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Table 1. Soil factors influencing incidence of soil-borne diseases caused by Aphanomyces spp.
Soil factor Outbreak Pathogen Host Reference®
Sotl moisture
High Increase A. cuteiches Peas Jones(1925) 31
High Increase A. cochlioides Sugarbeet Chikuo (1986) 7
Application of
inorganic element
Nitrogen Decrease A euteiches Peas Haenseler (1931) 19
Nitrogen Decrease A cuteiches Grey peas Geach (1936) 16
Nitrogen Decrease A . euteiches Peas Walker (1939) 9()
Phosphorus Decrease A . cochlioides Sugarbeet Kotila (1940) 33
.OSIH()UC' pressure of Decrease  A. cuteiches Peas Smith (1941) 71
inorganic salts
Nitrogen & Phosphorus Decrease A. cochlioides Sugarbeet Afanasiev(1942) 1
Potassium Decrease A. euteiches Peas Wade (1955) 91
Al Ca, Cu, Zn Decrease A. cuteiches Peas Lewi1s(1973) 50
Soil type
Red clay soil & sandy soil Increase A. cuteiches Peas Jones (1925) 32
High solid phase ratio Decrease A . cochlivides Sugarheet 2

Narita (1983) 6:

a) The number represents a literature cited which
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Table 2. Numbers of fields investigated in main spinach-growing area in Hokkaido pref.

Date No. of fields investigated No. of fields in which
Area fungi were detected
(year) Open field Vinyl greenhouse from spinach
Sapporo  Mid-June~Mid-Sept. (1984) 25 20 40
Ohno 4 July (1985) 0 13 5
Nanae 4 July (1985) 0 7 4
Takasu 30 July (1985) 2 9 11
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Fig. 1. Incidence of soil-borne diseases of spinach at 45 fields in

Sapporo city (1984). Left : disease severity in each month, Right :
disease severity at each growth stage. No. of fields investigated ; June

08, July : 17, Aug. : 14, Sept. : 6
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Fig.2. Relationship between disease severity
and numbers of continuous cropping years at 15
open fields grown spinach in summer in Sapporo
city (1984).

Correlation coefficient=0.651 (p<0.01)
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Table 3. Isolation of fungi from diseased spinach at 40 fields in Sapporo city (June-September, 1984)

9% of isolation®

Fungi Isolation medium

June July Aug. Sept.
Pythium Water agar 23 6 5 7
Fusarium Water agar 77 77 83 94
Rhizoctonta Water agar 0 2 3 0
Aphanomyces Sterilized water 0 6 10 0
No. of root Water agar 45 334 520 160
segments tested Sterilized water 47 334 520 160

No. of fungi isolated

10¢
No. of root segments tested

a) 9% of isolation =

Table 4. Isolation of fungi from diseased spinach at various growth stages in Sapporo city (1984)

9% of Isolation®

Sterilized water Water agar Potato dextrose agar

Fungi N
Cotyledon 4.7 leaf More than Cotyledon 47 leaf More than Cotyledon 47 leaf More than
-3 leaf e 3 leaf -3 leaf e 3 leaf -3 leaf fied 8 leaf
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

a) No. of fields investigated ; cotyledon-3 leaf : 13, 4-7 leaf : 10, more than 8 leaf I 13.

Table 5. Occurrence of soil-borne diseases of spinach in main spinach-growing area
in Hokkaido pref. (1984—1985)

Number of fields
in which diseases outbroke

Disease Pathogen - - -
Sapporo  Ohno  Nanae Takasu
(40)™ (5) (4) (an
Damping-off?” Pythium 12 3 4 5
Damping-off & foot rot Rhizoctonia 4 0 1 1
Root rot Aphanomyces 7 () 1 1
Wilt Fusarium 17 1 0 5

a) No. of fields in which fungi were detected from spinach.
b) The diseased plant was diagnosed as damping-off caused by I’vthium sp., only if Pythium sp. was
detected from the cotyledonary plants.
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HEt L 72,

2) WEGRREOFEE

K7Ly izt LORREELGES & Ll Rk
WOWT, ROBBELHOHEEIT>72, O
Pythium J&B . Schmitthenner’s 5t | T O HE
B2 L CIRENOE R MR (Difco #H8C
MA) OEE, @Rhizoctonia [BH © £ OH4
REHR L 28R B L UEEORKEIZE (Difco
HEPDA), @Aphanomyces JEH . 1 REH &
(Difco# B CMA) B EEFEMORE, @
Fusarium BH . BREEBZ B L EFBRREEORKR
Eo 70 B, FEREBIZL I Flvw iz Fusarium JRE DS
a7 EBERTEROFETER S, Vv b
A R RSN T 25°CT 1 AR ERE L
7ok & K TRUmIE R, 2K 20ml ©
AoRZEIecm D2 DN AR, 28CT 4
~5 HRERE T THEL /.
E ES

1) 58 Pythivm B ORENME L FE

FAT VIR VREIR R 2> & 43 B X L 72 Pythium &
WOBRBBE 21T - 6R, sk Py-1, 11,
12, 17 wRFE 33 4 BEKRICEIZ L,

Table 6 ZrU7zLH1C Py-1, 11, 17 i3F Y
VY OFFEICH L, BiR U 7o SIA AR &
slEECL, WEEZHE L L, STEHRICNY
LIREMIZERE Lo Tz, —H, Py 12 17
I ONC 5 BEHARRICT L T & b i@muRIE M &
R 7. ZORKIE 8 H T A OE RN H & T

Table 6. Pathogenicity of Pythium spp. isolated from spinach in Sapporo city for spinach at two growth

stages in pot test

% of diseased plants

Date of (14 days after inoculation®)
. Growth stage of host when : - —
Isolate sampling Pythium sp. was isolated Qrowth _stages of host at
(1984) inoculation
Cotyledon 5-leaf
Py— 1 13 June Cotyledon 16.7 0
—11 19 June Cotyledon 19.4
—12 27 Aug. Harvest time 72.2 86.7
- 17 14 Sept. Cotyledon 36.1

a) All values are averages of 3 replicates.

Inoculations were made to cotyledons of 12 plants and to 5-leaf stage hosts of 5 plants per pot.
Inoculum per pot was mycelia grown on potato dextrose agar in a § cm Petri plate.
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BEOWNEOESL » 5 #b U 7-fiEtky & 0
h, TEHKR»SOMS N hEE S I3RS 259
B TH -T2 F72, ORISR
PRI SRICBE L T 2> TB Y, Fusar
um BRI L 2ZH IR ORTHEH & 3R
o Tz, Py-12 1 5 EEHIBRICX L T H 38R
FEHEHETLIEA2F LD E, ZORBBROKH
BFICPy-12ick-Ts[sBshibo
gaht,
BEFROFHM L FRERIUTICRTEY TH
%, Py-1 I GHEEIZHED & v, Rk ke
Ly YBIO@EEEEOHEETFDS (HE ¥
242 um) EELNIEWENEHE SIS (Platell
1), Py-11: WEFO D Z@ETEE THEZ O
Lyve A, KPTRFELHL TEERFL,
WHETFARITZFED Sz v (Platell- 2), S
(22.0 gm) IZRE WG BRI CEWERH L
BIHETHD, WNEFINBRA E 7 S 20l
F(19.1um) % 16T 2, EEREE 1EK
JNESE T OISR SFL, BIIFRICMEL T
w3 (Platell- 3), Py-12 : #5EF D > 3T EE
THEARTH » (Platell-4), KPP THETFZERN
¥ 2% (Platell-5), BIP3F (27.3 um) ERHEH
PR TIEATH D, NEBICERIE DI &

PBI4E

Wl 2wl 21.8 um) 2 1 EET %, B
FEEERWLUHEET ISR 1Az 2 @
15 LFd 28F 0w LER % 23 2% (Plate
11-6), Py-17 1 #ETF D5 (17.9 um) FIEAER
WUHEAETRFE LN L TEERIFL, EETD
EREED S v, RIS IIERE TERE W 6
~22 RDFEmENPHET ORBEORE (KX 16.7
pm) 2HL, BERIIEELZRWTES 17.7umT
HY, WEICEKIIEE %12 I1T/ 2 70T (15.2
pm) % VAT 2, BfEHFEIEVOREEL, 1H
PSR 1 EfFEL T3 (Platell- 7),
NSO 4IEEED S B, AUBEOEKIT
B HNTEI L SREETHER Py-1 25k fth 3
BERRIC DT, Middleton®® ¥ & TN O fRr4s
2B L TRIEZ ATz, Py-11 i3s3 1IN
BHROBETH»LFL, &5 IHBEANRRET
H 5, Py-12 ZBIROEEF O 5 W ITEHD
HLBRBEEE T DL, Py-17 IR ORI &,
K OWEF DD RERL, »OFRFEEHL T
E#HEAFITLI2ACHFEHL, T FTh %P
aphanidermatum, B X U P.
spinosum LHEE L 72, KiZ, 25D 3EBEDE
RS FERKEDO T LB L &R (Table
7), 3RROFETRE AR O SRR IE & 1T 1F—

ultimum, P.

Table 7. Morphological observation of pathogenic Pythium spp. isolated from spinach
Size of organs grown on Schmitthenner’s medium® (xm)
[solate Oogonia Conical spines Oospores Zoosporangia
(diameter) (length) (diameter) (diameter)
Py — 1 — - - 8.8—(24.2) —30.5

—11 17.0—(22.0) =27.0 — 16.3—(19.1) —23.0 7.8—(17.7) —28.5
—12 17.8-(27.3)—31.3 - 14.3—(21.8) —25.8 Lobate
—17 12.56—(17.7)—-21.8 3.5-(6.7)—11.3 10.0—(15.2) —19.3 9.5—(17.9) —30.0

P. ultimuum® 17.4—(21.2) —25.6

(Py71—2)

P. aphanidermatum®  20.3—(25.0) —30.5
(Py72—20)

P. spinosum® 12.1-(18.0) —26.7
(Py72—17)

- 14.2—(17.9)—20.8 12.0—(17.6) —27.0

- 16.0—(20.0) —25.7 Lobate

4.5—(6.4)—10.5 10.8—(16.5)~24.4 9.1-(17.3) —26.5

a) Minimum— (Average) —Maximum.

b) Values cited from Literature'® : Yamaguchi (1977).

P A

w .

X
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Table 8. Effect of temperature on mycelial growth of Pvthium spp. isolated from spinach
Mycelial growth in millimeters over 24-hour period at®:
Isolate
10 15 20) 25 30 32 35 37 40(°C)

Py— 1 3 12 19 26 26 24 3 () 0

—11 5 12 19 26 26 24 3 0 0

—12 =+ 4 13 26 31 32 35 38 18

—17 4 13 20 27 26 26 2 0 0
P. ultimum" 10 18 24 28 28 21 0 0 0
P. aphanidermatum® + 6 14 28 33 35 39 39 22
P. spinosum® 5 13 7 25 24 25 2 0 (}

a) Isolates were grown on corn meal agar (Difco).

b) Values cited from Literature!*® . Yamaguchi (1977) .

¢ ) Experimental results from authentic species.

Table 9. Pathogenicity of Rhizoctonia spp. isolated from spinach in Sapporo city for spinach at two growth
stages in pot test
% of diseased plants
Date of Growth stage of host (14 days after inoculation™)
Isolate  sampling when Rhizoctonia sp. was Growth stages of host at
(1984) isolated inoculation
Cotyledon H-leaf
R—1 2 Aug. Harvest time 25.0 0
—2 2 Aug. 8-leaf 16.7 ()
-3 2 Aug. Harvest time 4] 0
—4 2 Aug. Cotyledon 18.8 0
-5 2 Aug. Cotyledon 4.2 0
—6 23 July 5-leaf 29.2 0
—7 23 July 5-leaf 39.6 0

a) All values are averages of 4 replicates.

Inoculations were made to cotyledons of 12 plants and to 5-leaf stage hosts of 5 plants per pot.
Inoculum per pot was mycelia grown on potato dextrose agar in a 9 cm Petri plate.

BTz, 861, BROMRICRT 2HEORHE
A5 E(Table 8), Py-12 OB RHR IIE#ED
P. aphanidermatum ¥ RFEZ 35~37°CO Fh iR
THETHY, WEORRMRME L < —2L
fro 17, Py-11 BE U Py-17 TIN5 1EHE
FIE AT IFEER OB RAER %2R L 2

LA O REBIZZ N NS BRR DR RIS § 2 1R A
DRE DV TOERH» 5, Py-11, 12, 17 &
Z NWF L Pythium

ultimum Trow, Pythium

aphanidermatum (Edoson) Fitzpatrick, Pythium
spinosum Sawada & [HE L 72,

2) Syl Rhizoctonial g ORI & [A)E

R LV OETTR MO T, ks S
SYEE X Tz Rhizoctonia BE I Th i ho
oo FDI8, FEBICHBLTREIZ L > Tl &
T &L VAR SRR IR O BRI 2 iR e R T
ERirole, 22T, DHEORMEORL S THKIC
DWTRFEEORE #1Tv, WEERMEL, £
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Table 10. Anastomosis grouping of Rhizoctonia spp.

HB45

isolated from spinach

Anastomosis groups of authentic Rhizoctonia solani®

Isolate -
AG—1 AG—2-1 AG—2—-2 AG-3 AG—4 AG—
Rf 1 )] — _ +L‘) —
73 - _— —_ — —
74 J— — J— — J—
75 _ — —_ i
-6 - - - — +
a) Anastomosis grouping was made according to Ogoshi’s method®”.
b) — : Imperfect fusion between authentic species and an isolate was not observed.

¢c) + : Imperfect fusion was observed.

DFFE, R-3, R-5%E< 5 EHRIZHS Ik
TV OFEREC LT, RS AMERL
72 & 5 % Rhizoctonia BH - X % SiALR O AR
iR EL|SE I L7z (Table 9, Platelll-1),
Thbb, BREEOEEL LU UnPEEsh
720 — b EHIRICH T 2 EIRME XV 3 OB
ELHRE Loz,

WEMEEET 28O > 5, R-1, 2, 703
Bk, Rhizoctonia solani AG-4 (B 4EE) &,
¥7:R-613RIAG-5 (¥ r2hFThnE#
DR HEEBLL T 7z (Platelll-2), 2D &
B, IS D4EKIIR . solani TH B I & HEE
ENT-DT, BHED R. solani 6 BE L H L&
Ik R EHA T Table 10 iR L2 & 9 i,
R-1, 2, 7k R.solani AG-4 &, ¥72R-6
BAIAG-5 L Zh N2 (Platelll- 3)
TR eI, YEORENRE, His
B L UERME DR, S, mY L >y 7
ML TREMNEEE L, YRS S WIRBEIRO R
A & & %5 Rhizoctonia solani Kithn ® A G- 4
(R-1, 2, 7) ¥iv'wEAG-5 (R-6) OFF
SRR S NIz, %8, REMEEETLR-4 13w
THOEERK E bTEL@MEL LI LY
W2 R, solani IR KBS IR G2 EOE R0
5, 28D Rhizoctonia BHE L HE XNz,

3) 538 Fusarium JBH ORI & [FE

£ ¢ EREED & 58 & e Fusarium JBH

Do B, HEFHEIRCE R TEBRICDWT
IR ORE 21T - 72858 (Table 11), wW¥ho
BEEL LR YL Y e L CHEOLRESEEE L
TWTz,

TR OFIR IIEEEN b L TEICIED &
nigir - e, HEE 3~ AREEL:5~6
B K- T, EHOESL x5 #1k (Platelll
-4) ST B FERORSRMSEE SR,
252, F-98 0 1 BRI DWW 5 WL
THEEARAT-oRE 22, WEMEET 2 2L
RO STz, Rz, TBERBEDRE L F-5, 6,
98 D 3 WERIC DV TREEY TN T 2R %
BRGE L7z (Table 12), 3Bk E &7 >0 4 axtlL
T, F-0R1 782V 7L Tbb ok

SIHEMEEL T, WIFhoBEk: 74
PRI OREY) TIRRELZED Sk o Tz,

INSD3IWEHETTR G PDASEH Fiwz /A
STERTEZLRERKL 7203, KESGEET IR
Thahotz, IWROEBREBRELULTEY,
ZTOREIIROBY ThH D, NG LERLT (Plate
I-5) : BHELZWLIIBTEETH D, HH
LgEER ek an s, NSERTORR
HNTHFEOR S 38y, BT 3EERTH
b, KAUMARF  HARTHRETHY, BEK
i1~ 4 TEE 3FEOBELE WL (Platelll- 6 ),
BT D JBER W LEETH 5 (Platelll- 7 ),

Rz, 2h s DEELY NEY B LU

P 30

P

%% 38

% 38

"
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Table 11. Pathogenicity of Fusarium spp. isolated from spinach in Sapporo city for spinach at two
growing stages in pot test

% of diseased plants
(28 days after inoculation®)

Date of Growth stage of host
Isolate sampling when Fusarium sp. Growth stages of host at
(1984) was isolated inoculation
Cotyledon 5-leaf
F—1 7 Sept. Harvest time 40.0 -9
- 2 7 Sept. do. 46.7 —
- 3 10 Sept. do. 60.0 —
— 4 10 Sept. do. 53.3 -
-5 7 Sept. do. 83.3 -
— 6 10 Sept. do. 100.0 —
—98 14 Sept. do. 90.0 100.0

a) All values are averages of 4 replicates.
Inoculations were made to cotyledons of 15 plants and to 5-leaf stage hosts of 5 plants per pot.
Inoculum per pot was mycelia grown on potato dextrose agar in a 9 cm Petri plate.

b) — : not done.

Table 12. Pathogenicity of Fusarium spp. isolated from spinach for various plants in pot test

9% of diseased plants
(28 day after inoculation®)

Plant Cultivar No. of seedlings tested

Isolate
F—5 F—-6 F-—98 Control
Spinach Sun light 60 83.3  100.0 90.0 0
Sugarbeet Monohill 60 1.7 1.7 5.0 0
Chard Setyou shirokuki 60 1.7 0 0 0
Goosefoot 60 0 0 0 0
Soybean Tamasudare 15 0 0 0 0
Peas 30day kinuzaya 45 0 0 0 0
Kidney bean Top crop 45 0 0 0 0
Melon Idol 45 0 0 0 0
Watermelon Kaou mild 45 0 0 0 ()
Eggplant Kokuryu naganasu 45 0 0 0 0
Tomato Kyoryoku kairyou shuukou 15 0 0 0 0
Cucumber Hikari-3, P-type 15 0 0 () 0
Onion Furanui 45 0 0 0 0
Raddish Taibyo soubutori 45 0 0 0 0
Cabbage City kanran 45 0 0 0 0

a) Values are averages of 3 or 4 replicate plots.
No. of cotyledons per pot was 15. Inoculum per pot was mycelia grown on potato dextrose agar in
a 9 cm Petri plate.
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Hungerford'® O R 5 U 7z Fusarium oxysporum
f.sp.spinaciae ¥ L 124658, 3 BBEOHIEE
WEOCEME & IZIE—3 U 7z (Table 13), f(#EB L U
RIRREORESEEO]RSE L —&L, 35108y
LY L TiRbHEOWREE AT 5 2 &4k
Mmoo, F-5, 6, 98® 3 B ¥k % Fusarium
oxysporum 1 .sp.spinaciae ERIEL 120

4) 538 Aphanomyces JEH ORRIFEE L [FE

D Aphanomyces JBHE 1= L 5 RIERHK & LR HGE
e DR

1986 F£0 7 H» & 8 Bz » i T ORI, L
WRHRAX O 3 BRESH O’ & /o 2 T
AR ICEE Y 32— R Pythium BEIC L 3
MR ICEERL L 7230 VR S F IR I R A L
720 IER D & Pythiuwm BEIC & 230 & HEEE X
nrd, 055 0OARE T Pythium BH &
Rhizoctonia BE P& s nd, fEREd» S
Aphanomyces |EGE D 1 XFEE T (PlateV- 1)
& Fusarium BRENZ i & iz (Table 14),

AW CIRIEER L BREL S IZIZRKD
Fusarium B HE PR E I 7Dt L,
Aphanomyces |BH IR, S OARE S Tz,

% 2T, Aphanomyces B % SR NFER OFRIE &
%z, HEROEER, vy YT 2K
DR R #E L 72 (Table 15 DA-K- 1 &#) .
BRE% S HEd 700 5 o B & AR O R UK
PEREINR, A-K- 1BV Y vieifL
THRWIRFMEEE T2 2 L8R s,

sl ens, AURTEHBX TREL
Pythivm BEIC X 23 RECEELIL 2RER, T
TR 342 U 72 Aphanomyces JBE W L 5 1RIETH
THbH I EINTHgINT,

@Aphanomyces IBEIZ X 2GR & "o
3, HE & ORR

¥ 7o, FIEF, RO 4 BRES (Table 14
»B, C, D, EES) oLFHHLREOKIZ,
HWENSEDL 1 )BT 5 — R Fusarium BHE
WEDED & IWICEBIL 2R OBEENFELE L
foo £ A, WMEREIZHHO L ICEDL X ORE
BRZ->Twz, $hbb5, £ENCREIER
PELTHICZ->TEY, LIZUITHIEEDL S FIR
YN BERHED &t HMFHEMXORK
1%, SENEE L THHIBED S ERBYINE Z L b,
CoOREEER T#esT, ERLTEY, PHEI»S

Table 13. Morphological observation of pathogenic Fusarium spp. isolated from spinach

P~r 20

Size of spores (um)

Isolate Conidia®
Non—septum 1—septum 3—septa Chlamydospores™
F—-5 3.8—-18.5X2.0—5.0 11.5—25.0X2.5=5.0 25.5—50.0X3.3—5.5 5.3—14.5
(9.4x3.0) (18.4x3.4) (39.4x4.6) (9.4)
F—6 4.3—16.0x2.3—5.0 12.5—23.56X2.8—4.3 25.0—49.3X2.8—5.0 5.0—14.5
(9.1x3.1) (18.0x3.4) (39.4x4.1) (9.6)
F—98 4.3—13.5%2.3-5.0 12.5—24.5X2.5—5.0 25.8—52.5X3.3—5.3 7.0—15.0
(7.9%2.9) (17.6x3.5) (37.1x4.2) (10.3)
F—679 5.0—12.5X2.5—5.0 10.0—20.0x2.5—5.0 23.8—42.5X3.8—5.0 5.0—12.5
(8.9%x3.4) (13.8%3.8) (31.0x4.2) (9.0)
F. oxysporum f. 6.0—-11.0%3.0—4.8 14.0—24.0X4.4—5.0 27.0—43.0x4.8—6.3 6.0—18.0
sp. spinaciae® (8.0%3.2) (20.0%4.8) (35.0x5.25) (11.0)

a) Minimum—maximum (of long diameter) x minimum—maximum (of short diameter).
Values in parentheses indicate averages of long diameter and short diameter, respectively.

b) Minimum—maximum. Value in parentheses indicates average.

¢ ) Values cited from Literature® : Naiki (1979).

d) Values cited from Literature'® : Hungerford (1923).

& s 7
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Table 14. Detection of fungi from spinach showing symptom of root rot

Growth stage of No. of fungi detected from 40 root segments®

Field in Date of - Symptom
. ; . host when fungi )
Sapporo. sampling  yere detected of root Pythium Fusarium  Rhizoctonia Aphanomyces
A 2 Aug. Cotyledon  Damping-off 0 28 0 17
(house) ™ Healthy 0 25 0 0
B 27 July 8- 9 leaf Root rot 1 39 0 11
(open field) Healthy 1 39 0 0
C 2 Aug. 6- 7 leaf Root rot 1 0 11
(open field) Healthy 0 0 1
D 2 Aug. 6- 7 leaf Root rot 0 32 0 18
(house) Healthy 0 28 0 1
E 2 Aug. 11-12 leaf Root rot 0 40) 4 2
(house) Healthy 0 24 0 ()

a) Aphanomyces sp. was detected in sterilized water, others on potato dextrose agar.
Twenty of root rot and healthy plants were tested respectively.
b) Vinyl greenhouse.

Table 15. Pathogenicity of Aphanomyces spp. isolated from spinach in Sapporo city for spinach at two

growing stages in pot test

9% of diseased plants
(14 days after inoculation?®)

Isolate Date of Growth stage of host when <
. . Growth stages of host
sampling  Aphanomyces sp. was isolated . .
at inoculation
(1984) N
Cotyledon 5-leaf
A-K- 1 2 Aug. Cotyledon 30 100
A—K— 6 2 Aug. 6-7 leaf 100 100
A—Ka—2 27 Aug . 2-3 leaf 100 100

a) All values are averages of 3 replicates.
Inoculations were made to cotyledons of 10 plants and to 5-leaf stage hosts of 5 plants per pot.
Inoculum per pot was mycelia grown on corn meal agar in a 9 cm Petri plate.

JFIRFBHORESE & LT L ko T, BEHKE
DI OLIRE A U 4S8, Aphanomyces &
EObD B s 1 XGEEFHR, Bkl L 00
fa T (PlatelV- 2) 7 E2VRREBNIC % B S 4L
(Table 14),

IO & D mARIEAVER 2 T R N B L 7
BT DO LEEINLDT, SHCK
Uy U 72 Aphanomyces JBH 3 Wik 23 L € 5
DR VY BEEL 7o, £ OFE, Table

Bz Lz k5 3k e b FEMRICTL T
h e LD, SIEHRRCL THREREET S
ZEAEH ot (PlateV - 3), 5 Bl #EN
T b 8k TR & 3EFREORE UER
DEHENT, ThoD Lo, HRTaEYMR
KTHELZERTHD T#us 3, EiFEES
BALARR W 642 U 72 Aphanomyces IBE W X 5 KHFE
WTHB I EIRBINT,
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Table 16. Morphological observation of pathogenic Aphanomyces spp. isolated from spinach

Size of organs® (um)

Isolate Oogonia
Host ; .
Diameter Thickness Oospores Mycella
of wall (diameter) (diameter)
A—-K—-1 Spinach 20— (24) —28 1.5—(1.8) —25 17— (20) —22 3—10
A—-K—6 Spinach 20— (24) —28 1.0—(1.8) —25 17—(21) —24 4—10
A—Ka—2 Spinach 22— (24) —29 1.0— (1.9 —3.0 18—(21) —25 4—10
A. cochlioides® Sugarbeet 20.2—28.6 1.1-24 15.8—23.6 3—9
A. cochlivides® Sugarbeet 22.2—25.5 1.6—26 15.5—22.2 4.4—-11.2
A. cladogamus® Tomato 18.8—33.0 0.8—1.9 15.3—25.6 35—10
A. euteiches?® Peas 24.8—39.5 0.8—3.8 17.0—26.3 50—13.5

a) Isolates were grown on corn meal agar (Difco).
Minimum— (Average) — Maximum.

b) Values cited from Literature® . Drechsler (1929).

¢) Values cited from Literature®® : Ui (1963).
d) Values cited from Literature®® : Yokosawa (1974).

Table 17. Pathogenicity of Aphanomyces spp. isolated from spinach for various plants in pot test

% of diseased plants
(14 days after inoculation®)

Plant Cultivar No. of seedlings tested Isolate
A-K-1 A-K-6 A-Ka-2 Control
Spinach Sun light 30 80 100 100 ¥
Sugarbeet Monohikari 30 57 67 67 0
Goosefoot 40 65 90 75 0
QOat Okhotsk 30 0 0 0 0
Peas 30day 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 30 0 0 0 0
Turnip Taibyou hikari kabu 30 0 0 0 0
Raddish Taibyo soubutori 30 0 0 0 0
Lettuce Great lake 366 30 0 0 0 0

a) Values are averages of 2 or 3 replicates.

No. of cotyledons per pot was 10.
Petri plate.

ORE

Inoculum per

REMOBEIWCHERA L 72 Aphanomyces [BHE 3
BRRICOWTRIE2RAA T, 3EHKOBEIZED
= A. cochlioides ICREDTHTE Y, REEOK

X IROEPFARN I H - 7z (Table 16)

o BIRER D

pot was mycelia grown on corn meal agar ina 9 cm

EEI20~29 pm, BWIFSHREKEOE & 1 1.0~3.0
um, JIMFDELE 1 17~25 um(PlateV-4), =
DI Eho, SERIZVWTILY A, cochlivides &
FNMT L DB, A. cladogamus OT]
BUELEETERVLOT, 11 O d 25K

]
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FE a2 8E L7z (Table 17), # OFE, W3 ho
ErkE b A, cochlioides L [RkE, KoLV,
FrY A, a7 HFREYICH L T O A5
WIREEERAT L Twvtz (PlateV-5, 6),

OIS B L VB ER RN OBIE ORIR 5,

NS D3I ® Aphanomyces cochlioides
Drechsler & @)% L 72,

£ =

AR DR 7 L2y 7 b & 58 S e IR O
WEMORE LREETT> 10, FOREHE, "oy
> DIRECRIRE & LT, Pythium B 4 #4,
Rhizoctonia J&W 2 FE, Aphanomyces cochlioides
B X U Fusarium oxysporum f{.sp.spinaciae O
8 ENER I NI, & S, FE MK L e dh -
FeRREC DWW T, BRI Z ORME] &
LB aHMICEB T AL S EBEI
BB L ZORERRAALT, 0o DRERKREO
FERE N IEEO FE R Y v Y T EICE

LREHRB A & D % £ ® T Table 18 1~ L
720

RV Y U DILRIR T Pethium spp. $H % b
& Rhizoctonia solani & & 5 FEEM & L

By S i 17

FeABRHICRA T 52 HEBRETH L MRATIHS
N E TARE ORECRIRFE I D0 T D% O
PIRVAS m B D, FRIE® TlL P aphanidermatum,
BEE T P oultimum, KB TP but-
levi, & 5IZIEBES TIX P. aphanidermatum,
P. pavoecandrum, R. solani AG-2-2, [AG

-4, WAG-5% ED0 R ORIR & L (gl S
T3,
Z O X D IR ORESRRE OB I LRI

blzoTEY, KEOBENCB T 2HETH
VAR ORIE & LT, Pythium sp., P. ultimum,
P. aphanidermatum, P. spinosum, R. solani A G
A BLIURIAG-50 6 BRI NPT Y,
Pythium sp. 8 LU P. ultimum O538E S -
BREEHTIRE 62w he, The 2K
DIEHBO KR Y L2y OIS THRAL F AR O
THRR RS ND, LoL, I0s 2HOmE
Pk A. cochlioides \ZH_THSL, &7z, s
LRG| ERTOBRBO %L W FEEICITIE
RonTwb oo, HEEAD S IR i
BRI Cd - 72,
—7, P. aphanidermatum (T IEFERE

Table 18. Detection of pathogenic fungi from spinach grown at main cropping areas

in Hokkaido pref.

(1984—1985)

Pathogenicity at
various growth stages®

Number of fields
in which fungi were detected

Disease Pathogen g on N Tak
. Sapporo no anae akasu
Cotyledon -leaf
g ° @ 5 @ ap
Damping-off ~ Pythium sp. + - 16 3 4 4
P. ultimum + — 9 4 3 2
P. spinosum + — 1 0 0 I
P. aphanidermatum + 4+ + +++ 1 0 0 0
Damping-off K. solani AG—4 + - 3 0 1 1
& foot rot  R. solani AG—5 + - 1 () () 0
Root rot A. cochlioides + -+ + + 4+ 7 0 1 1
Wilt Coomsporum b et 17 1 0 5
spimaciae
a) Pathogenicity ; ++ + : strong, + : weak, — : unclear.

b) Number in parentheses indicates no. of fields in which fungi were detected from spinach.
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7.8, TOWEHRFFITCHEINDY, RO
HRIC & D ALEETEMN I 38\ THEE DA A3 B JREME 1
BweFzonte, OFEEOETEL Z s
(Table 8), ¥z dt#giEIC B8 % KW OS5
3, DARNC TS E NS ER TRM S e L A7
Fav VBEBRTEDLNTOATED Th %
VW @S EIOFE T H AR RS S
1 s D,

% 72, P. spinosum, R. solani AG-4 B LU
R. solani AG- 513 & bIZSBEESBED V2 <,
MA TR T V> 79 2RI & D Ty
Clwz T, RHBEICB TS s OFRERRK
Bl L 2EFEBR Th-> b DL HEaANRT,
heDZ o, Pythium spp. X R. solani 12
Lo TH & 2 SN2 IR OBE S E P
G2 AHBORY, JEENICE W THRED L Z S
KEZMEE R R>Tw L ERERSN S, &8,
BEREOE LD R LYy ORI LT
b, INEIZIZFRRO RN REIN TS5,

Zhiel, BEREEL 1 2BOENFILD
RESRIKE TH 5 A. cochlioides, F. oxysporum
f.sp.sptnaciae 1%, FEREO KT L >V 7iznt
LTH@mWEREAE T2 08, mHEREC L
LAEFEREFEEETHLRRCEE CHA L, T4
bbb, #EEOES & > WL ABNE DK

TiEb &k, BEEY EAEFLRRICE I IE
BTFLFELL, LRAEBEH TREMHEVAZN
% bLgahot, Ll SALRT OFA
MEX TR L oo Tl T8WS ) EIRROHE
it & A. cochlioides = & B BEHEIC & > TH| =
BIE3ND e BNHBAL 2, OBIFER» S
Aphanomyces BE % B a7, ORIE 34
BHEl (5ZEH) ok vLrry vk L URERER
HL, Bt ZIFFEBRORMES SR L,
@ 1k A. cochlivides L[RIES NI, £, F
IR AT 5 RIS OIRUIE Pythium spp.
WK BRI S 2 £ AN EIER L 72,
PLEOERREEOHE, RO L¥fiwme LT
Bont, OdtfgEO R v >y 7 EMTZE O
EPIRE & 72 5 T 138w E L, Pythium spp. i<
L 23THIR, A. cochlivides 2 & AIRIEHEB L O
F. oxysporum f.sp.spinaciae \= X 2% H x 5%
DIFEETHD, @B TH, FEEOR KRG
WE->THERIINIBERBLUESL 1 55K
OWEIZRERTHLZ Lo, 205 OHBRNEK
DOWESLVRBECH S, £ 2T, RERUBETE, &

BORIZLBRCEESH LT WD A coch

livides 12 & - T5| &8 2 I 2 REHR 2 Ful 2,
SR OIEIA L 7 OLERERIBARREIC D W T O
S EITo 10,

-, . N¥ '

T .

2% I

P vhe AN



FREIRIEE @ Ry v T ARIERR O F AR © A BRI R s

FIE BEROFEEICITT R

FHIE MEROREICRITT
TEFENOZE

TRBUERERREDSB TH S, Tabb, 18
FcAR L TwAEERRKETH D A, coch-
livides D3R 7V 2 v DRI G - L AT 5 2
EWZEY, BERVBHLET D, Lichio T, L
HICFRTE T 5 AR S 3R ok O SRR AL 5 (2
m%%wﬁﬁkﬂbfahoﬁ@%@*fxfm
LD EeMEaNnG, ¥ 2T, HEEFAEE X
VEFALEBREML, A. cochlioides 12 L %R
i OFEA G T 5 IEREEN A L OFE
DT> S MET L oo

. B EERE
WEHFE

1984 £ 5 1985 1z m i T, FLEE1H X
D 30 WS E S SIS AR EML 7. 30 MBI B
BB OWNERIE SRS - 9 W%, Y
ARSI 21BBETHh o, BREBEOZT N FN 20
i o MR 2 AR & 2 OB D O#ihE 10 cm
FTOHEAFERL T, REH O Aphanomyces
B AR L, SOIRICRTHEKC LD 8O
B R T L 72122 e s, D ABR L X Ul
WE RN L TRR L T,

pH (H,O) : Lkt 1 5, # 5 AEME, 5%
B L WEEE 05, EC A= —THIE,

BrREEHR. 7o/ — VR, 2B AR
(Truog-P,0s) B € ) 7 7 » i, ZLHMEE
FHINEEE Y > €= LB (pH : 7.0) THiE

% L IRIER T 19

BREKNOE L % O

B, WU TLABRNET, ALy ILER TRy
AR T RO R T EF L F NI, MR
I av Ly NS —IETT ' T R
B, RLVET—NVEICL D7 T2 7 RilE, 58,
IO T, ROV o
AT < DL e SR8 % T DRAM
#w R
ﬁﬁu%@tﬁk?ﬁtm%@5mA coch-
livides OWHEE E OFIBBEMSG % Table 19 2L
o M L HE LRI D S -0l
i;g pHOATHHT, T4bH, Fig. 312U
FO AR, P (6.5~7.5) TEIL, B
PEBL TR ER &7 L 72, 2R, 1% pH O FiKie
B9 2 B DL TRRENL 70, T ol &
A CaO &, Ca S MR (SAIRERRfR 2358
B S 12y, pH L REEERESE (AR, NO,

Detection (%)

Soil pH

Fig. 3. Relationship between soil pH and detec-
tion frequency of A. cochlioides from spinach seed-
lings at 30 fields in Sapporo city (1984 —1985).
Detection (%) =no. of A. cochlivides/no. of root
segments tested. Correlation coefficient —0.409
(p<0.05).

Table 19. Coefficients® of correlations between chemical properties of soil and percentage of detection of
A . cochlioides at 30 fields in Sapporo city” (1984 —1985)

i Exchangeable base “ati ang

pH VElectr_IC. NO, N Truog P,0, g : Cation ex;hange
conductivity K.O CaO MgO capacity
0.41* -0.29 —0.30 0.08 —0.03 0.18 —0.05 —0.01

a) % :significant at p=0.05.
b) Ariake area.
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= 60f ¢ 60r
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w2
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o
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= 3
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g 40t - ; 40te
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g" . § o
= ® 3]
= &) °
g 20} o« o° . 201, .
g . ¢ .
< ° :. ®e [ ] *
L ® L ® e e e e .
5.0 5.5 6.0 6.5 7.0 7.5 10 20 30 40 50 60

Soil pH

Fig. 4. Relationship between soil pH and content
of nitrate nitrogen in soil at 30 fields in Sapporo
city (1984—1985). Correlation coefficient=0.
582 (p<0.01).

NEe#gd) oMz EEXAOHBBE R
(r =-—0.582, P<0.01)»FEH o7z (Fig. 4),
27T, B0 NO,-N&&E L A. cochlioides ¥
HEE OBfR (Fig. 5) #A4 5% L, NO;-N &% 5
mg/100 g LT TIRBRHFESFWEAICH - T2,

NS5O s, A cochlioides DSRRERH &
HZL{RHBENIBBHFOSFRERB 1, 18
pH 818 T2 > NO;-N & & 2% 5 mg/100 g
UTORZBICHDGEBHEEEZ ST,
2. REBOREIZRITTEED pH & £ U NO,

-NEBOXE

REEHE

FEAEOHE, REROFKECHEpH B &
UNOs-N §BOEEVNEZ 5NT:DT, Ry b
FEWC LY IS OTBERSREROFAEIC K
X RB O 2R AT,
1) RERLRE TS A oK

A. cochlioides DRMHIED 51 3% &b E D>
TALR T BB O E /N A E5 D 138 % 45
LT, MEHRORE NS 5 38R MELALE S £
UNO;-NHOZE R L 7. R 1EIX
pH»B7.3E <, NO;-N&&EI121.9mg/100g
rino e, FOMOTIBOF L, Truog
-P,0s 1 72 mg/100 g, M (DAR, ex LR§9)

Nitrate nitrogen in soil (mg/100g)

Fig. 5. Relationship between nitrate nitrogen in
soil and detection frequency of A. cochlivides from
spinach seedlings at 30 fields in Sapporo (1984—
1985). Correlation coefficient=10.302.

K,O0 : 79 mg/100 g, ex-Ca0 : 317 mg/100 g, ex
-MgO 146 mg/100 g, HEXBREE 16.5me/
10g ThHho7z, WEBERELTROSUES 3K
BTHREL o, OBEX | MAEK 1, @QNO;
-N15mg/100 g Fe B X 5B & v > w7 A TCa
(NOs),*4 H,0, #H, @NO;-N 30 mg/100 g
FRX : HEE Y LYo AR, @B L
BMX(pH 6.0) : 0.4 N g T pH 3%, @188
HALEX (pH 5.5) © 0.3 N ik T pH Fq%,

FERFEOLE T 500g 2L T, Zho ONE%
ottt W aRBERICHE Y, 8640 10 K O#
TRV Y VETFEBEL 2, EEIZ 25°COR
ENTIT- 72,
2) BerEFER

FHE XU T A. cochlioides ¥R L T, ¥
RN T 212D pH BLUNO,-NEREOE
BRRET U T ALK & UTRD 2 RFIEHREL 1o
OpH #51 : +3 pH 5 &R (5.5, 6.2, 6.5, 7.0,
7.5) X BERE 4 Uik (MREEEE, EET 010, 10°4A/
g T3, Bk X 4 RiH. REBRIIEHE, VAR,
AV EBERSE T CERL 72, ONO,-N FEHA%
5| (Wil 2 v s ) D NO,-N a8 4 R (0,
20, 40, 80 mg/100 g) XM 6 Stk (HE#RME, I
EF 110, 10° /g 138, IOk © 20, 200 18/g £

e 208

P A

[ 7% R

o P

w T

F.



FREIRIRE @R 7 Loy T iREHR O FE AR & 4 FRRIBGER 1 B 3 5 1RASEIF RTSE

B, W% X 4 RIE, REBRIZD AR, » UERKAH
FHTTERL 2,

HEITEE LT, PEOEGEM L TH LI
R SIS BRSO LB A vz, NO-N fE
ARG HE L ooz, pH 6.2, NO;,
-N:1.6mg/100g, ex-K,O :34mg/100g, ex
-CaO0 : 260 mg/100 g, ex-MgO : 108 mg/100 g
THolze £z, pHRIO pH 6.2 MK TlIE =
DOHRTIE XM, Zh i b pH OFOAE X
pH ZREEAH NV > 7 L THEL 72, pH5.5 O
DA I RBE A Vs 7 NBREF TN 7 Y 4 % 4 4R
LIS O pH 5.5 O3 A Fvs 7z, 138 pH
DI RV Vv Y OFRERTIIT - 728, NO,
-N AR B 0 %5 NOs-N Ol i35 % 0
TEH (M) CRIEOEETIT- 2,

B 500g #FELU- Ry MTEER LY
T REF R 20 R HEERE U S RREIFER S & 21TV,
Ry M0 15 AR L FEHCEES T
720 A. cochlioides DEERERE R E L TA-K-1#
EHOI B, PBROERTIZELHOMERY,
HER L 72 A, cochlioides ODFERIZA-K-1Th-
720

ROFHw X 0 EEEEFERL o, T
Herr®" O F#CHERLL THER I B ER 9
cm®d2 b YIMAND CMA (Difco #H481) ET 25°C

Table 20.
spinach in infested soil®

21

TT7HMEEEL EEERCEEAEMZ T *
V—THkEYF—bML, BIIEESZZ, Ry b
By, IRMIVNMOESEHER»SES NS
W H0ml ZHEME L 7z, I ¢ CMASHH (Difco
i) T3 AMMEEEREEL, RTo4
AR /o8, S oMl 2 S 0EEL L
B D, AT AN, BohEEErs ) —>
N FNT KRS, EROLREX-
Tro RICHBICREARZMZ, WRTFOBKIZE
ATz,

NO,-N fEHZT i DWW i3S ofs| s H
BiEFw, RV Y vEBEMOKRY MiZb NO;
N 2L, 100 ml DL T NO,-N R D
FUBX O FIE R 72, Bk, @O0 S
TpF38ETCOTEERPERL, BEF D
NO;-N&&8&# 70— > YVxr7varkicd?
EgEL, &8, EERIZ25°CORETIT- I
& S

REWRLRE LB O R ENE N EFR
WHHOKRY LY 2B 3 REHRORE
FIZT 85 % Table 20 wn L7z, T HEEEMELAL
B T NO,-N fEF A O FATHIZIE 2K
o, Db, 30mgN/100 g FEFE X CHEE
WHEAIIZ 5, X OZHOREIL 84.2%
LE o e F L, 30 mgN/100 g #i X Tk

Effect of nitrate application and soil acidification on severity of Aphanomyces root rot of

Soil amendment Soil pH NO;-N . Root rot plants®
(water) (mg/100 g soil) (%)
Infested soil (control) 7.3 1.9 84.2
Nitrate application (N : 15 mg/100 g)© 7.1 16.9¢ 38.3
Nitrate application (N : 30 mg/100 g)< 7.2 31.9% 12.5
Decrease in pH (6.0)® 5.8 1.9 73.0
Decrease in pH (5.5)9 5.5 1.9 55.1

a ) Infested soil used for tests was collected from a field where Aphanomyces root rot was most severe

in Ariake area of Sapporo city in 1985

(% of detection of A. cochlioides from spinach was 51.3).

o
~—

Observed at 10 days after germination.
Nitrogen as calcium nitrate was applied.

[c= N el
NN

All values are averages of 3 replicates. Ten seeds of spinach were sown per pot.

Calculated value ; the applied nitrogen+the amount of nitrogen of control plot.
Adjusted with sulfuric acid (0.3 N and 0.4 N).
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Table 21. Effect of soil pH on severity of Aphanomyces root rot of spinach in soil infested with A.
cochlioides
% of diseased plants (10 days after inoculation®)
Soil pH Zoospores®” (no./g soil) .
P /8 - Mycelia® Control
10 10°
5.9 16.7% 73.3* 8.3 0
6.2 45.0" 85.0% 26.7° 0
6.5 46.7" 83.3° 33.7% 0
7.0 60.0° 83.3% 45.0° 0
7.5 36.7° 76.7¢ 38.3" 0

a) All values are averages of 4 replicates.

Inoculations were made to cotyledons of 15 plants per pot.

Sterilized soil was used.

In each row means followed by the same letter are not significantly different by the Duncan’s new

multiple range test (p<0.01).
b)

method?".

The zoospores were produced from mycelia grown in a (0.3 9% peptone solution according to Herr’s

¢) Inoculum per pot was a suspension (50ml) of mycelia grown at 25°C for 7 days on corn meal agar

(Difco) in a 9 cm Petri plate.

Table 22. Effect of nitrate nitrogen level on severity of Aphanomyces root rot of spinach in soil infested

with A. cochlioides

Nitrate Conc. of 9% of diseased plants at various inoculums®
nitr?ggn Egi;@n 10 days after inoculation 30 days after inoculation
appie insoil 7 " : orest : i
SOl Zoospores (no./g soil) Oospores®  (no./g soil) Plant height
éff}ﬁ/“)”g - p g yecliaer 0P & Control  of Control
(ppm) 10 10° 20 200 (em)
() 14 36.7° 86.7% 31.7* 73.32 98.3% () 4.4
20 178 5.0° 48.3" 5.0 0> 5.0° 0 8.2°
40 236 tr.? 20.0° tr.” 0P 0P 0 7.1¢
80 650 tr. 5.0¢ tr.” 1K o° 0 5.9¢
a) See legend a) of Table 21.

See legend b) of Table 21.

The oospores were obtained from colonies containing oospores grown for 3 weeks on Difco’s CMA

by drying mycelia at room temperature for 10 hours on a clean bench. The colonies were obtained
by scraping up from the surface of the culture.

See legend ¢) of Table 21.

12.5% &K > fo,

IR E RO R EBE T 2 I BREERT
bEHE AN, Thbb, BOEBRKRT Y v
T H o TR T 10°/g BN T L pH OFF
R E Ui o 72Dt L (Table 21, Plate
V-1), NO;-N B OBV I o

The concentration of NO;-N in soil solution from pF 1.5 to pF 3.8 was analyzed.

HMABRCBLTLHBEHERIEIFELJEKEMLE
(Table 22), iz, < DBMRIFEBEH PO NO,
-N & & 200 ppm DA L CHEFECH -7 (Plate V
-2). BB, BEERNOBEREHAX L LU
NO,-N % @F|fiH L 72 80 mgN/100 g X T3 %
NEN, BEXS LEFAFIC LD EF G

h

[ 4J 1O

P~ 3

P

L. ¢
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Table 23.

R Ly AR O FEAAEAR & AR R B % LRI RO ST

23

Inorganic salts and ions tested in experiment for clarifying effect of inorganic salt application

on severity of Aphanomyces root rot of spinach

Rate of inorganic ion and elements application

Inorganic salt tested Ton applied

ion

Inorganic element (mg/100g soil)

(mmol/kg soil) Element 7.2mmol 14.4mmol
Ca(NO,), * 41,0 NO,;~ 7.2 14 .4 N 10 20
(NH,),S0, NH,! 7.2 14 .4 N 10 20
NH,Cl] NH.,* 7.2 14.4 N 10 20
KCl K+ 7.2 14 .4 K 28 56
CacCl, - 2H,0O Ca?* 7.2 14 .4 Ca 29 5H8
MgSO, Mg?* 7.2 14 .4 Mg 18 36
e LB IUHEAS Y v AKX TIREROFEE SN

AT OHMEETATICB VT, WEHEORLEW
3t pH & NO,-N OfENEEL Twb &%
Zonkns, THHDORy FNEBROE»S, ]
KESF OF A I pH b T NOs-N S
FOERCESLTEY, BEHKIENO,-NRZ
ﬁﬁ’(“%%‘#? Z R aEnl,
. REROREIIRITTEEREED
%%ﬁ?ﬁﬁa‘

At A SES O HE A A L 2, iR
ii%eaﬂbq_r i, pIl 1 6.5, NH, N :0.4mg/100
g, NO;-N 1 0.3mg/100 g, Truog-P,0; > 39 mg/

100 g, ex-K,O : 30 mg/100 g, ex-CaO : 215 mg/
100 g, ex-MgO : 129 mg/100 g, HEZTEER ©
15me/100 g TH- 72,

JANA TRy MR L cEE L 400 g 2T
BL, #FRY LY VTR 20 B 2, F
Hh, Ky FONBICEE L 2E 8 mm OF 7 A
BOMKINA F e, Table 23 12 L 7ARE D A
AUBEE, T abb 7.2, 14.4 mmol/kg HEEDE|
O CHEEE OKBER 80 ml ZEAL 17, 5] =
B, Ky M0 12AKOFEHHK IR L TA.
cochlivides DI#HF % 103/g TIEOE & CHE
U Tz BERET RIS OJ7H0C K D RS 27,
kB, INUBROEBRTIIHROBMORD, #iE
FOERIIBEIRO FC X > 7, E8id 4 KET
v, 25°CORENTRIFORBZBEL 12,
% %

K AR (7.2 mmol/kg) TlkmEMEHI L

875808
’?/ =

ZonTh, EEEAKME (14.4 mmol/kg) Tl
TROEBSE XI5V b BEROFA K
‘FL7z(Table 24, PlateV-3), thTd, SEE
KHELBL, WAL Y7 AR THREIFED
B, VDT EBREAETI OHRIIEET
Hote, Thbb, SREAEEICET HHEES IV
v LR X OREIFREIL18.8% TH- 12D
WHT L, SRR Tl 45~T0%E TH - 12,
x B
GEZRNIOI000) TN oy ) V1) R o) MEMR & i H
T 52 L2 XD Aphanomyces 55O FAE B IH] X
b 2 & EBEe 1920 RO #ELIRE, & it &
NT»5, WWTh, BEMAIC I D FRADHNHIZ
N -EBHIE %, Afanasiev 5" & A. cochlioides
& BT A OERMYSOFEAEDOIFE I L TT
VEZTRERICHANTHBEEROREIK &
Wb EBEgL o, 7, Walker %93 4.
euteiches \= £ % x> K 27 ORI O R 4E O HIH]
WXL TH AR A VIR TERDOBRZIREY
KEWT ERIRBL I,
ﬁﬁvyvvmﬁﬁff%ﬁzf?iiwﬂ
HEEOR GRS & 7o OB 1 138 pll
HS6.5~7.5 OHPESR T, 2> 13% NO; N s’
5mg/100 g LN O T FE T 2 ERICH -
7z(Fig. 3, 5).ORERERAE LEEHWE
Bl L UBRE BT 2 BREER OB R, NS
JROFE TN T 5 1D NO;-N G208 3+

BBy
3 pH 1T K & < (Table 20, 21), THEHER
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Table 24. Effect of inorganic salts on severity of
spinach root rot in soil infested with
A. cochlioides

Inorganic salt Diseased plants® (%)

tested Rate of ion application®
{mmol/kg soil})

(ion) 7.2 14.4
Ca(NOs), - 41,0 (NO,) 50.0° 18.8°
(NH,),S0, (NH,*) 83.3% 60.4°
NH,CI (NH,*) 87.5™ 56.3"
KCl (K*) 75.0° 66.7"
CaCl, - 2H,0 (Ca®") 85.4 43.8
MgSO, (Mg*) 91.7° 7.2°
Control 100.0° 100.0'

a) Observed on the 10th day after inoculation.
All values are averages of 4 replicates. In
each row. means followed by the same letter
are not significantly different by the Duncan’
s new multiple range test (p<0.01). Inocu-
lations were made to cotyledons of 12 plants
per pot. No. of A. cochlioides zoospores
inoculated was 10°/g in soil(sterilized).
Zoospores were produced according to Yo-
kosawa’s method®®.

b) The rate of cations and nitrate ion applica-
tion.

F1O NO,-NEBEHHH200ppm A Fic e 5 £ 48
IR DFAE IHE KT L 7z (Table 22), @&
MEBIESHRA L EEEROSR, SHEEkE
(14.4 mmol/kg) Tid, W TFROERE Y FIEHE
OFEE W U THIHIRIR 278 LU 72 d3, ¢ LR
ANV LOMEIZER IEE D & »- 72 (Table
24),

R Ly A TCa (NO;),« 4 H,O4 ORERR
A A 213 Ca?t ENO," THBZ o, B
BROFE X T 2B V> v A OHIEIRIR
i, ZHOWiA A OuTFed L IZFEOWE
WEBEHZONLD, ROBE»S, NO;~ OF)
BixCa?t iclhRTkRkanwiHans, ¥4b
B, BV Y ABARICEME N NO,- &
Bl vy v AAXOCa?t 1% mmol TH
D, O A VY Y AKXO Cat B8 L Vv
TLARD Catt LD GHREThH-> kbbb

7, by ARICHARTHEEE A VY 7 A
AR B O TIRBEREOFELEE Mz sl
&3, NOs™ 4 & 8 Ca*t £ 4 iR TEWF
EMEIREETSZ I L R2RLTVwESE, ZhodD
s, HEUCEBE LT D AR
REFLTEBY, £ CH, HEBILVY T LOEE
137 4, B O NO,~ 4 A >3 7 ORISR O F 1k
ThHbEEZDLIENTES,

NO;-N vy, dv v >y 7 ORERO
FKEPME SN —DDFEKEE LT, BHEOHE
ZEBREIIREERNOBRSEZ 505,
UL, BELEHVWTREREOREEE2HELR
KERRICBT 5 80mgN/100 g A X T, 8%
BRI &L BZEEOHEFMHISRD S iz by
HoT, BEROFENEEICTET L (Table
22) 2D EDS, WREOBRLRT > ¥ v LD
BTzt L€ NO,-N 235828 % iz 3 T RErE o348
Eahiz,

% 28 Aphanomyces cochlioides Drechsler M
WEFRELICRITTHBERZROEY
BrtnkE

BIETIC B W T, 1BBEEF O NO,-N BE
200 ppm LB 2 LARBEIROFRENE L KT
T52 8, FRHEEEIIMOBBIEC N TRE
WOFEIN T 2MMHENROFTNZ EBREBIN
7oo TOBEREMATZ 201, AETREED
BIPIHTH 2 A. cochlioides DIEHETF It 515
FORZME L VEETFORBPERT Vv vy VIR
129 NO,-N OF&E %R in vitro THRITL 72,

| . A. cochlioides DEREBEDHEETFEMIZE
T HHERIE KB B E ) R4
EERAE

0.3% D27+ »KEH 100 ml % 0z 7z 200
mlEDZHT7 T X aWT, A. cochlioides % 25°C
TS5 HMBEL ., BoNER2RHE L K
T 100 ml OFEAR TEBEEEHE LI RIC1 75
A3 OHE %% TED NO,-N KRB 25 ml O
Ao 50mlBED=HA7 7 A 3NT 25°CT 20 K
MIBTE U 7o, BPEER, L IR, 2 REET

T

2 B

P P

L.

T



AR E A

OEFHE b — < OMBRGHEYE T Z 7o, MEK
LLT, HMREEROHOEE? WALy
Ln, THEEA ) 7 ) X NO,-N B 6 EPfE(0, 25,
50, 100, 200, 400 ppm) DEF 1248 % 3 KI8T
FE L 72,

# ®

A. cochlioides DEFERED 2 RilEET DERKL
o 100¢
g
PN
= 80f
X
o 60f
L
s
Z 40t
&
N
= 20}
)
< . R . . I a

0 50 100 200 400
Nitrate nitrogen (ppm)

Fig. 6. Effect of nitrate nitrogen level on zoospore

production from mycelia of A. cochlioides.

Mycelia used for tests were grown in erlenmeyer
flasks containing 100 ml of 0.3% peptone solution at
25°C for 5days. After rinsing with distilled water
several times, the mycelial mat was put into erlen-
meyer flask containing 25 ml of each nitrate solu-
tion and incubated 25°C for 20 hours. [ ] Calcium

RV Ly AR OFE AR & A RRRIEAER R B Y 4 T RIDR IR 25

REEEOEE 204, NO,-NBEREE 3
WEEOETREE s 7 (Fig. 6),
LAJMMM%@ﬁi?ﬁ%F&ETEIW

%%ﬁﬁiﬁ

T F ORI B 2 EEORBRZME RIZT
NO;-N OFE 2SI T 2 DIl ROEER *
fTo7z0 BELEFERHLTNO;-N: 0, 20, 40,
80 mgN/100g @ 4 BEOHAR TRy MREEL
fok Loy v OFEMOKES S EHEEZE 9em
DY MK U718, A. cochlioides D 2 Xk
FET (30x10° fE/ml) #&72< ¥ 15 ml 02, #
EFOFEENDERE « B 7 BRI BB L 72,

5, FETORBRPCHT 5 HIBERT O
NO;-N O EE LU S HICT B 2010 E T IILVEER
24T 572, NOs N 120 mgN/100 g AR TH
LR v vy 7 OTEROKROREE I IR
% 0.5ecm OE S THI D -7z, K2 NO,
-N @ 0, 100, 200, 300, 400, 500, 600 ppm @ 5
S 3ml 2ANZ 2o b U IMNC Y] 0 B - o
EELSATOEKRE Y, ZOHBEPLH»IC12mI D
WEETOBSZ < B0X10*E/ml) Zimz THEIZ
AL 7z, 24 BRI IREHZR T 1 2B & MU Te iR RE T

nitrate, @ : Potassium nitrate. DOEMEITE A HF S THE L 7z,
Table 25. Accumulation of secondary zoospores of A. cochlioides and infection on spinach seedlings
cultivated at various levels of nitrate nitrogen®
No. of masses consisting Infection on surface of hypocotyl
; b)
N leyd of secondary zoospores 4 days after inoculation
applied After 1 hour 24 hours F - T
(mg/100g) Hypocotyl Hypocotyl 'Hypocot.yl ormation of :
(A  (B)® Root Total (By»  discoloration Zoosporangia Oospores
0 1.3 2.1 0.5 3.9 5. + + +
20 1.5 2.2 0.1 3.8 6.5 + + +
40 2.3 2.2 0.2 4.7 7.0 + + +
80 1.3 1.9 0.2 3.4 6.2 + + +
a) Seedlings grown in soil at 4 levels of nitrogen as calcium nitrate were put into Petri plate containing

a suspension (15ml) of secondary zoospores (30.0X% 10*/ml, motile

10°/ml).

0.5cm)
0.5cm)

Adjacent to leaf (length :
Adjacent to root (length :

2 11.0X10%/ml, encysted : 19.0X%

The mass formation of secondary zoospores was observed on the surface of the hypocotyl and root.

Organs or discoloration were observed on the tissues of hypocotyl (B).
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w =2 3. A cochlioides @ 2 RiBEFDEEHMEIZ RIT

NO;-N OfEAERE A2 2 TR LRk Lr >y
7 DTFEMOBKRIZN S % A, cochlivides O 2 K
LT OEM - BEOKET ARG KhCHEL 724
B, WTNOAEXIZBWTH 2 REEF IR
W IC R RC S {FEFlah, EELL
(PlateV-4) 2%, £HE -RECH 20EDOEIT
R L Uiz 72 (Table 25),

Zhiestl, NO-NBE % 81§ 2 /KBRS

TiE, NOs-N 200 ppm AT BWT 2 REET
DFE FIEER A O B B BIE S L7z, 300
ppm L ETRIZEAERD Sl o7z (Fig.
7)o TDIZ EHMS, NO;-N BFEE FRG I 3
LIEFEDOBEM L 0 GEETOBERT > v v v
WL CHERRIZT EFEZ LI ENTES,

100

No. of masses of secondary zoospores

0 100 200 300 400 500 600

Nitrate nitrogen (ppm)

Fig. 7. Effect of nitrate nitrogen level on accumu-
lation of A. cochlioides zoospores on the surface of
the hypocotyl of spinach. Three ml of a five times
concentration of each nitrate solution (as calcium
nitrate) was added to 12 ml of a suspension contain-
ing secondary zoospores (30.0X10%3/ml, motile : 11.
0, encysted : 19.0). Then, 5 segments (length @ 0.
5cm) of hypocotyl adjacent to root of cotyledonary
plants grown at a nitrogen level of 200 ppm in soil
were immediately put into each nitrate solution.
After 24 hours, number of the localized masses
made of secondary zoospores on the surface of
hypocotyl were counted under a microscope.

ER =L
EEH A
1) NO;-N O
A. cochlioides Wz A-K-1 &7 >4 4 in o8k
ENT-A-2 0D 2HEKk%E, A. euteiches 1Zx. > K
MOTHEINT- D%, P aphanidermatum 1
Py-12 Witk % # L T HaA L 720 A- 2 BRiddbdsd
RNEOEBEIZ L O, A. euteiches 3H B A2EH
KFEOMRBFZ L D o Thsayifni- 720, &
oD 4 EROIEREFAER IZE THIY O Hik

iﬂ.*lglﬁlﬁﬁb ct U/xlﬁl—@i/; 4

WX o8, P aphanidermatum 13 Schmitth-

enner’s 5 H ¢, Aphanomyces |& B 1T C M A

(Difco #1:84) Beith CHiREE#, FETFERICHL
170
MBI & LT, 0, 50, 100, 200, 300, 400,

600 ppm ) NO,;-N #BE 7 KB B A V> 7 A)
ZEE L CTEOEREY IRETIT> 72, FEE
D5 0.2 ml 2 FORBRENCAN, DK 2
KT L ZREAE OBIZHR 0.8 mlmA, &
POICEIZA L, 1 FHRICHEETFOREZL
RUAMERT CTHE L J2, LWL EETEIZ R
WWEODHEBL T,
SEBGEE A T H = EBBARRF O X (NO,-N

0 ppm) OLWEETFH- (EBIE TR BT 2 FAL
HXOEEMEEE T 2 2 XREE TR D D HEE
FH) o RERBALEF O B XM X OBEE FBUL K D E
YD THoTz. A cochlivides(A-K-1) 1 40x10%/
mlGEEIHAED 34, D> 6), F(A-2) 145X

103/ml (35, 10), A. euteiches . 53X 10%/ml (33,

20), P. aphanidermatum : 52>10%/ml(37, 15),
2) BELOPE
A. cochlioides (A-K-1) 2t L, KR

REREL 7o, HAREIHEBEEEEI LY 7 4,
INA—R, 77 bM=A)XBEHE TR (0,

0.25, 0.50, 0.75, 1.00, 1.50, 2.0 bar) X 3 K14,
BB L OHBEOREE X7 7 >~ bRy 7 OR3
PHOTEHEL 2, EROFHEEI LD L) L
CTh- Tz, FEERBHHRE O TIRX O £lfFdE T
id, 40X10°/mIGEENMER D 26, DS 14) ThH-
120

i

P 40

Py

o

P2

P 8
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Fig. 8. Effect of nitrate nitrogen level on motility

of A. cochlivides secondary zoospores. Two tenths
ml of a five times concentration of each nitrate
solution (as calcium nitrate) was added to 0.8 ml of
distilled water containing zoospores. After 1 hour,
the observation was made. No. of secondary
zoospores at the start of test was 40.0X10%/ml
(motile ©  34.0, encysted: 6.0). No. of dead
zoospores =40.0— (motile +encysted).

® . Motile, | 1: Encysted, & : Dead.

% =

HITIE ¢ i3 AGE s H 0 NOy-N 8 #5300 ppm
Pllcze s &y, A cochlivides 0 2 RfEET-12 k&
LR v ) O AN OHAE - Y BIGE S
nhmot I ERBA, ZHBERERTH S
A. cochlioides 0) 2 RIEFE T OHD 51 (HE-EL
HAELUEESHMERLD) B L ORI D B RT
Yy VOERTNICERKT 20 TH- 7 (Fig.
8)o T4 B, NO, N I 300 ppm T, #D 51k
D D, I I EOBETIR 2R
WA IR L 72,

&5, NOo-NERERBT L0825 742
KAEE T OMEPEOE T, 7> A h ool s
itz A cochlivides 35 & Ul E 44 2 A
euteiches, P. aphanidevmatum 73 ¥ O zoosporic
fungi THFOH S (Table 26),

K2 A, cochlioides O 2 REET- OB W K
TR EUKIBR OB OB A 5 & (Fig.
9), MHOPEFW TIZ 1.obar TIEEAED 2 XK

oo
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Fig.9. Effect of osmotic pressure on motility of A.

cochlioides secondary zoospores.  Two tenths ml of
a five times concentration of each solution was
added to 0.8 ml of distilled water containing
zoospores.  After 1 hour, the observation was
made. No. of secondary zoospores at the start of
test was 40.0x10*/ml (motile : 25.7, encysted © 14.
3). Osmotic pressures were prepared according to

Van't Iloff’s formula. Four hundred ppm (as

nitrogen) of nitrate solution corresponded with
approximately 1.0 har.
@ . Calctum nitrate, [ ] :

Lactose, A 1 Glucose.
WL WD DB L ey, SEBRIEERD S i
Teoew L, WEEESKET W T 0.75 bar (NO,
N #1300 ppm) TIEEA EHDO L, X512
1.5 bar TWEILPAE L <ML e 202 &
S EEIE O N IR EEH O 15z b —HEK T 5
A, FiZ NOy N ofoilic L 3 2 Fz2 o,

= =

— i, EA T B Aphanomyvees JET O %
Bk, WAIROFELE T 0 » ol s 5 ElH:
AT L LREETIC L 5 TiTb L 5%, Kifio
FERIC B W, A, cochlivides 0> 2 RIEET 1k A.
raphani *® ETERDEEEH T 5 2 LB s R
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Table 26. Effect of nitrate nitrogen level in water on motility of secondary zoospores of zoosporic fungi

Cone. of nitrate No. of secondary zoospores® (x10°/ml)

nitrogen in A. cochlivides® A. euteiches? P. aphanidermatum®
water” (ppm)  Notile Encysted Dead” Motile Encysted Dead”  Motile Encysted Dead®

0 28 8 9 20 26 7 29 29 4

50 23 13 9 18 27 3 29 13 10

100 27 17 1 20 18 15 24 21 7

200 23 17 5 10 33 10 7 29 16

300 12 22 11 0 36 17 0 21 31

400 8 32 ) 0 33 20 0 19 33

600 3 27 15 0 26 27 0 8 44

a) Two tenths ml of a five times concentration of nitrate solution was added to 0.8ml of distilled water
containing zoospores. After 1 hour, the observation was made.

b) Nitrate nitrogen as calcium nitrate was used.

¢) The isolate (A—2) from sugarbeet was tested. Total number of zoospores at the start was 45 (X 10%/

ml).

d) The isolate from pea was tested. Total number of zoospores at the start was 53 (X 10%/ml).
e) The isolate (Py—12) from spinach was tested. Total number of zoospores at the start was 52 (x 103/

ml).
f) Calculated values ;

No. of dead zoospores— Total number of zoospores at the start — (No. of motile

secondary zoospores after 1 hour + No. of encysted zoospores).

72o T b b, A. cochlivides ® 2 K& 13k
ZVRWTHR Y LV Y 7 ORI % < 5
F0, EWMEBRL -OBEIEICEA L (Table
25), Z DERHGEFRIC 5T, NOy-N 3EE O
LD HRIZIRT &L DI 2 KRBT ORBRFR T
Py WICHERT 5 2 LD s, O
AEBEWEH O NO;- N BENE £ 2 1060, FiiL
FEOWHET AR E sk (Fig. 6), O/
FEAERR ONO,-N B A 300 ppm M Lic 7%
3, 2REETFOHD D B L UTERICFE D B
K7y v VORTBEZE SN (Fig. 8), @2
DRBEERT > v v VORT I, T2 NOy-N OFf
DML 26O THY, BEHFORE IS
otz (Fig. 9).

I OR» S, HEEKRYO NO,-N #E
3K 200 ppm P4 TIREIR O S A 3 BRE R
L2, i NO,-N @ & 2 8EET o4 kR
HP 2 REETORBERT v v VOIRTFES
ZEBNRBINT, 25, A
aphanidermatum % 0 zoosporic fungi T b
NO;-N i & B RIERDEHKR 7 > 2 v VOE T 43
W S Nt (Table 26), L 72 85 T,

euteiches, P.

Aphanomyces BR L EETRERE T 5D
Pythivm BRI % RIE L+ 5 HEREO RS T
NO;-N OIEHICE I L 2D L D R 7 >~
Yy VOETICEV RSN S Z ERBES N
720

AEIDOFEEOBE L LU ICOR GG, o H 5
£ O WHAETIX, Aphanomyces 8 D FLEHNH 12
X9 2 RS ORNRIZIZBET O A TIREHHT
TnESINTH»3, Wade® (&4 V) RZ 8ioxt
LCHhaEoifith ) varfifld s Lick,
A. euleiches (2 & % 1> K OIEREOFA4H)
fEND e RBIEL, BELLME—OFRAHTH
DEBBIC I S0 T B2RB LU 7z, % 7z Papav-
izas 57, I OP T2 O Wade DG £ RiC
"9 Afanasiev 5V OREEEFIH L, BEERHICN
LT Wade E[HBEOHBEEZ R LI, Thbb,
Afanasiev &3, A. cochlioides \Z £ %7 > A4 B
FE DFEAINHRIEh R Dt FHE R O REO MR & &
FOWHEERCL > TENEFNR LD 2 L5
L, % OB S 5, HEEOE LK T
H5HILEEHRELTVDS

o

7% 8

% P

% Y

 E. ¢
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HEIH RBHEOREICREITLEEKIE
UtTEOEEOZE

ARITEOH I, 2 i@, MU OFEAAE]
WXL TR OS5y, & D B NOS-N 3%
FICBHS L Tnd S EBES s B o fe, JREEK
Sk A BEIE WO O SRR Y, S5 g S BRATATESD) oK
A3 2 AL cochlioides DEFHC XL T3
WA NS, £, HEASGOHFEIL IEORE
WL TR A o, BERPREAIC L o T L
DASTEES s LT b R o £ D, IR
DFANRUDIIR L 5 8 Auh O%:T,
AL C bk RS O BB A F , [ 45
LKA L L fgﬁ%ffgﬁfj0)'%?1{%'%\/)%*} &ﬁLW}
A
. WBREBROBEICRIIT TIEKRPOLE
KER A E

1) SR LN 2 81U HFE
1985 4R 8 J1 21 H AL i A U O B 5 vy
RIS U TR ARDEEA LB vy DU s
@JML\W' Dy M Gy, G2 BE (5 my/ i)
W DOWTROPMEEML 7o, 325, 5
DR L O STATURE, SEASEIIREN D 20

VL KSR 0) SRR b AR IERIB R T 4

IR R 29

30cm, EERE6m) TH O, MAEEHEE 21T 70,
1<k VI {E9cem) 53D A. cochlivides DER
TEREARAKREDBEIZSHH T Y vy brse 1TREY
WHEREL 7o, TAbL B, BREERICENCH - T
g1l 72 SR ENFE TH- i i L 7o e 8,
BRI CMARH (Difco #1) FT25°CT 26
FIRIE# U 72 AL cochlioides % w7z,
REFIATO 8 H 5 H LRIt 8 H 10 H o 2 [
W7o, FEEMO R Y LY Y OSIREARE,
HREE A & O AR F 5 5‘%4)\(5&% FOT gy A—
F— KD LIRS O AL T2,
3)@muﬁii%wﬁmﬁwﬁm
1986 1 7 J1 22 o HLe i G TH I o 7 v >
VN E O LN A T MU L TEEAK
Foa = TN L B EEAKE 90 SRITT - oo BEKER, UK
VIR 20 em & TERIE L T /o, AR X
T o S PR 15 em £ TO LE A S em %)
AT 3 RGZS TERIL , ARG O MR L 72
P RN
A Table 27

Ly

OV g b Tl

V25 VT 2 RENT ORI 0O #61IRB
Wt L 7oe WNORDEEA L Bhuan iy
(S5 1) TIEROBE (REH
sE 0 e Aphanowivees DY 35.0% £ %

Y s AL, BRI Y %)’f’i L Cw /o (PlateV

{AERIN U Fosloy Lo v ORS00 00 SR B 97 5)e &1z, BEEY 1 Tl HEEO FKELADT 33.09%
AR, OGS LOONO, N GRAJE b BRI TR R B Ml o
[BFAN Fro 30T, BEH 1 0O LLHEO NO, N FHIE 6.5
2) BT 5 1 D R ER mg/100 g &7 <, KD AL LS NO;s"N D
987 H 7 J1 29 Mok v > ke jLdg i WO FER N S btz B BV 2 B
)\L)‘J‘L'u‘rw)[ﬁﬂ VRRRE L 7o, fEBRITAE 1 18 m? (RERY SRT b BRI, REIER O B M’f~ ~ (pl1.8)
Table 27. Incidence of root rot of spinach at each row in vinyl greenhouse (Sapporo, 1983)
o0 of 9% of detection of fungi® At a soil layer of 0 -5ecm
Number d'1111bi11g of(” o Soil ; NO. N
of row® a ) e wy ST Soll mois. NQO, !
plams 117/)11(1;10})1_\((577 71»\//1111})7 Rhzoctonia Weight () (mg/lﬂ()g)
1 35.4 35.0 5.0 0 33.0 6.5
2 13.1 2.5 5.0 0 28 .4 16.7

@) The number 1 was the nearest row to the edge of a vinyl greenhouse.

The number 2 was the second row from the edge of a vinyl greenhouse.
b) Cotyledonary plants in 5 m per row were investigated.

¢ ) Twenty plants were collected at random.

No. of root segments tested was 40.
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Table 28. Effect of rainfall on outbreaks of spinach root rot in open field infested with A . cochlioides

Date of survey” Soil water % of % of plants with % of detection of fungi from plants®
h/d tension  damping-off” ;’) d -
(month/day) (vF) plants rowned r00t™ 4 ochlioides  Pythium  Rhizoctonia
Before rainfall (8/ 5) 2.9 0.3 10.0 16.7 0 0
After rainfall (8/10) 1.8 15.3 66.7 66.7 4.2 0

a) Field experiment at Hokkaido Central Agricultural Experiment Station in 1987.
Cotyledonary plants were investigated. The precipitation between 5 Aug. and 10 Aug. was 33.5mm.
b) No. of plants investigated before and after rainfall were 347 and 287, respectively,
¢) No. of plants collected at random before and after rainfall were 30, 24, respectively.
d) The fungi were detected after investigation of plants with browned root.
No. of root segments tested was equal to no. of plants collected (see legend c)) .

Table 29. Change in content of minerals and water at various soil layers by irrigation at vinyl greenhouse®

] Soil mois. Content of minerals (mg/100g soil)
Sampling Soil layer ~ Soil EC —
. weight . [norganic nitrogen Exchangeable base
date of soil {cm) o pH  (mS/cm) TruogP,0; —————
(%) NO,-N  NH,N K,0 MgO Ca0
0— 5 12.8 6.4 0.88 32.6 1.4 120 76 b5 425
Before irrigation 5—10 22.6 6.6 (.26 1.8 0.3 116 59 35 338
10—15 26.4 6.8 0.10 1.0 0.3 126 68 36 320
0— 5 53.9 6.9 0.14 14 0.8 126 63 43 415
After irrigation 5—10 54.2 6.6 0.41 11.2 0.6 111 69 51 437
10—15 52.0 6.5 0.56 27.2 0.6 113 74 60 446

a) Experiment at a field with soil texture of sandy loam in Ariake area (Sapporo ,1986).
Ninety minutes was spent for irrigation.

TEHERET L I LD STz (Table 28), 374 FMHEM - BB L OL)IE NIRRT 0 3 g
bbb, BRETO A. cochlivides D¥EEZ1316.7% B REREORKERN R L L 1o, HiRe
THoTDWEH L, BREIZIE66.7%CE T EE HEAFRBOBR? g, 3Hgo- g
L7z BROMY TH 5, FLIRTTERA | Bl #8
KT, BEAKICEED TIEOFEAKGOZE(L (Table  ~i® (B2 2 SL), R0l @ B
29) % H B &, BEKIE, Truog-P,0s=kr< H3ED ik oRIE(CL), B - IKEGE L Jr~fk
MRS AL L D TEARBIT L o720, EE H (C~CL) BLUREKL, &8, BERORE
(0~5cm) KBT2Ihs OEERSGERE RKEEIEOBEE2IIH L, T4bb, FHHIE
Yltze PTHRECE T2 NO:-N QA I3E  HIES 1 HORMERBREORKR, o
U<, BEARNCE32.6mg/100g TH-H72b DD BRIZFHNESE 1HOER LY ZhFNSIHLT,

BEARBIZIZ 1. 4me/100 g £ THA L 720 2) EFIEER

2. REROEEIZRIZTT LBEOBEOEZE AL 2B N O Z) BT TR U b+ (K

EERAHE B2+, HKNE, Bai-2, b, cBORZ-:
1) BHHIEEHAE b D) B L 7o R IR O/FEMS L, pH 1 5.9,

FEOENES L OO s, FLIRTENE, NH,-N :0.4mg/100 g, NO,-N : 0.4 mg/100 g,
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Truog-P,0; 1 0.8 mg/100 g, ex-K,O : 8 mg/
100 g, ex-CaO : 83 mg/100 g, ex-MgO : 11 mg/
1000gTH -7z,

FERoBFEBEZ T 170 g w2H Y (B B LU
AR BE) #BEYcBBE L CFhZh 10 mg/
100 g imL 704, WNES.0em, & 10.5cm @
Ty TRECTER LT, RICHEL D 10 R OfEEF
RV DT REEL o, W% 7 HE
SlEERTYV, FEMHOBEEREL O 6 ARICHEREL
7ot WO T NO,-N (WHEEH Vv > 7 L) &
30 mgN/100 g HIEOEEGTHAHL 72,

Ko, WE, EEBLIUEREIEIAFRIC
FHORNROEKSGOEH 2 EEL T, B,
RS L AN % 5 KETZ T2, Ol
LER (W A3 A AE) [ BRSSO v by P OHE
EHAUMEOREIZL T, BRKCL->THEDOR
B DGR L BRI Ut #k, MHK 15ml
DFEFKREEy MTHEREICEKL 72,0 %,
Z DOEEER ORBINE KRR E KM LD #l
EW LR, 4.1X107%cm/s <, Mhmg
TE R ORIRLEERRETCH - 1o, SUREKR
BOEBOME, HRALRLRIUBRER S
21 100ml OD|EF 2 AZE =—NV T —7T
HEELLOIEE 9.0em £ Tt g2 5
U717 - 7o, QBN (B8 35 4 41
W) ATEOIRTED £ £ T, HRE S 7 WIS
W AREE AR S HEH E o BEK L 72 OB AL (R

WE LR EE) BEORED £ 3 THRARIT
vy, HBERIEICAKDIH 2 mm OEES THZ Sk L
TWwBREIC LTz,

2D LD KREEE 2 HE T /218, A. coch-
livides DT % 108/g LHOE G THEMEL 12,
o7 HMICH - FROASGFEH T CRE %
T, MERORELE S L Lo R h o
NO,-N BE#HAE L 7z, BAhs & O ALLE
KTi3fakig, pF 1.5~3.8 £ TO-HBEAK %, #
AR X TR ENC > T /zk % NO3-N @
SRt 7o, R, FEERI 25°COBENTIT -
7o
¥R

AR OSSR % Table 30 12k L 7o,
B O T ELL - BRI TR O R A
WERD SR o 7o b, WL % FERE Lzl
AP TIXFAA 30 B35 00 5 5 56.7% O T
IRERSFA Uz, 70, gL Tk
L7 DIEWMETTH 9. 1% DR TReENED Hh
F2o WOEA- OHHHHIEIC B W T SEAENS A3 2 H
RIZHERTE NI LD, WWETE CHRER IXR
FELBHWL ERHEEINT,

FIT, THOOHMREERT 00, EED
M L R OBIR 2 SRR OB KRS D%
BB L OREZREL-EFLERIZ L DAL
720 M, SEIEBOFF OO ERE Y
Bl tE AR 12, 7 OE, REKEO

Table 30. Occurrence of Aphanomyces root rot of spinach in growing areas with various soil types

District surveyed . Qoi]  Cation exchange o 4o Incidence of root rot
during the period Soil type ¢ \"t . capacity® % - stigat d - - -
1984 — 1985 EXTUTE meq/100g)  MVESURALCD No. of field Frequency (%)

Sapporo (Ariake) Brown lowland soil SL 10— (15) —26 30 17 56.7

(coarse —medium textured)
Sapporo (Sh?nkotoni, Brown lowland soil CL 19— (22) —30 12 0 0
Shinoro) (medium textured)
Takasu Peat soil or C—CL 23— (30)—46 11 1 9.1

Gray lowland soil
(medium — fine textured)

a) Minimum — (Average) — Maximum.
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Table 31. Effect of leaching and submergence treatments of soil infested with A. cochlivides on severity of
spinach root rot

7 days after inoculation®

Conc. of NO, -N in soil solution

a)
Water treatment of soil layers® (ppm)

% of diseased
plants®

0—4.5 (cm) 4.5—9.0 {cm)
Leaching® 90.0 39 219
Control” 30.0 265 367
Submergence® 100.0 151

a) Soil used was Light-colored Andosol of sandy texture.
Sterilized soil was used.

b) Zoospores were inoculated to soil in pot at the rate of 10* zoospore per g soil, after arranging to 6
cotyledonary plants per pot by thinning (5 replicates).

¢) Thirty plants per treatment were investigated.

d) Nitrate nitrogen as calcium nitrate applied before sowing was 30mg/100g soil.

e) Nitrate nitrogen was leached by irrigation (Pot without bottom was employed)

f) Water content was optimum (Pot with bottom was employed).

g2) Soil was submerged at a depth of 2 mm (Pot with bottom was employed) .

FEAANFIBIR O E > NO;-N ASEIFE L 5 i -+ cochlioides DXL THFEMEE L 26T
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(Table 31), T 4hbb, WELERIME L LEHR
WM TP EL5cm £ TOHEHERT O
NO, NEEIZYppm o2 TETLTEY, ¥4
R 1x 90% & 3 E R A U e B K AL X
ﬁwgkm«fm@otoit,§ﬂﬁi§%ﬁ
UK THERKCHESHRIC L - T
NO,-N BEOK FAE I D, & TORICHER
WAL T (Platev-6),

e %
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BWHETIC L - T S 2 & b KRR E
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BOUTWEEC E» T, — HE TR R
RS FEA LTz (Table 27, 28), %7z, 1¥EAKSY
OB OFENCEE S JITT LR
HHNT, Tiabb, BEAk, #IAFE0~5cm £
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0 BEE A L7z (Table 29),
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DA U, PR R SR Tl ke &
WL DFERESNE W, LT, 2oL 5w
BABEORSRHAL S OEEE OB H 2
WIZEAME DT E A A 2 B8 C IR
DEFAEN I L, 2O PG TR
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