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Table 16. Fungicides tested for activity against Valsa ceratosperma (1)

Common name Chemical name and contents of active compound

Anilazine 2,4-dichloro—6-(o—chloroanilino)—1,3,5-triazine................ ... 50%
Benomyl Methyl 1—-(buthylcarbamoyl)—2~benzimidazolecarbamate ......... 50%
Binapacryl 2—sec—butyl—4,6—dinitrophenyl 3—methylcrotonate ..................... 50%
Binapacryl- maneb BInapacryl ... 13%
Maneb ... 60 %
Calcium polysulfide Calcium polysulfide .........cccoooooiiiiiiiiiiiiiie 21.5%
Captafol N—(1,1,2,2—tetrachloroethylthio)—4—cyclohexene—1,2—dicarboximide
.................................................................................... 80%

Captan N—(trichloromethylthio)—4-cyclohexene—1,2—dicarboximide
................................................................................... 80%
Chlorothalonil Tetrachloroisophthalonitrile ..o 75%
Copper hydroxide Copper hydroxide ....ooooouuvvieeo e 80% (Cu 52%)
Copper oxychloride Copper oxide chloride.............cccccomiiii 81% (Cu 48%)
Copper oxychloride-dithianon | Copper oxychloride ..........ocooioooo o 42%
2,3—dicyano—1,4-dithia-1,4-dihydroanthraquinone ................... 13%
Copper pentachlorophenoxide | Copper pentachlorophenoxide ... 50%
Copper sulfate, basic Tetracopper hexahydroxide sulfate ............................... 58% (Cu 32%)
Cycloheximide 37[27(3,5*dimethyl~2*oxocyclohexy1)—2~hydroxyethyl]fglutarimi—
S R 0.5%
Dichlone - sulfur 2,3=dichloro—1,4—naphthoquinone == 3.5%
SULTUT Lo e T0-75%
Dichlone- thiram Dichlone ..o 30%
ThITAM o 20%
Dodine N-dodecylguanidine acetate ... 65%
Echlomezol 5—ethoxy—3-trichloromethyl—1,2,4—thiadiazole........................... 40%
Edifenphos O—ethyl diphenyl phosphorodithiolate..............oocoiveomii 30%
ETM - thiram Ethylen bis(dithiocarbamate)..........cocooovoire 40%
Thiram i 30%
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Fungicides tested for activity against Valsa ceratosperma (2)

Common name

Chemical name and contents of active compound

Fentin hydroxide Triphenyltin hydroxide ... 15%
Fluoroimide N—(p—fluorophenyl)—dichloromaleimide.........................o. 75%
Fthalide 4,5,6,7—tetrachlorophthalide......................... 50%
Guazatine Di—=(8—guanidino—octyl)ammoniumtriacetate............................. 40%
IBP S—benzyl diisopropyl phosphorothiolate ................. 48%
Iprodione 3-(3,5—dichlorophenyl)—N-isopropyl—2,4—dioxoimidazolidine—1—
CarboXaMIAe ... i 50%
Kasugamycine- copper Kasugamycine—hydrochloride ... 5%
oxychloride Copper oxychloride.........oooooiiiiiiii 75.5%
Maneb Manganese ethylenebis(dithiocarbamate).................................... 75%
Maneb - fentin hydroxide Maneh 30%
Fentin hydroxide .......ooooiiii 6%
Mancozeb - dinocap Complex of zinc and manneb ... 66 %

[someric reaction mixture of 2,6—dinitro—4-octylphenyl crotonate

................................................................................... 4%
MBC Methyl 2—benzimidazol carbamate ..................co 50%
Milneb 3,3" —ethylenebis(tetrahydro—4,6—dimethyl-2H-1,3,5-thiadiazine-
2 NI0ONIE) L 5%
Oxine—copper Copper 8—quinolinolate ..o 50%
Polyoxins Polyoxin B o 10%
Propineb Polymeric zinc propylenebis(dithiocarbamate) ........................... 70%
Quintozene Pentachloronitrobenzene ... 5%
Sulfur
Thiophanate Diethyl 4,4"—o—phenylenebis(3—thioallophanate) ........................ 50%
Thiophanate—methyl Dimethy! ‘4,4" —o—phenylenebis(3—thioallophanate).................... 70%
Thiram Bis(dimethylthiocarbamoyl)disulfide ........................ol 80%
Triforine 1,4-bis(2,2,2—trichloro—1-formamidoethyl)piperazine ............... 25%
Zineb Zinc ethylenebis(dithiocarbamate) ........ooocoiiiiii, 2%
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Table 17. Effect of various fungicides on the prevention of lesion development—1*

Concentration Canker length _
Fungicide Dilution ?rfgarztdlygnt Days after inoculation
(p.p.m) 3 6 9
Cycloheximide 17400 12.5 3 om 11 mm 21 nm
Dodine 1./400 1625 0 0 0.5
Captafol 1.7400 2000 3 12 24
Benomyl 17400 1250 0 0 0.6
Thiram 1.7400 1250 2 8 17
Polyoxine 17400 250 4 9 19
MBC 17400 1250 0 0.4 0.5
Thiophanate 1./400 1250 2 6 14
Thiophanate methyl 17400 1625 0.5 0.8 1.5
Copper pentachlorophenoxide 17400 1250 0.5 3 4
Control 4 13 29
Note: *, Apple cuttings were immersed in fungicide soluticn for 1 min., air dried and
inoculated with mycelium on agar disk.
Table 18. [iffect of various fungicides on the prevention of lesion development—2*
Concentration Canker length
Fungicide Dilution ?é;?&ffm Days after inoculation
(p.p.m) 3 5 7
17400 1625 0  m 3 mw 4 m
Dodine 17800 813 0 3 5
171500 433 1 5 9
17400 1250 0.5 0.5 0.5
MBC 17800 625 0.5 0.7 {
1.71500 333 0.5 0.5 0.7
1.7400 1250 0 0 02
Benomyl 17800 625 0.5 0.5 1
171500 333 0.5 1 2
Control — — 4 9 16
Note: *, Apple cuttings were immersed in fungicide solution for 1 min., air dried and

inoculated with mycelium on agar disk.
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Table 19. Grading of various fungicides on the basis of the preventive effect

against canker infection *
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Fungicides and concentration of active ingredient(p.p.m)

75— 100

MBC 500, Thiophanate methyl 700, Benomyl 333, Guazatine 800

40— 174

Dichlone-sulfur 70-1400, Sulfur 1500, Calcium polysulfide 32000, Thiophanate 500,
I'luoroimide 750, Mancozeb-dinocap 1200-80, Maneb 1875, Oxine—-copper 1000

20—~ 39

Iprodione 1000, Kasugamycine-copper oxychloride 50.450, Captan 1000,
Milneb 1400, Chlorothalonil 750, Binapacryl-maneb 1200.600, Maneb 1500

0—19

IBP 600, ETM-thiram 800-600, difenphos 15, KKchlomezol 200, Captafol 800, Dodine
650. Cycloheximide 5, Dichlone-thiram 200-133, Zineb 1440, Thiram 800, Copper hy-
droxide 1080, Copper oxychloride 1200, Copper sulfate basic 800, Copper oxychloride-
dithianon 860-260, Anilazine 1250, Triforine 189, Copper pentachlorophenoxide 500,
Quintozene 750, Binapacryl 500, Fthalide 500, Propineb 700, Polyoxins 100, Maneb-
fentin hydroxide 600- 120, Fentin hydroxide 282

Note :

inoculated with spore suspension.

Experiment 1

Table 20. Curative effect of various fungicides*

* Apple cuttings were immersed in fungicide solution for I min., air dried and

Cor;t;entff Canker length Days after fungicidal treatment
Fungicide Dilution _ai:%i;gé ° %)?fglr%iifitglg};cidaj - 8 6
m(g}r)r‘;c%;ir)lt treatment (A) Lank?;;)ength B/A Cankey(‘é?)ngth B'/A
Cycloheximide 17400 12.5 8.1 mm 48 m| 0.6 9.0 mm| 1.1
Ox1ine—copper 17400 1250 6.5 6.4 1.0 9.1 14
Captafol 1 7400 2000 6.3 3.6 0.6 7.8 1.2
Thiophanate 17400 1250 6.8 7.5 1.1 12.7 1.9
MBC 17400 1250 7.0 3.9 0.6 8.8 1.3
Thiram 1400 2000 6.2 3.3 0.5 8.6 1.4
Polyoxin 3 17400 250 7.1 3.2 0.4 7.4 1.0
Benomyl 17400 1250 7.2 5.5 0.8 10.2 1.4
Control — — 5.0 9.7 1.9 17.4 3.5
Experiment 2
Thiophanatemethyll 1.7400 1750 11.0 11.3 1.0 214 1.9
Thiophanatemethyl] 1. 800 875 9.0 10.6 1.2 234 2.6
Dodine 17400 1625 9.2 11.3 1.2 224 24
Dodine 17800 815 9.4 12.2 1.3 25.3 2.7
Control — — 9.8 13.0 1.3 26.4 2.7
Note: *, Apple cuttings were inoculated 3 day before fungicidal treatment.
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Fig. 29. Effect of all season application of fungicides for the control of Valsa infection
of apple shoots (small scale experiment). Arrows indicate application date.
L, Treated with 1/800 fungicidal solution.
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Fig. 30. Effect of all season application of fungicides for the control of Valsa infection
(large scale experiment by speed sprayer). --—-@---, 1/1500 MBC applications in
1971 and 1972; —@-,1/2000 thiophanate methyl applications in 1971 and 1/1500
application in 1972; --O -, Conventional spray program(Dichlone. thiram,
Captan, Thiram, Oxine-copper); Application dosage, 300—400 1/10 a. Frequency

of application, 14/ year.
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B LHHR

TH

g _C A LHHTHRY -
< 400 s
— A ///
s %
jal va
300 F <
% . —
5 yd B e -
2 200+ 7/ e
0 e g
= L P (O — °
- 100 //:s’.’ U
he //g _______ S
. P S
c .-
Z. L0 n L I 1 1 ! 1 L 1 1 1 L |
Feb.Apr. Aug. Dec Apr. Aug. Dec Apr
June QOct e June Oct. eb June
1970 1971 1972
Dates

Fig. 3. Effect of first-half growing period applications for the control of Valsa
infection. A, Conventional spray program (Dichlone. thiram, Dodine, Captan,
Bordeaux); B, First-half growing period applications of MBC; C, All season
applications; §, 1/800 MBC applications; |, 1/1500 MBC applications; ¢, Con-

ventional spray program.
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.32. Effect of the dormant applications
on Valsa infection (1).—@—, 1/800
thiophanate methyl applications;
—--@—--, 1/800 MBC applications;
-{--, No application; Arrows in-
dicate application dates. The appli-
cation of fungicides for the growth
season was carried out according
to conventional spray program.
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Aug. Dec.F Apr. Aug.

Feb. June Oct. Feb.  June Oct. eb. June Oct.
1977 1978 1979
Dates
Fig. 33. Effect of the dormant applications on Valsa infection (2). --O--, No

application; —@—, 1/1000 thiophanate methyl applications(In 1979, post harvest

application was not carried out); %+, 1/200 copper pentachlorophenoxide;
—->--, 1/400 copper pentachlorophenoxide. Arrows indicate application dates.
The application of fungicides for the growth season was carried out according

to conventional spray program.
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infection (3). --(O--, No
applications; -@—, 1/800
calcium polysulfide

applications later 7or 10 days. Arrow indicate application dates. The application
of fungicides for growth season was carried out convertional spray program.
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Fig. 35. Effect of the dormant applications
followed by first—half growing pe-
riod applications on Valsa infection
(Exp.1, small scale experiment).
A, No application;B, Dormant ap-
plications and first—half growing
period applications; C, All season
applications; , Treated with 1/800
MBC solution; |,Treated with 1/1500
MBC solution.
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Effect of the dormant applications
followed by first-half growing period
applications on Valsa infection (Exp.
2, large scale experiment). A, Conven-
tional spray program;B, Dormant ap-
plications;C,Dormant applications and
first-half growing period applications;
D, All season applications;}, Treated
with 1/800 MBC solution; |, Treated
with 1/1500 MBC solution; | , Conven-
tional spray program (Calcium poly-
sulfide, Dichlone . thiram, Dodine,
Thiram, Captan, Oxine-copper).

Effect of the dormant applications
followed by first-half growing period
applications on Valsa infection (Exp.
3, large scale experiment).

A, Dormant applications with 1/1500
solution; B, C, Dormant applications
and first-half growing period applica-
tions (B, 1/100 thiophanate methyl-
thiram were used in dormant spray.);
D, Dormant applications and all
season applications; ¢, 1/1500 thiop-
hanate methyl solution; 4, 1/800 thio-
phanate methyl solution; i, Conver-
tional spray program (Dichlone-
thiram, Captan, Thiram, Oxine-
copper).
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Spindle-like scraping-off *

Conventional
scraping - off

A B
Fig.38. Diagram showing the scraping me-
thod for removing canker on trunk
(A)and its croth (B). *, The scrap-
ing wound should have a spindle—
like shape in the vertical direction.

Table 21. Comparision of reccurrence at different methods of canker removal

by scrapinga)

Callus formation | % of reccurrence
Methods of canker No. of -
Locality treated |Degree of |Rate of callus Observation dates
removal by scrapingb) canker |Callus length the circum-
formation’ | ference of wound |Oct. 1977 |[May 1978
o Spindle—like scraping—off 33 2.8 83 % 0 % 45%
Yoichi ) }
Conventional scraping—off 32 2.6 72 15.4 27.3
. Spindle—like scraping—off 62 3.0 93 0 6.1
Fukagawa ) )
Conventional scraping—off 52 2.7 66 11.5 40.9
Note: a) Canker removal by scraping was conducted 1n April 1977.

b) See Fig. 38.

¢) Degree of callus formation=3 proper index of callus formation x No. of canker
corresponding to index/ No. of treated canker.
Index of callus formation.
0= No callus formation.
1= Callus tissues slightly developed.
2= Callus tissues vigorously developed.
3= Callus tissues very vigorously developed.
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Table 22. Curative effect of wound dressings (detached twig test)

vv D A ERETER A A] CBLYE R & [ A1) A BR
%, ZEMRE = - UBlHE b

MET o ) ov

IR HDIEANEM T, BRI RO EE]T
#8712 (Table 22),
BRI & SRR A58
NG ETOMEIRIR (LD S,
THERY A F v D dHRERAA DD G -
120 THUCLLAFIEI TR

WL 7ih -
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CRGEFH IR B e 1o

. Canker length|Canker length Expansion
Active g(f)_mpound ggggintg of Treatments (area) before |(area) after |ratio
wound dressing compound "emTZ‘;S treat;“g;t&' (B/A)

B 1@+ petrol Cankers were painted with the nm nm
enomy petroleum 0 mixture containing benomyl
oils 0% and petroleum oils. 6.1 110 18 78)
(weight ratio, 1 :2) )
Lime sulfur CaSn Cankers were painted with an 6.3 12.2 1.9 83)
27.5% undiluted solution.
Untreated check 5.7 13.3 2.3 (1000
. 0 Cankers were painted with a o nm
Polyoxin D 06% double diluted solution. 8 3 04C2D)
Oxine sulfate chinosol |  0.15% | Cankers were painted with an 6 10 1.7 ¢ 89)
undiluted solut.lpn. A
Thiophanate methyla) 70%  |Cankers were dipped in 1/400 6 10 1.7 ( 89)
solution for one minute.
Untreated check 7 13 1.9 (100)
—3. 5, 6-tetrachloro— ~ . . . cr crf
~(methy sulfony) gy |Cankers were painied with an| g 24 | 1681
pyridine)b) O N :
0 Cankers ai ith ¢ .
Benzalkonium chloride 20% usgﬂil;zdwse;fuiré?ted Wit an 14 2.4 1.7.( 89)
2-n—octyl—4— Yy Cankers were painted with an .
isothiazolin—3—oneb) 2% undiluted solution. 1.3 20 15C79)
Thiophanate methyl 3% Lan_kers were painted with an 1.5 2.6 1.7 ( 89)
. . undiluted solution.
Thiophanate methyl + o Cankers were painted with an )
%ADHC) (ho-l%) 3 undiluted soluttion, 14 23 16 ( 84)
hiophanate methyl + o Cankers were painted with an :
SADH¢) (0.5%) I undiluted solution. 14 2.3 16 C 84)
Thiophanate methyl + . Cankers were painted with an
SADH®) (1%) 3 undiluted solution. 1.9 3.0 1.6 ¢ 84)
Polvoxine D § Cankers were painted with a
ox 06% 1 double diluted solution. 1.5 20 13068
Untreated check \ 1.6 3.0 1.9 (100)
Note : a), Wettable powder; b), Common name is not known; ¢), Succin‘ic acid—2, 2—dime

thylhydrazide; d), Alkylbenzyldimethylammonium, liquid formulation.
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Table 23. Curative cffect of wound
dressings(orhard tests)a)

% of reccurrencg) dArC(};Z?n?goaggge%%Of wound
Thiophanate methyl (3%)
0to 15 % Polyoxin D (0.2%)
- Guazatine (3%)
Captafol (10%)
16 to 30 % Oxine**copper_ (5%)
Chlorothalonil (0.15%)
~ Captan (0.15%)
Oxine sulfate chinosol (0.15%)
Dodine (0.15%)
31 % or more .
Copper pentachloropenoxide
B Lime sulfur¢) (5%)
Wound dressing non—contain-
50 to 100 % ing fungicides
No wound dressing application

Note : a), The cankers after removal by scraping
were used for the experiment.

b), Serveys were conducted at 1 yr. after
application of wound dressing.

c), Application with an undiluted solution
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Studies on the Epidemiology and Control
of Japanese Apple Canker Caused
by Valsa ceratosperma (Tode ex Fr.)
Maire (= V. mali Miyabe et Yamada)

by
Osamu TAMURA¥*

Summary

Japanese apple canker is one of the most destructive diseases of apple in the ncrthern
and upland regilons in Japan. This disease 1s characterized by perennial cankers on the
large limbs. These limbs eventually become girdled with cankered lesion and die. Therefore
the disease 1s of considerable economic importance and has often been one of the limiting
factors for apple cultivation. Thus, various control measures have been proposed, but it
1s still difficult to control this disease successfully.

This paper describes the result of studies on the epidemiology and control of Japanese
apple canker with special reference to spore dispersal, infection, canker development and

1ts chemical control.

1. Occurrence

1 ) Japanese apple canker prevails in all the apple cultivation areas in Hokkaido, par-
ticularly in Sorachi, Kamikawa, and Abashiri regions (Fig. 2).

2 ) The recent series of outbreak of the disease began in 1954 and the greatest damage
was recorded in 1972 (Fig. 4). In 1977, the crop was damaged by freezing, and the canker

infection through the freeze-injured parts of fruit scars and buds was conspicuous (Fig. b).

2. Pathogen

Valsa mali Miyabe et Yamada, the pathogen of the Japanese apple canker, which was re-
cently synonimized to Valsa ceratosperma (Tode ex Fr.) Maire has been believed to infect
apple only. However, pear (Pyrus communis, P. sp.), aronia (Malus prunifolia, M. sieboldii)
and peach cultivated in apple orchards and adjacent fields were found to be infected with
this fungus (Platel ).

The pathogenicity to given plants were studied by artificial inoculation (Table 2). The
pathogen caused large lesions on pear, aronia, and peach, but no or only small ones on cher-

ry, Japanese apricot, sakura, willow, chestnut, poplar, yellow locust, walnut, mountain

* Present Address : Hokkaido Donan Agricultural Experiment Station, Oono, Hokkaido, 041— 12,
Japan.
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ash, bhirch, and eastern white pine. These results revealed that the host range of the caus-
al fungus 1s narrower than that reported on Valsa ceratosperma. This suggests that V.

ceratosperma includes a forma speciales pathogenic to several genera of Rosaceae.

3. Dispersal and germination of spores

Period of spore production : As the canker developed, pycnidia were produced abundantly
from May to September (Table 5). Under favorable conditions, conidial spore-horns appeared
within one month after the inoculation with mycelia. On the other hand, perithecial stromata,
including 1mmature perithecia, were detected first in August on the canker areas which had
developed in early spring. Subsequent microscopy on such stromata showed that the perithecia
mostly matured by the middle of November (Fig. 6).

Mode of spore dispersal : Ascospores were dispersed by both the rain water flowing down
over the surface of bark and the aerial ejection from perithecia. In the aerial discharge
which was the main mode of dispersal, horizontal discharge range was 6 mm at the greatest,
and 2.8mm in average (Fig. 9). The number of ascospores has been ejected from one stroma
ranged from 1,120 to 8,662 (Fig. 8).

Seasonal fluctuation of spore dispersal : In July when a gutter-trap experiment was
started, many pycnospores were trapped with rain water from the canker areas which had been
developing since early spring (Fig. 11). Their number slightly decreased in August and
then increased in late autumn. Pycnospores were dispersed even in winter by melting snow,
and the dispersal from such over-wintered canker areas continued until August.

Ascospore dispersal was studied by the slide-trap method for the ascospores were ejected
into the air and by gutter-trap method for those washed down with rain water. Those two
types of ascospore dispersal from the perithecia began in early autumn and ceased next sum-
mer (Fig. 13). The number of ascospores trapped was scarce from early autumn to early
March, and was most abundant from April to June.

Those results revealed that although the doses fluctuate seasonally, 1nocula of Japanese
apple canker are present throughout the year in an orchard by either dispersal of pycnospores
or that of ascospores.

Factors affecting spore dispersal : The dispersal of pycnospores was closely related to
rain fall frequency (Fig. 12). Temperature was found to be a minor factor affecting spore
dispersal.

Ejection of ascospores took place only when sufficient amount of water was given to the
bark on which stromata were formed. It did not take place even when dry bark was placed in
a humid atmosphere; in this case, only ascus balls were formed on the ostioles of perithecia
(Platell — 6 ). The most active ascospore ejection occurred at 10 to 25°C. At 3°C, a lag
time was required prior to starting ejection and small number of ascospores was continu-
ously discharged (Fig. 15). Ascospores were projected in the form of a tiny lump with
the viscous substance accumulated in asci (projectile). Most projectiles contained eight
ascospores, but there were some projectiles with fewer ascospore. The distance of ejection
was correlated positively with the number of ascospores in the projectiles (Fig. 10).

Factors affecting spore germination : Pycnospores and ascospores remarkably swelled prior
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to the emergence of germ tubes. Both types of spore germinated in the range from 5 to 30°C;
the optimum temperature ranged from 25 to 30°C (Table 6). Ascospores swelled even at 95%
relative humidity (Table 7).

Pycnospores required exogenous nutrients for their germination differing from ascospores
which were capable of germinating in distilled water. Their germination was very vigorous
In bark and wood decoction. In general, sugars stimulated the swelling of spores. Glucose,
sucrose, fructose, or sorbitol hastened the extension of germ tubes (Table 8). Nitrogen
sources did not affect independently the spore swelling and the elongation of germ tubes,

while KNO, together with glucose, stimulated the germination of spores.

4. Route of infection and seasonal fluctuation in outbreak

The fungus invaded young trees through pruning wounds and mature trees through fruit scars,
pruning wounds, or injury shoot tips (Table 9).

Seasonal fluctuation of infection was studied by isolation of the fungus from pruning
wounds made at intervals. Infection thus determined seemed to occur through the year, while
the infection frequency increased during dormant period (Fig. 17). The frequency of canker
symptoms development from pruning wounds, exposed for 3 months, changed with the similar
pattern as infection frequency (Fig. 18).

In the orchard, the incidence of the disease on the twigs became most frequent from April
through June, but subsided during the summer (Fig. 19).

The extension rate of canker lesion also fluctuated seasonally. It peaked from May to
June and increased slightly again from September to November. During the winter, the ex-

tension of canker continued slowly (Fig. 20).

5. Factors affecting the outbreak of the disease

The temperature relation of canker growth on the branches detached in dormant season was
quite different from that on the branches detached in growing season. The lesion development
on the former was highly stimulated at 25 to 30°C, the optimum temperature for hyphal growth
of the pathogen (Fig. 16), while that on the latter was remarkably retarded at the same
temperature (Fig. 21). From these results, it was assumed that the resistance of branch
tissues against the development of lesions i1s much higher in the growing period than in the
dormant periods.

The moisture content in the bark fluctuated seasonally, showing the highest value from
May through August. There was a negative correlation between the moisture content in the
bark and the development of lesions in field (Fig. 23). Artificial elevation of moisture
content of dormant branches with low moisture suppressed the expansion of lesions ( Fig.
22). Artificial reduction of moisture content of the growing branches with high moisture
highly stimulated the expansion of lesions (Table 11).

These results revealed that a little expansion of lesions in the summer is attributed to
the increase in host’s resistance caused by increased bark moisture and high temperature

stimulating host activity.
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6. Histopathology of cankered lesion

Structure of lesion and its seasonal change : Single hypha of the causal fungus could
invade very slowly the cortical tissues and phloem of apple bark during the dormant sea-
son. A transition zone composed of collapsed cells was found between diseased and healthy
tissues. In May, early growing season, when the development of canker lesion was most
active, invasion by single hypha also occurred (PlateV —2, 3). As temperature rose from
June to July, several cell layers were lignified in the transition zone beyond the mycelial
invasion (PlateVl —1, 2). Fungus proliferated to form a fan-shaped mycelium (PlateV — 4,
5, 6) and destroyed the wound cork layers by their mass action (PlateV —6). However, re-
peated formation of wound cork layers resulted in a decreased rate of lesion development.
Wound cork layers with thick-walled cork cells (PlateVl —7) which were formed in August
may play a role as a complete barrier against invasion by causal fungus. With a decline
of temperature in autumn, mycelium was again able to invade healthy tissue by penetrating
through defective cork layers between the periderm and cortex or phloem and xylem (Plate
VI—4, 5 6). When apple bark was artifically wounded, wound cork layers were produced
slowly during the winter, but rapidly during the summer (Table 14). Conclusion was there-
fore that wound cork layers formed as a result of mycelial invasion, act as a temporal bar-
rier to invasion and their rate of formation depends on the host metabolic activities.

Structure of callus : After the bark tissues of cankered lesion removed by scraping,
wound periderm developed over the exposed incision of bark infiltrating under periderm and
phloem. The exposed xylem was thus covered with the newly developed periderm, with cortex,
phloem, and xylem, and callus formation had been completed as the results (Fig. 25). The
bark and xylem of the newly formed callus on the surface of the original xylem turned oc-
casionally brown, and the browned tissues contained the fungus (Fig. 25 12). The fungus
was also found in the dead bark tissues attaching to the periphery of the callus (Fig. 25, il).

Relationship between recurrence of disease and distribution of mycelia in canker before
and after removal by scraping :

1) Distribution of causal fungus in canker.

In March, the hyphae of the fungus were found not only in bark lesions and underlying
xylem (Fig. 26), but also in the seemingly healthy areas outside the lesions, while no
hyphae were found in the bark tissue outside the lesion in August (Fig. 27).

2 ) Distribution of causal fungus in scraping scars.

Hyphae of the causal fungus were found in the xylem 1if the diseased bark was scraped off
by conventional methods and left untreated for four or eight months. They were alive in
the xylem beneath the seemingly healthy bark surrounding the wounds (Fig. 28).

3) Extension of hyphae from scraping scars.

The renewed hyphal growth was found to occur from two loci on the periphery of scraping
scar. It occurred most frequently from the contact zone between xylem and the edge of cal-
lus where the pathogen was often isolated (PlateVll -2), and less frequently from small
dead bark tissue attaching to the periphery of the callus (PlateVll —3).

When the disease recurred from scraping scar, the development of lesions often occurred

longitudinally from both ends of the scars (Table 15). This 1s probably due to the insuf-
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ficient callus formation at such points.

7. Application of fungicides

In the cut-branch test, the fungicides such as MBC, benomyl, thiophanate methyl, and
guazatine showed high inhibitive effects on infection (Table 19).

Control of die back in orchard was successfully achieved by 12 to 14 times application
of MBC, benomyl, or thiophanate methyl during growing season. It began with pre-
sprouting application in early spring and finished with pre-harvesting application in mid
September (Fig. 29, 30).

The outbreak of die back was diminished to some extent either by dormant period appli-
cation of fungicides in high concentration (Fig. 32, 33, 34) or by six times application
for the first-half growing period from pre-sprouting stage to mid June (Fig. 31), while
the effectiveness of these applications was less than that of all season application men-
tioned above. However, if the first-half growing period application was preceded by the
dormant period application, the effect of this combined treatment was almost equal to that

of the all season application (Fig. 35, 36, 37).

8. Surgical treatment of cankers

In order to reduce the recurrence of the disease, canker scraping on trunks should ex-
tend to the healthy tissue in a direction parallel to the axis of trunks to form spindle-
shaped wound (Fig. 38). The both ends of wound should be free from the pathogen and also
be narrow to enhance the normal callus production. It appears that application of fungi-
cidal dressings to the wounds suppresses the recurrence of the disease almost completely
(Table 21).

Dressings including various fungicides were tested in our laboratory for their effec-
tiveness 1n suppressing development of cankered lesion using the cut-branch method in
which dressings were applied to surface of the cankers on the branches. No dressings
showed enough effectiveness to prevent the canker enlargement completely (Table 22).

The effects of dressings containing thiophanate methyl, polyoxin D, or guazatine were
evaluated in the orchards by applying them to canker scraped portions (Table 23). These
dressings supressed the recurrence of the disease more effectively than conventional

agents such as oxine chinosol dressing or lime sulfur.
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