALRES WG EER

il miﬁ miiUE ﬁﬂ&iﬁ
[Eize-1 IR % W H
25% ML Mk PR INEEC 0.6le 38.66 0.79 a
20% 38 Me 14 I i SC 0.65¢ 34.45 0.34¢c
80% AR EL EEWP 0.68 de 31.93 0.35¢
40%ME FF1ESC 0.73d 26.05 0.86a
80% v FIFTWG 0.82 ¢ 17.65 0.53b
22.7% " EESC 0.83 ¢ 15.97 0.62b
10%% 158 5 WP 091b 8.40 0.38¢
70% FH AL B R WP 0.97 ab 2.52 0.35¢
K 0.99 a 0.38¢

3 iTig

TE Jr 03 () 1270 255 B8 7 5 20% 95 e B I 4 fr
SCX % 70 T4 1) 5 ) i, S5 o B 1 SR S 3R 1D 1R B A
o TR R At B TR BR AR U, AT A I (R A
A BT AR, X B T AE /N, T LR A
A e R HRL S5 SR T I 42 i A A R L A 55 S0 R
JITEUD FH I IR Z5 7, 40% M5 55 e SCox 78 i T+ HL sk
R A R A AT R ) T R AR RN B T ARSI
10 A FL B A BR AR 22, BN AR AR I FAE
FHHCKR, W1 2% J8AE R SR WOHT % 171197 428 oh B A 7 1R
FIT5 IR b RS20 . 80% e 8 PFW G i i T
S S THT (1% A% 0 A1 T I e T A7 L 1) 7 Bk R
R AR A A — 0, 7% ST R PRI
BT 428 A o 55 S0 A1, 0 LA AR A 1 1R 5 R 1)
A L 80% AR AL BEWPA22.7% U HBSCH
Tl 243 7068 5 B T SR 52 2 100 1) i A 1 o R At 2
A BV BRSO, RARAER NG G IR SE A — 8
P40 ) 255 SR, AT P A SR SR S SR VA I 2 A A1

_57_



AR K Y

BREHM

AR At 55 S0 B U5 R 993 100 57 10% 2K ik B g
WGTE % 3 790 52 G560 2 I H X A 0 1 1 22
KA BRI ), 5 CARIE R EE FARE, {1
T BEAS FBL BRUR S A2 LB 47 Bk 36 v, T R
o AT R 96 RO S AN B A Ay [ 42 A% 11 1 i 2
93 AR A o 25% 0L e B BREC B e FE P20 IS
(ISR FEAT 4 Bt A P T8 SR, AEUK A 8 1) 49 4 A
LK, o SR i 3 ThI e B 59 B0 A I BRI 22, A
T B 7 A 3R R SRR b 5 P 5 S0 e S K
(R0 55 o 76 SR S B P, 10% 2 i ZWP—H
FHAE 74 B s 100 1 50003 3 R0 AT 24 77 AHAR SR 6
gE JL R, 10% 2 YU A 25 WP X BE A% 78 B 11 25
2, R SR 51 R TR L A R = 0 1 11
BRI 2, W ARRE BB 5 (PR ZE 40 1 R AR 22,
AT 2042 il TR SR i SR A0 i P B A% 7 T 0 55 3
73 R I (19 45 s o, X 5 LA RO AN [] 201,

Bt AT R At 55 008 1R o B T AR A R AR
SR FEAL SN 0, R I A AR R R FLIE LA
TR ZEAL LR AL (107 T K A7 o &5 DL I R B 71
MELIB N EIIEA RN, DU FroE b T oA 28
{10 B A 8 TR R A 5 38003 1 o DL, v e B R sl 3R
THT FAD A BT 710 %o % ol 50 A1 14D 7 ok 280 R i i 1R 42% /e
Ay M LT 08 1 55 S0 B 1R 3500 o R 50 H0E 2R
20% 5% e T 19 34 e SC 1 40% 145 55 Jriz SC A B 4% 180 14
HIE BRI AT IR 80% LA L, (HSZFR ] REIAANTIX —
RO, TR 6 95 TR 119 0 B 0 R P, A R TR A R
)% BT R R S o A K A ) A AR
W D, M BERS T p AEfE ge D s e B, AR
T A CACKs FCAY) IR A7 B 5 25 700 97 458 1 08 AN 21 21 AR
(R Sh T A R0 4 e 1R SR ACHT R B A A
T S FCAth, 555 3550073 TR 5000 9 S, A 9 TR BT B
SETAMIIAT 2, 9802993 R A A 8 R0 SR T L 1 e il
Tt AT 2508 Tl VAT 114 2 L 5 S0

4 e

T R IAA ) 1 270 24 71 5 20% 56 M A 9 F2 1l SC
AR A Ak i R SR SR AT T 197 4 A R N At 59
S0 TR P 008 T ) T A 200 s LR T % 1R 80% AR AR
BRAEEWPEE 24771 s 40% 1% 25 i SC H180% v 1 FF WG H
B FH - L SR AC T 977 5 B A% 0 a1 R0 At 55 3509 1R
JIT SR S0 o s ANHERE 10% 22 L 2 WPAE g B 5
L BRT T 0% i T ) R AT

5 % ik
[1] 3R dE R S 1635M]. JLst: BIE R AL, 2017.

[2] HET I, B80SO, 55 RIS st A% 00 s B0 O 0 L
WFFCERET]. 2B fla, 2013,25(9): 908-914.

[3] FONTAINE K, FOURRIER-JEANDEL C, ARMITAGE A D, et al.
Identification and pathogenicity of Alternaria species associated
with leaf blotch disease and premature defoliation in French apple
orchards[J]. Peer J, 2021(9): 12496.

[4] JOHNSON R D, JOHNSON L, KOHMOTO K, et al. A polymerase
chain reaction-based method to specifically detect Alternaria
alternata apple pathotype (A. mali) the causal agent of Alternaria
blotch of apple[J]. Phytopathology, 2000, 90(9): 973-976.

[5] P, sKAL, 41K, 5. Wb SE RS 8 R A ML K 2
FUBTAERIEFL[I]. A0 B4R, 2021, 51(6): 943-950.

[6] Brfi . UM A B 700 37 R RE s 0 RS S0 1817 A [D].
PRAE AR, 2012,

FEHTHR[I]. M5 B 243, 2021, 51(4): 496-506.
[8] XS5, W HETs, 2R ad, &5, JURhPE YL R W 3 L L5 A B v it
[7]. BLAREE 2, 2013(2):65.

JRT). DR R, 2014(12):20-21.

[10] HBZEPR, Hille, /o lt, 25, S JAE 20 0185 0o H ) 24 3G R 560 )
LI, A E R B, 2018(6):57-59.

[11] BE50. FE % T M. i BEER AR IR, 1979.

[12] kR o EC AR M. Jbat: BESEH R AL, 1987.

[13] ZER e, TEEDE, X S BH, A%, 35 7ad A SR SR I 7 i B 8 s o
P EESIISE ). oh I R 5 A, 2021, 50(6):116-120.

[14] 3 FEN, FIBEBE, B0, 4. 11l AR YU % v 7000 3 51 32 5
S TR 10 5 9 7 I [0, P R 5 R, 2022(3): 159-162.

[15] BefR &, g, SIS, 5. JUAI AR RTINS 6 LB s v 18 BRI )
NSRBI, T R RE LR 5 T, 2012, 32(8):53-57.

[16] P2, P52 B A8 S AR OC 8 43 JEWF UMt JE (3], vt
51, 2020, 18(4): 294-303.

[17] oK, TRETL, SCAFMG, 2. ANTR) S B 70032 AL s (1 By ¥
ORI AR, 2014, 40(6): 176-180.

[18] S, T4, A= (e, 3% S AL 2B VA 2 70 7k S it 2438
HIRFFEL]. TR, 2022(3):54-58.

[19] “FiFaR, FHSRML, U0 1, 4. 3 50 S T2 g DA 70 7% VT 7 1) Bk
PELG A B R KT P BRI (1 R PR 2 2 37 [ ). 4 24, 2008, 47
(4): 246-296.

[20] AL, Bl e 52 BEBENS 13 J5 23 M 55 25 700 B0 v R E 5 0], W
deAelRHE, 2017, 56(10): 1863-1865.

[21] LIU J, ZHANG L Y, WANG H Y, et al. The effect of temperature
and moisture on colonization of apple fruit and branches by
Botryosphaeria dothidea[J]. Phytopathology, 2022, 112(8): 1698-
1709.

(F A% .2 2)

_58_



