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BRI ZDRTHL D & - 288 T8
T IRORERIZ D WTHET 2

I WEFHE
1984400 6 A7 &5 9 AU 21 T, dLIRHT DA H,

TREE % & 5 MUBET40E (M 25, ML TNy
A5 20) DB ER BRI OV THE LT,
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Table 1.  Number of fields examined
Month Name of Sampling site No. of fields No. (‘)f fields in which
fungi were detected

Jun. Ariake 6 4

Hitsujigaoka, Satozuka 2 2

Jul. Ariake 6 6

Hitsujigaoka 1 1

Shinoro, Shinkotoni 10 9

Aug. Ariake 14 13

Sept. Ariake 4 4

Hitsujigaoka, Satozuka 2 1
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(WA) BLOy o4 2Rlit#REM (PDA)
TENLNBE, SBEL 2, BB, Sk
IR PDA RIE S SRR L, RsEicfitL
72,
ERO—EIc D TR T E 2 TR L 2212
cm ERSEHNTRIES L FELYOR LY VY
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Fig. 1. Occurrence of spinach root disease (1984)
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REBER A5 (1985)

2. B, SOBEE A s RIRE

HEHEORK EBEI NS AREOTHR S
AL, A HFWRNEET L, £ D85 % Table2, 3.1
NL 72.  Pythium, Fusarium, Rhizoctonia,
Aphanomyces > 4 I HHERL S 4, Fusarium >
Pythium > Aphanomyces > Rhizoctonia O A2 %

CABER T Fusariwm 3B WP 2 L €
FEEENICHY, L IERPOEE R, #ilits
H o dz, 7, Pythium | SRBIO TR &
& 72 Aphanomyces 13 & 18 4100 T2 1k, ’?‘ﬁﬂﬁ
POHZNENESHBINAENCH - 2. 0B
Rhizoctonia 045y BEBRII S T - 72,

SoRE T, Misuc k- THREHS L

B ELHD, MR OGS N RRBIICD
WCIEREL IR B R LB vy, M s L TR
RTHL4d e ol niocitL, Bk
B PR Ci3iE & A & Fusarium TH - 72,

Table 2. Frequency of isolation of the fungi from the diseased spinach during the main growing season
Isolated fungi Cmtgre Jun. Jul. Aug. Sept.
medium

Pythium WA? 23 6 5 7
Fusarium WA 77 77 83 94
Rhizoctonia WA 0 2 3 0
Aphanomyces Sw# 0 6 10 0
No. of root WA 45 334 520 160
segments tested SW 47 334 520 160

No. of fungi isolated

Notes: 1) Frequency (%)=
2) Water agar
3) Sterilized water

"No. of root segments tested

X102

Table 3. Frequency of isolation of the fungi from the diseased spinach at different growth stage
SW WA PDA"
Isolated fungi Stage
Av B» @ A B C A B C
Pythium 18 4 5 12 2 5 11 1 5
Fusarium - — - 75 85 92 68 82 90
Rhizoctonia — - — 1 1 2 2 1 2
Aphanomyces 8 10 4 — - — - — —
No. of root

315 297 449 310 297 452 291 300 454

segments tested

Notes :1) Cotyledon-3 leaf stage,No. of fields=13
2)4-7 leaf stage No. of fields=10
3) 28 leaf stage No. of fields=13
4) Potate dextrose agar
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Tabled (27~ L 72 & 9 12 Pythium, Rhizoctonia,
Aphanomyces 1213 & L2 FEIABRIZ L €Ak
PHIER Z 51 8 R 2 T HROFAEI RS SN2, &
» T4 Aphanomyces O ERILAEERII4% & 45
HTEHES, BABEEE»ED LA, &8,
AphanomycesiZ DV TIdT8EN L F R & DBEE T

WIHTHAICE D,

¥ 72 Pythinm 12 & BB KRS8
LA 5DIZH L, Rhizoctonia T3 MBS ER A548 ¢
CHRICWZE L 720 —F, Fusarium OBREEET
A3 ~ 4 BME» L B B S ¢ 5 1L
Ly BRD5 MBS EE L7, s
DFRTBTHOEFTRERIC B W TBE I 2
Lo EIRIE—5%L 7,

HEn&B0, HEDER7L > 7 lTIE
B 2 K T 5 Fusarium, Pythium, Aphanomyces,
Rhizoctonia DIFFELFEE S L7z,

Table 4. Pathogenicity of fungal isolates to spinach seedling

Pathogenic isolates

No. of pathogenic Average > >
Tested No, of isolates . ©- of pathogenic Vel a.gt Average
. isolates damping-off root-rot
fungi tested
frequency (%) frequency (%)
Pythium 12 9 24 52
Fusavium 2 1 70 77
Rhizoctonia 10 4 17 94
Aphanomyces 3 3 94 100
Table 5. Number of fungi detected from damping-off and root-rot spinach in Ariake area
Field name Growing Symptom Culture Kind No. of detection
and sampling stage medium of from root
date root Py. Fu. Rhi. Aph.
Sw Diseased 0 — — 17
A 8/2 cotyledon  Damping-off Normal 0 - - 0
(Vinyl house) Diseased 0 28 0 —
PDA
Normal 0 25 0 —
SwW Diseased 1 — — 11
B 7/2 8-9 leaf Root-rot Normal 1 . — 0
~fiel Diseased 1 39 0 —
(Open-field) PDA iseased
Normal 1 39 0 —
SW Diseased 2 - — 11
C 8/2 6-7 leaf Root-rot Normal 2 — - 1
(Open-field) PDA Diseased 1 34 0 -
Normal 0 35 0 —
Sw Diseased 0 — — 18
D 8/2 6-7 leaf Root-rot Normal 0 - - L
(Vinyl house) PDA Diseased 0 32 0 —
Normal 0 28 0 -
) Sw Diseased 0 — - 2
E 8/2 11-12 leaf  Root-rot Normal 0 _ - 0
(vinyl house) PDA Diseased 0 40 4 —
Normal 0 24 0 -

Notes: No. of plants tested, normal=20 diseased=20
No. of root segments tested, normal=40 diseased=40
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4. Aphanomyces \= & B IR &
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#kic %53’%{’9“6 — 5, Pythium 1= & 5 TR
ML/"J‘HMJ‘ TR EAL 2,
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ARER 7z hs, 1THIE I3 Tables (Field A) 12
U 72 & 9 0S Pythium, Rhizoctonia | 5 8 S 1L
3: TRIRHE 2 &5 Aphanomyces & Fusarium 0 7

LR L, Lo L, Fusarium |2 iEH#T
%ﬂ%%ﬁikbi IZEESBE I N O &0 b,
Aphanomyces 'E'Z!iﬁi/U\@Jn Bl Az, HMB RO
B, AEOBERBR AT - 2GS HH A2 Y
LRSS S L (Table. 6 A-K-11#0, Ht
R ARER & LB S R OORR S MR LR, &
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FEEC ST 0E
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L7, RIS PIcEL p I et 800, &
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BHAFHE ML BRI A0, H Bt
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Aphanomycaso' G R S MR 3 72 (Table.

ﬂ’ﬂ‘ﬁ}:‘ B Cl/fiffj"fv‘ﬁ) 3 ﬁ‘iiﬂ;ﬂ%@i}[«}
B SOt e (Fig 4, 5,),

5. %72,

DN S R H\i? i’f}ﬂi T PPAS YN
ST H Lo & Sy 15«1)) L7z
Aphanomyces @ 3 Ji# {\ u?Q L 5 EMoBIc
AT 228 4L, Table 602k L 72 & 54 3

Table 6. Pathogenicity of Aphanomyces and Rhizoctonia from diseased spinach in Ariake area to spinach
Inoculation Inoculation
Tested fungal isolates Name of to cotyledon to 5-leaf stage
field
Damping-off (%) Foot-rot (%) Root-rot (%)
Aphanomyces A-K-1 A 80 100
A-K-6 D 100 - 100
A-Ka-2 B 100 — 100
Rhizoctonia R-1 E 25 0 -
Control? — 0 0 0

Notes: 1) Non-inoculated soil

Fig. 3.

Fig. 4.
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AG-4 -
f-1
Fig. 5. Fig. 6.
Fig. 3. Root rot of spinach caused by A. cochlioides showing tap poot completely
rotted off
Fig. 4. Zoosporangia
from spinach
root tissue
Fig. 5. Qogonium with antheridium in spinach
root tissue
Fig. 6. Inperfect {fusion between

rhizoctonia solani AG-4 and R-
1 from diseased spinach

Table 7. Comparison of some measurements of the diameters of oogonia, oospores and mycelium
Oogonia (xzm)

Species Host Diameters Thickness Oospores Mycelium
of {(um) (um)
wal

Aphanomyces A-K-1 Spinach 20-28 1.5-25 17-22 3-10

A-K-6 Spinach 20-28 1.0-25 17-24 4-10

A-Ka-2 Spinach 22-29 1.0-3.0 18-25 4-10
A. cochlioides Y Reet 20-29 1.1-2.4 16-24 3-9
A. cochlioides Beet 22-26 1.6-2.6 16-22 4-11
A. cladogamus Tomato 19-42 0.8-1.9 15-26 4-10
A. euteiches ¥ Pea 25-40 0.8-3.8 17-26 5-14

Notes : 1) Drechsler? (1929)
2) Ui*» (1963)
3} Drechsler? (1927)
4) Yokozawa® (1974)

WELIMEMELET L E08H6Nn, 18
AR RO & BBk, EHI2 IS
SHEHRIZDWT, R v Vs LR %
HY B BEAORAE DR UEW R & OIREE % 17 -
THEE R, £ OfEF% Table7 2R L 72,
LM L IToBERIRIE, IR
20~29, EIPEEOL X 11.0~3.0, BRITE

17~25um T3 1), 21T A. cochlioides \=354F
L3k Bbhizd A cladogamus 7 FREM L
HoIE LIRS HmEE £ R L
7o

FORER, 3HEME LD A, cochlivides
EFR, RV, FrtA, a7
FEHEHN L THOAREELH L Tz,



16 HE TR R ERS RW $535 (1985)
Table 8. Pathogenicity of Aphanomyces from spinach to various plants
Numger Damping-off (%)
Test plant (Cultivar) of Isolates from spinach Control?
cotyledon A-K-1 A-K-6 A-Ka-2

Oat (Okhotsk) 30 0 0 0 0
Pea (30-days kinuzaya) 30 0 0 0 0
Tomato (Kyoryoku shuukou) 30 0 0 0 0
Chinese cabbage (Musou) 30 0 0 0 0
Cabbage (Kinkei 201 Kanran) 30 0 0 0 0
Turnip (Taibyo hikarikabu) 30 0 0 0 0
Radish (Taibyo soubutori) 30 0 0 0 4
Lettuce {Great lake 366) 30 0 0 0 0
Goose foot 40 65 90 78 0
Beet (Mono hikari) 30 57 67 67 0
Spinach (Sun light) 30 80 100 100 0

Notes: 1) Non-inoculated soil
\_m\“tfr%,lhﬁﬁv//_r“/,b«&,ﬁ’/r:/, Vo .

F oot L TR R E Y 5 A cladogamus

TR% L, HARBD RV TIRBIVERRT VR VT & M o0 BT SR Hh O ER A e Ak R
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&, FREHRTRALS "853 EoEh
JRRS RS I L 2BBHRTH Y Rhizoctonia 12 &
BBRBEAO TR IIED TH 2 LB L 72,

FERE L THEE - Twd W,

i, MECREE A ML T Z0RED 6 ~ 7 %
WE, Lrb Rt BRELShbNTWa
I & ) ICESEM TR ﬁ?t@%%mﬁi
WEEFTH D, F£2~3HHMEXNLHYL Y
WH TH—BERATH %,

RIS, RS, Y, ROy
u)wfﬁﬂﬁ%#&éir(wéo
Lo Lahs, AT ET VY Y 7185
FRFEIIBRECIT LA IN TR, #
CCAETAR TR AL T ) B e 2 U 2,
THE DI, BT T8 LT ERRES AT
HIINTHOBEEDRM & Ralz, B, 22T
R A s R BN, SEcET £
BRRCR MBI O » TR KRB B0 ) 72

I

Tl B E

=]

—RIC R TV Y o R EROEEEED
ZCHEBTERTIEMICHLZE, OF, 108
HERI TR %<, 6, 7, 8, 9ADEIEL
REWTE LD EREPIHLIICE AT
59, KRETHLOQOEITITT—5 L 222, O i
TR, 6 BORERAEIMENZ L2
HENTz, ZHUIALHRE D 6 H oSR3I
Va5 RIS 5225, 2ok 5 4Bs
PN EbNE, £, EBESICENT



REIRIE - BTER S

TBIREV SR TLIERE L CRDZ EHFEZ L
N, Thbb, RIRO LA E & LI Fusarium %
DIREROBERE, HEILER E L b0xL, &

BHEAL5~200C &R EN R TV V7T
25° C ’E’)‘f_if WEETRIHI S NS 2 & &
Aoxt U CHERIICIERT 5 L 0 S #EER

héo
FEFRAR D0 & o Bk S 472 ok B 1 Fusarium >
Pythium > Aphanomyces > Rhizoctonia # NE 12 %
o 72, Rhizoctonia 53 BEBT Fusarium » 13
IR RSB E N A28MEYLHD,
2B E PRSIV RTH - 72,

IO AR 2 T ORI LB R e Do
REL LW Ehs, SEBIETCBWTEALS
%

179 & & bic, @B, BE»uEch
Elbns,
Fusarium (ZEEHNEL ¢ 9 HILL 2 4&F

B, BB L, 0, Pythium 3RO
HiiERks 2 L FEEMOHRY & %ﬂ%n < 4F
HESHAMMICH YD, [EROWEY L ITT L
72 o Aphanomyces (3 ENDHFE9 T i{&iiﬂiﬂc: il
I AT EDHHLPZRNLTWBY, SO

ATREHEMOTE, EFEPMCE SHEEN
Rz h -7, Tk ) wmRi, SR
HOTIRILEND 5, 6 AD(RIEMINET 2 2
EPLAELLDEHEEING, 8, MLITE
HOYE, BRICE~NHES FELRTw I Y
B, KEHICHBC 222 Lo BEES R
bo Fiz, b~z 4 BoeCOWES T
% “?ﬁ%wﬁﬁfﬁ‘?”&) b, SGkARREENHEBKICD

THEEMEEDILEE XS5,

U\HINJ“ S TR & e 5 Tz T g
I, OB D & Aphanomyces P IEHE R
HARRNIC S a NG 2 8, QFF F‘EJ(
2 O Aphanomyces BEERER A & B £ 1313
ERLERZ2BIANEL-ZE, Qs

S AV INE - RN i 17

Aphanomycesld A. cochlivides  FlE 2 72 = &
e EOMED L, EIT A cochlivides 17 L& BARE
FICE > ERIBZ LMLz, 2L
WARERIC L o THIBSER D S0 B RERIZ T
I TIRHEDDH Y, 02 iS5 EO TR
RELTRTEL0EEbNRS, ok, T#vsF)
BOERITZABUIMZ R 7L >V 7 T
L BB, o~ Y A4 TR
Aplwnomyces raphaniiZ & B8 C UTPURE, 8H:T R
ZUFR IR ETL T TIHEr I N T D
it{ﬁ}x« CHLBI S T > A WS B & U%
AIROIREE & LT A, cochlivides DAL A
HRTEY2 F oyl ERUTHFRCET
LRV TH A cochlioides 12 & B IEIER
DEETLIBEENOH L 2 LIZTEIZN T
f)“‘, KIERDRETH -2, L72h =T, KA
CENABEO RV TITHS T A coch-
Loides FHER B NI Z &2 b,
Plorsy, #UEHIcs 75 L8 mEEnf
2k o C, OEEEHD VBB HEO %
RN R BRSSP R T AEEIC S B
@ WIS R B & LU T Fusarium, Pythium,
Aphanomyces, Rhizoctonia Wz s iz 2 &, Q8
WTHFP, % LJLJ 5 Mg LT, /S
T B IREAMHE OB E]S Aphanomyces coch-
lioides Drechsler I2 & 2R TH L Z L 25
bt Bl D AN
OB ERREOBRTICHILY, BELTHEHBE
T2 e AU R R R B RN R
HPIERRIE L, FIRRYESRR O AR, B E RS
BRI e R RO B0 H, 2 & It
BEOEHES L OHRE A 2 F b o AR R R
RSB L, BN, £, A5
DRRER % 272720 72 AL 57 P e R 3 SR Bk
EIR LR, FERBRREE, LS
—FIRHRATHER L0 LB HELET B,

Rhizoctonia




18

3)

4}

6)

-

9)

10)

11)

ACMEE ST ARG EW 535 (1985)

5m X B

Drechsler, C.
tomato rootlet injury”.
296 (1927) .

Drechsler, C. “The beet water-molds and sever-
al related root parasites”. J.Agic.Res. 38, 309-
361 (1929) .

“Two water-molds causing

J.Agric.Res.34, 287-

TEREMREE MR, RERE0 RS (1D,
HAEE e =, 1964 p.26,

B, "RV Y ORBRERE - Fo i
I hArEER NS IREET. AR, 44, 86(1978).
B R R, T v A REIZE B R
v T EIGERE RO MH ORI oW L
Wl R R O SRR, 1985,

B, AfrpgasE, SFepdsi, HH4mmaE, "k
vy Y R R A 5 @) Aphanomyces coch-
lioides D478 L M F o EIE", HREEH, 41

118 (1975).

JE*‘, :L :?:3 LUFHE%E,
sp. W& BFT LV IDTKIE,
268-271 (1979).
BB, "HhsE i
BEKAE, 1977 p.145,
PIRLRE, SIANIERD. "o 2 k7L vy ot
WIREDTE L 2 OFFE", HHDRER, 44, 543-
553 (1978).

PERIETE, "HoR O BEBIN DA bIc B 5 18k
WG 587 PR, AL R BRI, 36,
87-75 (1984),

BOKRESERBSR, "Wkic

HrHHE, “Pythium
BRI, 45,

Bt 5 BIEWIE", #InE

BULHE-ILED

12

~

13

=

14

f

—
f=x}
P

17)

18)

19)

20) =

21)

BIEPEENER". Wk, 18, (1984),
BHEM—E, HEA R YOO UK
BemEE". AMmEL 29, 89 (1964),

AR, A REL, RBRET, N7 A i<
VAR BRI Y 27 VIR 12DwT”, Bk,
26 (1), 10-12 (1972),

IR, LT
¥V ALK fE
93 (1985),
BRI, s
PR i m’f}tﬂm B
BRI R R & R, Ao 3
{}Y?b;xxns.xﬁiﬁ. 18, 36-37 (1985)

Takashi Naiki ; Kanoh. “On
fusarium wilt of spinach and its causal fungus”.
Ann.Phytopath.Soc. Japan. 43, 297-300 (1977).
Takashi Naiki;
of Rhizoctonia solani Kuhn causing root dis-

IBITAEEFERTL
H 9% #. 51,

{FFHE

i

L BREE, TR

H1H, MNAR

Masakazu

Masakazu Kanoh. “Grouping

eases of spinach in plastic house cropping”.
Ann.Phytopath.Soc. Japan. 44, 554-560 (1978).
1, AR EemER oW,
3.7, BSCHE.. 1979 p.19-22,

FH fs’ LTt A BERE 2 O/
HDD, U{ REE, 2, 26-90 (1960),

i Hh H 5, "CAEDENN, Hicro
ﬁ’i}fx\fﬂ A{)hanomycws‘ (‘ochlz’oz'a’es Drechsler OFR
B & FFEEI DT, FEESENR 0 ge s,
3, 78-95 (1963),
BORE =, [Hak # R,
euleiches Drechsler 12
47, BAEEE,

2 r,P FHF

A P

A

G, " Aphanomyces
P2y FPORBREOR
40, 454-457 (1974).



HEARE - FIEEE D R vV MWL) B 19

Studies on Root Diseases of Spinach and Soil Scientific

Research on the Occurrence

1. Occurrence of Root Diseases in Sapporo City
and Root-rot (Common name : Kamairazu)

by Aphanomyces cochlioides

Kazutaka AxasHI and Hideo ABE

Summary

Severe outbreaks of the root diseases of spinach caused by continuous cropping are becoming a
serious problem recently in Hokkaido. However, reports of this type of research on these diseases
have apparently not been published as of yet in this prefecture. Therefore, the research on the
occurrence and pathogens have been carried out in 45 fields around Sapporo city, being the largest
area for spinach growing in Hokkaido. In this research, the reason for this unaccountable injury
“Kamairazu” was sought. Kamairazu can be literally translated as “things out without a sickle”.
This phenomenon occurs in fields because root-rot tap root is sometimes broken off from the surface
of the soil due to high wind or during times when agricultural chemicals are being sprayed over the
fields.

The results obtained are as follows:

1. Some serious spinach root diseases showing symptoms of damping-off, wilting and root-rot
have been found more in fields that have been used for continuous cropping for more than three years.

The occurrence of these diseases was less in spring period (less 2%) and most prevalent in the
middle summer and early fall periods (nearly 20%).

2. The fungi that were isolated most frequently from the diseased plants wore Fusarium and
Pythium followed by Aphanomyces. Rhizoctonia occurred the least. It seemed that Fusarium were
isolated most frequently from the wilting plants of the middle growing stage and the harvesting stage
in August and September, Pythium from the damping-off plants in June, and Aphanomyces from the
root-rot plants of cotyledon and middle growing stages in July and August. It was confirmed from
inoculation tests that some fungi of the four kinds of fungi mentioned above are pathogenic to spinach.

3. Aphanomyces were detected more frequently from “Kamaisazu” plants in middle growing stage
and the harvesting stage. It was confirmed from the spinach incculation tests that three fungi of
Aphanomyces isolated diseased plants were pathogenic to 5-leaf stage plant and caused the same
symptom as that in cropping area. These Aphanomyces were identified with A. cochlioides Drechsler
from a comparison with the sex organs of authentic Aphanomyces and the results of the inoculation
tests on various plans. Consequently, it was elucidated that “Kamairazu” is Aphanomyces root-rot
which occurs in the middle growing stage and the harvesting stage.

In addition, Aphanomyces root-rot of spinach in Hokkaido was discovered for the first time during
this research.



