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Table 1. Experimental design® to clarify the effects of application of EBI
fungicides following conidial inoculation with Venturia inae-
qualis upon the defoliation of apple leaves.

v Exp. Time of fungicide application in days after inoculation

e plot 6 9 12 16 19 22
1994 1 v —x — F — —
2 F — — MY — —

3 F — — zTe — —

4 - F - - F -

5 — F — — ZT —

6 — — F — — F

’7 — — J— J— _— —

1995 1 F - — F — —
2 F - — M — —

3 F — — ZT — —

4 — F — — F —

5 - F — — M —

6 — F — — ZT —

7 — — F — — F

8 J— J— —_ — J— —

u : Potted apple trees cv. Fuji were incubated at 18°C for 48hr immediately after
inoculation with a conidial suspension. They were then treated with various
fungicides on different days after inoculation. Inoculations were made on July 5
and June 14 in 1994 and 1995, respectively.

v . Concentration of conidial suspension : 2.1x10%/ml of water in 1994 and 5.6%10%/

ml in 1995, respectively.

: No application.

N < X

ml.

I #

1. EBIFIRA & ) > JRERBORIRHERY
DEFHK
EBIA|OBRIREH L V) > T B ERFFE
Rk U S EFIEK
SETFEBZEOHREZEZ T =7 ) EK
FIF B U7 R L7235 D ORI
SELT, TnSDOHBHEERRE(LL LT
Table 2 R L 72,
BEERORKRIBEREREE» AN, H
M2 BB CITHERE . T) 0lE»ic
FB L IR AAREE 2 KR % £ AR
B (DU T SEEERREH © V). BAEERCE:%E
BRI (LA THERE © B), BE~HFEGDE

sy

I Mancozeb(75.0% WP) at 1,250ug a.i./ml.
: A mixed compound of ziram(50.0% WP) and thiram(30.0% WP) at1,333ug a.i./

: Fenarimol(12.0% WP) at a rate of 40ug a.i./ml.

ES

SeEE (ATESERBE 1 D) 250D, Zhoo
JREREIBERIC 7 ooy X (ch) 2HS5ELH
272,

ERE 3 ARCBUR LR Tk, SRsdin
272, FRLUIRHIZEEEEETLEE L0
D% T L T HBEFFEH T 1k £ - 7z (Photo-
graphs 3A~C),

B 6 HRICER L7 R Tk, #10&B6aR
&R D FOBRBEREA L HETTL 2 (Photo-
graphs 4A~C),

BEFE O HERICEUE L - R Tt e EREs
5 HEEAEE., BRI LH1T L7 (Photo-
graphs 5A~C),
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Table 2. Chronological changes in the incidence(%)" of unusual scab lesions with different
symptoms that were produced by fenarimol application on inoculated apple leaves®.

Days of fenarimol Type Days after inoculation
application after of

inoculation® symptom 13 16 18 22 25 28 32 38 43
3 -z 67 67 60 53 53 53 53 53 53
ch 27 27 27 20 20 20 20 20 20
V 33 33 40 47 47 47 47 47 47
B 0 0 0 13 13 20 20 20 20

D 0 0 0 0 0 0 0 0

T 0 0 0 0 0 0 0
6 — 13 0 0 0 0 0 0 0 0
ch 73 80 80 30 80 80 80 80 80
v 87 100 100 100 100 100 100 100 100
B 0 0 7 67 73 73 73 73 73
D 0 0 0 0 0 0 0 0 0
T 0 0 0 0 0 0 0 0 0
9 - 13 7 7 0 0 0 0 0 0
ch 87 53 80 87 80 80 80 80 80
A% 0 33 73 93 93 93 93 93 93
B 0 0 0 40 40 40 40 40 40
D 0 27 47 47 47 47 47 47
T 0 87 7 0 0 0 0 0 0
12 — 20 13 13 7 0 0 0 0 0
ch 60 7 13 67 60 40 20 20 20
A% 0 13 0 73 73 67 67 67 67
B 0 0 0 40 40 53 53 53 53
D 0 0 20 47 60 60 60 60 60
T 20 80 80 13 13 7 7 7 7
15 — 7 0 0 0 0 0 0 0
ch 7 0 0 0 0 0 0 0
v ] 13 27 27 53 60 60 60
B 0 0 13 13 20 20 20 20
D 0 13 40 40 40 40 40 40
T 87 100 100 100 80 67 67 67
No application — 0 0 0 0 0 0 0 0
ch 7 0 0 0 0 0 0 0
v 0 0 33 27 27 27 27 27
B 0 0 0 7 7 7 7 7
D 0 0 27 47 53 53 53 53
T 100 100 100 100 100 100 100 100

w : When two or more types of lesion occur in the same leaf, total incidence exceeds 100%.

X : Potted apple trees cv. Fuji were incubated at 18°C for 48hr immediately after inoculation with a conidial suspension.
They were then treated with fenarimol on different days after inoculation.

¥ :Inoculation was made on June 21. The concentration of the conidial suspension was 2.3X10%/ml of water.

z . —, leaves apparently healthy with no symptom; ch, all types of lesions accompanied with chlorosis; V, violet brown;
B, brown; D, necrotic dark; and T, typical apple scab lesion.
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Table 3. Amount and viability of conidia of Venturia inaequalis on unusual lesions that
were produced after the application of fenarimol on inoculated apple leaves.
Type Amount of Germinability Germ tube length?
of conidia (% conidia)¥ _—
symptom® (X10*/ml water)* (No. examined) 1< 1>
Violet brown 0.3 36.7 (150) 30.0 6.7
Brown 0.7 23.4 ( 90) 15.6 7.8
Apparently typical 11.7 — — —
Typical (control) 68.3 66.7 ( 90) 58.7 8.0

w

: Lesions with ‘violet brown’ and ‘brown’ were produced by fenarimol application before any sign of

scab lesion appeared, while ‘apparently typical’ lesions were those treated with fenarimol a few days
after scab lesions appeared and ‘typical’ lesions were normal scab lesions without fenarimol treat.

ment.

: Fifty leaf-disks, which were 5mm in diameter cut off from the lesion, were kept in a test tube with 5

ml sterilized distilled water, shaking the test tube for 10 seconds. Conidia in the resultant suspensions

were counted using a haenacytometer.

lux) .

: Conidia were germinated for 24 hr on water agar at 20°C under continuous fluorescent light (1,000

z : The germinated conidia were categorized into two classes according to the relative length of the germ
tube, i.e., equal to or longer than the conidium length (1<) or shorter than the conidium length (1>) .

Table 4.

Effect of postinfection application of EBI fungicide" mixtures

on the symptoms of apple scab lesions.

Incidence®
of leaves

Chronological changes of lesion

Exp. EBI fungicide with lesion (%)
plot mixture®
Typical (yc’ﬁ‘rf;‘f,}) 13/7 18/7 21/7 30/7

1 Ziram-thiram-+fenarimol 0.9 4.6 vz B V.B V. B V. B
2 Ziram-thiram-bitertanol 0 6.8 V. B V. B V., B B.V
3 Ziram-thiram-triflumizol 1.1 5.6 VvV, T V. T, B V,B, T V.B. T
4  Ziram-thirame«pyrifenox 0 8.8 V,B V, B V, B V, B
5 Mancozeb-microbutanil 0 4.4 V,B V.B V.B V. B
6 Mancozeb 8.4 0 T T T T
7  Untreated(Control) 30.5 0 T T T T

. Ergosterol biosynthesis-inhibiting fungicide

. Investigated on July 12.
z  For explanation of symptom types, see Table 2.

. Fungicide application on June 14 and 29; inoculation with conidia on June 17 and 24.

Letters V, B and T are arranged in decreasing order of frequency.

BEREI2EZRIIFREICHY Lchs, o
BB L7 KTk, WIEERIEE BRI L X
S DI In o 72, 2 DIREEIT RIS EIB RN,
B EREE . BESEREE A & 1T L /- (Photographs
6A~C), F7z, EFRAE £ CEEBRMOER *
RLIzDDbbITMIH o7z,

HEISHE (R 3 HiR) i L - KT,
WIHAER X L2 R B L e X L ERR I
WIFBOFIHER L XBIT 5 2 L IR TH -
72, BICEIGEIFH, BERM., FIRHA~D

ETbHons, BEFEHTIEE 2 bONE
M7z (Photographs 7A~C),

FEEFEOIERIE, BE» S 7 =F U E LK
TR OB £ TORFRED 3~ 6 HORXTIZES
BIRENE <, 9~15HDR TIZEEERE &
BEIRBED 1F 0> [T HFEREE b I L 72, 1993F
WERBTEL AoNTHAEERICUEE
FHEIX. WITNORX T Ao NnTens, RIEHEE
DROEP-TDIZEE6 ~9 HRICEm L7
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Table 5. Chronological changes in incidence (%) of leaves with unusual scab lesions in relation to
apple cultivars®. The scab lesions were produced by fenarimol application on inoculated”

apple leaves, as explained in Table 2.

Type* Days after inoculation
Cultivar of

symptom 19 22 26 30 33 36 40

Mutsu — 20 10 10 10 10 0 0
ch 40 90 90 90 90 90 80

\Y% 40 80 80 90 90 90 90

B 40 30 50 50 50 50 60

T 0 0 0 0 0 20 30

Hokuto — 20 12 8 8 8 8 8
ch 56 64 64 48 48 44 36

v 64 68 84 88 88 88 88

B 8 8 8 8 8 8 8

T 4 32 36 40 40 40 40

Fuji — 53 40 33 13 7 7 7
ch 20 20 20 20 13 13 0

\Y 47 60 67 87 93 93 93

B 0 7 20 33 33 33 40

T 0 0 0 7 7 7 7

Jonathan — 33 20 20 20 20 20 20
ch 0 13 13 20 20 13 20

\Y 60 80 80 80 80 80 80

B 7 7 7 7 7 7 7

T 0 0 0 0 0 0 0

Red Delicious — 53 33 27 27 27 27 27
ch 0 27 27 33 27 27 27

\% 47 60 67 67 67 67 67

B 0 0 0 0 7 7 7

T 0 0 0 0 0 0 0

Fuji (Control) — 40 20 20 20 20 20 20
ch 0 0 0 0 0 0 0

\Y 0 0 0 0 0 0 0

B 0 0 0 0 0 0 0

T 60 80 80 80 80 80 80

X I Potted apple trees were incubated at 18°C for 48hr immediately after inoculation with a conidial suspen-
sion. They were then treated with fenarimol 6 days after inoculation.
¥ : Inoculation was made on June 15. The concentration of the conidial suspension was 2.0X10%/ml of

water.
z > For explanation, see Table 2.
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DFEIR % Table 4 IR LT, EEHAERICBITS
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Table 6. Effect of time of fenarimol application on the defoliation of leaves
on Fuji trees® that were inoculated” with conidia.
5 Fungicide Infected Defoliation rate (% leaves)
Xp. R
application leaves® Days after inoculation
plot (Days after
inoculation) (%) 22 25 28 32 38 43
1 9 and 12 93 7 27 27 27 27 27
2 12 and 22 100 0 0 0 0 0
3 15 and 25 100 0 0 0 0

x [ Potted apple trees cv. Fuji were incubated at 18°C for 48hr immediately after inoculation
with a conidial suspension. They were then treated with fenarimol on different days after

inoculation.
¥ Inoculation was made on June 21.
10°/ml of water.

The concentration of the conidial suspension was 2.3 X

z © Leaves were observed for infection on July 19.

Table 7

Cumulative rates(%) of defoliated leaves in relation to different

fungicidal applications in 1995.

Leaves with lesions(%)*

Days after inoculation

Exp.

plot” Typical g{gﬁigﬁg 16 20 23 27 30 34 37
1 0 100 o o o o T 7T 7
2 0 93 o 0 0 0 0 0 0
3 0 9 o 0 0 0 o0 0 0
4 0 93 o 0 7 7 7 13 13
5 0 100 0 7 7 13 13 13 13
6 0 87 o 0 0o 0 0 0 0
7 0 100 o 0 0 2 27 27 o
8 80 0 o 0o 0 0 0 0 o0

¥ : For explanation of experimental method, see Table 1.
z > All the lesions found on leaves on July 24 were classfied into two categories, i.e., typical and

unusual (“cured™).
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Chronological Changes of Apple Scab Lesions
Caused by Postinfection Applications of Ergosterol
Biosynthesis-Inhibiting Fungicides

Jun-ichi Arava and Koji Fujyta

Aomori Apple Experiment Station
Kuroishi, Aomori, 036-03, Japan

Summary

Chronological changes in the symptoms of apple scab ( Venturia inaequalis) lesions developed
after postinfection application of ergosterol biosynthesis-inhibiting (EBI) fungicide were inves-
tigated in relation to 1) the time of EBI application, 2) the kinds of EBI fungicides and 3) the
apple cultivars.

Application of fenarimol following conidial inoculation resulted in unusual lesions (“cured”)
with different symptoms depending on the time of the application. When fenarimol was applied
between the 3rd and 6th day after inoculation, violet brown lesions first appeared, which then
turned brown (Photographs 3A~C, 4A~C). When fenarimol was applied between the 9th and
12th day after inoculation, the proportion of brown lesions increased, with frequent necrotic dark
lesions (Photographs 5A~C, 6A~C). As the time elapsed, violet brown lesions turned brown
and eventually necrotic. This was especially true in those lesions that developed when fenarimol
was applied when the scab lesion had just appeared. Such unusual lesions were observed on all
apple cultivars tested, i.e., Fuji, Mutsu, Hokuto, Jonathan and Red Delicious.

Similarly, violet brown, brown or necrotic dark lesions were also produced by postinfection
application of other fungicides containing bitertanol, triflumizol, pyrifenox or microbutanil.

Conidia formed on violet brown or brown lesions were markedly fewer than those on lesions
with no EBI fungicide application {(control lesions). 24% to 37% of conidia from violet brown
or brown lesions were viable, whereas 67% of conidia were viable when they were taken from
control lesions.

Two applications of EBI fungicides —the first one during the 6th to 9th day or the 9th to 12th
day after inoculation and the second 10 days later respectively— caused defoliation of infected
leaves to some extent (7-27%). It was apparent that heavily infected leaves were prone to

defoliation.
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Explanation of photographs

Photographs 1, 2 : unusual apple scab lesions produced after application of EBI fungicides,
naturally seen in the field in 1993.
1, leaves just before defoliation.

2, a fallen leaf.

Photographs 3A to 7C : unusual scab lesions artificially produced on apple leaves (cv. Fuji) by
application of EBI fungicide (fenarimol) at five different times after inocula-
tion with Venturia inaequalis.

The first figure in parentheses is the time of fenarimol application in
days after conidial inoculation of V. inaequalis, and the second, the days

after inoculation when the symptom was observed.
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Photographs
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