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SUMMARY

In 1977, farmer’s field which had a heavy clubroot outbreak in autumn cultivation of Chinese
cabbage was used for this study, and this trial was made for five years from 1978 to 1982. In spring
of 1978, the field was examined to determine indirectly the distribution and the density of clubroot
fungus (Plasmodiophora brassicae Woronin) in 22 plots of two replicates by the percentage of diseased
plants and the disease index in cultivation of a highly susceptible Chinese cabbage and a considerably
resistant Japanese radish. From autumn cultivation of this year to spring cultivation of 1982, potato,
green soybean, Japanese radish, Chinese cabbage, lettuce, spinach and carrot were cultivated continu-
ously, twice in spring and autumn, while Italian ryegrass, Welsh onion and strawberry were grown
with one cultivation per year. Every spring, the density of clubroot fungus in the soil was examined
indirectly to clarify biological soil decontamination by clubroot outbreak of a highly susceptible
Chinese cabbage on potted soil of each plot.

1. Although the continuously cultivated Chinese cabbage from 1978 to 1982 was high degrees in the
percentage of diseased plants and the disease index showing remarkably high fungal densities, the
fungus in the soils with other crops decreased markedly. From the results based on the percentage
of diseased plants in Chinese cabbage and Japanese radish, fungal densities in two plots of fallow soil
and Japanese radish showed the greatest decrease, followed by lettuce, carrot, green soybean and
Italian ryegrass plots. The other plots also evidenced a markedly fungal decrease as compared with
the above Chinese cabbage plot. From the results based on the disease index in Chinese cabbage and
Japanese radish, fallow soil, Japanese radish, green soybean and lettuce plots revealed great fungal
decrease, followed by spinach, Italian ryegrass and carrot plots.

9 . In repeated cultivation of Chinese cabbage and Japanese radish in the heavily infested soil, Chinese
cabbage occurred in highly continuous outbreaks, but in Japanese radish, although the first year
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displayed a considerable outbreak, the degree of infestation declined rapidly and strongly as the
number of cultivations increased. The heavily infested soil employed for the trial could not found
diseased plants by six Japanese radish cultivations (three years). This indicates a marked decrease

of fungal quantity in the soil.
Res. Bull. Fac. Agr. Gifu Univ. (50) : 19—32, 1985.
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Table 1, Arrangement of different crops in two sets of A and B
in heavily infested field

A B
Potato Fallow soil
Spinach Lettuce
Welsh onion Carrot
Carrot Spinach
Japanese radish Green soybean
Lettuce Potato
Fallow soil Italian ryegrass
Italian ryegrass Chinese cabbage
Strawberry Welsh onion
Green soybean Strawberry
Chinese cabbage Japanese radish

6) = VBt—3F (Allium fistulosum L.) &% FTERTE

7) ¥ B—v g A (Lactuca sativa L) ZhE7 v —F BERLUHZEBBEE (74 ) HE)

8) T AhY¥Et—h v vy (Spinacia oleracea L) <4 4 = 7 EEE —HIF—INHERBEEKK (7 2V #
E) ARIBEERE—KIF—2 F 1 EHKK FEEEE)

9) €V Bl—=v v (Daucus carota L.) BERE~FAE EBEE
100 < F#—4 5 = (Fragaria grandiflora Ehrh.) 484 k& B
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Table 2. Percentage of diseased plants in Chinese cabbage and Japanese radish in the field of
continuous cultivation of different crops in heavily infested field

Percentage of diseased plants %
Crop Set| 1978 (Spring) 1979 1980 1981 1982 | 1982 (Autumn)
Chin, cab.  Jap. rad. Chinese cabbage (Spring) Chin. cab.  Jap. rad.
Italian A 95.1 44.9 25.4 7.0 0 3.7 0 1.0
ryegrass B 100.0 46.9 27.5 8.7 0 0 0 0
A 99.0 47.5 50.0 1.9 0 0 3.7 0
Potato
B 100.0 45.5 54.9 20.0 14.3 4.3 1.7 0
Green Al 100.0 37.5 19.0 0 2.4 1.4 0
soybean B| 98.7 36.8 37.8 0 0 0 1.6 1.1
Japanese A 100.0 43.0 19.7 0 0 1.5 0 0
radish B | 100.0 62.8 28.2 6.8 0 0 0 0
Chinese A 100.0 44.7 100.0 93.1 100.0 54.3 34.4 14.2
cabbage B 94.1 38.0 100.0 100.0 100.0 93.0 92.4 28.1
. A 100.0 46.3 43.5 7.1 0 1.4 4.4 2.6
Welsh onion
B 99.1 44.6 12.7 27.8 0 7.4 1.8 0
Lettuce Al 100.0 42.9 39.3 0 0 1.8 1.2 2.5
B 99.6 43.5 45.6 0 0 0 0 0
. A 100.0 58.4 47.9 1.6 11.1 0 2.1 0
Spinach
B 100.0 58.1 26.9 0 0 0 0 2.1
A | 100.0 50.0 28.6 0 0 1.5 0 2.2
Carrot
B 100.0 57.1 26.6 0 9.1 0 1.5 0
A 100.0 58.6 37.5 11.1 0 0 7.1 1.6
Strawberry
B 100.0 50.5 47.3 27.3 0 13.8 3.5 0
Fallow soil Al 100.0 42.9 28.1 2.9 0 0 0 0
B 90.6 24.7 16.7 0 0 0 0

iR LT,

1R EDIBIEEDEBIE 74 A 3=~ A, VEA, =vIvDIXTERR SWThrLY
vy, B, F43VvDO3IKTELLEERLERY, ThOEDERECEVCTHEDELVWRAZ AL, L
L,4597v34ﬁ91,9vﬁ4%,*?,4%ﬁ®4BTmﬁxﬂﬁﬁ4®%ﬁﬁb<6#&5&
Fro 7 A BEROBEE 7 4 ABD TEVRFRTH -1, 8B1980FOFIFIRE %> Plate I
—1, 2kxRT,

SVEM A EIE LT 2 EED 19814 & 3ELDI982FII T HHEDOHRIE ~ 7 o 1 IRHEX D ERSR,
WTEA Y, VAR, ZF<A, A2YVTV5475AD4AKTRBRIBD TES, HEDOEL VK
&%%Ltobﬁb,*¥,:797,$7vyvv,4%ﬁ,9fﬁ4%®55fﬂiﬁ®%E&R&
FTBECK ENBCRIRETCH -1, ~ 7 Y A BIERIELL THVFERET, BHEDEH W &Rl
1982 D FEEK % Plate lI— 1 ~ 3 &5,

KVEM R 4 FERE R D1982EDIKIERIIBERIELRAL 7 ¥ A L5 1 2 v BEELEBL, HARIC
R R FANT, FORER, £4 2V EBHOBRGERE, METAEA»—HCRERE i, BREOD
%L<ﬁmotzﬂ4597vﬁ4ﬁix,vﬁx,:yyv,;ﬁvx,$7vy77®55f%oto
Sy HAE, FF, AFTOIXTRIEBL OBFEREY KT,

FRoOBEFRLTEBC KT EEYO 4 EHEFCI AR ISHEFEOBI 2791 &1 avD
RFRE DL LTELDHEDEDL D THD, BAFRELIBShAHofent, BE XA 2V DMl
KOBEBEOEINELELL, DLTUEA, =voy, =84, AZVT V7 FTADLIRTH 7,
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Table 3. Disease index in Chinese cabbage and Japanese radish in the field of continuous
cultivation of different crops in heavily infested field

Disease index*
Crop Set| 1978 (Spring) 1979 1980 1981 1982 | 1982 (Autumn)
Chin. cab. ~ Jap. rad. Chinese cabbage (Spring) Chin, cab.  Jap. rad.
Ttalian Al 87.3 15.1 2.5 4.7 0 2.6 0 0.1
ryegrass B | 99.8 16.9 3.7 3.8 0 0 0 0
Potato A 91.1 13.8 22.5 1.9 0 0 1.6 0
B| 99.1 17.8 12.4 10.0 1.4 4.3 0.6 0
Green Al 958 12.4 3.5 0 0 1.5 0.1 0
soybean B 95.0 14.4 10.0 0 0 0 1.6 0.1
Japanese A 94.3 10.4 3.3 0 1.5 0 0
radish B| 97.4 35.4 14.4 1.4 0 0 0 0
Chinese Al 98.4 21.2 93.5 75.6  100.0 46.2 25.7 4.7
Cabbage B | 974 11.9 93.2 93.0  100.0 90.9 81.7 11.2
. Al 98.1 11.6 16.7 4.0 0 1.5 2.5 0.9
Welsh onion
B| 94.9 16.6 2.1 13.9 0 5.9 1.8 0
Al 98.4 11.1 8.0 0 0 1.8 1.2 0.3
Lettuce
B| 9.9 11.6 19.3 0 0 0 0 0
) Al 95.1 18.1 13.0 1.0 6.7 0 2.1 0
Spinach
B| 9.7 21.3 5.5 0 0 0 0 0.2
Al 95.7 13.1 13.1 0 0 1.5 0 0.2
Carrot
B| 9.6 18.8 5.8 0 9.1 0 1.5 0
Al 93.9 27.1 12.5 8.4 0 0 5.1 0.2
Strawberry
B| 97.5 18.8 17.6 14.3 0 10.7 2.7 0
. Al 99.8 12.4 8.8 1.0 0 0 0 0
Fallow soil
B| 854 6.9 5.4 0 0 0 0 0

% Clubroot rating : slight-10, moderate-60 and severe-100,

2Z(No. of plants at each rating xrating)
Total number of plants

Disease index =

KL~ 7 %4 OFEIEX &+ 2 & B LIZEBED L O OFA R Lteny, o £Kig ORI
biieh -1z,

DEWX I LSTEROBE® Ik L 735K 15% % Table 3 i34,

1978FFNED -~ 7 % 1 DFRFAIHL85.4~99.8T, ERDOFIRE & T 5 & RmHk D % < MR (%
ROELI00) THDHZ Edbrot, TAEHLT, #4142y ORRERIT6.9~35. 40EE T, RFRXR
BT DL, CSEROBEDECEEDOSE 2 EXTRLT U,

1979F DEFIE 7 4 A DRFIRKEMED 27 S A DFNER BT B &, ~ 27 F A HIEK BB L
KL TFRICEL AR oo Ttz 2EHDA L BIRB W TRBIEHICSHITD - 7008, ELK A 5IE
WRT L, 12V T7YIFATFA, =8<4, A2y, koL vyy, 3%, =vSvoZRTHD,
DIOVTV LA, 4157, D 1 EDERDIFCE 572, ZhbORTHHEEDRKIER DS I
Z1/6& 2ois D {EDy 5 T,

19804E 2 H1982FE DERFET ~ 7 A OFFIEHIIEH, =K~ 2, V&R, #1420 3K TRDT
O PLThYVYYY, A 2VTVIATFR, =vovD3RERD, WTFRORKSEEZEL <R
P, EBOIRODXOREFELEE TS LR L T I SURBEDEGZ L AR LTV5, ik
7 3 A BEK AR CRERIER > ST,
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1982FEDFKIED ~ 7 %A & £ A4 a v ORIRIGEILF A 2 v LD 2 KO ERER, DWT12)7 V7
A 7FA, VRA, =voy, =8<A, CrHA€, Aoy oRXT, ZEXESCHEREELLETS
L, O STEROBERE G-I b,

1979 B1982FEF TD 744 & 84 2 v DZRILKFHRERBRIEE,»D, B, £1 2, =& <4,
VAADARIIELEL, BHEOBVDEL W ERRLL, DPWThyV YYD, ARV TVI47
SR, =2VvIOVDIRNOBE, TrHME, FF, AFIDOIRTEAERL OLORKBIERELALR
720
2. B4 eI YA 4 EELEBEFELBISTIBEENRD

197847 19824 ¢ THEF LR 2 @, F10E, £ avi 73+ Z#EEL, ZOMORISHD
FIREK L FfRte ¥ Table 4 iR+,

Table 4. Clubroot outbreak in continuous clutivation of Japanese radish and Chinese cabbage in heavily
infested field

Item Set 1978 1979 1980 1981 1982
Spring Autumn | Spring Autumn | Spring Autumn | Spring Autumn | Spring Autumn
Percentage of A | 43.0 28.1 3.9 2.2 2.5 2.3 0 0 0 0
Japanese diseased plantiy, B| 628 221 | 7.6 29| 36 38| 0 0 0 0
radish . Al 104 2.9 0.4 0.2 0.3 0.2 0 0 0 0
Disease index
B| 35.4 6.7 0.8 0.3 0.4 0.6 0 0 0 0
Precentage of A | 100.0 95.5 | 99.2 68.5 | 69.2 83.5 | 53.4 41.0 | 55.4 34.4
Chinese  diseased planti% Bl 94.1 89.1 | 97.9 56.5 | 85.6 97.5 | 80.2 70.6 | 94.8 92.4
cabbage . A| 98.4 90.5 | 94.2 44.0 | 50.6 64.3 | 37.6 23.4 | 46.2 25.7
Disease index
B| 97.4 81.7 | 8.2 29.6 | 67.1 92.4 | 57.8 45.9 | 90.9 81.7

B4 avEBERIE LA 2 v Enr A DIITSEDERBICE % 1 FRICHERE & BFER L LB bE
Cie b, HEOREL MRS NI, D\WT 2 TR E HITEWE & 7o b, 1979FRKIEA D 1BOFIKIF £ TDH
FBRIT2.2~3.8% LD TIEL, FRRIERILIITIFEHRIEN HLIBOFKIFE T0.2~0.8L W 5FL <K
WMET, TEROEEOBLVOZEL VI Ebhotk, ARRCHRLCBEFRLE LA 2 v 60
BEETDE, F4 a2V BERRK LT,

N7 H A BER TRRFRIESOALBRE VT, FLEBICIVZERID 100, 2BNCEBES
WRIRER L RIRIER AL, F4 a2 VEEXK LTS L7 1 BEIFC L > TR Z SHROREL DS
HEVET DS Z Edbhots,

% 23

AFRICHEE L 1o WH SR A R OB Z SHEOBRRIT 7 7 7 FHEOE(F LRSS TR
ot ) BEBE kR, 17 7 FBOFA 3V THRBED Labh ok L ERER SR D,
FRBFEUOT 75 REERY A FRBSE L Ch R BRI A2 9 L XA a v DD BE RS
5 ERF ) OIRCAFE O R S i

B SHOEMRIBTIRD 1 0L LT, BREBCH WL ESE L TAREOEEY R  Z LS L L1
FRAE L MLAbATETRY, COBRROBICHED LT BN, Tibb (3L 0 Eg) sbsE
ENETHEI N TV 5,

FEEIT1ITREY, 7V r — VX o ThEOR I SHFREEMT, HREIBFOHELXFI I LD LEL
bRBIFET 7 FRHEERM O LIS, Ty AAE, VEARKER), TrHME, VAR, =T,
2= ¥ (BB, #¥ BER), vr 74 € (FFH), vra @RI, AArveea (U
RE), s =xF, VAR, A1), =V Fy, FA, E—=v, =vIv (AR LvIRELRSY,
CTRALDIBLELLDELT, TrHAE, VRA, E=XxF, =vIURBEFLAD,
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DERXMTHALNS [REVIFY) 2R TLOEDL 5> TH A,

1. BRRFY 24FY, 24— a—=v? v Do ng 25 4 uyry< 29 B A vy < 2D
2. BHEY 7oy ATMOY e ay oy, HP
3. ﬁ% }\.7 }\2)’ TZB), t.°_,,.‘,~/l3)’ 5’\'3. ‘7 1)2)y 57*%“13), *#“14), Vﬁx3,l3,15), :_\/yx/ﬂ,ll,lii),

) 13), v P w3
CBE O SA75RY, axvR, v A 0RED, WEED
INLDHRETET v+ HA4E, TUHA, VEAABIV=Vv IO UNREL BFOATERY, AFEBRTIIL
BARAE=V S VRBROTH 1eny, o r 1 e 3 HREWD 5 B TIRHEIVEDL - T,

FRFERIBUASV=2TASA 7522 v oV ERFEETSE, 777 FRHEORERLYEL S8
5EDHmES H B,

EEGRESTE7 75 7 RHE L RE LT, FE7 7 7 FRHEM DO BIEMKEN AR B D EA &
BN TS GREBICBTHIET 77 FRHEHOBHIFIC L 5 EEF A ZARBIFE T S 2T 7s - 7o 3,
CHIBEE LWL D00 EN S B,

Tupenevich 5735 v 5 v ORRRIEHIELIEH—34.5%, 29FH—11.1%, 3EH—8.2%, 548
—5.5% LM U T\ %, KE9IT64F, HERBERMNBERCL 2 RIBEROELNT, v 5 voRE
WEE (B2 0 —FHE100) 2°90L, EOBREH T 2 AnEXxF¥E VERET 2 LT0U TP L, v
BA=—C v AL ED2ERIETL, VAR —C v+ H A E—=v o vERIHYE (12)V7 V514752
T/ 7 m—S—DREE —HWE-HWEDOIERETINNCHED, T BOI» VI v a2 85T E
60—70M5Mc, 3HEIETH ERADILLEDOFRRICED L 0HEL DD, TLBENLD 291 LRE
BTHBHAR Y —VERELE AT LA— U 2 ADIEMERT IERFEEL, 4EBIC 279 1 2L
TebZh, BHRHEREILS B TholclDBELRDDL, ThDLI~5FOWIFICI I Th, FOEKD
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Plate 1. Experimental field in 1978
1. Spring cultivation on June 10 of Chinese cabbage and Japanese radish for the determination
of fungal distribution and density in heavily infested field
2. Twenty-two experimental plots of two sets of A and B for the trial on the decrease of clubroot
fungus in the field
3. Autumn cultivation of different crops on October 20, from front to right ; Japanese radish,
strawberry, Welsh onion, Chinese cabbage of B set
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Plate II. Experimental field of A set on May 22 in 1980
1. Cultivation of strawberry (front) and Italian ryegrass (upper), and potted Chinese cabbage
plants for the examination of fungal density in the soil of strawberry plot
2. Cultivation, from front to upper ; fallow soil, lettuce, Japanese radish and carrot, and potted
Chinese cabbage plants for the examination of fungal density in the soil of fallow soil plot



b REBRTECKT AR STHREOEY 31

Plate III. Experimental field of B set on June 5 in 1982
1. Japanese radish plants of vigorous growth in continuous cultivation
2. Severely-affected Chinese cabbage plants in continuous cultivation
3. Italian ryegrass. Chinese cabbage and Welsh onion from right to left
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Plate 1V. Experimental field on October 6 in 1982
1 and 2. Cultivation of Chinese cabbage and Japanese radish plants for the examination of fungal
density in the soil of 22 experimental plots cultivated continuously different crops for four
years



