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Fig. 1.

-1. Diseased mulberry leaf.

C. dematium and G. cingulata
were isolated from the lesions.

-2. Diseased mulberry leaf.

C. acutatum was isolated from
these lesions.

-3. Mycelial colony of mulberry
anthracnose fungi on PDA plate:
Cd, C. dematium S9269; Gc, G.
cingulata S9274; Ca, C. acutatum
S9303.

-4. Conidia of C. dematium S9269.

-5. Conidia of G. cingulata S9274.

-6. Asci and ascospore of G. cing-
ulata S9244.

-7. Conidia of C. acutatum S9303.
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Table 1. Anthracnose fungi isolated from diseased mulberry leaves and their pathogenicity to mulberry leaves

Isolate Na™

SO230*
L M
59233
SO234e
RO235%
ROZ36*
50237

59235

SR *
SRS
SR
SHOE*
SRS
el N
o g
e R

b
RO2T04
S027I*
20274
SU2TE*
SO2Th*

Cieographic origin Date of collection ™  Conidial shape

lamie A Fa
lacate A Cy
lsane A Cy
lwale A Cy
Fukushima A Fa
Fukushima A, Fa
Fukushima A Fa
Fukuskima A Fa
IBaraka B Fa
Ibaraka B Fa
Ibaraks B Fa
Ibaraks (£ Fa
Iharaks £ Fa
Ibaraka C Fa
Ibaraka C Fa
Ibaraks C Fa
Ibaraks [ Fa
Ikaraks [ Fa
Ibaraki ] Fu
Ibaraka (b Fu
Ibaraks [y Fu
Ibaraks (B ] Fu
Ibaraka h] Fu
Ibaraka (B Fu
Ibaraka (b Fu
Ibaraks (B ] Fu
Ibaraks E Fu
Ibaraka E “u
(umma A Fa
Crurimia A Fa
(runma A Fa
Saiiama A g
Sasiama A
Sarlama A Cy
Chika A Fa
Tokye ; &
]

A Fa
Ixhakiwa A Fa
Izhakawa A Fa
I=hakawa A Fa
Yamanashi A Fa
Yamanashi A Cy
Magan A Fa
Magan A Fa
MNagani i F:
I'-;‘ ';B.I-H'D &
Tokushima A Fa
Eack L] Fa
Kumamaalo A Fa
Kurnamalo A Fa
Kumamee M Fa
Kumamoio A Fa
Okinawa A Cy
Okmnawa A Cy
Oikinaswa A Cy

w1 *, Single spore isolation; **, |solates were gified
A PO Iﬁ:.l’l!.ll.l[}' Ias O July Im.l]:h]_l.' 1993 | E : Jung 1993 F @ haly 196K, O 2 R, 1990,
¢ Fa = fakcane, Oy = ¢ylmndng, Fia = Fusiform.

4y Sarvey was

preriormed 9 afier incculation with each piece of my<elial block.

1 Each isolaie was imoculmied iwice on the leaves of ov. Shin-ichinose (Mo albss ).
i Esch malae was anoculansd vwice on the leaves of Keguwa (M millasialia)
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Fig. 2. Average size of conidia in each anthracnose fungus
isolated from diseased mulberry leaves. Shape of conidia:
o , falcate; O, cylindric; O , fusiform.

(Penzig)Penzig et Saccardo 0 0 00000000000
0000000000000 (0001130175 30
S5um) 0001000000000000Arx (19810
1987)0 00 (1993) 0 Simmonds (1965) O Sutton (1980)
OO0O00 Colletotrichum acutatum Simmonds ex Simmonds
gooood
dooooboooooooopbAOOOOOOOO
O000Fig. 1-300000C. dematiumOd PDAO OO
oo oooooobobooooon
oo0oboobooobooboooobooobooo

O0D0OMSAOOOODOODOOOO0ODOOOOOn
000000 (Fig 1-4) 000000 OOG. cingulata
OPDAICDOOOODOOOOOOODOOOOD
00000000000000000D0000000
00000000 (Fig. 1-5) 00000000000
000D00D0C. acutatum O PDAD OO OO0OO0DOD0
0000000000000000000000 (Fig.
1-7) 00000000000000D00000000
00000000000000000D000D0000
0000000000000

ooogo

O0D0o00os0000000000000000
C. dematiumO G. cingulatad O 0 O C. acutatumO O O O
0o0oooooboboooodooooooooonoc.
morifolium (001925 0O0O0O0OOO0O0O0O0OO 200
24x 305umO00000C. dematiumO OO 00O
00000000000 TableOO C. morifoliumO C.
dematumO 00000000 DODOOOCOOOOC. mori-
foiumOOOO0OD0OOOO0O0DOOOOC. dematiumO OO
gogdocC morifoiumDO0000D0ODOOOOODO
go0OC dmatumOODO00OOOO0DOODOODOODO
goooooboboooon

Colletotrichum dematium (Persoon:Fries) Grove

Synonym: Colletotrichum morifolium Hara (O O 1925)

Colletotrichum dematium f. morifolium (Hara)
Yamamoto (O O O 1960)
0000(194)0000000 C. morina HaraO O O

Table 2. Comparison of conidial size between C. dematium and C. morifolium

Specics

L, alemuritun

1%5—24
2¥ =325
Hy=2R46
2F 5=1325

L oearifealiarm

Conidial size (pm)

=30

H—24

Lierature

W =4 wiary Ak [ 19RT)

¥ 2=—25(35) Suttom | | 980]

¥ 25=4 Sasaki (1977]

¥ IE=18 Haorve aor ail, | 195
W 21—=1 The anthors

* 3—4 Hara { 1925)
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Fig. 3. The ratio of lesion formation on mulberry leaves by anthracnose fungi isolated from mulberry
leaves. Mycelial blocks of each fungal isolate were placed at punctured site on the leaves of cv. Shin-
ichinose (A) or at intact site on the leaves of Keguwa (B).

Bl C. dematium ; 771, G. cingulata ; ], C. acutatum.

Fig. 4.

-1. Lesion formation on the leaf of Keguwa (M.
tiliaefolia) inoculated with mycelial blocks of C.
dematium.

-2. Lesion formation on the leaf of Keguwa inoc-
ulated with mycelial block of C. acutatum.

-3. Lesion formation on the leaf of cv.Ochii (M.
multicaulis) inoculated with conidial suspension
of C. dematium. Filter paper Fp was soaked in
conidial suspension of C. dematium S9269.
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Table 3. Plants used for inoculation with mulberry anthracnose fungi @

Japanese namse

P i
Scienlific nami:

Family name™

Kuchinashi Gardenia fasminoides Ellis forma grawdifforo Makino Rubiaceae
Toukacde Acer Bwergerium Mig, Acerncene
Kaki Dizgaros keki Thunb. Ebenaceae
Shirakaba Femle plabpiyila Sukatchey var japamice Hars Hetulaceas
Keguwan Marus filleefalia Makino Sormcene
Shimaguwa Maruz acidosa Gl Moraceae
Inubiwa Ficns erecta Thunhb. Maraceac
lchijiku Firns carice L, Maormceas
Clomarasaki Rhododerndron pidchrum Sweel Ervcaccss
Yabutsuhaki Camellia joponica L. Theaceae
Harunire Limus dovidiams Planch, var fapomice Mokai Litmscess
Moo Privins peratca Batsch, Rossccas
Mashi Pyrwes serodima Fehder Rosaceas
Ringi Maluz pumila Mill. var, dulclsume Koide, Rosscese
Satorakira Prianes donariim Sich. Rossocss
Lime Frooms meme Sich, o fucc, Rosaccas
Biwa Erfobotrva japorice Lindl, Rosscese
lchigo Fragarta chifeensizs Duch. var ananassr Balley Rossccas
Satsumaimo Ipomaca batadas Lam, var adiilis Making Covolvulaceae
Tsuta Fartke nociesus teicuspidioe Planch, Vitmoess
kKum Castarea cremata Sich, st fuee. Fapaceae
Mlascbashai Lirfocmrpus edufls Nakna Fagaceae
Shirakashi Cuercus myesivaelin Blume Fagaceae
Komara Chuereus servada Thunb. Fapaceae
Kumugi uerous aouiitsime Comath, Fagnceae
Kiwifunssu Acrintdia chinensis Planch. Actinidiaceae
Amenkafun Lignidamber shvacifue L. Hamameldscese
Unshumiknn Clrrus pnalviy Marcow, Rutscese
Hanamizuki Covwus Forfada L. Cormacons
Hakumuskuren Magnelia derudata Desr. Magmoliaceas
Yurinaki Lirtodendron mlipifera L. Magrolincens
Kobishi Magnolia kobus [, Magroliaceae
Yamamiana Myrica rmbra Sich, a1 fuce. Myncacese
Ajisai Hydramgea macrophlle Seringe var ofekae Makino Saxifragncens
Ulsugi Dewtsta crewata Sich, @ Zwec, Saxifragaceac
Wueuriha Daphriplylem mecropodum Mig, Euphlaorbiaceac
Ryowhiu Cleshra barbinervis Sich. et Zuee Clethraceae

a1 Detached leaves collected on August ism 1993 were used o the 1251,

i Seweninlic asd Tamily same of esch plant was refermed 1 = Makiss's ilusirated fora s color™ [Makana, 1985)

10
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Table 4. Lesion formation on various detached leaves inoculated with mycelial blocks of mulberry anthracnose fungi

Puncred sie Ineact site
Plants .
{Japanese name) G.e" cd"™ cCa” G.e C.d C.a
1 2 3 4 1 2 ] 1 2 k) 4 1 2 |
Eouchinashi
Toukaede # .o . '
Eaky + + + - + + .
Shirnkaha - 44 T A - a4 (R 'R
H.l‘.‘ﬂl.l'l-'ra " WA I B bk B
Shimaguwa + 4+ + +—H+ 4+
Inaibiwa ’ v !
behajiku + 4 i o
(romurasaka + + + s +
ahusisubaki
Hamunire . ‘ ¢+ ;
Mo + - -— L] + L] L] L
M ashi R S S AR b bt I T
HII'IEIE.I - R + b 444 - R - + +
Sabozakurn + + +H + + + +
u“.:. " b i 'TE " i P i L
Brwa + + ++ 4+ + +
Ichiga e S S (RS - b e b
Salsumaimos + + * * * .
Taxiin * FEd b i
Kun . - . 4 "
Mabshashii + +
Shirakashi r
Konara - i &
Kunugi +
Kiwifumitsis . ! 4 i
Amsemkalun + ++ ++ 4+ +
LInzhummikan o g - *
Hanamiuki " i i idd i ! b i i
Hakumokuren + + + +
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Fig. 5-1. Lesion formation on strawberry leaves inoculated with G. cingulata S9244. Inoculation: left leaf, conidial suspension was inocu-
lated at intact site; central leaf, mycelial blocks were inoculated at intact (left side) and at punctured (right side) sites; right leaf,
conidial suspension was inoculated at punctured sites. fp= filter paper soaked in conidial suspension.

-2. Lesion formation on Shirakaba (Betula platyphylla var. japonica) leaves inoculated with G. cingulata S9274. Inoculation: upper
left side, mycelial block was inoculated at intact site; upper right side, mycelial block was inoculated at punctured site; lower left
side, conidial suspension was inoculated at intact site; lower right side, conidial suspension was inoculated at punctured site.
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Table 5. Lesion formation on various detached leaves inoculated with conidial suspension of mulberry anthracnose fungi
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Table 6. Anthracnose fungi used for inoculation to mulberry leaves

Species

", demraiitm

. demativem [ sp, spimaciae

(s, crngulata

O, plovaspardoides

', acrdiairm

[sodate Mo

50269

SRS
*MAFF3059%2
*(=dh| 0

*Ls-5M
220

aU2is

b B

S027s
*ilEB2
st UL UCH |
*Tudl0
M-
*RAFFID5 142
*MAFFI0ET

0100 -2

* R0 |

*MAFF305594
*MAFF3055946
*MAFF305T50
*MAFF305TRET
*MAFF3011

L L
*MAFF3IED
*Maotl-017
*MAFFIG24T

Hust (Owgan

Mulberry | Leaf)
Mulberry (Leaf)
Fassion fruit {Siem)
HBeech (Seedlingh

Supar beet | Leal)
Sugar bect (Seod)

Mulberry i{Leaf)
Mulberry | Leaf)
Mulberry {Leaf)
Tea

Apple {Fruit)
Serawhbermy (Cnown)
Strawberry (Crown)
Crrape

Sear fruits (Frain)

Persimmaon { Fopid)
Crange [Lazaly
Mango

Japarcse medlar
Fassson fruit {Siem)
Fapaya { Fruit)
Mulberry {Leaf)

Mulberry | Leaf)
Serawhbermy (Leaf)
Serawberry { Leaf)
Pralrie gentian (Stem)

a1 ¥, lsolabes were gifted lsolates of MAFF accession number are preserved in Naticsal Instiswie of Agrobiological Resources

0000D00000000000000000000
ooooooog

0000000000 (Tabled)OOOOOOOOO
O000000000000000000000mDO
O0000D0000000G. cingulata (MAFF305142) O
00000000 C. gloeosporioides (910409-1)0 0 00
000000 C. gloeosporioides (MAFF306011) 000 O
000000000000 M0O0000000000
D000000000000000000000000
00000000000 0000000000000
O00000000000000MO0O0000000
000000000000000000000000
0000 (Fig.6-1) 00000000 0000DOO0
000000000000000000000000
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00S929) 0000000000000 (Fig.6-2)00
00000000000000000D0000000
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0000000 C. dematium f. sp. spinaciae (Cs-5MO
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Fig. 6.-1. Lesion formation at punctured sites (right side) of Keguwa leaves inoculated with mycelial blocks of G.
cingulata NM-1 isolated from strawberry crown. Left side: mycelial blocks were inoculated at intact sites.

-2. Lesion formation on mulberry leaf of cv. Shin-ichinose inoculated with C. dematium S8901 isolated from

mulberry leaves. Inoculation: upper left side, mycelial blocks were inoculated at intact sites; upper right side,

mycelial blocks were inoculated at punctured sites; lower left side, conidial suspension was inoculated at

intact sites; lower right side, conidial suspension was inoculated at punctured sites. fp= filter paper soaked

in conidial suspension of C. dematium.

000000000000 C. gloeosporioides (910409-1)
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Table 7. Lesion formation on mulberry leaves inoculated with mycelial block of anthracnose fungi

Punctured site Imingt site

SpecEes Isalate Mo,
[ 5 0 K 5 4]
O demarium S9260 o8 @ [T ] — - -
SH901 L 1 ] (T ] -
MAFFI0SGEY [ - a4 - - -
C-dh i .- -— - - —
O demasivum £, spo sgpiescioe U550 ' T 7 - 1 7 —— — -
Cs-22M o8 - 80 _— == ==
s, cimgnlere S071% - S I R I
S6244 . -— -— — - -
59275 -t -= e m——
1R == - S— - -
S11003- | o —— == — -
Tu®101 - - - - -
Mb=1 a8 @ L 1 -= - -
MAFFI05142 —— - — -— - - ——
MAFFI05T9] K - - - - -
L. gloeasporfoides 61 1EHp]-2 {0 ™) - —
Q10409 1 - - - — - ——
MAFF3055%4 0] -— - — - -
MAFFI05204 L] U B - - -—
MAFFI0STS0 ] - - - - -
MAFF305TRT L 1 ] -— ) - - -
MAFF3060] | - - = - - —
. drutatins SO%0% ad 0 K o - —
MAFF306I82 a8 0 O - — .
Ma@l1.017 e { == - -
MAFFI06247 L 1 ] T ®- — -

o Mulbemry cultvar: K. Keguwas S, Shin-schimose; O, Ochai.
4 Size of lesion: i, large (over 15 mm in dissneter i O, middle; L), small; =, no lesion.
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0000000000000000C. dematum 00
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000000000000000000 C. dematiumO
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0000000000000 0oo0ooooooog
Joododooooooooooboboooooon
00ooooooo
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Table 8. Lesion formation on mulberry leaves inoculated with conidial suspension of anthracnose fungi
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MAFF305750 =
MAFF30601

S0303 L ]
MAFFI0GZE2 -
Mol ]-017 -
MAFFIDa247 L ]

L acutatum
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Table 9. Lesion formation on each plant leaves inoculated with mycelial blocks of C. dematium (f. sp. spinaciae)

Prirsciured site Ininct site
Plast ™
SHSHN]  SR2AEY C-4hliks Ce-2X8 Cs-5M0 S8001 59269 CaAhlib Cs=2208 Cs-5M
Mulhermy [Keguwn) a8 89 8- 89 —— S ——
Mulberry (Ochin) a8 &8 - &8 @ —_— = e —
Becch O- Q0 00 —— = = == ==
Bt = ) ) C T ] - = - S— ——= =
Spanach Oy D= = ) o - - - - -
b Undetsched leaves of each plam excopt mulbenmy were used
ki S of lesion: i, lasge (oved 1S man on diamcter); L, maddls; 0, senall; —, n lesbon

Table 10. Lesion formation on each plant leaves inoculated with conidial suspension of C. dematium (f. sp. spinaciae)

Punsciumesd sife Intact sale
Plari "
SRl 59269 Codblie Cs=228 CzS5M 58001 59269 C=dbl0 Cs22h Cs=58
Mulherry (Kegiwa) @@ @8 @- @0 O- e o0 - —— -
Mulberry (Orchii) o8 9 --= —_—— == e 99 -
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b4 Size of lesion: i, large (over |5 mm in diameterc O3, middle; L), small; =, no lesion.
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Table 11. Mulberry cultivars formed large lesions on the leaves by inoculation with conidial suspension of C. dematium isolates ?

Site of inoculation

Pumichared

Inknct

SRO00

Shimsanouchi
Takeday yuwmannji
Tousoulgou
Fusanasion - Toa
Homare

Large
karryours-
Shirenseirmsou
Jinguwa

Sl pyuirou
Chijemiguwa
Chousa
Trushamayamaguwa
Tokiyutakn
Maganumna
Hrgashidan
Fukayuki
Ryuusenushau
Raohachi
Wasemidon
Jmmsosutoki

Kiokuka
Chijimiguwa
Tousoulgoa
Higashilani
Homeare:
Tanakaoushuw
Chousa
Taushimayamaguwa
Haymesakan
Hojyumanz

Isedaie Mo, of O demarfivs

50231 50260
Iscbudan Kanrasou
Kalango Shironerumigaeshi
Keanraso Diateakagi
Kokuka Hamakawawase
TousonZgon Kanadasansou B
Hiikojimons Kumonryug
Hjyumiru Shirataiha
Wlanuhawnse Shiroshita
Cichii Jimza
Shiranouchi Sefjyvuunou
Shinsow2gow Tsunsguwa
Seijyuroa Higashidani
Chousy Hiaou
Tsumgisansou Wsemidon
Makazawa Shimzanishiki
Hayatesakan
Hignshidnni
Fuyousou-Tomi
Beikoku | 3gouw
Large
Jimasutoki
Atsubamidori Assyuki
A — Shironemamigaeshi
Taunaia Tsuraguwa
TousouZgou Fuyousog-Tomi
Tosawase Beikoku ] 3gou
Fuyousoa-Toau Homare
Husjyumars Ryuusenushuu
AkameTosow
Chiousy
Tsushimayamaguwa
Tsumgisansou
Maganuma
Hayatesakari
Hikijinow
Beikokul 3gou

i Cultivars produced 4.0=358 in size of lesion were listed.
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Fig. 7. Number of mulberry cultivars formed each size of lesions on the leaves by the inoculation with C. dematium.
a) Diameter of lesion: 0, no lesion: 1, below 7 mm; 2, 8-15 mm; 3, 16-25 mm; 4, over 26 mm. b) Isolate number
of C. dematium. Conidial suspension was inoculated at punctured (Hll) or intact (%) sites of the leaves.
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Fig. 8. Ratio of mulberry cultivars in each ploidy formed each size of lesion on the leaves by 3 isolates of C. dematium.

a) Ploidy of mulberry: 2, diploid cultivar; 3, triploid cultivar.

203 diploid and 55 triploid cultivars were used for the

experiment. Diameter of lesion: [__1, no lesion; ], below 7 mm; 24, 8-15 mm:; [afal, 16-25 mm; M, over 26 mm.
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Fig. 9. Ratio of mulberry cultivars in each species formed each

a) Species of mulberry: B, Morus bombycis; A, M. alba; M, M.

R
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cuhiears (%)

size of lesion on the leaves by 3 isolates of C. dematium.
multicaulis. The number of cultivars of B, A, and M are

82, 62, and 104, respectively. Diameter of lesion: [_], no lesion; ], below 7mm; £71, 8-15 mm; &, 16-25 mm;

I, over 26 mm.

goooooboobobobooobobobooo

oboboboooooooooboboboooog
gobooboobobooboboooboobboon
O00000oooooooOooOoooooooolzd
O0000000o001B0oo00o04c0o000000d
ooooOooooooooloolsoooooonood
gbooooooboobobobobooobooogoo

22

gogboogoobooboboobuoobobooboon
000000000000 0000 (O0x 10°0/ml)
ouldoo0ODOO00000000000b000O0DO0O0
Oo0oO0o0ooo0o0ooOoOooo2ooo0o0o0o0o000
goboooobooboboooboobbooboon
gooooobobobobooooobo
gboooooobooboboboooooooog



oooobooboOoooooooooOoooo

fp-—ue— &k fF - AR gk
& B Yo
E R B B & b o -
il
§ Woso0 B0 6 H o o
) oo e a & J
2 i :
=] 1 oo £ = - o
4 &
c 2 a8 & B = | i
o ‘
8 °© & ©
‘»
g =N =T
© k Fig. 10. Difference of lesion size between on young and on
4 I T - mature leaves of each mulberry cultivar formed by C.
2] dematium. Conidial suspension was inoculated at punc-
FisT tured site of each leaf. a) Diameter of lesion: 0, no lesion;
ok 1, below 7 mm:; 2, 8-15 mm; 3, 16-25 mm; 4, over 26 mm.
b) Mulberry cultivar: F10, “Kairyou-nezumigaeshi”; S1,

q 1 2 7 g “Tsuruguwa”.

Lesion size on mature leaf

O0o0oOooooooooooooooo12000
ooboooobooooooooooooboooooDo
O00oo0o0ooo0oooBooOooooOooooo
000000000 (Fig.1)0O00O0O0ODOO0OO0000
000oo0o0oo0owBooOoooooooooooo
oooo

e ]
=
1

/]

ooogd

2000 000000000000000000000
C.dematumO 000000000000 O000OO0
000000000000000000000000
0000000000000 0000MO0Ongn
000 000000000000000000000 l_._
0000000000000000000000000 0 -

g 13 4 12 Noi

Diameter of lesion (mm)
o
1

m |

ooboobooobuooboooboobobooo
oooooboooobooboboooboooboon lmprﬁvedvarietyua.h'
000000000 bOO00oOo0oOoOooDooooOoon
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Table 12. =, 10 ul of conidial suspension was placed at
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coobooooboooobooooooooooooo punctured site of leaves.
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Table 12. Lesion formation on leaves of mulberry seedlings of each improved variety inoculated with C. dematium 2

Mo

R e S e B bk kS —

X2
i3
x4
£k
i
LTy
£
i
&0
41
42
43
+4
45
dfs
47

§

Ohakaraguwa (4x)
Shiwnsuguwa
% K]
Unkaraguwa
HonR4-26
Wasemidon (4x)
Crashimaguwa {self}y
HonZ6-01 (4x)
Kenmiochi
Pix
HonR4-60
Milsuminami
Kairyouichimose (4x)
Tokiyuiaka
Higashig4-60
Mot 707
Kairyouskita
Higashi®a-01
Kenmochi
Keguwa
Mnlsuminami
Hon8d-26
Honé7-07 (41)
Kosoul %7
Wasemidor (4x)
Higashifhi=0
Shiwasuguwa
Kairyouschinagse
om0k
Shimomekeizo
K akEnco
Cokamguaa
Shiromekeisouw
Mdalsumanama
Hinosakarn
Wasemidori
HomT4-01
‘Wasemidori
Mo dlls
B arryouschinos:
Ookamguwa
Hinosakarn
Mutsummami
lchimose
Shiromekeizou
Higashigd-60
Hinosakari

Sirain

®

Ly

Minamisakar (4x)
Minamisakari {4x)
Mimamisakari (4x)
Mo
o, MK |
Higashiz$-04
ﬂnﬂm&wﬂmlﬁ
Wip, M|
Hayatesakar {(4x)
Mmamsakan (4x)
Moi
Mo
Mo, M|
Kairvounczumigseshi
Tanakaoushuu
Kairyouncrumigaeshi
Tamakameshuy
Tanakaouwshuu
Hayatesakars (4x)
Keguwa
Shin-ichinosel4x)
Higashi5-04
Mo
Kosou | 5
Mol
Yukishinogi
Havatesakar (4x)
Hayatesakarn (4x)
Hayatesakar (4x)
Hayvatesakan (4x)
Hayatesakari {4x)
Hayatesakan (4x)
Hont5-87
HioanbS-E7
Hoenfd-87
HontS-87
ECosga |
Kosou | 50
Mo IR
B | Gy
Shin-ichinose
Hipgashig5-04
Mayatesakan (4x)
Kiokusoudail | pow
ChunT5-42
Kokusoudsi? | gou
Higashizi-04

Disease incidence®
Apnl“ May
310 LK)
[ Sy
750 L
BT.5 STk
75,0 40,0
41.5 47.%
BT.5
250 400
1.4y (T
dl.5 [LCIET]
BT.5
10400 4
125 LK)
250 125
10
750 315
250 i
6.5 2000
37.5 LX)
525
16.5 LK)
(1K) 46.5
10400 625
29,0
b6.5 B
165
200
LK)
LRI ]
(T
125
330 225
400
375 430
5000 10A¥
453 i
TS aliy
495
ETT)
S0
0.4y 300
125 250
250 2000
250
EOT 875
T5.0
200

ap Comidial suspension of C. dematium was inoculmed on the leaves by spreading with an amist brush,

ki Fach inesdence Fopresents the averape of ta determenalsorn, Blank e inooalabon was mol conductial
ek Dhate of the inoculation: Apnal, Aprl 24; May, May 6,
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Table 13. Number of leaves with symptoms of anthracnose per mulberry tree in fixed points of the field

Infected leaves per inee

Trees
Date of survey Position™
Laovver Mliddbe
Sprimg-pruned frecs
2 August 1993 1352031 0,08 & 0,04
2 Seplember 1993 4. 0 E63 0354013
5 Ocloher 15403 oIEE 102 215%029
2 August 199 Q45 E015 a
1 Seplember 1994 G50 £ 03] 07ix01%
4 Ogtober 1994 1395 .06 285031
T Mowember 15994 1735207 14954125
Surmmer-prmed nees
2 Augusi 1993 LM E0.20 L
2 Seplember 1993 GUs 0T 12004
5 Ocioher 15493 o l6E0 T4 2.12+0.23
2 Augusl 194 .24 2k [
I Seplember 1994 LEGEDAT [}
4 Ogtober 1994 QR £ 05T 0isE013
T Mowember 15994 2T.62 2 || beh 112051
2 Augusi 1995 056E0.15% o
I Seplember 1995 QT2E01Z L1
I Oigioher 1505 O M DG AR 10
2 Movember 1995 19.74 26,54 A6k

hcan length Mean numbser

of o vertical of leaves ona
shoot (emd™  vemical shoot™
Lpper

] D E ]
0.03+0.02 4 56
0.80+0,23 TR §0
] i 51
o 70 0
Q40001 3 24
1380100 0 w2
102 23

0o 176G 53
gl 197 60
([L1] 26

i 180 54
0 M0 &5
178027 215 07
87 21

0o 150 43
(008 £ 002 RLLH i
0. 14 =005 224 (%)

a1 Height of keaves from the grousd: lower, 030 cm;, middle, $1-120 cm; upper, above 121 cm.
¥ Meaugrement was performed in & cbeerved ee which had average kength of venmeal shoots
£ Averaps number of The mloctad Ieaves and standand crmor per observed tree
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Fig. 12. Natural anthracnose disease in a shoot holding
at different angles (a: ca. 90°, b: ca. 45°, c:ca. 0°) of
summer-pruned trees. Each square of a vertical line
represents a leaf of a shoot. Disease severity of a leaf
based on number of lesion : [, not diseased; [T1,
slight; ], moderate; Il , severe.
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Fig. 13. Anthracnose disease in shoots inoculated with
C. dematium on each month. Each square of a vertical
line represents a leaf of a shoot. Disease incidence of a
leaf: 1, not diseased; [T1, slight; ], moderate; N,
severe.
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Fig. 14. Schematic plane representation of the nursery bed. Number in each square indicates the frame No. for
transplanting the seedlings. Three places designated ‘A’, ‘B’ and ‘C’ represent the experimental plots set up
for the transmission test. The ground is covered with concrete, except that the areas depicted with (] are

covered with unplowed soil. ‘S’: shed.
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Table 14. Natural infection of mulberry seedlings and trees in frames in the nursery bed

Improved varciy ™ Dhscase severity ©

Frame No."
g W o Jume ¥ Augusy

1= T
e T s ey
3 Crolcaraguwa Hayaresakari Baa P
4 Crokaraguwia Hayatesakan +H +
] Chokcaraguwn Hayntesakari -
L Kairvou-ichnose Kosoa 1990 P
7 Hinosakan Hon 65-X7 + 4
e T -
4 Bairyou-ichinoss Hayarcsakari 4
I Kataone Hayatesakari + Gt
i Higashi 8504 Shiwasuguwa -
12 Hin 6903 Hayarcsakari P
13 Hon 7505 Benikararoguwa - 44+
14 Booson 197 pow Shin-ichinsoss i +
15" T E
16" T b
17 Hon 7505 Kokusouda 21 gon
i Shiwasgguwn Hayntesakari +
% Koengiacha Opasawara § |
H Keguwa Keguwa
21 Keguwn Keguwa -
n Shiromekersou Hon 65-57
23 B
24 Shiromekeisou Hayatesakari e
23 Han 7011 kKoson 1949pe0 i
2iy* T -
X7
T 8

it Each nﬂt;ﬁﬂh‘r;jmﬂhh the framsg numbsr designaled in Feg. 14, The Frame Mo, added ™ ropresents. the [rame m whach naslbermy irocs
wore ouliival

b Seedlsngs transplaniad ineach freme. | T " indsemtes the malbermy trecs cultiveted s the framse. % indicates no plants were callivmed in the
frams,

ch B umbser of the discased secdlings per ten scedlimgs: 0, —; | or I, 42 35, #4; e |0, ++_ Inthe frame with *, number of discased mature keaves
pertnge: 0, =; 1<%, +; over b, ++. Blank indicabes. no seedlings were transplanied.

@ Dealg ol paiegy | June, huhe 30 DR Augiese, Aughea 11, 1994

2 )

Fig. 15-1. Infected seedlings in the frame No. 3 (see Fig. 14).
-2. Growth recovery of infected seedlings.
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Table 15. Formation of anthracnose lesion on the seedlings placed at various locations in the bed

Locations ™

{1} %0 em height

{23 40 cm height

13} ground -
4} ground (small seedlimgs) t
(5) o bat (22 em i dhaméterh i
{0 p o bag {349 cm i dinmeterh

kK
Plats

1] .

at (T (20 430 (41 (51 and (6] cormesponds 8o dal, (b, (<), (), {db and (e} in the text, respectively. (4 seedlings which delayed the growth were

sl

s o imade of Frams Mook B, inssde of frame Nol whers mulBerry Brogs weng culivaled,; ©, between Frame Mo % and Frams o, 10
i Mumbsr of necrolic spots on the leaves por a soodling: 0, —; 1-3, + over 4, %,
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Diamedar of kesion (mm)
=

._,.
T T T T TTT TS,
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Amaunt of nitrogencus ferilizer (kg/ 10 a)
cv. Shin-ichinose
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=
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&
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Amount of nitroganous lerilizer (kg' 10 a)

Fig. 16. Lesion formation produced by C. dematium on mulberry leaves grown in soil containing each amount of fertilizer.
Grafted sapling of each cultivar was planted in a pot on May 26, and mulberry leaves were used for the inoculation on
August 18 (A) and on September 29 (B). Each value represents the average of three determinations. ], Conidial
suspension (10ul) was placed at intact site of leaves. ™1, Conidial suspension (10ul) was placed at punctured site of
leaves. I, Mycelial block was placed at punctured site of leaves.
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Fig. 17. Overwinter survival of conidia of C. dematium in soil at two locations in December 1997. [A] Number
of viable conidia recovered from soil. The number in each assay was evaluated based on the average number
of the colonies on two replicate plates. Bars represent standard error of the mean. [B] Lesion formation on
the leaf with setae: +, detected; -, not detected. () represents the latent infections revealed by irradiation with

ultra-violet rays. Symbol: o , in sterilized soil placed outdoors;

e , in nonsterilized soil placed outdoors; O ,

in sterilized soil placed under the roof; m , in nonsterilized soil placed under the roof.
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Table 16. Overwinter survival of C. dematium in infested leaves in soil placed at two locations in December 1997

. Drays after buninl
Locanon
i} 7 ki (d} H) 120 1 30
Recovery (%) of the fungus ™
O thie grounsd 4.7 i3 0.0 L) 0.0 0.0 LLL
(n the ground (latent infection) ™ LLIEL 41.0 2.4 d1.4 25 0.0 LA
Under the roof 24 2.9 0.0 00 1.3 L LY
Lesion formation on leaves ™
O the ground =+ + + + __ + +
(In the ground {latent infection) . 4 . v ! i
Umider ibe ronf - -+ & + {+1 4 4+
w1 3030 pheces of infected mulbeny leaves were placed on F5A plates,
i Lagently inlecied leaves were placed ouldoors on he grossd
o Buapension of infedled leaves was specad on punciuned mialbermy kaves
di Discase severity was classified based on the arca of the anthraonose lesion appeared on the leaves: =, 1= 3005 -+, 3= 50%;

+++, over 31%% [ ) represcnts the |stent infection revealsd by iradiatson with ulirs violet mys.

Table 17. Survival of C. dematium in infested leaves at various temperatures ®

Incuhation temperature | )

Incubation days

i 5 10
30 - 1 0 50
B0 [EL1 Ta | (D
90 75 100 10

120 100 5} 75

T 104 X5

100 100

600 7%

a3 Four prieves of the leaves were placed o PSA plaics in cach survey,
b Eegovery Trequency' (el of O demsariom, — pol fogovened
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Fig. 18. Conidial germination, appressorial for-
mation and germtube length of C. dematium
on glass slides at different incubation periods.
Conidial suspension was incubated at 250 in
the dark. a) Each value represents the average
of 40-50 determinations. Length of germtubes:
1, under the length of conidia (23-33 um); 2,
1 to 2-fold of the length of conidia; 3, 2 to 3-
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Fig.19. Conidial germination and appressorial formation of C. dematium in distilled water (A) and in a
solution with water-soluble components from rice leaves (B) on a glass slide 24 hr after incubation.

a: appressorium, ¢: conidium, g: germtube. Bars =50 pum

[=1

!

ﬁ‘\/‘

40

1 3 6 % 1 % 18 21 24

Inculbadicn paricd (hr)

Length of

Fig. 20. Conidial germination, appressorial for-
mation and gemtube length of C. dematium on
mulberry leaves at different incubation periods.
Inoculated leaves were incubated at 25 O in the
dark. a) Each value represents the average of
40-50 determinations. Length of germtubes:
1, under the length of conidia (23-33 um); 2, 1
to 2-fold of the length of conidia; 3, 2 to 3-fold
of the length of conidia; 4, over 3-fold of the
length of conidia. m , germination; e , appres-
soria; A, germtubes.
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Fig. 21. Conidial germination and appressorial formation of C. dematium on a mulberry leaf
(cv. Shin-ichinose) 9 hr after inoculation. a: appressorium.

0000000000 000000D00000000
0000000000000000D00000000
000000000000000000000000
000Dooo000 (Fig22)0
00000000000000000000000
000000000000 000D0000D0000D00
000000000000000000000000
0000000000 000000D00000000
0000000000000000D0000000on
00000 (Fig.23)000000000000000
00000000000 00000D00000O0onon
000000000 (Fig 24)0
000000000000 D00000000000
000000000000000000000000
00000000000 D00015000000000
0000000000018000000000000
000000000000 000D0000D0000D00
0000000000000000D00000000
0000000000130000000000000
00000000000 00000D0000000on
0000000000150000000000000
000000000D0000000D0000000O
000000001501800000000000000
000002400000000000000000
0D0000000000000000000O0OOo

000000000000000000000000
000000000 (D0D)00DDDo00000on
000000005umO000000 (Fig.25) 0000
000000000000000000000000
00o0o0oooooood (Fig.26)0

ooooooooooooobooood

oloooooooo
ooooooooboooooooooooooDoon
gobboooboooooooooboboOoooboooo

0000000000000 00150000000
25emOd 0 055emO000000000O000O0O0ODO
goooooosooooooOooOoO0OO0O0O00n0n0o
oo0o2mO00000000000000000O0
oooOo0ooooOmOOO0OO0OO0OO0OOO0C0OO0O0O0O0
goboooooooooooooboooooooon
oo0oooO0oooOooocbooocbooopsADOOO
goboooooooooobopsAODOOODOOODO
gbooboobOdOemOOO0OO0OO0OO0OOOOOODOOO
oooooooo0opOO0000000002000
gobooooooooooocooooooboooon
ooboooobooooooocooooooobooooon
0O00000000000FRg. 27000000000
ooooooooooon

41



00o0oooUooooOooOo 010020020

Fig. 22. Appressorium of C. dematium formed in a stoma. a: appressorium, g: germtube,

S stoma.

Fig. 23. Conidial germination and appressorial formation of C. dematium on a rice leaf

(cv. Koshihikari) 22hr after inoculation.
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Fig. 24. Conidial germination and appressorial formation of C. dematium on a camellia

leaf 22hr after inoculation.

Fig. 25. Hole (arrow) on the mulberry leaf (cv. Shin-ichinose) formed by removing a
infection peg of C. dematium with clear nail polish. The leaf was treated with a nail

polish 24 hr after inoculation.
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Fig. 26. Germinated conidia of C. dematium adhering to a nail polish. Leaf
was treated with the nail polish 24 hr after inoculation. Bar = 50 um.

Fig. 27. Sporulation on the mycelial colony of C. dematium at the margin
(arrows) on PDA plate 24 hr after placing mulberry leaves extracts.
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Table 18. Induction of C. dematium sporulation by 50% acetone extracts of various plants leaves

"
Planls

Mulbermy
PFaplar
Apple

Lilac

Fig

Orange
Red pime*’
Japancse paar
Lasquet
Peach
Cahbagpe
Strawherry
Marigald
Tara

Salvia
Penilla
Watermelon
Kice
Egzplant
Luging
Eulahia
Chimese chives
Kudri-vein
Cucummber

Indusctson activity

& Each plesa leaves was dried hefore cxiraction. AUt 50| UlseE
ol cach extract was placed @l 1he mangm of the colany on PFSA

plaic

&) Prodisciion of acervali on PSA plage: ++

limle; -, mon prodoeed.

+, many; ++, mediumg 4,

ap A anlhirEssrobial acinaly apansl O demmatiam was also

ahsgry gl

O000lppmO 0000000 ppmOOOOOOOOO
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Fig. 28. Sporulation of C. dematium on PSA plate by placing each concentrated

(0.01 -10 ppm) biotin solution.
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Control

Fig. 29. Necrotic lesions on mulberry leaves
(cv. Ochii) appeared 3 days after placing
the lesion extract onto the punctured site
(left). Acetone extract from healthy mul-
berry leaves was dropped on each leaf at
punctured site, as control. Black points in
the center of the leaves correspond to the
sites that had been punctured and onto which
extract had been dropped.
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Fig. 30. Toxicity of lesion extracts obtained from each cultivar of inoculated mulberry leaves. Mulberry cultivar: m ,
Ochii; ® , Yamatowase; A, Shin-ichinose. Cut leaves immersed in conidial suspension of C. dematium were incubated

in moist chambers at 25 O until extraction.
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Fig. 31. Toxicity of diluted extract obtained from each part of
lesion on mulberry leaves. Each value represents the average of
two determinations. Bars represent standard error of the mean.
Each extract was diluted with 50 O methanol. Symbols: e ,
extract from brown parts of lesions; O , extract from border
parts between brown parts and healthy parts; [, extract from
healthy parts around lesions.
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Table 19. Toxicity of the lesion extract on various plants leaves

Manes™'

Soybean

Japamease pear
(Froen pepper

Maple tree
Cuacumber

Eggplant
Limidendron

Peach

Yulan

Kudzu-vein
Mulberry {ev. Cehi)
Mulbermy (Shimaguwa)
PFaper-mulberry
Salkwarm-lhm

Fig

Chinese cabbage
Japamese radizh

ab Detched leaves were used in the experimenn.
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b 10 pl ol acstons ¢xirsct rom asthracaoss lesions was placed on cach keal al the punctured silg
cb 10 @l of accione extract from healthy mulberry keaves was placed on cach keall al thee punciured sile.
) {ibezrvation was performed & days after placing the extract. Dismeter of mecrotc lesion: =, meg {4, less than 5 pam; +, S<6 man; +4,7-9 mm;
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Fig. 32. Toxicity of lesion extract and lesion formation by the inoculation with a conidial suspension of C. dematium on leaves
of mulberry for each cultivar. [A] Necrotic lesion formed by placing a drop of the lesion extract. [B] Anthracnose lesion
formed by the inoculation of a conidial suspension. Ten ul of the extract or conidial suspension was placed on each leaf at
the punctured site, and observations were performed 3 or 7 days after placing, respectively. Mulberry cultivar: 1, Ochii; 2,
Chyousa; 3, Hikojirou; 4, Ryuusenushuu; 5, Kaneko; 6, Gunmaakagi; 7, Yanagida; 8, Yamatowase. Each value represents
the average of four determinations. Bars represent standard error of the mean.
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Aceton extracts from diseased leaves (dried wi.650 g)

Exid. with n-Hexana

Agueaous layer Cirganic layer
Extd. with EN0#c at pH2.3

Organic layer Aqueous layer
Extd. with 0_2M Phosphate butfer (pH B.3)

Meutral extract Agqueous layer
Silica gal chromatography Extd. with EtOAc atpH2.2
(Wakogel C-200; CHCI3-MeOH) |
CHCl-MeOH (5 : 95) fraction Crganic layer Aqueous layer
Sikca gol chromalography
(Wakogel C-200; CHCI3-MaOH)
C18 chromatography (Varian Analytichem CHCIz-MeOH (5 : 85) fraction
| Bondesil; MeOH-H20) C18 chromatography (Varian
Analytichern Bondaesil; MeOH=H20)
MeOH-H20 (7:3) MaOH-H20 (6:4) MaOH-H20 (7:3)  MeOH-H20 (6:4)
fraction fraction fraction fraction
HPFLC
HPLC (Shodex C18, | HPLC [Shodex HFLC | Shodex [ (Shadex C18;
60 MaOH! 1% AcOH) | G118 52% MeOH C18; 65% MaQH/ £ MalH
B - 1% AcOH) 1% AcDH) | 1% ACOH)
R.t. 24 min, A.t. 28min, R.1. 2024 rriir. A1 T min, R.1. 20-22 min.
HPLC (Shodex C18; | HPLC(Shodex | HPLG (Shodex HPLE (Shodex | HPLC (Shodex
| #&% Acetonitril) C18; 40% [C18; 32% | C18; 50% MaOH/ | C18; 35%
Acatonitel) | Acetanitril) | 1% AcOH) | Aestonaril
A1 10.5 R 11 R 24 AL 7-8 R.1.25-28 R 13-14
min, min, PN, min, i, PR,
(B) (C) HPLC HPLC (Shodex (A} | HPLC
=0.1mg <0.1mg (Shodax PH, C18; 50% MeDH/ | [Shodex C18;
' ' 60% MoOH) 1% ACOH) \ | 50% MoOH/
\ 1% AcOH)
R.L12-14 AL 25-26 \ AL 2528
miin. mi. \ min.
(D) (A) <0.1 mg (A)
=0.1 mg

Fig. 33. Isolation procedures of toxic compounds (A-D) from anthracnose lesions on mulberry leaves produced by C. dematium.
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Fig. 34. Ultra violet absorption spectra of toxic compounds

from anthracnose lesions on mulberry leaves. The spectra
were detected with photodiode array detector on HPLC
separation. Solvents: compound A, H20: MeOH: AcOH
(49: 50: 1); compound B and C, Hz0: Acetonitoril (52:48);
compound D, H20: Acetonitoril (60: 40).
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Fig. 35. Colonies of B. amyloliquefaciens RC-2 on LB plate after 2 days of incubation.
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Table 20. Antimicrobial activity of culture filtrate of B. amyloliquefaciens RC-2

Microorgani ames

Bacterin
Agrobacterinm Ivmefaciens
Clavibacier michigenensis subsp, michigmacnsis
Erwinia corotevora subsp, carofoviees
FPrgeulvmaonas cfichari
Pagudomaonas margleanlls py, marglarlis
Preudomaonat rtagac py. moet
Papudfomaonas folamsil
Prpudomaomas virdilave
Xipnthomonas campesiris . campesies
Fungi
Bipolaris feersioe
Callerarerolivs acwlatiom
Calfetatrichrm demelinm
Iiaparie nomural
Fiesrerant latevitives Cap, mori
Crlamerelir cimgmdoie
Myrarhecfum roridum
Pyricicliria crmzae
Roseifinig recatrix
Soleroitala soleradlormm

267
1.0
1Ak
1.7
gL
13.0
1.7
1o?
250

Mk
NG
MLk
Mk
20
MLk
Mk
MG
MLk
Mk

Dilution of culture filtrate [-I'l.'!lll:llI

2 4 Cantrol ™
o 727 19.7 Ml
7.3 23 Ml
133 a3 il
37 bl Ml
3 Nl Ml
6.7 NI Ml
43 b | Ml
6.3 NI Nl
2.0 16.3 Ll
di =
M 30 343
Ml 4.0 3
Ml MG HLd
NG 1.7 .7
T 15.0 .7
Bl MG k3
1.0 10,7 15,0
e K M 8.3
Bl MG 317
i 13,7 =) 0)

af Culture fileraie obtained from am incubation mixture of 0.5%PFD broth was filier-sienlized. An undibsted filoraie was regarded as 1-fold. 20
gl of each dhlutsss was placed on cach bagicnal layer of myeelal Blogk,

ki Stenlized destillod waser (D0 plp wan placed as contral,

cb MHamater imm of inhibition wone: NI, mo ichibition. Actnvity was determined | day afber placing filirale. Each value i= the mean of three

eeplicates,

b [ramsgtir (mm poof myeelal growth ; MO ne growth, Actialy was determined 3 clays alber placeng filitg, Each value s the mean of three

replicates.
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Fig. 36. Effect of culture filtrate of B. amylolig-
uefaciens RC-2 incubated with PPD broth
containing various concentration of pepton
and incubated at various temperatures on
mycelial growth of C.dematium on PSA
plate. Observations were performed 3 days
after placing each filtrate on mycelial blocks.
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Table 21. Inhibition of anthracnose disease on mulberry leaves treated with culture filtrate of B. amyloliquefaciens

RC-2 before or after inoculation with C. dematium

Falerate treatment ™

Dizinched leaves '

11 days belore mnoculatsn

1 days before moculstion o
2 days befare neoulastion

1 day bebore inoculation

Same day with moculstson'™

1 day after incculation +++

Cantrol ™

Lesian formation

Abached leaves”

i Lulise ehratg of stras RO-T was obtangd Troas 005% FPD broth shaked or J days ag 375 °C
w Culiure Nlrade waas Incaled om mulbary leaves, and O dfemaifon wias inocalabod by spraseng a conidial suspension.
1 Four cut leaves (cv. Shin-ichinose] were wsed a each day for treatment of the filrste. Obsenation was performed 8 days after inoculation of

1hi Tungus.

di Fosgr pods ol mslberry Broe (ov, Shn-schisone ) wers uiod, and a leal of cach Brog was used al cach day Tor ireimaenl of the lilrale, Observagion

was performed & days after inooalation of the fungus.
i Daarseier of sthracnoee Eaaoa — md lessin;
N Calture Hilirade was Ingalod 80 the keavies T B b loee inocakilstn
g1 Consdial suspenaion was inoculated to the mongreatied beaves.
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Cantrifugation
a1 8000 ® g, 20 min
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Powder by evaporalion al 25 °C
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B0%  80% 100 % MeQHHZD

HFLC
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Compound 1 2 3 4 5 & )
A.1.10 min 12.5 min 135 min  14.5 min 20 min 25min  Hmin
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Fig. 37. Isolation procedures for antimicrobial compounds from culture filtrate of B. amyloliquefaciens RC-2.
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Fig. 38. 'H-NMR spectrum of compound 1 at 600 MHz (10 mg/0.6 ml DMSO d).
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Fig. 39. *C-NMR spectrum of compound 1 at 600 MHz (10 mg/0.6 ml DMSO dg).
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563
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2900
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24,5

-

1741
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1710
1 T
tl4
[LLE
563
562
g
S8
0.7
40 6
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363
o0
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39
a6
Mh
2.0
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Table 22. *C-NMR spectra of antimicrobial compounds 1-7 in DMSO dg

Compourds
J"i.mign.rrh:nl':'
3 d 5 fi 7

174, 1 174.1 174.0 174.0 1740 L-Gin'(C8)
179 1718 171.8 TR 1715 D-Asn™ )
1700 1710 171.0 1710 1710 =Asn' (T
1706 [ L] 176 1 Tk 17006 L-Asn'(Cy)

6.4 614 1.3 .4 61,3 L-Ser O

0.8 608 60,7 607 640, 7 L-Pro'{Cux)

56,3 563 56.3 5% 56.3 D-Tyr(Ci)

5.2 6.2 562 562 56,2 L-Ser'{Cer)

0.8 0.8 0.7 508 $0.8 - Asn®| Cix)

0.8 508 507 K 0.7 L-Asn'(Ceed

0.7 40.7 49.7 0.7 49.7 - A Cex

49,6 410 4416 406 44,6 L-Gin'(Crx)

471.2 4712 47.2 47.2 47.2 L-Prof( (&)

454 454 5.4 454 454 BeAmmo AcwdiCie)
363 6.3 363 163 363 L-Asn'(C[)

350 360 B0 6.0 KLY -Asn (TR

15.2 152 152 152 153 I-Asn )

4.9 9 M9 kSR 49 D-Tyr i Cfi)

4.6 s EE R Ha 4.6 B-Amino Acid(C
LR Mhh s My ELIR] L-Gin'iCy

2590 20 4.0 | 4.0 L-Pro'(CR)

26.5 6.5 285 6.5 26,5 L-GinCf)

254 254 153 254 253 BeAmimo AcidiCy)
4.5 4.4 244 M4 M L-Pro'iC

a1 Supserscript mamber of cach aming acid cormesponds: e each number of composed amino acid of iturin denivatives designased im Fig. 40.

A — (CHz)sCHCH:CO L-Asn’ D-Tyr'—— D-Asn’
I
NH

|— L-Sar” D-Azn' L-Pro" e L-GIn"

R: lburim A2, GHaGHAGH:-
A3, CHaCHCH-
CHa
A4, (CHalCHCH:-
A5, CHaCHCH=CH:-
AB, (CHapCHCHACH:-
AT, CHICHACHACHACH:-

Fig. 40. Chemical structure of iturin A2- A7 produced by B. amyloliquefaciens RC-2.
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M Summary

Mulberry anthracnose is a disease commonly observed
in mulberry fields in Japan, of which symptoms consist of
brown to red necrotic spots or streaks on the leaves. The
incidence of the disease has tended to increase presumably
due to dense planting of the trees and that mechanical har-
vesting of the shoots that results in significant damage to
tree vigor. However, physiological and ecological studies
leading to establishment of effectual control strategies against
the disease had not been hitherto reported. In this paper,
the author extensively studied about mulberry anthracnose
and the causal pathogen. The following summarized the
studies.

O O Anthracnose fungi were isolated from diseased mulber-
ry leaves which were collected from various geographic
origins in Japan. They were identified as C. dematium,

C. acutatum and Glomerella cingulata based on the shape
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and size of conidia. C. morifolium Hara, an anthracnose
fungus hitherto described on mulberry, was proposed to
be a synonym for C. dematium due to the morphological
characteristics of the conidia. C. dematium was more
frequently isolated than the other anthracnose species and
showed strong pathogenicity on detached mulberry leaves.
It is therefore suggested that C. dematium is the major
anthracnose pathogen of mulberry, while C. acutatum
and G. cingulata seem to be minor and the development
of the lesions by the two pathogens strongly depend on
the condition of the host.

O O Pathogenicity of the 3 species of mulberry anthracnose
fungi, C. dematium, C. acutatum and G. cingulata, was
examined using various detached leaves of plants belong-
ing to 37 species of 21 families. Each fungus was patho-
genic to various plants as well as to the mulberry. When
26 isolates of anthracnose fungi isolated from 15 plants
were inoculated to mulberry leaves, C. dematium isolated
from mulberry leaves showed the strongest virulence to
the leaves, although other isolates belonging to several
species also displayed lesions on the leaves by wound-
inoculation.

O O Difference in the susceptibility of 260 mulberry cultivars
to C. dematium, were studied. Several cultivars, such as
“Chousa” and “Hikojirou” , were notably susceptible to the
fungus. Whereas, some cultivars, such as “Gunmaakagi”
and “Yamatowase”, were resistant to the fungus.

O O Development of mulberry anthracnose caused by C.
dematium was surveyed in trees at a fixed point from
August to November over a period of 2 or 3 years in mul-
berry field. Disease was observed only in lower foliage
of trees in August, and the disease subsequently reached
the middle and upper foliages in later months, resulting
in the increase in the total number of diseased leaves until
November. Inoculation tests in the field revealed that
younger leaves attached at upper positions of a vertical
shoot tended to be sensitive to the pathogen, suggesting
that infection is less affected by the age of hosts leaves,
but is more related to the position of attachment of leaves.

Overwinter survival of C. dematium in the form of conidia

and within infected leaves was examined in soil under field
condition. Viability of conidia rapidly declined, and the
survival could not be detected after 65 days of incubation,
suggesting that conidia in soil are not a significant form
of overwintering inoculum. While the fungus in infected
or latently infected leaves placed in soil under field con-
ditions survived long period. These results suggest that
C. dematium can overwinter in infected or latently infected
leaves, and that these leaves can be a source of primary
inoculum in the following year.

O O Conidial germination and appressorial formation of C.
dematium was examined on mulberry leaves and on glass
slides in association with some leaf components of host
and non-host plants. The percentage of conidial germina-
tion was higher on mulberry leaves than in water droplets
on glass slides. Water-soluble and volatile compounds
extracted and trapped from mulberry leaves, and decoc-
tion of dried mulberry leaves, induced the conidial germi-
nation. While the compounds obtained from leaves of non-
host plants also induced the germination, suggesting that
the germination-inducing compounds are host-nonspecific.
The time required for penetration in mulberry leaf tissues
was estimated to be 15-18 hours after inoculation.

O O When apparently healthy leaves of mulberry were
irradiated with ultra-violet rays (UV) for 3-5 min. and
kept in a moist chamber, brownish gray and orbicular
spots often appeared on the leaves. Many acervuli, conidia
and setae of C. dematium were produced on the spots.
Thus, it is confirmed that C. dematium latently infects in
mulberry leaves, and the latency is unmasked by irradia-
tion of UV.

0 O Compounds in mulberry leaves inducing sporulation
of C. dematium were detected. Dissolved or suspended
aqueous solutions (1%) of 16 amino acids and 10 vita-
mins occurring in mulberry leaves were applied individ-
ually at the margin of the fungal colony growing on PSA
plate. Sporulation was induced only where a biotin solution
was applied on the mycelium at a concentration of at least
0.01 ppm. This result suggests that biotin, which occurs

in mulberry leaves (ca. 0.6 mg/kg of dried leaves), has a
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role in inducing sporulation of C. dematium.

O O C. dematium was examined to produce phytotoxins in
planta. Extracts obtained from the fungus grown on mul-
berry leaves caused brown necrotic lesions on susceptible
mulberry leaves, when they were placed on the wounded
adaxial surface. Whereas, no extracts obtained from
various media induced the necrosis, suggesting that the
fungus produced phytotoxins in planta, and some compo-
nents consisting in mulberry leaves may be indispensable
substrates for producing the toxins. The phytotoxins
obtained from the diseased leaves induced necrosis on
nonhost plants leaves, as well as on mulberry leaves. In
addition, the susceptibility to the toxin was correlated
with that to the fungus infection in each susceptible or
resistant mulberry cultivar. These results suggest that
the phytotoxins are host-nonspecific but play a role as a
factor of the fungal pathogenesis in mulberry leaves in
the development of the lesions. Four toxic compounds

were isolated and purified from the anthracnose lesions.
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However, due to the low yield, the chemical structure of
the compounds could not be identified.

0 O A potential antagonist, Bacillus amyloliquefaciens
strain RC-2, against C. dematium was obtained from
healthy mulberry leaves by the application of in vitro
and in vivo screening techniques. Application of culture
filtrate of RC-2 inhibited disease on mulberry leaves, indi-
cating that suppression was due to antifungal compounds
in the filtrate. Development of mulberry anthracnose on
mulberry leaves was inhibited only when the culture fil-
trate was applied before fungal inoculation, and it was not
inhibited by application after inoculation. These results
suggest that the antifungal compounds in the filtrate
exhibit a preventive effect on the disease. The culture
filtrate of RC-2 also inhibited the growth of several other
phytopathogenic fungi and bacteria in vitro. From the
culture filtrate of RC-2, 7 kinds of antifungal compounds
were isolated by HPLC analysis, and they were determined
as iturin derivatives by NMR and FAB-MS analyses.
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