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1960412 > EFRFBRe & DFERVME Shic. EHIFHRR TLISSFECIHRILEERMBEE RS
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RBLIEC T Bbh, RECHECREbRRV. ZEORBIE« OHEBEOEHBOIZAREED
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EFA 7 ROBRBI L ToRBEAKETH L (Fig. D. F7sbb DERCEENEHEONE
DIXARL UNTABO, 2) MNIABHES L TABOEARIIABEENAECEECHEbRS LD
(RIXABD, 3) EIR& IR, FUIR & MIRO—E F 723 KA HLT 54 0 CEREL) »E—E
CREL, I5ABBLELFRCRE LTV CD3I2DHDFER s 77 ) vITRD AR
25, BEXcir A (Fig. 2) #3ofRsa s L.
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i h, FTRANFEOHE & L LCHEBICHEVIZEF 1 7ERT S THbR DD CHELIbh AN
L, A2 LAEIOEEHES RS (Fig. 3). ChoOMBUIBRCH LI AEE T3 L R
bhhielieh, WEDO<Axv /B3R Rbh% (Fig. .
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mosaic on Ralls

Fig. 3 Necrosis on Red Delicious transmitted Fig. 4 Masking of mosaic symptoms on
by budding from mosaic affected Ralls Red Delicious
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Table 1 Transmission experiments of apple mosaic by buddinga

Tested variety Symptoms onb

Source and tested tree Symptoms on®™
tree pot number . (stock) scion
o Red Deﬁdous;% n m>n,
n .
3 n m
Jonathan i n ‘m
2 n ]
Ralls 3 m< n m>n
Ralls 1 m< n m
2 m< n o
3 m<n o
Indo 1 m< n o
2 m< n o
Red Delicious 1 m>n m
Crab apple % rmnig 2
Ralls 1 m>n —_
2 m —
3 o o)

a Budding on Aug. 17, 1960, recording on June 22, 1961

b m : mosaic, n : necrosis, o : symptomless or undevelopment of the scion bud,
— : failure of budding, m>n : prevailing of mosaic symptom against necrosis,
m<n : prevailing of necrosis symptom against mosaic

PRERRCHEERE LTCEXE VSR, ARKDOTY v v R, FIETHAED | A4 RE 25T
DIFBDOHZRERL, B 1 vV TiResFA 7ERLE -0, 2 IBDRBeFA 76RX D bEE
%Kﬁbht.777)/3&$EﬁkLL%AMA*®@%,T)/?Km%#47ﬁ&#ﬁ%f
Botohy, R FEED ZTCOER L - THbh .

KRR THEDE XTSRRI LK EHE LY, RBFENS D 57 FEF L-FHARORENL IR
LREBEDEFA ZIERER LD, ORI TR - THRFELZLD LA BRI,
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b v I CIEFESEREFR TS 70Hi, FOXETCRIAROBRIMAREST S 2 &rEEgEC
BB, ThTI9614E5 A2081C, BARMIC L o TTTRZ 77 ) vIDEFA 7FCH KR LT Y
vy AMAR BRI ER LOCEXOEARICIEUDE (inarch grafting) # 47U B RHAR % 557,
FORETEELD 6 AL2ACIREL, ToOBRIMIIIIATH 7.
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Wi & 2 R DI NTEF A ZEERET R ETIREDOH D 2 LW A Lichs, ARBCILet
ARBEOE A DD T DEFEAH LA TRV, 7Y vy ACHEIEY, 1 v FRERTLED
REOECHCREE 25 THAS. FBERERL LEBXL 757 v I CETRENED D
THBY, FOXDOBCHARKOENAYEGBRE L7779 v X D LB L2 FEOREMN
BARCH b L1 Posnette 505% Atkinson 2)D\+5 Lk 518 EF A 7 7 4 /v;«@%;@’ﬁk_; B
Larb Ao, SERFTREMETHS.



2 BxRBRS®E CH3 8
0% % & &

1. REER L OS54

FIREARN (4,5 22U FCHERRCTERCHBOD 5 HHEETHWELRAL, 2Kk
STERETHZEZHLNCL, BREFHREAF L. AREIbAECREOCBREI Y v a0
Y ANATETH B AROREILE L LTHERRCTRD LR T B2, BT FLORKEN S
LT, AN@OOLRBREZT > e YR EERR T ECHC b RRI 5 2 LN TR, HAR
AFEXRCR O T, BFRA v PR BEL, FARTHRATSBCHIEL T 4.

2. W B

FEIERRICIT RO bR, 3 B SRR bR . RO MBI BRSO
bWLCRD bR, TORBESRIICH O THEETHS. ThbbEY, 1 v FOYRCiT
FRREBAHC CEAPE TR TLOMSOREN 2L 7L LSOREE LT D, XZA4E LD
L TRELGEDPTBRUNCP RGO TH 5 (Fig. 5). HEOBWBATREORE I - T LS
HERBCARET 0%, 2 v 7 (LB ERTC B b SORE BT 5. Z ORI < false sting
F 121k green crinkle LFFLTV % ¥ 4 4 205 (D I X —3T 5. SRR cc Blbhis
B 2 v 7L LICRE DA ORAVEH L TOIEREE L, £OBAMHEHCIE - XBA £ 54
AbH 22, HRIZEBRCEREET 50BN TH B Fig. 6). & OfKEUL Posnette & (6 ©
Cox’s Orange Pippin iwHlh 5 star crack & Lifhs v 4 L AFEOFRIC SEWT 5.

Fig. 5 Symptoms of kikei-ka disease on Fig. 6 Symptoms of kikei-ka disease on
Ralls young fruits American Summer Pearmain

HAFR TRRME—EOH 2 ICHENBbh, BETLBENR IR, BEUMILRHH T,
bhisi. Lo LEBRBRCHINOMIE, 33 - BEIEOBEN RS b Ba L 552, #3453 I+
5 RBEHI ZEBHEL T DD TEDEEND DD L ARl
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TARVRTRIBTAT D M3 DB Lic A v F ORI L VAL D 1961429 B 7 Hic 548
ADORFERBOENLEK, 1 v FIK, B 2 RN L RI~SFETOHEOERFTF oo, BEI WA
YRBBOBIRCH1961FIA BT ~BIEL, & DI BERO 1963411 51 BEDRER
BEHCBEIh. COBRCIEL B L0 2BE L5, BRESLEN:LEbh D, 1964
FIHERBOLTIERL, VTR L 2REMO & 2 5 TR BBER ORI 7 LI (Table 2).
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Table 2 Transmission experiments of kikei-ka and sabi-ka by budding.

P —

No. of
Date of Tested ggé e(():lf infected
Source tree budding variety treo tree in
1964
it Indo 2 2
Kikei-ka Sept. 7, 1961 American Summer Pearmain 2 2
Indo Ralls 1 1
Indo 5 5
Sabi-ka Ralls 5 5
Ir?do Aug. 30, 1961 American Summer Pearmain 5 5
Jonathan 3 1
4. E %

AFEARQORN: L OARROBRNDLDERCL - TBERTIV 4 VATRTH D & LI13H
EMTH D, BRI —RCERMHHREBINTOEATRFUAT L) BHARRBORAXEHA LT
Eg

EHEFOEN, 1V FCEbALFHERIA-A T )7, =2 —2—F v FQRERENTOI
T\+% faise sting H %\ % green crinkle SFHINB Y 4 VARCHEBIC L —ET5H. T
BRI ) ATEFORENREZI N C\ A star crack (6DFRBUZHLIT 5.

Posnette 5061, star crack & false sting # 5\ % green crinkle DREDOHBMNBELT S =
LEBDTHA, star crack 1B\ TRRRUSMNC LI OMIE, F2F - BITEDBIE s & DRtk
RTDOT, ThBIEDEREHALMCTHITL, I LCEELERRENLETH .
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AFNLLISIFCHRHONRFRCEbIh ) v TOHHREE L TRE¥AUFRETRELLED
DT, ZOBHIMBOBFHEREERINL L, BIRENIKIR (12,13) 235N THFE L 7o ii
VIR (8 BR, BALWABME LAY v XY () BRLA—RETHHLEL, REAT,
18) bIhbaR—RELHZL LI () BHREHLTE L.

FRIBRCOPRFRTTORE LR U2, FHR, BRRCIBEL, KERY™ZL L0
ERRBD LN TS, KROSMIFHEMETAELT > T D THBA TRV, BEDL AN
EAET LT L.
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BRI RECOZBE bR, REN A ZBOBRICL > TIVREETHDO1NEHTHAH, D
AN BORBULHBEC X - TESD. L LARDOEARNCORBII KRR/ L SCHRAEL
REDEBEIIC Lo TERDLE ETe o THAL BRI ST CREW 2 v 7 B2 FaET
5T ETH5.

* BREEK (1959) ORER LS.
MY S ARCET AN ERBREER  TEEY A AROSMRE (1960) X 5.
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L L& OBARZ OEAESS TR TEY, 1V F, ARREDRETIN B L2 PO 2R
¥ it EastRic 2 v 2 BAER SR, REESANa V7B TEEbh3B68LH5. 7V v
ATREAHD 54D ar 7 BOHURINLHEHEBRLR LB 52, ar s BAREL, &6
s, REOMMABE LY (Fig. 7,8). ZORRBILT 2 V) » 2 b I T 5 scar skin
(8,9,10) (FTHY A AMAREFEFC LI SHELT S, E WOERECyE2ETHZ Epel

Fig. 7 Symptoms of sabi-ka disease on Fig. 8 Symptoms of sabi-ka disease

White Winter Pearmain on Red Delicious

WA EEDL LR TE D, BRLOCINET ATV FY Vv R, 1B, Wik s Uk
WEWS. DIERIEREE A

3. BERR
HFRRLAMHOYELEDIIBTHE LA v FOIVRFBBE X 0 FIALED 196145 8 B30HIC
FERBERBI OV F, B, HEhLhSK, HEIRS, —BIC2~3IFTFOFEOERT o7
BRI BRROGERROBE LA 2 MBHES . ZORBRIC X - TI964FEITITA v F,
EY, BT, AETLIBOIMNEE L. HELAREIHED & 2 HTR~IFBEAFER
iR Lz (Table2). '
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BRI LN OERIC L - TERT DY 4 L AFETH B, BEBIREER CH ooz &2
BT & DERIFIC L - TH O BRMATH TH 5. KFROKE T Miller (8)3 X 0'Millikan 5
(9,10,11) 2384 L7c scar skin OFBICIERIC XK ELT 3. T —AFVvF Y o v ANKH LA
WEL D E LIRBRHE0E Millikan (QOREBERE—H LTV 5. AFLHIC I - TRED DT
DEALT B DTE LIS ROMME, BOREEY Y ACAEERIRC L - T DRRAYH LT
BHLENRD D,

o
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1. bBRETY v TZRET LY 4 VARD S bEC 21 7IERETTEFA 7KL, BEILS
e BT H2HHRRE LOREORF L =2V 7 BTHNRD SOCFRCOWLTEDRE, S5, Hkic
DTN, XHREBERRABEFT > TV AV ATRTHHIEXBIELE. ThbD Y 4 L AFEDOHA
Eksd 2R8E3 D7 <, £ORMSIECEETIXR.
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EFA V7RI FOHFEBMTL - C, BEFIV LMLV 2L RBOARCEHbRE. oD

BB ORBULMEC L > CTEDBBOENFED Hhe. ERHBRELT2I77 ) vI2AVWHE
LEXEBOIBE L TARCHLbhARBICERR BRI S SIXEF A 7V 4 L ZADRMDFED
HEIhe. FERIEFEOERT~A7 Sha. HRYMEEIBETH -1
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R L - THETRD, BEX, 1 v FeBbh2mBuliEsto false sting » 5\ 1% green crinkle
ORI —E L, BB bhcfiEs star crack ICELT 5.
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LORIRELFM 2 DIME S AWM Y v T30 () RIRERA—D v 4 L ACRET 2 WE L

Zx bh, PERC L > TEELREONRS D2 7 BRARECESYD, FELIABE LIRS
OIEBTH D, AFUIMBEC L - TRBAY RICT 55 scar skin ORBICIEE I X < ELT 5
E, MTEaLvsBEHRTHI L EOODLAED bR,
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Studies on Apple Virus Diseases
1 On Mosaic, Kikei-ka, and Sabi-ka Diseases

Kenzo SAWAMURA

Summary

Three apple virus diseases, mosaic, kikei-ka,* and sabi-ka,** which show visible
symptoms in leavas or fruits, have bzen recongnized in Japan. In this paper are
presented the history, distribution and svmptoms of these diseases. And some informa-
tion on these diseases is added f-om the results of the transmission experiment.

Mosaic : The first report of the presence of apple mosaic in Japan was by Fukushi
and Tahama (3) in 1960, who carried out the transmission experiments in Hokkaido.
Now apple mosaic is also present in Aomori-ken and Nagano-ken, but its occurrence
is observed on a limited number of trees. A Crab apple and Ralls variety are used
as inoculum in the experiment, the form=r is with various types yellowing on the
leaves (Fig. 1), the latter being with a number of small cream-colored areas (Fig.2).
In grafting experiments, necrosis is found to develop on the leaves accompanied by
mosaic symptoms the fo'lowing year. This symptom expression on the potted
trees by budding varies with inoculum (Table 1). When Kalls is used as inoculum
the symptoms are more severe than in the Crab apple. Young potted trees produce
symptoms 33 days after inarch grafting iroculation in May. Leaves of affected tree
develop=d during the summer are free from symptoms of apple mosaic (Fig. 4).

Kikei-ka disease: Kimura (4) reported that occurrence of malformed fruits in
Ralls apple variety in Aomori-ken as early as 1934, and adopted the name of
“infectious kikei-ka of apple” from the results of the transmission experiments by
grafting. Kikei-ka disease has been ohserved in Aomori-ken and Iwate-ken mainly
in Ralls and Indo varieties. The symptoms of the disease are restricted to the
fruit and characterized by the anpezarance of deppressed areas on the young fruits,
which become severely malformed (Fig.5). As the season advances, the russeting
develops in the deppressed areas and sometimes cracking occurs in same areas. The
disease is transmitted by budding to Ralls and Indo, which show above. mentioned
symptoms, closely resembling apple green crinkle or false sting in other countries.
However, American Summer Pearmain show wart-like swellings and star shaped
cracking on the fruit, which resemble star crack on Cox’s Orange Pippin in England
(Fig. 6).

Sabi-ka disease : In 1952, Ushirozawa and Tdj6 (19) reported briefly occurrence
of the disease and described the symptoms of various commercial varieties from the
results of grafting transmission experiments in Ngano-ken. The disease is considered
to be identical with “Manchurian sabi-ka” which have been reported from Manchuria

* In Japanese kikei-ka means malformation of fruits
** [n Japanese sabi-ka means russet skin of fruits
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(12,13). Sabi-ka disease is spreading in Aomori-ken, Miyagi-ken, Akita-ken and Na-
gano-ken. The foliage and wood of the affected trees appear normal, symptoms being
found only on the fruits. The symptoms of sabi-ka are characterized by the develop-
ment of a corky scarring on the fruit skin (Fig. 7,8), but they differ among the
apple varieties. A reduction in size of the fruits is also one of the symptoms. The
disease is transmitted by budding to Ralls and Indo, which show development of
scar tissue, especially around the calyx. These symptoms are identical with that of
scar skin apple virus disease. However, fruit coloration of the affected Jonathan and
American Summer Pearmain by budding is uneven without scar tissue development.
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