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Effect of Soil Moisture on the Outbreaks of Soil-borne
Diseases Caused by Zoosporic Fungi
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Yayoi 52, Kunneppu, Hokkaido, 099-14 Japan

Abstract

Zoosporic fungi such as Pythium, Aphanomyces and Phytophthora depend on high soil moisture
for infection, disease development, and rapid spread. The invasion of root tissues by these fungi
is made by motile zoospores which are produced in water.

This report is dealing with the occurrence, and control(soil solarization) of soil-borne diseases
of spinach caused by zoosporic fungi, especially outbreaks mechanisms of root rot caused by
Aphanomyces cochlioides Drechsler which is one of the most serious diseases of spinach in growing
areas in Hokkaido, Japan. .

Outbreaks mechanisms of spinach root rot in relation to soil moisture and nitrate nitrogen are
summarized as follows.

1) High soil moisture conditions from rainfall or excess irrigation promote the production of
zoospores of A. cochlivides, and such conditions are conducive to the spread of secondary
ZOOSpOres.

2) Due to leaching and dilution by stagnant water, high soil moisture also causes decrease in
mineral salts, especially nitrate nitrogen that inhibits zoospore production from zoosporangia,
and causes the encystment and death of secondary zoospores. Consequently, the inoculum
potential remains high, and disease outbreaks occur.

3) Severe outbreaks occur in fields of sandy soil where nitrate nitrogen is readily leached, and

- of heavy clay soil or soils with compact subsoil where nitrate nitrogen concentration is readily
diluted by stagnant water. '

4) The outbreaks mechanisms of spinach root rot apply to cases of the diseases caused by
some zoosporic fungi, A. euteiches and P. aphanidermatum.
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Symptoms of spinach petiole soft rot caused by Pythium sp.
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BEH-2 A. cochlioides ik %+ v L vy v iREKORY EER)

Photo. 2 Symptoms of spinach root rot caused by A. cochlioides (middle growing stage)
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Table 1 Effect of rainfall on outbreaks of spinach root rot in open field infested with A. cochlioides

== THOKBE I SIRTOBER?  FRIB A ek SRR OB HIRY (%)

(A/H) (—kPa) (%) (%) A. cochlioides  Pythium Rhizoctonia
FergmT (8/ 5) 77.9 0.3 10.0 16.7 0 0
PEREE (8/10) 6.2 15.3 66.7 66.7 4.2 0

D dbdsEsr B I B W T (1987 4F), MERO kY LYy LTI TEN, 8 A5 HA S 10
H# Tk 33.5mm,

2) AR PENTAT 347, MERTIA 287,

3)  FHACMEARL : BERTAT 30, BERTHE 240

4) RO L HERISRIRE 2R, BB 3) oFEEMEKEE L,

R-2 Y LYy VARBHE ORI KIE S NOs-N i it oo s

Table 2 Effect of nitrate nitrogen level on severity of spinach root rot in soil infested with A.

cochlioides
N i ARt o HREREICB T 2 RPHRY (%) i 9
NO-NEEE  #EET (1 /g 138 P PplaF (1 /g 138 i

(mg/kg) (ppm) 10 10° R 20 200 (cm)
0 14 36.7* 86.72 31.7% 73.3% 98.32 0 4.4*
200 178 5.0° 48.3° 5.0° ob 5.0° 0 8.2°
400 236 tr. 20.0¢ tr. ob ob 0 7.1°
800 650 tr.b 5.04 tr.b ov or 0 5.94

D EEROF 5 b2M0 OFHER Ko LYy o OB 15 Mk (4B, Mt T & BAREEX RS 10 00
I, I TR @R 30 HHIc 2 nehifit, HIcoWhXTRY v vOLERE (p<0.01) Ok
ReRL, BLXTFZ2ECHACBAEEEL,

2) Ay YD LR YIS (R 9em) OSSR E BT,

3) MERIX OMELEE ER% 40 HE),
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Table 3 Effect of leaching and submergence treatments of soil infested with A.
cochlioides on severity of spinach root rot (pot test)

% B % 7 B H

& 7k oy L Ev B OW b B 1 3EAR B O NOs-N EEY (ppm)
(%) +/&:0~4.5cm +J&:4.5~9.0cm
WMDY G 30.0 265 367
A Y 90.0 39 219
ok ED 100.0 151

D B—FE GeERs L WS oL TAEET - 1,

2) oy MMy TIERK G M (K H L TA. cochlioides D¥ETE 100 /g LD
& TR,

3) KMERIc-o%x+s 9Ly vy 30 EEEFHE,

1) BRI NO»-N 2o T 300 mgN/kg HIEOEIATHM, #Hikis & CEREKLEX
Tz A 2 Bic M) T 3.1~630 (—kPa) F TOLIEIERE S E/KMEX © I3 R
DK E I

5) HEOLy rEHL, HAKLBOEREICEKL .

6) MEOR . FEFAV, BKICED NON B LEL L.

N HBEOKy PEHAV, HEEICESH 2mm OKRPED LS,
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Table 4 Occurrence of spinach root rot in growing areas with various soil types

5 . + 1as e B0 9
[ FhutEorEE (Fe+) ARG 251 B H*EE A (%)
oW 1 Et
HH) Chil~ D) SL. 30 17 56.7
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e - B (FPRIE) CL 12 0 0
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Fig. 2 Mechanisms of outbreaks of spinach root rot caused by A. cochlioides in relation to soil

moisture.
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Table 5 Soil factors influencing incidence of soil-borne diseases caused by zoosporic fungi
+ ¥ Ui S| FhH 7] i |5 g M #k
t ok 4y % % A. euteiches =S Jones (1925A)
% E4 A. cochlioides F A #eE (1986)
AT o M ] = * > A. euteiches TR Haenseler (1931)
= R P A. euteiches Grey peas Geach (1936)
% R s A. euteiches IV RY Walker (1939)
B > A. cochlioides F YA Kotila (1940)
ERSE DR BT P A. euteiches vy Smith (1941)
I, R > A. cochlioides F YA Afanasiev (1942)
ST L 4> A. euteiches Vv FY Wade (1955)
Al, Ca, Cu, Zn 2 A. euteiches TV Fy Lewis (1973)
1+ EC B P. aphanidermatum twrrye IR (1983)
ElEAkHEEE D P. butleri FOLYVYY B (1986)
S - # Rega;lg;’ Ssghl & % A. euteiches v EFRwy Jones (1925B)

-6 +v LYy v ORERIREOSEIC LS IREE &N HE

Table 6 Temperature and time of heating required for killing pathogens of spinach

WO R IR R R Y TR L iR H P
(BEEABEHO ) 1 2 3 4 5 6 7 8 14
37 O O O O O O O O O
) 40 O O O ]
Pythium sp. (Py-1) 45 ®
50 ®
37 O O O O O @ O O O
. 40 O O O ®
P ultimum (Py-11) 45 ®
50 @
37 O O O O O O O O ®
. 40 O O O O ®
R. solani AG-4 (R-1) 15 °
50 ®
37 O O O O O O O O O
. . 40 O e
A. cochlioides (A-K-1) 15 °
50 ®
37 O O O O O O O O O
F. oxysporum f. sp. 40 O O O O O O O O O
spinaciae (F-98) 45 O ®) O O O Y
50 O o

D 10®5 b 8L mTE BT, B o 16 Bi%E 25°C ¢ h 2 0Nk,

2) @: FHE, O:%4F
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RGBT & 2 TIEHE S HEER I X 5 HERE
LTENTH B, 9LV yhsSEEX N EERIE

B ORI HETSIRIE & 7 OREERE, 40°C LT, 50
MHEAIR TH - 72 (K-6)o T D BIRIERM AT
DT, E=— NI RARCBFBEZ32NVF+ 2 IAD2E
WHELE T, HHOKRRGEMNE L TRENRED 25°C
EHADOBOHST BRELETH - 2 (F-T),

JLHEED & > BEAHTIE, TORBRSREEE S
WiTld, [EEECEENERICUELITINETH
3, [BEM IR X > TRE 20T, HIRRO®EY
EEET AT ENEE LV, BE-3 3, (LiEEREEHLs
FR L (RREREH Y 27 4] 2FELT, HIE
NOERAT D~ 2o BT 5 KBS EOEH %41
kmEHFD Ay & = fiT 1/25000 OHUK Fic= » €V 7
LicbDTH B, 0, BRESXED 25°C 282 %
P 5 25°C Lo UbsHiFans 8 AL, AT
DM E L, COXIBREFERERMAT Lk
O, HIRH O FEM 75 ML R O M O TR S AT RE I 78 B
LEZ B,

F 7z, KBELERF I, g Ghdh#E 10cm) 28
CL EDFBRTHES T 2 120, TEHOEEBIEERS
BOEMHEC 5, REI X 2EBREEZOBDREICH
NT, FHEEROMBCHED 7y e THREROK
MEsZwoT, TEhoRRESHEESRENMNT 5,
Lizhi=T, MBSO+ Ly Y vRIETI, ER0R

BT BERZRALHE Lok y Ly y oo HEREICHT 3 KBEFIIIC & 5 HsnEs

Table 7 Soil solarization for the soil-borne diseases, especially Aphanomyces root rot of spinach

grown in summer and early autumn
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N R I N wILF ~g/th 25°CRLE M T H OWLEROH
INMF+ bR E%gﬁb
4 o
N z T 7/d~8/H 25CU L H1ou Q=R
wNMF+ bRy 6/h~8/th  20CLIE #M 8 H
e &L DT B
o < UF~8/L rCRE K100 ORI
S

T oD
2) #2BHZAE RE BEoARES 5,

B~ E DRI B O TERET 3 MNEONREONE T 2,

8) th~5eBMOHEN 10ton/ha, FKEF 500kg/ha 2 HERBEMOBHBOHRE 4 5, Mk, T

X BT B,

D BRI T TRECRIREIBIRE L B\ o THAKREE AT 5 U A TREKUEE T 5, 81 LK

% 2ERE TV, fELERASREL TV A EAMRET 5, BKEHOBOERTH,

EEOEKIL

5 30~50% DRy (BRI &) W A1 5, RO < F B TIEHIE D LR ORL & A Tk

%9 30% OB ATTS D E L,

5 iR RESROBVBHOvVFEETIE, KREMCL > TERENENLS 30T,

L gwi ki

Pythium spp. i~ & B35 & A. cochlivides 1= & 2RI &4 2,
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Photo. 3 Mapping out of optimum time for
soil solarization at a vinyl green
house in Takasu town of Hokkaido

prefecture.
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