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Summary

This study was conducted to clarify the characteristics of Phythium
sp. causing root and brown stem rots of potatoes in aeroponics and to

evaluate the efficacy of phosphorous acid for the control of the disease.

1. The incidence rate of the disease was 12.0% in January 2001 in a
greenhouse of the Jeju City Agriculture Technology Center. The
oogonium of the isolated fungi was globular and the diameter of the
oogonium ranged from 20.0 X205 to 25.0x26.0um. The diameter of
hyphal swelling ranged from 185X 18.0 to 225%X23.0im and the width
of mycelium ranged from 3.4 to 5.0mm. Colony was white.

2. The optimum temperature for mycelial growth was 34C in which
the diameter of mycelial growth was 4.4cm. Among nine growth
media, V-8 juice medium was best for mycelial growth and
followed by nutrient agar medium, and potato dextrose agar
medium. As pH of growth medium increased from 3 to 6, mycelial
growth increased from 2.3 to 53. There was no difference for
mycelial growth between pH 6 to 8 Mpycelial growth slightly
decreased at pH 9 and 10.

3. Mycelia growth was not observed on media containing metalaxyl,
metalaxyl + mancozeb, metalaxyl + copper oxychloride,
dimethomorph + copper oxychloride, dimethomorph + mancozeb,
mancozeb, oxadixyl + copper hydroxide, copper hydroxide,
famoxadone + cymoxanil, and H3POs + KOH.



4. The control value of preventive treatment of phosphorous acid at
200ppm in the aeroponics was 82.4% at 5 days after treatment and
60% at 11 days after treatment while those of application of
phosphorous acid after innoculation of the fungi were 70.6 and
26.7%, respectively, at 5 and 11 days after the treatment. These
results indicate that the application of phosphorous acid in nutrient
solution of aeroponics is effective to prevent root rot in the potato
seed production system.
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ojdR FEWE doJlE  Pythium £7& AAAZHZ da EX
. glen, ANA, AIEY 9 dd, &0 ax 24 A3,
F2 frRY B Y Rew <A Ack(Agrios, 1978).

ey X Pythium £3L& 13%0°] $AHULH, 7|F4EL 509
Fol HuJUh(FF2 W3] 1998). Z (1997 9dd Pythium
£#2 Chromista A8 d@&e &3n, FA: I 2dso oy,
Zuto] Qi3 ¥, GEE P4 Tt

EF FES oS Folste Fo2 ¢3A A LoldAE FRIIRY
BE 271742 2, B L A EAY AR} BESA S FIN
o2 By Heda 3Pt

A 519982 EEZHA AEAuA AES FTAE B A By
Pythium sp.& #3238l P. spinosum © 9§ By guioz 334t}

€ MAEL 43 dolu E71d SAAA W@t YyAHIIA Fa AL
e IAH AES T4 JeEAT Aol xdd) e FF 3}
actx s | '

A 3199 8 vt L] FdolN 1189 Pythun $7¢ ¥4
A}, A TU9W e EF AY 4729 Fuo] B n|YBFo] SN
o2 AA3N}E A& P spinosum™ P. ultimum, P. myriotylum °]g1
ek .

T S99 AF=oA 2o d Awed FAMuA  Pythium &7l
g% By Hegyo] TAY¥TT B3P en, Kageyama 5(1982)
Bl A Pythium sp., P. myriotylum. P, paroecandrum 2 P. spinosum
4T & EYstden, Aol o HFF Pythium & #o] Had gy
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Maas(1987)€ B71E3elE= Pythium #°] da BXHo z o3 Fol
Jed 2 Fde Lol de TE 3 e 7FE JoU F=2 g F
T @2 P dtimumZ 20T Jx=9 x4 ¥E & dozictu gt

Kubota %(1998) Juid Z1 Ho 2% B F2yYe P
megalacanthuon® &3 Hed dXAE FPo =z AVE 289~50.3m
o]3L 25Tl A FAL Aol 7HF Fhow F& FuiFol HFF B3 2F
o oF 80%7F FEEHAUGI YTt

Naiki 3(1986)& 3t-¢-2dl4 AIZXE Ay of TP}E= FEPF S
Pythium #22 FA3UoH, Gold 5(1985) AlFx HIYE AA 3=
P. aphanidermatum P. dissotocum® 17~21TA {32} 34do] = n,
W AEE 21T Zdoa 3

Kusakari & (1986)2 F73AuiAl AlgXd] ZE2WE dosl= P butleri &
52 TG W ENE el dFHUG s

Kobayashi %(1996)& w73 &l P aphanidermatum} P.
dissotocum< 18704 F AEATW 8/¥o]l AywEN fAHo] yYmy
w43 Fagta st

A 3(1998) P. myriotyrumel 9% A7 RIS WA ¥
gz JAE EYF AHA FHE 175%°] vd 48%2 ¥E 5 Yo
MEtd S & 3~43] H¥3E o] 89.7% FAaHAUThL Byt

Afek(1989)= oRRIMHE o] &3t ZE ¥ AN, Hoy
(1988)2 A% AvjA] methly bromide & %457} metalaxyE AH¥ 3}
d FAe vd Ago] FA syt

Agrios(1978)  Pythium 43 9% O 2 metalaxyle] A #Ho|gon,
WA £ metalaxyl, chloranil, captan, ¥4 8412 g37 £otxu g}
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WEd B8 2001¢ 19 AFAFA7NEAE TR 7 $F FHE
ABk3l7] gt Aol AFHE 23 wIT E7I(shoot)E EFERFHe=
FAAuiEtd F A st gWEn E7)7 GFMo 2 Wy Al=EE
4ol ¢34

A2E FAAul Aldel AR 149 Foll d2 1719 NHE AH
33l OAXC2RE 300 F& YoR o] HFEE FAEYT.

olE &718 ARNY 22 AL by FFAUA 05cm BE9 Fol=
423 AGIGEF 89 1% 183 ¥ 473

A ¥ BEFE AR No 2 AIRZ B7|1E§ AR AASIG.  HAo)
87cm?] FIEZ|HAl] FojX 2F E B vl (water agar medium)$ ol
HYHEE 8704 o] 4 et 20TelA 3Y3t viFstd @Y F3(colony)
22 vl A] (potato dextrose agar medium)ol A v 3t ch.

YT FeF EZAL uigd 7F& FASHA(potato  dextrose
agar medium: 22t 200g, £x3 20g, A 15g, 8 14, 120T/2083 A7)0
ol4&t] 10Uzt BE HAAN WIS F F3 Hw|F 200uiN FAF R XA
P2 FA3AL
BEHL AL B FE 22ER wgw A 27~34ToAM Ko
Fobr 27, 34C9 258 FHLZ 2T A 26, 28, 30, 32, 34, 36TAA
Wt e oz FA AY dolE s
A PS5TA FAE v E A8 A, N.AWA (nutrient agar
medium), tryptone yeast extract agar¥lX|, rose bagal agar ®lA], yeast

malt agar ®§%|, V-8 2 agar Wi, oatmeal agar “WlA|, king's ®A],



conmeal agar ¥iA|om ZAGHHuiA|NA wiF]t Pythium sp. 79 TE &
23 RIYE HoM Zzte] wjA|e] ¥ A2oA 1043 Wi F 30T
271004 10413t FtF g3t FALY A Holg A3t

pHA WER{EAl HiPOsz KOHE o] g3te] zatghauwjale] pHE
Z7+ 30, 40, 50, 6.0, 7.0, 80, 90, 10022 ZASAL, wixd WK EA}S}
22 Aoz FAY A dolg SAIh

98 HE54S Pythum sp. & AASY AL A FA Az
19 9% A& FF 165S 71T uFE 47 ARdAuA o P &
TEFE ¥ 28T 27|04 1093 wiFstd #Alel AR Zdolg
SR8, 23 wiA] Alg Az A A R sl dEiME Fe
123 1/AZ €94 A 919t 2 Al vhEsigich

Table 1. Details of fungicides used.

Fungicide a. 1.(%) and formulation Dl.lutlon(X)

with water
Metalaxyl 25 WP 1,000
Metalaxyl + mancozeb 75 + 56 WP 500
Metalaxyl + copper oxychloride 15 + 35 WP 1,000
Dimethomorph 25 WP 1,000
Dimethomorph + dithianon 8 + 30 WP 500
Dimethomorph + copper axychlaride 15 + 35 WP 500
Dimethomorph + mancozeb 75 + 66.7 WP 500
Mancozeb 75 WP 500
Fluazinam 50 WP 2,000
Chlorothalonil 75 WP 600
Oxadixyl + copper hydroxide 8 + 62 WP 300
Azoxystrobin 10 WP 1,000
Copper hydroxide 77 WP 500
Famoxadone + cymoxanil 9 + 12 SC 1.000
Cyazofamid 10 WP 1,000
HiPOs; + KOH 97 + & 500

* WP, wettable powder;

SC, suspension concentrate
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& 2ERE FAH70x40X15cm)oll B2 st FAg FFstA ot
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X5mm =2 A& F FAF A% 87cme #ED HA I BFE I
£o] YAon 3U PFHo 2 WFE AL WA Yt Al BE HYF
e HoZ widstd Jotdn 200012 FAS A 2 FYS HAHNT
ofAiddo] o WA FAANE & A FdE YAl HY3 A
A7t HAE ] ARl FFg AHEde FAEIE e 2Isn mety
HT 45, Evtg, 20] FAAufA] 9 S LA glon A Fas)
1 7bZo] AYF o}AAH(HPOs+KOH, 1 : 0.83)2 o] &3 WAl A<
th ol AgRe & HE Aol Ay} o7 F HEF F A2
AT, 283 dEFE FAHHFE FUAC oRAAE 9] FEE 200ppm
ol At

T HF 2,5 9 119 Fof o|FF&E ZABIACE {goz BEEA
AAF7E 2 S4E B AEAE o¥FE Bgon, oMgn WAe
O3 THE o] &3t A& EsTh
o] ¥ F&(%)=(0] ¥ F4/ZAEF*) X 100
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V. 43 2 213

1. ¥ @Rz A}

20019 19 AFAFR7)EAE TZo T ¢F FHE P37 9o
ARRE 2R T AAe] E718 B3 FAAuEAS @ate) #grt
dRstan 7|7 Mo g W3y ASE FAo]l HASYHIY. D).

Fig. 1. Brown symptoms in the shoots of potato grown in hydroponics.

2717h 2Estn AsE 34¢ 89 P olgE =4 At E 29 2o
330m's) A4 30078 EAG A o] gol 120%A T

Table 2. Incidence of potato root rot under hydroponic conditions in a greenhouse.

No. of plants
Total diseased
330m’ 300 36 12.0

Area

% of diseased plants

_11_



2. Y49 54

7}. Pythium sp. #° 3 2 433 54

B4 13 2 ¥d 54 E7]0 ZRFHol YEE #FA 36T A
Hedg RS 43 EF Pythium sp.olidh. 2E F€ It ¥
ol Ay AHE WES AAEY] 0FE AENE F A& FFAY
47 HF 19 F5EH & F4Y £ 2502 yo] Aoy, 10¥0]
Azt 0F 25 717 2935, @de E7]9A Al Pythium sp.o]
e H Aok

B 7 A& EFdHuA(water agar medium)olAE X7 HAEHA
ou, ZAFAM A} V-8F 2ol o] & Folv FEXIL FAHA
ERom, TEe TAE Bold F 104 2744 FE HY dxz
ot BAFAE A HJTHTY. 2).

Fig 2. Oogonium, and hyphal swellings of Pythium sp. causing potato

shoots rot.
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2 29 ¥dA 542 ® 37 gk 2 ¥ dRxE HYYer IAve
20.0%x205~250x26.0imol A 21, B4y ¥ Hejo] BPFARE 180x185~
225X 230mol ATk FARY] £& 34~50m ©]i FFL Ao}

Table 3. Morphological characteristics of Pythium sp. isolated from root rot of potato.

Mormhological characteristics Diameter(ym)

Oogonium

Hyphal swellings
Width of mycelium

Colony color

20.0x20.5~25.0x 26.0
18.0X18.5~22.5%23.0
34~50
White

Pythium sp. &9 W3H 54 2 T T AF FHLE /S
Aze 1Y 39 2o 34TAA 4cm2 AFo] 7B Fsith 32T 36T
M 32cm ASEPon X7t BLe5E FA Ao AUl wEkA
B2 T2 M4THYAA 713 2 Agte Aes Agdn

5

4

Diameter of mycel growth(cm)
N

a

b /\8

Q

28

30 32 34 36
Temperature

* Mean separation by Ducan’s multiple range test at the 5% level:CV (%), 112,

Fig 3. Optimum temperatures for the mycelial growth of Pythium sp.
during 24 hour incubation
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ZA¢dwA 9 NAWA, tryptin soy agar®lx] 5 9F wjx] oA
Pythium sp. @9 A% Zol& ZAg A: a9y 4 g},

45

4.1 a
3.8 ab
4
3.6 at
——— 3.3 cde 3.5 bod
35
32 de
—
_ 28 296t
E
o
r
% s
o
=
o .
8 oy
® s W . o
O Vi R % Bk 3 it
> i A AR ¢ Fris
= ENRy Lexty
1
03g-
0.5
Rose bagzal Potato dex’rose V-8 Yeast malt agar Oatmea! sgar Nurient agar King's Conmeat agar Trypticsoy agar
agar base agar
Medium

* Mean separation by Ducan's multiple range test at the 5% level, CV(%), 55.

Fig 4. The mycelial growth of Pythium sp. on various media at 24 hours
after incubation.

V87 2R e 4lemZ 7bE Fhow, NAWR, 7Baaawg=,
king's WiA|oli X Z}z} 38, 36, 35cmz £ HolRA 2.1, rose bengal agar
base WA= 03cmz A& o] 74g A3}

V-8 7 e F2 4HE S WL o AL Ed, AHFH S
€ 72 MY @A B8o] MY Fi)

Vander(1981)= cornmeal agar #WiA)X  Pythium sp. Fo] A<9)

FOR sgoy B 7o A} 4SS tha "oz

pHell W& Pythium sp. #9) A8-& ZAg A: 19 59 o},
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Diameter of mycel growth (cm)
w

pH

* Mean separation by Ducan’s multiple range test at the 5% level:.CV (%), 39.

Fig 5. Effect of pH on the mycelial growth of Pythium sp. at 24 hours
after incubation

pH 30914 2.3cm, 40014 3.5cm, 50014 4.9cm, 6.0914 53cm, 7.00 A
5.5cm, 80914 5.3cm, 90914 49cm, 100914 47cm AFow, pH 7oA
7V EAE Aol FAW, pH 6~8 & Fo37 i

WM 2 #e SN JgzE Pl I e Aoz B2 o,
HAE G A & A Au) ABo YKo o] gl @} pHE B
= AR 2 79 JAHE tdi Y F U Aoz Yy

Y. Pythum sp. &9 FAwg 2 7o) Ay ¥oko] Ui ok W
< AET dAde % 49 2o gREY F4e T WA= 7o
Apet] %3t oy dimethomoph, fluazinam, chlorothalonil, azoxystrobin,
cyazofamidl A 50cme]d Aem,  dimethomoph + dithianon

famoxadone + cymoxanil 94+ 0.7cm Agkt}.
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Table 4. Mycelial growth of Pythium sp. on media with different fungicides.

Fungicide a. 1% and  Dilution(0) /oo ::;’Swz
formulation with water incubation(cm)

Metalaxyl 25 WP 1,000 00a’
Metalaxyl + mancozeb 75 + 56 WP 500 00 a
Metalaxyl + copper oxychloride 15 + 35 WP 1,000 00 a
Dimethomorph 25 WP 1,000 >50 c™
Dimethomorph + dithianon 8 + 30 WP 500 07 b
Dimethomorph + copper axychlaride 15 + 35 WP 500 00 a
Dimethomorph + mancozeb 75 + 66.7 WP 500 00 a
Mancozeb 75 WP 500 00 a
Fluazinam 50 WP 2,000 >50 c
Chlorothalonil 7% WP 600 >50c
Oxadixyl + copper hydroxide 8 + 62 WP 500 00 a
Azoxystrobin 10 wWp 1,000 07 b
Copper hydroxide 77 WP 500 00 a
Famoxadone + cymoxanil 9+ 12 SC 1,000 07 b
Cyazofamid 10 WP 1,000 >50 c
HsPO; + KOH 97 + 8 500 00 a
Control - - >50 ¢
CV(%) 29

* Mean separation by Ducan's multiple range test at the 5% level

a3Y Ryo 5(1999), Jin $(1992), & 5(1992), Koh $(1994), o] &
(1994), 4 T(1993)%°] gl Aol AdE metalaxylol A £ o]
AZA] K3t o}AZAE WAo] A e Hoz Adr

- 16 -



Wl x] AlE ZAI} metalaxyl + mancozeb T 9F 9 FFS Fo] AEA
2o AFR7E QAL 9F9 Fdl MM FFE 12, I/42 €94
A 9o} 22 AlgE wEg A ¥ 59 2o

Table 5. Mycelial growth of Pythium sp. on media with 9 fungicides of

different concentrations.

Mycelial growth after 10 days
a. i.(%) and yeeha® ero Y

Fungicide tormulation of incubation(cm)
50% conc. 2% conc.

Metalaxyl 25 WP 0 a* 0a
Metalaxyl + mancozeb 75 + 56 WP 0a 0a
Metalaxyl + copper oxychloride 15 + 35 WP 0a 0a
Dimethomorph + copper oxychloride 15 + 35 WP 0a 0a
Dimethomorph + mancozeb 75 +'66.7 WP 0a 0a
Mancozeb 75 WP 0a 0a
Oxadixyl + copper hydroxide 8 + 62 WP 0a >50c
Copper hydroxide 77 WP >5.0b >5.0c
Famoxadone + cymoxanil 9 + 12 SC 0a 0a
HsPO; + KOH 97 + 8 0a 12 b
CV(%) 0.0 2.2

* Mean separation by Ducan's multiple range test at the 5% level

*FE 1/22 &% 27 copper hydroxideol A 50cm o] Askon, 1/42
Fo4 3 MWA A= copper hydroxide, oxadixyl + copper hydroxide ©llA]
50cm °}¢ Axkth £ HPO; + KOH ¢4 e 1.2cm7t Atttk

224 metalaxyld 8% FFHE 1/42 E4% AR Ho|UoY ofIAEd
B TEE 120032 EUE& B AV oA ez A4drt
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ofJIFE A wWE YFEE FAY A Y 63 Tt}
2AFAE AT WATY o Fgo] BF 33%0IYW ¥rAE TP
o o]y F &L 133%°IUt. 5YFAE AT oW Fgo] 100%oE
FHEUL, AT HFLL 167%2 tha FIHAT. &W T a9
oW F &S 56.7%2 FH3 F/E U

100 /—______»:_;—-a.—_ﬁ_ .
D0 H —&—Prevention
80 —0— Curativeness //
2 70 I —a—Contral / /’U
s 6
. / /
io v A
o S
o
— :
0 ’ |
2 5 9 11
Days after treatment

Fig 6. Effect of H3PO3 treatment on infection rates of Pythium sp.
for the potato grown in hydroponics.

HE 94 ¥ oYFEL optrolA 200%, WATFAA 333%QAoU, T
A Foe 9%67%2 Aol R B Yo olyHAYt. HF 11Y9F &
T 40.0%, BATFANA 733%7F ol¥EHUoHW, TAHIFAAME
100%7} o] ¥ = Ao},

1Y 69 oA E M @E oYFEE V1223 BANE BE
d3e 19 79 2o
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Days after treatment

Fig 7. Effect of HsPQO: treatment on infection rates of Pythium sp. for
the potato grown in hydroponics.

T AF 24 F oRIAEY LANE AT HATFAN BT 75.0%9]
FAME HeEded, HF 54 Fole d¥FiAME 4%, FATFAME
706%2 BAZLE BAT an HF 99 Fole EpdAE 79.3%,
WA TFAME 665%2 BANE RAT

119 %9 HAZtE ddTadA 600%, BATFAAN 267%2 o)§- o}
A olt HFT 1l1dFoe FAH oHF&ol 100%=2 t©l ol Lo
AN WA dppo} WA T AS TP Aol

ool Az B At HEH} FAuRA] g WA B2 A8t
AT oFIAEE MR FHA B A Fefol T FFIGH
AAEY AHuiAl EA7F H AE Pythium sp. @ & ¥4 gH9
HHE €Y F U Aoz 4744,
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A3 % 29 24 0P 44 AAD 22A4 2R FAGuyA
EA7} S Pythium sp. Fo) @ 54 2 ollude] @ FAE
}E 2AE AH}E 0L gt

L FAAuAdoA & Foll 9 oy &L 120%°1U. & #
GEAE 200X205~26.0X26.0m= ElEHEoIRoH, HWAFAE=
180X185~225%23.0/moI 3L, FALS] EL 34~50mo|R &
< 4ot

2. & 2 24Nzt W FA] 34Tl A 4.4cm, 32T 36TAX32cm
Agkony, V-gilxlolA 41cm, NA®XINA 38cm, ZAMEHAHIX| o)A
36cm €22 FAPE AFsIFYen, pHAAE 7094  55cm=z
Aol M FUoh

3. metalaxyl, metalaxyl + mancozeb, metalaxyl + copper
oxychloride, dimethomorph + copper oxychloride,dimethomorph +
mancozeb, mancozeb, oxadixyl + copper hydroxide, copper
hydroxide, famoxadone + cymoxanil, HsPO; + KOHS X 3
WA N FAL7L AR Easict.

4. #Z FAAMA] ol E 200ppme F OHF Aol A%
g7 LA 5YA 824%, 119F A= 60.0%E 5YA
706%, 114Fl= 267%S FAZE A F HF 3 A
FATED WY Fdo)
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FEggol B Aol A G AA BAZ 91 Qe PHAe Hete
Eo oAl B9 o3 e B BAL 2A 8§ F4A 39Y ZAUA WA
e Mg =an wRg ax AN, GagEes Sok A3 Ae
Fol 74 PO F, LY TFUL METCHE, 18y, 297, $32
A5UAE 2AE =9y,
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Zee nobge Ay

g e ADEANE AL ALY £ Y= ££2 FA AS
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