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Mikio Kusunoki* and Takio ICHITANI** :
Pythium spp. Causing Browning Root Rot of Barley

Abstract

Pythivm spinosum Sawada, P. sylvaticumn Campbell & Hendrix and P. ultimum Trow var. ultimum
were identified as pathogens of browning root rot of barley in Japan. The first two species are the first
record on barley in the world. From the isolation and pathogenicity tests, it can be concluded that P.
spinosum is the most important pathogen, followed by P. wltimum var. ultimum and P. sylvaticum.

(Received August 9, 1993)
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A A LAXORBEHTIE, HL<» S 1~3 HZENEER
L, 3EeArEivEREE L TRk > T3,
ZOEALRRIE A A LA X HRERR, BECERY]
N EOEEBERBLUEFERIZEZZ EEZ5R T
foo — 4, HEZ2Y & Pythium BEIW & 3 ZBEOER
WZOWTIREL, THLUBEA 4 A F OECEREDOR
£ DFEZ O Pythium BEDSEES 111253191429, 70
FEEICEES Twukd o i,

ZITE, HINETTEERERTA A LF (3
X FNFH, Hordewm vulgare L. var. hexastichon,
A4 aT—n K, H vulgave L. var. distichon) &
OB L VZF0EELED S Pythivm BE % 58, [H
FEL, ZOREEERAN, 58, KFXO—HITE
Wik L7,

MHELUFE

WREE L UHES S D Pythium BEODEE 1991
F2~3 BICEMIEREE L TV BN A A FRE»
SYRRER A, 0%y / — Vi 30 WEIBE L TF
EMEE L, 2OBBEEKT2 RS LI, CNERE
T iz BR L, 25°COREE T T 1~2 HREFHE L ¢
BEX TV, KAEROHRBASB 2T £z, L
BroONMIIRD LI L TiT>%, 4mm D53

* FINREEABS
KB SRS B

WEBLIES g 2HWE L2500 mlFRED 7 7
A DWAN, 0.30%T/RREMZ T250mlicx5 LD
2L, 3040fERE S (125 pm) L7z, ZDOWELH 5
ml ZHD, 0.35%FRFEXK 95 ml A T 100 55 &
L7z, ZOTERRE 1 ml 2 VP, 8E#Y BT L,
I—= 7= VBT RSS2, 25°COREET
T 24 FE[ERIESE U 1o, C OBSHIERE O 1R T % /KGE
KIZEDFEOTL, S5KA—FETEREEL2T>T
JEUWCHIRT 2E %2 ) 2 RFEAE B L, X8
EOHBEARDBER1T - 72,

Pythium BEOFERENRES S URE v 4
FIR B L LY HEEL 2B & T T HEER
WCIEH Y20 S5 ERE 2 E Y, Bacto-CMAR# T
25°C, 24 REREIEE L 72, Z DHEZ 5 OEBEICHE L
75 mmADONY N7 RERE 2, 3T OE X,
Fl—&M T T 12 Bk L ¢, e ER e s
®iz, ZOER BWWEA 200 ] ZH AL ELISA H
hv4r7uy45—71r—1r (ELISA 7V — | 196
K, SHMFEAS) ORICAN, TV— by —5—T
2REARD LT 25°C, BEEFICBW iz, 5 HERERL T
LT, hyphal swellings'® (B20D.5< 5 4) BLUY
FRONEE DI & S~ Tzo 500 ppm /NERRZEH (HARA
Yy 7 AFED WL v E 0 a VEHER (CMA)
Bz, —850FE & - TEX, BINER,
RS, T LUERDSLL SHOFEETRL
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EHREFEE NFHLAXRE>>58L -
Pythium |BH % Bacto-CMA BRI AL, RIREIC
B BERHREEE (mm/24hr) &b, BROEE
BEZRD 2,

BERRR JEEOBEERREERML 2. 27, & T
F-b ik (1:4) BT 25°C, 7 HREEEE L -
20g %, 19904E 11 B 25 Hic 79 > % — (65X 25 cm)
OWHE L IRBEL WEL) LEAL, 2o heERH
WELIAAAF (FXFNSH) BF 100 b2 EE
L, BREMFICE T, 100 HB S cEbRER, 7
243 H 15 BB OBERE 2R/, BfH» 5EHO
oM LITo 72,

OEWHHFIEERBIC OV TR, EX 3G SK
V5 R, #8472 D EEEL 100 g B AR, IR
D&HTE b AR T 25°C, 7 HREIHEE U 7 B0 2
g B RBOBELIENL, 2O L HKRIE-5E
F 0K ZERL, PROBE T CHE L Iz, 613 25°C
OENERS [y 3 —18] A T—KEARREIZ L,
ZOHBITHEEAK L CEEIREICRED, B 1 AMR
B L VIREEARE 2/,

XS EHEFBEERRCOVLTR, ok 3 L
THTF2RINRSETEREL, 25°COBXERBEANTS
HEBEE L, 0%, HOMBEIICSAT £ - b AR
BT 25°C, 7 ORBE L - 2g 25— 12iE s
% x, PEOHELT THEL 2, $#i3 25°COBER
BRICEE, EBRD LS L TRIBOEERE 2F~N
776

Table 1. Frequency of isolation of Pythium spp. from

diseased barley and its rhizosphere soil

Species? Diseased Rhizosphere

barley soil
Pu 252 14
Psp 31 10
Psy 2 0
Pu+Psp 4 8
Pu-+Psy 13 21
Psp+Psy 12 33
Pu+Psp+Psy 2 8
Not isolated or undetected 11 6

a) Pu: P. ultimum var. ultimum, Psp . P. spinosum,
Psy : P. sylvaticum.

b) The ratios (%) of fields from which more than one
of three pathogenic Pythium spp. were isolated to
all fields surveyed were calculated.

& ES

Pythium BEOHBHERE

44 DI 2L T Pythium BE 2 DBEL 7o & 2
5, WRE» S 1X88%, T S5 FMUYDIFH T
Pythium BEPHBEES NIz, 2EEOEELBIET 2
E, RO ZEIMNBE LD O, VEENSE b OE
BLUEADSLL 5HD&E DI/ NI, »
THOELIEET 2R L 2otz RO D 5 EIN
WE L OEE L RIS 2 b O/, BRDs<
5ADHELOEEZTNETNREL THMEINS Z &
W& po 7z (Table 1),

Pythium EBEDRE

1, EENH % & OfF

RO D L EINEE b O [F)IEFREK  90-30-
4 (=IF032611) ] DEE#TT o 7zo REDFERIE L
W7 3.5 um, BEHRDE5L HAHRKRE~TEEE, 2hic
BB TEHREE24um TH B, TETFIZEHEL R
Vo BRIREY LBk TR 17.5~23.8 um (F#919.3
um), TBEE 2 3HREETER (B3 4~11um) 2%
D, EEERIE AR, BERERMET LESHET
2, K F X3 TRE16.5~22.0 um (FH17.9
um), REETEIEV, LR TP
spinosum Sawada DJRELE £ —H L 7:DT, A&
% P. spinosum Sawada & [FE L 77,

2, RENRUVEIIEL b OfE
FHEINGEZ b DM [F)IEAREKE 9052 (=
IFO32612) JOREE %17 5 fzo AR O ERRIEIZF 9
pm, B D& S IR~ R CFE 3 21
umTH B, TEFIBEEL %\, HINSRRRE TR
18.4~22.1 4m (3F#120.1 pm), FhiC 1~2 KDz
bbb, BEEETHETHS, BRI AER,
BERAERET LEMIE X L IEET 5, I
R THE 14.0~19.0 um (F¥9 16.7 um), FERMWEHET
BENE LV, DEORERIE P, ultimum Trow var. ulti-
mum DRFCED & —~B LD T, £HEE P. ultimum
Trow var. ultimum LREL Iz,

3. hyphal swellings (%D &) NI %

£ DOFF

HARDS < 5B % b O [F/RHEK 1 90-3-3 (=
[FO32609) ] DEIEZIT-> 7z, AFEIZT TIZIRE® L
7o & 902, EONER B —ERR ORI E TIIE S BERE T,
—f DR DO IHEE TR L 7z (Plate [-11), £HE%
TB I 6 um, BAR DS S ARERE~TEEF, Th
W72 B8, PHEIZ 25.0 pm T 32 um BB R0,
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Table 2. Root browning and leaf yellowing of barley (cv. Sanuki hadaka) grown in soil artificially infested
with Pythium spp.?
Pythium spp. Root browning Leaf yellowing Reisolation
P. spinosum +++ +++ +
P. ultimum var. ultimum ++ b4+ +
P. sylvaticum + + T

Uninoculated

a) A rating of {+++) denotes high degree of leaf yellowing and root browning. A rating of (—) denotes no
yellowing and browning. An intermediate degree of pluses denotes an intermediate degree of yellowing and
browning. A rating of (+) in reisolation denotes positive result, while a rating of (—) denotes negative.

Table 3. Pathogenicity of Pythium spp. on barley (cv. Sanuki hadaka)®

Pre-emergence damping-off test Post-emergence damping-off test
Pythivum spp.

Percentage Root browning Percentage Root browning

emergence emergence
P. spinosum 33 +++ 100 +++
P. ultimum var. ultimum 48 ++ 100 ++
P. sylvaticum 85 ++ 100 +
Uninoculated 98 - 100 -

a) Ratings of root browning are in Table 2.

FEFEBHL 2\, I BT T 19.6~23.5 um
(P9 21.8 um), THATHERTH S, BAERIT I AE
RCEEAMY, BE 2~4 EMIET 5 (Plate 1-2),

BRI 3 BRI T 17.0~20.6 um (F# 19.3 um), EBE
BEL, FRBEETH 5, LAEORREIX Campbell &

Hendrix (1967) O FG#Y £ —8L 70T, KE% P.

sylvaticum Campbell & Hendrix & [EE L 72, &8,
&) B EtE [90-3-3, 90-17-2 (=IF032610)] % P.
sylvaticum (KBRFFAERE ©: UOP319, 320, 334, 335,
I5Z B A B bk Py10-11, Py32, 566-4-8) &Ik
(CMA, 25°C) % Z 2 ick WiEigzERK L 72,

Pythium BREDEERE

P. spinosum, P. ultimum var. ultimum B X O P.
sylvaticum 133 T 5~3°COHHTEE L, #HIEIX
25~30°CTH > 7z,

Pythium BEORRME

1990 £ 11 A AW 3FED Pythium BE %2 ZhTh
BELIBCEB A ALY (FXFNT D) B
L& 5, P spinosum B XU P. ultimum var.
ultimum DEEXTE 1 A THED S, P. slaticum
T2 B EAED S TESEL LAY, FEENHR
Nz, SEOWIZ L VRPOBELRD S5, ZDRE
EiZ P spinosum TEL &L, P. ultimum var.
ultimum, P. sylvaticum DONEIZAED - 7z (Table 2),
Hi2 B REARTIATEZS CIIRFVBEHE SN
(Plate I-3, 4)o %72, 3D Pythium B IZIEIH» 5 FH

SEEs N7z (Table 2),

RIANCHEREL 2256, HKEEOETVEETZO
FEEE VL P. spinosum THL { @<, P ultimum var.
ultimum, P. sylvaticum DONEIAED > T2o FHEL T2{E
FRIFTIENER I & B o7, 3EE IRHICBE
2EL, ZOBREIZ P spinosum TEH» -7z (Table
3)o 3TED Pythium WIS » SELEES iz,

REERWEEL SO IHELEASNE Do
Joo LDL, 3FEE BIRPCHERZLEL, ZOEER P
spinosum THEL &<, P. ultivum var. ultimum,
P sylvaticum O NE WA > - 7z (Table 3), 3D
Pythium E iz ¥ bR B RSNz, £72,
FTALF (FA 2 T—F) BLUaLF (Triticum
aestivum L. ¥4 5/ 2 7 V)i, RELCEEEZEL
THEEMEETR LT,

% =

FERERL TWBL A LE (FXFNTD, &
Ay dT—R) OREB L ULELSEHEREP.
spinosum, P. ultimum var. ultimum, P. sylvaticum
BORES N, SR 5 LRI R E b o 728
ONEE & RIS S EE I L, £, SO & B
THAA LAFCEHET 2 &, FERB L CREICBE
HEEENT, ZOWREHEBTIC 3BEORE DI
BARDLL ADRY S, £z, SEOEIHS S
ntze LEDZ e 5, A4 AFOEER R P
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spinosum, P. ultimum var. ulltimum, P. sylvaticum
HEESELTVL LRI, 28, B HE
(1967)2® 1%, BRIOEINZ & SR OB 2T 2
Bk, BLUBINEE bRV HERA s NS 2k
PIREL TS, 205D Pythium BHE X, Zn¥Fh

ZZTRIE L2 P spinosum, P. wltimum var. wulli-

mum, P. sylvaticum \ZFE T % L& 2 bz,

PREIZBT R4 T AXBEERFEE
dicum, P. graminicola, P. vanterpoolii, P. volutum. P.
wayamai, P. horinouchiense, P. okanoganense) 'Y O
> b, i 4 BIZFEESHIE O@MROKA, £ 2 0 I3HR
Lizaw o4 v NOBEMEE» 5HMBEINTS
N2 P paddicum OV TIIATERBIC LD 2 4F
(B 64 8B) mEELRRO N T WD RERT—
7Y, UL, 215D Pythium BE I, AT TIZE
S EINZhot, i, BRAALAFEHRNLS P
spinosum DSORES NIHRE 235h %05, BRERB I
ThhTwuiwn, 58, ZOWETET S 3 WIRER
B B S AFES NI P spinosum SA A b X B R
SRR ERRENTWE, LEDZ s, 22T
RE L7z 3D Pythium BEIZ, A2 AFOREHE &
LTlbyETHO COERETHLY, &K, P
spinosum B £ U P. sylvaticum \ZHFTRYIOFEEH T

»5 3,6,9.16.17,15,24.25)0

BEEARC L 2 REFECRBOBERES S P.

(P. pad-

spinosum DFEN R DL, DT P ultimum
var. ultimum TH Y, P. sylvaticum \Z555> - 72, &
- B2 (1967) ) XERIOBINER % b DERORKIR
FIENZ ERHEL TWD, ZOEIXP. spinosum
ThHdEEZ DN, P spinosum 238 bIRESI DN
V) RABRORER L b—H L1,

NEDRER LD, A3 L2F¥OEMBEICRIED
Pythium JBEPES L, P. spinosum Dz b EELR
FET, DWW P ultimum var. ultimum THY, P.
sylvaticum \3HF N EBETR L ERRL 2.

AiEr 0 212H20, P sylvaticum OEEE S
LT REu KB RZORINFE L5 5 0
2 DERR TS 2 W i B n s iEE B R
EREE B BILH L LiF 2,

# =3

bBETHD T, 74 LFHEBFEEELTIED
Pythium @& (P. spinosum, P. ultimum var. ulti-
mum, P. sylvaticum) %RELz, DI H P spino-
sum & P. sylvaticum 13, 74 AFOREEE L TIZ
MATRYIDLE Th 2 . T HEPEREAROBED 5,
P, spinosum D3 b BEELREET, DWT P ulti-
mum var. ultimum TH Y, P. sylvaticum 3HF D E
EeRw e LT,
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Plate I

1. Mating reaction between two compatible isolates [left, female strain (UOP319) ; right, male strain
(IFO32609)].

2. Oogonia and antheridia of P. sylvaticum.

3,4. Oospores of P. spinosum (Plate 1-3) or P. ultimum var. ultimum (Plate 1-4) inside the tissue cells of
diseased rootlets.
Bars . 20 gm.
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