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V. 2 MmOBREICET A58

WMEI TOREL XLUEBRER»S, )8
OFEFBRIBN T (F7203KT) AWt oF
FD2o0HN, —FEEHEEINL LI TIIRENE
BEAEET A EXHER SN, BEDE I AT
BB X UHYHORREY A LR i EEAER LT
B EARETHBDT, KR TIIRFORR
AAEE LT, 740V ADENHE Polymyxa betae O
LB T A2 S e FRICB S, BRI S KM
2B BBRREIZ D W THRETL 72,

A. BEEICETBPHE

1970442 7 ) IR A EEEHIZ LR L -E S
TSRS AN RN A S IS E" = e ok ¥ DA A
HTHol, BE - - EEOWTFHRTAHZ L3y
EDORIF WEXEMT B2 TR, REYA
VA {RFE Pbetac T IR IZHEE) - s € v
TOILEETH D,

Z RIS T 2 EFOHBHR IO VT
{2 Bongiovanni (1965, 1973), iR (1971b, 1972a)
BEL o THESRTVAY, HhhBERIIH
D& ZAHTIEEARNOATH B, D-D i3,
B ETHBRICHERABEHIOMEEL L LToE
BLUEAMSHERS L (FREKS, 1972) £
BiifHaNTwd, TITHHEERITHZH
D-DHI LY EIRVFWw T x5 M, FEERFA
BL MBI OME, BHEREN L O pH
BT T 2R 21T - 72,

1. BT OXEANESE

(1), LR ICLZHES

HRBEU IO EEFHNE LTCD-DAIBLY
BALA 7 VR EopREE VA, D DA
TSR ERAR AR TH D, RKIETHIL
BRIk S <, LrAbEWhRyfEc&E 2 45
VA FENIDWTHEE L 72,

T xy PEZTIEFROKS #TAKT S Z LIZ

Lo TH2LL, FOFERTTHERNVLT LT
LR, AFLTIL, AFVMAVITF—b, B
EKFE LR EPRR T BIET 5 TEEAFTH D,
L BARIIBA L - EERTH D0, ot
BIEZA X 0 BERS v BIZARANZ AR
DI = 59K (Buczacki and White, 1977), H &
P4 %) 7Tid7T >4 4 D Rizomania (Ghillini
and D' Ambra, 1971) (2 %HE 15 B L HiEG &
nTnsb,
KRB LU

el FEH oAy MBRE T MTe o
-3.5-YAFN-2H1, 3, 5-FTITI-2
54 95%, WA THAY—-F ¥R b
HoxEERELCD-DARI I 1, 3-Y7un
TORY55%, B4 'D-D, #HEMA L, B
ICHT VR ER & U< DAPA B%] 1 P-2 2
FN-FTII)XRVEL-TTVHILFR— M4 %,
BT Ty BEX U PCNBHAE I RV ¥y ¥
oo haNyEY 5%, ERE TRy
rEHL -,

WM B X UORERE FOMmomL (fE
FroLBitt, pH7.5) (I & 0 HEH| % Al £ 5k
FEMEREICRML, Y271 VATHE
FoGHBEETICBE, AL T AL 1AM
BN AIRE FT v, BRI RET S0,
WPRL 7> LIEA AR, 7oA TRfE Y
n7—~, #HEL, H1 » AR REROR
EEIHICHMLC, NEHIZE I RBORME L
UINEEFE L7, #1831 Kl2ntEL3E: 3 g
TAT % - 725 Pbetae OEERREFLR 23 IC RS
FUIHELAW T TICH20ABEFE L T 5 R~
WVARORBIHKFER»SBERT TIZ3~5
H kg CRIFER IR L, Zh50idvilgpi
15mm%x¥Ih &hH, X bL7 <4 >100ppm HN
AR THRER 235 C i (84,
1965) THTH -7,
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Table 51. Application of Dazomet and D-D to infested soils
used in nursery beds for controlling rhizomania of
sugar beet in the main field

ISR A 4 AISHIZIRAMLEE L,
o= VB ANRE =y 2N
26 HMEV: 72, LELERRILE

Amount of Severity of | Necrosis | Root Sugar
Soil fumigants | application ' | P. belae severity | weight © content ©  FIEXIIAFCIOHMZ AkE LTHh
(per 1 lit.) |infection " |on roots ¢'| (Kg/1 are) (%) FEgE R £ 4T P ek EL Y
Dazomet 95% | 0. 8g = 0 490 5.8 2 ’E%&‘E%ﬁf > AR ij:le
D-D 559 1. Oml __ 0 480 13. 3 538 L 541278 L 72 72 BHIE
Control - ++ 59 280 11.0 Table 518 & USZ@ﬁt%ﬁitﬁﬂ: (1%
l.s.d. 0.05 5 50 1.1 e o e . LR
0.01 8 90 1y LHRORERBILT B0, 2K

a) Seeds of sugar beet were sown in paper pots with soils treated with
on 23 April, and the seedlings were trans-

the different fumigants

planted in the main field (non-infested) on 23 May. 78 sugar beet
plants were grown per one plot (12 m') and harvested on 16 Oct.
b} P. betae infection was examined at 50 days after sowing.
¢) Necrosis severity and yield were examined at harvesting time.

The figure shows average of 3 plots.

/ %
S EEH & HIFERKOTI0A 25 H 2R

{2 DAPA | & PCNB#I %02 T
728, T OEBTIREVARROBE
HELHFE THRETH DTV A
F#I B & D-D AL X i
DAPA %l X PCNBHI 20 2 % » o

Table 52. Application of different amounts of Dazomet to
infested soils used in nursery beds for controlling
rhizomania of sugar beet in the main field

FILHEE L, A DT70X70X50em > 7 Amount of . | Severity of| Necrosis | Root Sugar
Y MEMIARYE Z— LT 4 Seil fumigants applicatifm @ P be%‘ae y severity . weight | content ©
i (per 1 lit.) |infection on roots ° |{Kg/1 are) (%)
ATHBEL, BERAAZIACHO Y Dazomet 95% | 0.2g°9 - 0 520 13.3
L, Po— s 2MICLFT2 H do. 0.4g" — 0 510 14,0
N N oo g do. 0. 8g" — 0 510 14.0
NP4 7
77 Adp e LT %%Jﬁ*ﬁﬁm?ﬁ; do. 0.2g" — 0 520 13.8
5720 KR Table 51IIR$ @Y, do. 0. 4g — 0.3 510 13.9
)Ry }\95%*}}%”089/:{:%1 A do. 0. 8¢ — 0 480 14.1
. R c 7 > D-D 55% 1.0ml* — 0.3 470 14.0
AL T P.befae @%ifb LU»ES Control o + 67 230 11.8
BEIROFERIEDHNT, D-D55% 1.3 4. 0. 05 9 60 2.1
AL me/ HHE 1 ¢ EA LI OB 0.01 3 90 | ns

%:‘: Iﬁ]%’ci)o f:o
RIHEER % 4 A11H
WRFLEE L, ¥ ZF L
Yo%y b (82X24X12cm)
IZAN, o=y AN

a), b) and ¢) are the same as footnotes shown in Table 51.

d) *:

covered with vinylfilm after applied with fumigants

Table 53. Effect of different amounts of Dazomet to infested soils in

nursery beds on the incidence of rhizomania and on damping-
off of sugar beet

. J Amount, of Damping-off Necrosis | Root Sugar
1 @ﬁ?ﬁﬁthfﬁ’ #1 6 cm Fungicides application® | No. of plants | % of plants | severity weight® | content®
DESZILWFTS HE A A (per 1 lit.) | examined diseased on roots”| (kg/1 are) (%)
KE LT SIEEE & {7 Dazomet 95% 0.2g*" 495 0 0 350 12.4

do. 0.4g* 449 1.3 0 410 12.6
7 - &k z
o 720 A1 Table 524 do. 0.8r* 401 0 0 370 12.3
RT LY, ¥/ A9 b do. 0.2 521 4.4 0 400 12.6
95% ¥y #l ©0.2~0.8¢ /+ do. 0.4g 584 14.4 0 380 12.6

. ;- do. 0.8 550 0.4 0 370 12.7
1oy, vo—7 &

& 2 - » D-D 55% 1.0ml* 493 21.7 0 370 11.4
AWV LBBOHTIARE papaspens | 0.8 594 0.8 61 190 10.6

{, DDH 1m L FEZD Control - 492 64.7 54 210 11.3

BOMREAFBO N, B Lsd 005 8 ®0 12
0.01 11 90 n.s
a), b), ¢) and d) : see Table 52.
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Table 54. Detection of the fungi causing damping-off of
sugar beet in control plot in Table 53

60% (1987)

(2). TIEMAICL ZHSB
AETE—ROTIERAF DI b,

Dat No. of plants | No. of plants that the fungus was detected Polymyxa tEIL AT HERHCIET A

ate - -

— exami;;d Aphar;oomyces Pyti(l)ium Rhizo;toma Phgma Plasmodiophora brassicae 1= iﬁ%ﬁ‘% pa

19 15 15 0 1 0 EEANTWABEREPLIZEIRFD
26 21 18 4 2 2 il a2 AR

ERMBE LUFHE

fro FIHIMBOREIELY VA » FE]0.2~0.8 g ML i & FHRET O Z 9 RIFEAER> S BRI L 72
HofMhicbiloond, D-D A1 me L & [H FmEE 1 D1 TRANL, FoBIITFRoM1
HLEOREDTD o oo HNIIHROREIRLST S A v b BHIOFER FIRMLE L, F12enFEBRICAR,
#0.2~0.8¢g DHEXB L U0.8¢g EEEX T FrHA4 T2, #BELCH2 » AL
IFIFELICR AN, D-DH 1 i BEXOE  Pbetae DERFEBRE A/, 1LHIIHE 2 ~

X V)Eﬁ%ﬁ“:%}ﬁ‘o 2o

Aske L, MUERZ 2EBEHELT,

Table 55. Effect of treatment of various fungicides to infested soils on
infection of Polymyxa betae (pots experiment)

Common name Chemical name and contents of Amount Severity of Damage from
active compound (g/1000ml soil) | P.betae infection| fungicide
MTF-1509 (dust) N-(2-chlor-4-nitrophenyl)-3- 0.1 " —
nitro-4-methylbenzenesulfonamide 0.5 #+ -
:3%. 1.0 + -
1.5 - -
NK 483 (dust) Triclamide : 10 %. 0.5 H# -
L0 + -
1.5 — -
2.0 - +
HSF-5382 (dust) New compound : 10 % 0.3 # -
0.6 + -
1.0 + -
1.5 - -
HSF-5381 (dust) New compound : 4 % 1.4 H# —
Captafol (dust) N-(1, 1, 2, 2-tetrachloroethylthio) 14 " _
-tetrahydrophthalimide : 4 %.
Propaphos (dust) 4-(methylthio) pheyl dipropyl
1.4 # -
phosphate : 5 %.
Diazinon 0-{2-isopropyl-4-methyl-pyrimidyl 0.5 # -
(granule) -6)0, 0-diethyl thiophosphate : 3 %. 1.0 #
Maneb Dithane M | Manganese ethylenebisdithiocarba- 0.1 + +
(wattable powder) | mate:75%. 0.5 + +
Etridiazol (dust) 5-ethoxy-3-trichloromethyl-1, 2, 4- 0.5 # -
thiadiazile : 4%. 1.0 + *
2.0 + +
Rhizol (dust) Trichlophosmethyl : 5% 1.0 # —
Mepronil (dust) 3-isopropoxg-2-methylbenzoanilide : Lo " _
3%.
D-D{eil) 1, 3-dichloropropene : 55%. 0.5 (ml) - -
Dazomet (granule) | Tetrahydro-3, 5-dimethyl-2H1, 3, 5- 05 _ _
thiadiazine 2-thione : 95%. ’
Control — H#




MERFEL . 7 A FIWFEO T A N AENHE, Polymyxa betae Keskin DA RE & LRI BT+ AR5

Table 56. Heat treatments to infested soils in nursery beds for controlling
the incidence of rhizomania of sugar beet in the main field

. Severity of P.| %.of plants| Root weight |Sugar content

Soils Treatments . . . ‘

betae infection| diseased® (kg/1 are) (%)

Heated at 64C for 30min. — 0 517 12.6

Heated at 77C for 30min. — 0 448 13.3

A® | Fumigated by D-D 0.5ml/1 lit. 0 417 11.1

Steamed at 65-90C for 30min. — 0 421 13.1

Control + 19 383 13.0

Heated at 53C for 30min. # 100 12 5.1

B Heated at 69C for 30min. — 0 436 13.1

Fumigated with D-D 0.5ml/1 lit. — 0 490 12.1

Control H# 100 8 4.6

a) Infested soil obtained from settling lagoon of a sugar beet factory.

b} Infested soil obtained from a field of Date district.

¢) Planted on 27 Apr., transplanted on 24 May, harvested on 5 Oct., 98 sugar beets (15m?). were
examined for 1 plot, the figure shows average of 3 plots. ’

# 2
Table 5512 R4 L 912, B E LA DDA B
LAy bEIERERIS, Pobetae O EGEDTFE
BN %D o 2 ERNTM 11 EER B MTF-1509
3 %A5HI, NK483 10% 45 H & U'HSF-5382 10%
MEOIEH (B3R LM FhRFh1.549 HH)
THo72

2. BHLIOMBMHS

F U A ST TRENOT v 1 55k
Lzt BXUF Akt @o i hiitho
T2EERIOG P B, ThHO T HIEES
BB TWwE DS, L DGEE I RFORKR
RS TWS, 2O BB TEE L,
FrHAOREERICEART A & 2 HET L,
b, REBRIEEEERNSH L HFE TR
272

KBMEE LUHE

st BSERToREML (pH7.1) LR
EFo# S WERELIE (PH7.6) 2V,
DEFEEL 72, IMBULERE O KRS (BKI)
1328% TdH - 170

A REBRIC ARG HES (5
TR EE MNIOI A7 Ry b, ZHEKE) %
Auv, B KEIREDIFTVBE FIF LD
FEIIORE CHE O I CHERE s h, 53C~77C

6 mm

T4 LA LR S 7,

FAEHE NBAELESEECAR, T
A TRE I v - REEL, A1 AM
BHLAOL, ItREROBEIIHIEBAE L TIL
o ) BROREKENWE S FAEL 72, Pbetae
DEE GBI L 2RI TR
HIZH~7z,

# B

Table 5612754 & 9 12, 53C Tid e < FFEREHE
W dr o 12hY, 64T ~77C Tid D=D ALBH & fa)kk
EWIR SRS S,

3. BEL® pHETIC X 385

KD I MIRORA G & BEREICHT 5 H
G ONT Pbetae DAFEIZT A EBRERH» S,
P.betae DG T8 pH & FHCBEBR LT B E
DR AN OT, ERICELE S AFH Lo
pH & 2 I MIFDRIFOBRIZ OV THRET L 72,

ERMFB LU

N7 HFHET o B UM EEREAIK F 72 1R
BEAIK %ML T pH % 5 BRBYICABL, #h#
N HIEICIHAR0.06% ¥ 721320.23% (JBEZIKIR/
HEW/W) 2ENEEL-LOREFELT IR,
FroHA TRl vy -~ FREFTL, 8
1 » ARG R BROREIII B L UGS
KEIRRORRENEEFRAET L2, Bl 11X



e R ARG

12nf, 3 JAE & L7z, Pbetae O IEBEFA I B
HPICEHRICER L 22 TR E T,
AT

# =%

Fig. 14127k & B, pH7.ORT# D& pH X1
& Phetae DIRERENEL, T/, £HHEFED
BIELBL L, MEBIUBEIESOETHEL
P otze —H, pH5.3~5.601K pH TIIFFIEL &
(0.23%) HMEXTHERIIRB LRSS T, I
DERIFIRIET, WERIBERDOON Lo 12,

4. %

ZHMIRICHER S N FH LoEREE IR
IED-DHEIMBFAHINRTWAD, ¥ Xy Ml
+41 %0049 TD-DHO.5mf & [A%DEHW
s Esdn, FRIThHAEFOLNT, BT
AH1x Aphanomyoes T % I X D ILAGRH AT L
THEHTHY, D-D AL DL VEER RS
bhHERS, 12720, KRNI HEKRG D mwE
HHOSBSEN, BEENHRHCELDT, FH
Wl TEBE O HEAKGHAY, #RI0OCL L
T7~10HHEE=—N7 4+ VATHELZE, 10
AU LD T AKEHBLETH D, FANIHRED
& AERAEMIZEED 2V,

+mEMA DS H, MTF-1509 3 % 3 #,
NK-483 10% #3# 5 X UF HSF-5382 10% #5713 %
he#EN1.5¢g /131 ( #HFHLIRALET S &
HERBEH T4 5 D Pbhetae DIEYe % SHE (ZHH| T
E72H, WTNROERDL T Y AIIBEI RV,

HFH 0 pH & 5m & OMFR IR (1973 a)
OFERES—FL, BRI pH OEENFH

Fant, ThoORBRERLS £ ) BEHOHE
FEEBFWMTICHERLAZBETH, RUALRICK
HEER O, FHL O pH 3HELZ»&ED
ECH A2 HDPLEE Ly, 72751, pH6.0LLT T,
EwpoLirwEY MEEFHTICERT 5 L,
HHE URBEE | Trichoderma sp.) HMFEEL HW
DT (FHIR, 1973b), AEMEE L LW pH 21
+ A HEESVETH L,

B. FMIZH T B35

#6075 (1987)

100

()
80— H

(4
60—

40—

20—

Necrosis severity on root

(%)
I
1

Sugar content
=
1

(kg /1 are)

Root weight
o 8 B
L 1 L

5.3 5.7 6.0 7.6 7.8
pH—>: ] ) )
(H:0) 5.6 6.1 6.6 7.7 7.9
30 10 0 50 100

Superphosphate Calcium carbonate
(8 /1 kg soil) (g /1 kg soil)

Fig. 14. Effect of soil pH in nursery beds on the
incidence of rhizomania, root weight and
sugar content. Suger beet seedlings
were grown in paper pots with soils
containg P. betae at different pH for
30 days, and were transplanted in
healthy main field. Soil pH was
adjusted using superphosphate and
calcium carbonate. Symptoms and
sugar yield were investigated at the
harvest time. [l : 0.6g rootlets per

1 kg soil as inoculum source, [ :
2.3g rootlets per 1 kg soil. Sign in
parentheses shows severity of P.betae
infection in sugar beet seedlings 17
days after transplanting (see Table 1)

JEHEETIE, AFOREVBL BT v
ADPHEFRITI THBIZL2DLT, KFDHE
T EIEONORAEGHFREISHS PR LI IZ
EADEET ¥4 A FIEHA (LA L, BIR
T FEB L 22 H 5, RETIEF R
DIFFIHER S N OB R E LT, RE%
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BETOZOIICHERIC LS I EHE, I
Phetae DIFME %R T S ¥ 572012 1% pH KT
WL X DS, ThoOEMB X HEEMRIC
DWTHEET L 72,

1. FMEOLIHE

FHLTOWHFIIEIER I N T LER DL
s, MOTIEHFICOERELTE S S % D-
D#H (1, 3-Y7uouaro~xRrs55%) & ¥/ %
y M (F RS FT-3 5-YXAFNV2HL, 3,
5-F+7F 7Y r-2-FF295%%71398%) %
Hvs, BiBEEhR £~
(1. D—DHC LB HH

D-DAIOHAHREIR, BFHIHBEOEE1aH
NEFBT40£1220me & X RTWBHH (FRERKS,
1972), A HFEO -0 0EEIEN, BENL
MErS 4L/ 1aPRELELONSL, KIHT
24 4/1a TTORBBIR, BHEBEOHEDSH
X BB 2ERIE BT L e L
776

HBA &

Rt (pH7.3) % 1nfdza v 1) — F
AN, F U AR A ERREERE L T2 ) R
SR+ AL IR o2 FIEIZ, D-DHI20m/ % 7=
1340mé %10 7 HE11H 3 HICEAMEL, ¥
S NTANATHET -REEETICBE, 6
HIZI0H20H, BERAREZNITNFT AWE £AT

Table 57. Effect of soil fumigation by D-D ( |, 3-dichloro-
propene ) to heavily infested soil on the incidence
of rhizomania (| m? concrete pot experiment)

ol FXa U —ME2MBEL, 744 T
fE.vay—~, ¥4 FTENCERE (8 MR/

L, 10HHACIHEL 72, HIZBEL T A%
EEL 2,

¥ =R

Table STIZRT L ICEIEHOZF I MFOSR
WEB L ILE IR, D-DAIDOES, AR,
BEOFEEIIL->TKELRLY, BBBHER
12 9 20me £ DA0me7s, EHEBL VB EY, %
R ER L DI0R LA B ERE
nNEh o7z, 2EBICIITNOX TR A
Hol, FICEHBX TIELLFH -7
(2, FVxy pRICKDHE

FIMBROHEELIIGTH T2 v FRIOBRKR
R L 720 & BEARKEBRO I difE B
MRt & O XFTERBL 2,

HBRAE

L REMEDREMD 2 2P EH L 72,
oMb ARG E L, 197949 A17HIC
Xy FIBBBHRA TREMmA L NAT IR, %
MHE L, FAREL8HBZII TR/ T4 A
BREDOS FI0OHICEHE L 72, ABEHE 11X
140nf, 2RIEE L7,

VEEEMTOMERE, TEESUTHRE ST
BRIIB T2 o7, HEROUEIZ1981F9 A
17H, #A3[E 12108 6 HiZFhFNATH - 720
BE, 709 A 2 FETTHREEE L CAL0H
ICBREL, BREITTHILZ, &
BRI 1 [X60n?, ELIRIE 3 IE &
L7, MBEIZIE D-DAIE BV,

Treatments 1st year 2nd year EH%FEE]’ AR E LK & Gili= 0
Amount | Date of | Covered | % of Root | Sugar | % of Root | Ssgar T - 72, DD HZFFHRAIFE AL
of D-D D-D with | diseased | weight | content | diseased | weight | content % E30mBEIET, 1a%n4 o
(ml/m?) | injection | vinylfilm| plants (ke/m?) | (%) plants (kg/m?) | (%) . . X ’ s
% o7 T N | 70607 30 88 [wower| 09 | a4 U3 LERS DAL,
40 | Oct.7 No 7(2 | 66 | 122 | 9436 | 2.6 9.9 ¥V A v MNIB%BFIAI B K UI5% £
40 | Nov.3 | No | 29(7) | 46 | 114 | 10039 | 2.0 | 85 FIIIHICEA LB c BT
20 | Oct.7 | Yes 13(3) | 65 | 135 | 10080 | 31 [ 10.7 s g hz e ]
40 | Oct.7 | Yes 72| 95| 166 | seay | 49 | w7 * EH25emDEIE I HA L 720
40 | Nov.3 | Yes 0(0) | 7.8 | 166 | 44an | 3.6 | 13.0 g 3
Control 100071) | 1.4 | 8.0 | 100091) | 0.6 | 3.6 ZREMICB YL REBEE R

a) The figure in the parenthesis indicates necrosis severity on roots shown in Table 8.

Table 581Z7R T & 12, &/ 4 v b
PRI 4 kg O FETRIDHI R (2 31 1<



B, D-D#H4 ¢ XHHL A
- Tz, 72720, M
Sid— i oREEEIC R L T
TSRy MEKH 4 kg THH%
(Y s L SR (WA
N BV A ABREE R,
Table 59IZ/R T L D2, FVU A
v NFFHIB X ORA 4 kg DFE
HEPIHEEE, D-D#H 4 ¢ &
@D - 7205, RbEES I
—froEEErRL D 2 ~ 3 %K
WA B - 76
2, X pHETE D-DHD

JeiEsE L R BRI

605 (1987)

Table 58. Application of D-D and Dazomat to a heavily infested

field for controlling rhizomania of sugar beet

Amount of fumigants % of diseased Root weight ] Sugar content
(per 1 are) plants (kg/1 are) (%)
Dazomet granular 2 kg 100 42y 259 11.8
do. 4 kg 29 ( 8) 455 13.3
D-D 4 liters 86 (26) 360 11.6
Control 85 (31) 322 12.1
1.s.d. 5% 9 84 1.2
1% (13) n.s n.s

a) See Table 57.

for controlling rhizomania of sugar beet

Table 53. Application of D-D and Dazomat to a slightly infested field

f#Fﬂ = & BB5B% Amount of fumigants % of diseased Root weight | Sugar content

BT OB, S 2 5 BRO (per 1 are) plants (kg/1 are) (%)
D-D 3 liters 23.8 (8.3 524 13.6
%%%&Lfg’ﬁ?”&‘f D-D 41iters 122 (43) 578 14.4
Ay PRAIBPEREB LU paometdust  2kg 128 (4.3) 540 13.3
ROMEPHRDBERL TV DA, do. 3 kg 120 (4.0) 567 13.8
EMBIUREY SO -ERE do. 4 kg 10.0 3.7 607 14.8
<t DD %IJ ( 1, 3- 2 rn Dazomet granular 4 kg 10.3 (4.0) 581 14.8
Control 36.1 (12.3) 488 13.5

ooy o sB ,H /‘ <
7 55/)) G }%# l.s.d. 5% 76 1.0

X%, LA L, D-D HHdun
BOBFIEO KRB ROMED
RS ThHDHID, D-DHOHEELHNED,
B HE S ¢ A 7o o> 1 pH AR T ALER & DB
IoWTHRE L7z, &8, B3RS L
v EE T B X bR At e 0
FETERL 72,

(1), Ri3B=B

a) See Table 57.

HRA*E

FEmEL (18, pH7.3) BLUREH
T (BbE+, pH7.5) % 70cmX70cm, @&
H35emDAPICFHE L, pH IR T & L CHiRE
EHEmERAL, BICKELEE L TD-DA
DEANLEETHR 572,

%E, HEEX19754E 5 A 8 H, 19HB L U27TH
O3EFTTHER T PATEL, 5 A30BICE
B (F&35em) OTETEHRLTIRAL
WREHFIT19754E 5 A 8 BICATER * LEMERICR
L7 D-D55%F|® 3 WALFX 319754 5 A
10H, 1976465 A 8 HB L FI0A18B i FiERE %

WAL, FREFAUEEREDOS A30H, 5 A
NIABLUIB3IBICHAKE % T 572 1100
MELI19754E 108182474y, 2=V 7 4
LOBWEX & PR % EIT 72,

1975 B L "T6ECIIERXICY v 1 £ % H
LT, HBASSSBsh, TEpH BLRET S
DEFELTD v A AT Y 0ES{LRAEE (N
110, P:0s 120, K20:14, MgO: 5%) 100¢
rEBICEA L%, ThiE BERE, 4fEvm
iy, DEHICRERE T L7z, 19774 ~824
DEEMIZT WA EEL L, T AR, B
AL AEE (N 12, P205 © 20, K20 : 12,
MgO: 4 %) 100g &R IZA L, 1977~794
i TEME D VoS- %, 1980~19824E1F M5,
H:xovl, 288 L, B3ERRC6 B
Bl L7z, T pH 3 F & L CTULFER 12k
JB10~15m A SERR L 728 DIZ 2 W THIE L 72,

#w B
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FESLUCREOME L LD T pH 7.0~
T8TH 77, WMEEBIUHREBHAKX Tk
pH5.2~5. 7D #PMIIET L 720 % BA UL
HXTOLERPEGIZONTAKEOBEIZL S
LHEE s A pH DK THEIEED Sh, FRCH
BEHIEICBWTHETH - 72

KERFED 3EEH» S 6 ERE L 27 v 4
B ARG, R L2 IEMTEIEE UH
MERL7ZOT, FENIIETOHRLRR L,
%3, FREEHUMEE X O B EMEHX S
HLL, DDA BEEX 12 D-D A 3 MULERX 1248
PLTVWDTID2X MR EL 7,

mgwrfTiér%amrwﬂﬁFuﬁﬁu

X o TEHAEE L7205,
HAZS0LL ETH o 7z T h ﬂL m%+DD
#l (3E) BT, 7H10EEIEALD
Jﬁfﬁéﬁ(?ﬁb%ﬂ& < &oto 72, 0B ;IL%$§£EE

R,
#H+D-D #l
HEE s

‘‘‘‘‘‘‘‘

(3@)E®¢Eféotﬁ,3$
WARTF L, D-D AP XSRS <
MAERL, MEBLUCRBESFIHRE+D-D
BlIX2sgicE <, —koBefkL 2ZFLEL
WL 7o TR HMX ORRE S AL X & G+
D-DHEX OB TH o 7257, HPESIIEES
ERPLBEFIIEL Y, HHERLOEITRE L
<&of:o

Uk, W#EICL%pHIET & D-DAI L DA
WEOHRITE S, LA T LI L RO,
(2). HHBR(O)

HBRA&

RERISATIZ FRE(UOFEBR 0 TIE % SREL L 72 FH
BIERE I3 & Uiz, MHEX ]I Table 6012777 &
12, T8 pH KT - D-D AL - S EIEHE
Hoflegegs Lz, IEpHIKTICERHEB LY
EEEEAIKEHH L, Bre=s %1975 4 A30H &
FI4FE11A 4 AR L, B CT20~25emD1E
tTRICEF L7, D-D #lo 3 BIALHEX 1319754
4 A30H, 1976%F 5 H 7 B B L 108161 i230cm
BB CIEA L7z HAIRE X, 197541108 &S
1772w, 19765 A7 HIZHEADL DT HT,
10A16HIZEAD S DI BFIZITE 572, D-D

Fig. 18.

16 -07 Q:__BZ:Q

/

£ 504

Necrosis severi
g

(H.O)

RER S TR R

T T L] L
1 2 3 4 5 6 (Years)
Continuous cropping of sugar beet

Soil pH

6
51
4

Application of sulphur dust and D-D
(1-3- dichloropropene ) to infested soil on
severity of rhizomania and on yield of
suger beet in 6 years—-continuous sugar
beet cropping in 0.5 m’ pots. % . mixed
with 500g sulphur dust per 1m (soil
of 35cm depth) at 2 years before first
sowing of sugar beet, (O : mixed with
500g sulphur dust and fumigated with
40m¢ D-D per 1m' at 6 months before
first sowing of sugar beet. []: mixed
with 500g sulphur dust and fumigated
with 40m¢ D-D per 1m at 2 years,
1 year and 6 months before first
sowing of sugar beet, respectively.
@ : no treatment.

#| 1 [EALBE19764E10H 16 B ERE L 720
REHEAIL 1 [X64nd, BLBMEIRELLE, &
X & H19754E 5 B128 8 L UN19764E 4 H24 0121
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Table 60. Combination plots of various treatments in a field for
controlling rhizomania of sugar beet (in Shari)

No. of 1975 (Potato) 1976 (Potato) 1977 (Sugar beet)
plots April Nov. May Oct. April
1 — — — _ —

2 B® - B — B
3 S S - — -
4 S+B S B — B
5 S+B S B D B
6 S+B S B D* B
7 S+B S+D B+D D B
8 S+B S B — B
9 S+Sp+B| S+Sp B — B
10 S**+B Rhi B — B

a) S :Sulphur dust 11.4 kg/1 are, S** : Sulphur dust 22.5kg,

Sp : Superphosphate 75kg, D : D-D 4 lit.,

D* D-D 4 lit.,

covered with

vinylfilm after applied with D-D, B: Barnyard manure 200 kg.

Ty A4 TR AL, 2R, 197744 A
2R F o, TR vo -, 2EEL
7o WIVEM ORET X RFBITTIT 2 5 720
# =
T pH - E T REBOEITKE 2
572D TEHETICEXDfES Fig 161277 L 72,
FHEXOpH M7 ~8Th - HMEHBHKX T

#3 7 AR BV IX Tl pHS.0IZF L 7275,

FREEILL VR DL & 5 7o T3 pH 34— &
% o 72 R R RER LA K E B A — 105
HashTwihortEZONE, WEH+ A%
AKX (No9) Tld—BAY pH5.0~5.5
[ARTF L722S, FO%i3IE6.7~7.08 % 72,
19774€11 A 20 H S HE L 22 1K F50em L@
pH i3 FEeEE L L i2FEM, FEL O pH 295
WX TILT O pH B E D - 72,
ZOREIIOEXITI975FE B X UTEEITEKREE L
el x A EONHMBOMERT T HMERHIC
5 %KETHEELAD LN 571, RVTINTE

(H:0)

Soil pH

CARICHE LT v A BB S AR T 9

R, HE, TEpH (6 H3HEI0H128 2l
FEL-FEWMHE) EFigl7T0E B0 Tho72,
HU uaﬁ‘bu—:‘t%ﬁ L [’]H’f6~

B,
E+D-DAMLHEK (No5,

1
L] Ce
Blpe. 0> '*—\ 8 '] Be A
B - \!/ M\§:7::!§’%|?‘
3 o/

[T}

&
i\

L.

\

A

N o® o« ©
|7
e w
oD N W © g N €
.
o

(2
\.,,_'§.\ — e .® /

A\

6 .,_./'

5 \./ \.

J 7

8-

7 L]

6 /'X:\.

AR ;.7"

5

M 9

8-

74 P | ]

\ ~
ol <X, >'/
5 L \!
4-307-179-165-77-266-310-12 4.307.179.165.7 7.266:310.12

1975 1977 1975 1977

Observation date

1976 1976

16. Changes of pH in soils applied with sulphur
dust or/and superphosphate in a field (in Shari).
Figure means number of treatment shown in
Table 60. A, B and C show each plot with

same treatment.
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6, 7) EMEX Nol, 2,), HRELHEEM
X (No3, 4, 8, 10) BLUHWE+HAGNHEX
(No9) (ZIb# L TRMBEIEC, BEIEHD -
720 M UHEH +D-D FILEX O F T & pH 7K
TLAd o X TIEFBRMEAELC, pH AHET
L7223 ERRAE NG TH o 7o LRRHEKX
D) bR OHRBRI @D 5 20, HE+D-
D &l 3 LERIX (No7) TH D, HpHEd iz 3K

T1%KETHEIZED 5 72
(3). HmE?2)
AR &
ORI EREL(ORABRO LT RN L - fhE
MRRIIHOE LT, LELCFER T OB R

B, D-DAI4 ¢/1a8 HAE+EL0NE K
#H+BA & D-DHAOHMALE (44, 8¢ BX
T4 0ERH) D6XEL, 1X72nf, 2RIEL 7,
B + @A LE IS pHE.STRE O JE % pH5. 3K
Taesz &% BEIC, 19754 4 H22H ~764E10
H14B $ TORMIZ1a 4 D EEE#H22kg & BHEEER
JK31kg * WM L 7o D-D AL FE#UEAZ F A v,
4 ¢ XAFEE15emiz, 8 ¢ [XIiXiE S15cm & 25emil
FaEoOOHAL, 3 EEAXIZ19754F 4 H22H,
F4E11H 4 BB X 19764E11A11HICIEAL, #
hERYFED S5 A130, BFEO5 AILIHBLUHE
Z0OS ABBRICH AR E %47 o7z T72D-D

80

-

- N -
2 N L0
ol 10
20 P!

4
60~ ,’ kN S .'O'Z@) )

Necrosis severity on root
3
[l
*
w
%
Y
Y
*

204

0

2 W7
400 a5,

Root weight (kg/1 are)
N
3
i

0-4,—r‘ T T

v
o
~

e

Soil pH  (H,0)

A1 A3 1976411118247 % 5 720 ¥ Fig. 17. Effect of sulphur dust, superphosphate and

DI BFRIBITTIT 2, 1975F 103 A0 >,

19764FR1213 Y v 4 &, 1977 G T > %4 T8
€/l &L, LEEpH X6 AICEER O
fEL iz o THIE L 72,

® =R

Table 611Z/RT £ 912, 138 pH ik L84
BRAIKDOREAIC X > THEE pH5. 3RIRICIET L 72,
ME+BAXORBE L2 & DR Sz, R

PES R TR 5 72, BB +@EALH S D-D
H OB X Tid, D-D R EMKIZ B L THEF

D-D to a field on the incidence of rhizomania
(in Shari). Figure means number of treatments
shown in Table 60. @ : applied with sulphur
dust or/and superphosphate, ¥ . applied with
sulphur dust and D-D, O ! no treatment.

BEA# 1/ 21T L, REH2fF28mL,
BB L UBBER TORER L EHIC, S0
BREhRSED LR, BICD-DHOEFH T,
BERTAILIE-TEFOHBRIINEL 2D,
ZIORMOBEAMETAEES LW BEOIED
Bohni,
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Table 61. Application of D-D and sulphurdust in a heavily infested
field for controlling rhizomania of sugar beet (in Date)

AT LTS, HHERER D
% 0% DRI RERATERD b

T 1 Soil pH® - e
r:atm:nt p)ots ?;{ g) Necrosis Root Sugar Fo COMBEDERDERITEN
per e S - severity| weight | content T OEEIIISE DO BEEBELIKDS

. uper- o . “

D-D*  |Sulphur shosphatet 1975|1976 | 1977 | on roots | (kg/1 are) (%) H—IZRM SR, pH AER A2
No No No 64 | 64 | 63| 432 106 7.1 KFF 5023 L, REICHEHL
4 lit. No No 6.3 65 | 6.3 20.0 209 8.3 - :%‘i - SH Ehnhwl
No 22kg | 3lkg |56 | 56| 49| 236 | 160 538 7“%’1 TS RA e
4 lit. 22kg kg | 49 | 57 |52 | 116 428 103 TR A5 S 1 pH A i O il
8 lit. 22kg | 3lkg | 47 | 57 |50 | 48 | 426 149 W T T LT B E TIs i,
41it. (3 22kg 31kg 5.0 | 5.6 | 5.1 4.7 428 15.1 N

times)i ROV EFLEET S, §

a) In all plots, melon, potato and sugar beet were cropped in 1975, 1976 and 1977,

respectively.

b} D-D was injected 4 liters per 1 are to the field in autumn of 1976, and in 3 times

treated plot it was also done in the spring and autumn of 1975,

¢) Sulphur and Superphosphate were applied in spring of 1975 and autumn of 1976.

d) Soil pH was measured in June of each year.

3.% K

D-D#| (1, 3-Y7un7o~xRry55%) k&
CEABHLOHEBLEEREZEL, E2—
TANALATHEBETLWEESICEE SRS (FR
1972a) . L& LABETIIREEE» S ERFO LR
ladin 4 BEELZITERLZWVWL, Ko
VIANVLAEBELERLH#ETHL, 207D
—DRAMBOATIEEERREIIED LV, 202
EFARBERLIANC TAESMHEER S L%
>TAT% 572 D-D#I2-6 £/ 1a LB OEKER
B (FH, 1973) BLUoEES (1974) »M7% -
PAENTORBETCHRIBFETH - 72, ZDOREEAE,
pHOBEWEREICAR A HBH L Tb, RE ST
WA X572 AV AR P, betae 5T v H A4 D
HEECK > THAL, RESREILER) T
F A OEFTHRHB X OHRIIIZHEE Y 4V 2 DK
PaHFEL DO ThHLEHESNS, itoT
2 BTG HIER O R AT LR & FAR R 2 (m]
BT H720, BBEMESBETAZLEILRLDT
HAHo

+88 pH KT I L 2 BIWERA R 2, FHEO
BPDGEIT BT AL (R, 1973a), #
IR DEBEN-A-3 00X ) KHBEELCTH 5
Tb, B0 ABEEEAIK % KH L T pH5.0~5.5
T HE, BREREREOoh b, L
HLARBTIEHE LKA L T3 pH £5.581 %

AT IE R T S0em DA+ pH -
LEWD, RIS ORI
KIE20~30mfEETH B 2 EDOH
HiLsbnEELZONA,
LhL, MEEHHETAZ L

Lo TEFNREFNOYESMES NS 120, )R
WOLEMTHHVEIEONDDEE LS,
—fHCHIAE IRBOR LI o TV BEE, 3
RIEAE Yy MIRZ EMEO IO T A 2 LA
%D T, pHIKF & D-D B OBERULER 72 & 13
HEHEIED ) b IR BIZEIRIRTICE S ICE
BT SRFENCAERITHAB L, KO KELME
PHIETEHEER D,
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=hs
[53>

~i

V.

BIKEY 7 A NV ZAOHENE L SNARHT YR
# ¥ B (Chytridiales) 3 & O F 2 7 4% ¥ H
(Plasmodiophorales) IZFTE 3+ 5b D TH 1,
—RRRCHERT, 2 IEEG T ORICHFET
LN FEAETH D, VARHEEOHTE Opi-
brassicae ¥ X U Oradicale  (
O.cucurbitacearum) \FEFEOIKE T A VW A B XL
v ANV AREFEEERO K&, Synchytrium en-
dobioticum X ¥ A EX T AN ADENEE L
THLRhTWwh, §/-237AEHOHR T
Polymyxa graminis, P.betae 3 & U Spongospora sub-
terranea O 3 FEIIHEOHRIKR Y A NV A B LTV
Ko ANADENE L L THLENRTWS (Teakle,
1980), 2@ LbRAEHARTRAIER S LTV
AL s TR S h A Y F v 2, 7>
YA ZIRRORE T A VA (BNYVV) LAz
O.brassicae SN TH ¥ NNaD R0 A7 4 )L
A . tabacco necrosis virus, (TNV) (L£fE 5,
1969 ; #RAL - FHI, 1970 ; FHUI - #BAL, 1971,

dium

1972), % N3 OE{L 7 4 )V X | tobacco stunt
virus, (TSV) (H& -« £JI, 1965; Kuwata and
Kubo, 1981), L¥ADY v 7 XAf 7 (LR !

lettuce big vein virus, (LBVV) (&K, 1978 ;
Kuwata et al., 1983), O.cucurbitacearum HSEES¥
HAUYDZFBIY A VA I melon necrotic
spot virus, (MNSV) (B, 1966 ; &K, 1978),
S.subterranea N T B Y v H A T OHWBERL Y
4 )V A potato mop-top virus, (PMTV) (HAE5,
1981), P.graminis D3N T4 T3 L FOEME T A
) & 1 soil borne wheat mosic virus, (SBWMYV)
(BRI AR, 1916), + 4+ AFDBEHE AL R
. barley yellow mosaic virus, (BYMV) (EIL -
EE1970), 1 A DEHFA 7 7 A A ! rice
necrosis mosaic virus, (RNMV) (Inoue, 1977)
HETHDH, D) bILMEETHRENRD LN T
Wb b Ol BNYVV & MNSV (&, 1980)

%
DHTH B,

AFRIZBNTIE, FoH 4 F5BBFORKEY
AN 2 DA, Pbetae DHEREF T B 720512,
BiEEY > SRELL - HidRIC 2 &, [BEOMEN
B LU Pbetae LA OFF TR 720, Frfll<
LIBROT I 2B HHALTIEI g0 B
TARIERE TS vy, FEM, £, BREBIY
RIECET AT 21T% 5720 F 72 Pbetae £
A NAOBEFREFBEET L2012, BRI ns:
ELISA % Hv, SEEGTIEBITA7 4L
DGR % 72 ELISAEIC LAY A L R
OB T AEYIRESE S L E T MBI s
L THI00fEE V0T (EH - #kH, 1982), i
DIANVATHEETE, L2rLEETH L0,
RO FETRARTIEE SHTWPET, 5
DY TNVEOWTHRHETAIENTE, B
|2, Pbetae DEFEB L U5+ A& - B4
B2, BREORRYE, ARSI OKBHRY A
WhHEFERRE L,

3—1 v /NIB1T 5 Rizomania DEATI K E %
NOFIED LB % FLIILR L TV 5 2D
XL 1973 ; Koch, 1967, 1976 ;
Hamdorf and Lesemann, 1979), dbifE@&EiZHBir 5
ZHIMHORAE LT L HEIHBICHES Ty
T, BHMIIRD LARBBOELIZTIAL )L
BoLVuHHFICLREOLNRE, ZOHEE, F—
Oy S TEEEBEEE T b Ty i vwa T,
TR L BIRE T AV ADFELRARD 2V DITH
L, tBETREREAFE»S LWL TH A LT,
19704F 12 % ) HIFHZRIRE 5 L 72 BRI AR D IR
TEHWAFELRSI Y Z— Ay 203 IC L
ARFEENMRLOBERIZI AN TOREIIH A L
Ezohb, 7V A OBMEEREIHERE L
CHwOHR, BVEREYS ) OREEXFEO L7010
RO TERZ-HETH LD, FHTICF SR
DIFJT A W ZNEGeT 5 LR St S

{Bongiovanni,
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BT EWhD, FOLOIBETIRIINENLE
WHICEFR LR LR L7220, HEICLS
BFII e ALBOSN L ol L LT
AIFIZLABNZ R A A S - i UL I U E
Tboohbh, FOBMBIZIMET TIHREAETI
BT X o THBENAHEERY AV AKRE
Pbetae 75, ZDHO T ¥ A4 FHEIZ L - THM
OEERTHEACHBZHE LD EEZ D,

Polymyxa BHEXHFHER TH A28, GHEH#H E
THWIAT & HHBICHE L TRV H# w20, K
WoHHARICHET 2R %, Ao
Z\v, R TIRHDICF ) BIRORETIEICHE
B LTw53 Polymyxa O 58, FEBLTDEY
TV, ZHEMOBA IR LRI
T2 Pobetae WEB L TWHZ EFHLMIZL T,
MR HEETRT I AIZFET S Poetae &
OHFBIOIT A ELIZHET S Pbetae XML b
DThHAHEE2ONTW, LA LANEIZLS
TINLDHEWIZELE T H Pobetae 3 F N EF R
LHoltHERYFESTHwAZ LML, B
T A ERRE DO REBRIEE IR 05 LR &
TRECHAEEZON], L2L, 505
BESNRTVD S OV ERkE OEEN R ILEL £
P o TnwinwoT, ARciragarREL,
SHESIIEI LAV, TAVYEKRIE T F 4T
BEENTWD Pbetae f.5p. amaranthi EEE S
720 BIZANRY v \ZHFET 5 Polymyxa sp. 13
HERJIZ Pbetae LA TH - 7245, [HEEHFH 2
NY e aRHEMICIRO NS Z E DS, ZOEICH
72 LB % 5%V Pobetae f.sp. portulacae & L THEC
#wL7,

WIZELISAE+HW, Thoo@EY A LR
& OBIRERET L, £ 0RMOME Y 1 L R
DIEH I T v A WHEMEH T 5D Poetae DA
ko THLY, Ya¥, a7a¥, 742, &
NJ AR EORKRTIRAEL LW & LRI
L7,

JBEEDZ S HIFOHE Y A VA DHEKIZOW
TREN TR WD, By A NVRIBAETTOE
IAHILEEICEHAE L TV A I BREL YRS
TVRWOT, LEEIZEE LTV iEEZS

ne, 53—y "homALLT V4 A HETF
KB L THEANF AT N DO LHESNS,
RIZY A W Z{R3E Pbetae \ 23T A KAWL L
7 AN 2 OBREMEORFEIZ D W T ELISA & % H
WTRRES L7246, REWRRIZ 2 7 7 CHEFE T
HZElIEkoTowA vz 7Y —4bENT, WA N
2L FOWAROEETH ) 2936, BEAELE
FUTAHHWRAFE TR SNz a7 #5549
DT ThHb, £IIFORE Y AV A REFHKE
EHaez, EEE, s X O BNYVV HilliE s &
THELTYH, KA VABESEETHWAEIRD
MR L a5z, HEICL - TR E N
LEEPIRIE T A W 2 & F OENE & ORRIEKR X
226N, #6012 O.brassicae &
TNV & @ B4% (Campbell and Fry, 1966) o X
I, vA NV ARKEERTFACHFELTESH T,
WEFHIANVZAEEENDPCERTLEZAHD
FEKBHIERTH B, ML Pgraminis & SBWMV
(Rao and Brakke, 1969) BX U BYMV (BES,
1971), S.subterranea & PMTV (Jones and Harrison,
1969), O.brassicae & LBVV (Campbell, 1962)
B LTSV (Hiruki, 1965) OB TR OIS &
I, WAWERE, bFEMBRE v
APUMEHRTHEL TH, 71V 2 DGR
HEATWwDEHDT, vAV2REMEOEEAN
CHEAETHABEMERTHLEER TV S
(Teakle, 1980; H&, %I, 1976), K74
B 5 Pbetae & BNYVV @ B 4% i3 Plasmo-
diophorales DD 7 4 W AHANFEHIZHA SN B X
I, BRELETALEZ A,
BEICEL>TEHRINDLT AV ZADOHFFEIZD N
Tid, FEAREEHZ TNV Tld, 71V 2R
O.brassicae DFEETRKIMIZHZE SN (Temmink et
al. 1970), B% & { HKMALES) (pinocytosis) %
WKL THEETHAHIIABEALONTWA DI
L (H_k, 1976 Gibbs and Harrison, 1980),
K ANV ATIRENEIY A AEREEE
A CHEIET A = LI & o THANICESET S
L8N TWwWAD (Teakle, 1980), 7275 L, HWHAN
YA NVZAOHFLEERTERZA % L, Pbetae
DEFEF P BNYVV BROK T 5 E F B sR Bl 5t



flEFEL T A F RO T AV AEBAE,

TROLNTVWADAKATH -7 (Tamada, 1975),
AFETHTANAEFRAL TV % Pbetae ¥ &
FEAMSETHEIZE L & 2 A, Tamada (1975) &
[tk ZERARB X ORIRRL T W B A H T O FF
FEHSPICHEE L 7205, WL 22DEET
MiZ Tamada DIRE L N S 5121350 Lz %%
O BNYVV R T #HEET &L, ARk LELE
7 A M E IO BNYVV RLFASEE T
B xS, FIZWENEC X BKIRE
Fhroonw A4 AtEicinig <, ELISA EiZ &
- T HEKIRIEF 25 7 4 L AFUR RN S vz,

(Abe and Tamada, 1986),

HEE (ZEREM) OXRBEIUIEL L Ten-
docytosis ®—FE T 5 EAEH (phagocytosis) 2
kardbobanTsh (AiH - ®@IH, 1978), %
HEMoME (2277 Y H) BT A Plasmo
diophora brassicae DETAR D BHIAIZAE T DMK
BOBIPEFHEMBECHIESILLZI LS

(Williams and McNabola, 1967), & T2 U
IMA TEERPEELEBNELEZ 260D XD
2% o> Tw5b (ATH - gTH, 1978), #&- TP
betae \BWT H F DHEIHEHRIZBIT A FAENFF#
A & (Keskin, 1964 : Keskin and Fuchs, 1969 ;
D'Ambra and Mutto, 1975, 1976), HINaRBE % £F
P EMBEATREBER T HERMARNIC
BNYVV R F %R T 5L EZDONRLETHS
do LAL, EFEBLKRIRRTFHICY A L2
W RRWEE 257, 20BBEIAHTH S
A5, EHEMEE L Tid A L AR T 2MKIRAS T O f
B O NAICIRE SN TV TEHE LS WEL
HAHD, HhBmO TLhnwhErEZLNL, &
BRERAARB SRR TRICBT S Y 4V A%
TORBERE 2V THLVBHAPLETH S,

PLE® X 5 I2P. betae HAER T £ I IRBTD ¥
A NAMOTHNIC LAY 2w 8L
%7 A4V ZARTE P betae AT T H T GG BL(C
TANATY)—ALEINBE LS, K4 LRk
P. betae DFARH TIIBTE L TV W O & HEE
b,

2787 ERICET AEEOWMASRE AR
+ (resting spore) TdH Y, TIEWH TOHETFIHH

Polymyxa betae Keskin MAERE & BEBRIZEI 3 A 4F3%

i, Plasmodiophora brassicae T 7 ~ 8 £ (Karling,
1968), Spongospora subterranea Tit 6 £ (Karling,
1968), Polymyxa graminis T3 7 &£ (% - & BT,
1964) FRE L SN TV A5, P betae Tld, ANF
RIS, ChOOEBPLNEICR L, B#EL
BLUORMELOIRETL % & LISERIIELET
&, L23b BNYVV OEERLREFENATWAE T
EEBEDL, o TARFOEENELLRY, %9
WIRPERT AL L - - TCIISEBEEY *
HELTODEEFECRREEOARLKTIIED
g

A E I RFHOR DA, BREKRERD
AWK —H 0L ZAIZBELTWA I k
&G, FNOORARIIC B A IR YA
BT A2 RAELORFOBAERIZIEBEL T D
BROBMRBTEPH BV L THrLERHH
hiz, tlEEOTETS L % 0 EH% izt
3 pH AT ER BV ANIC b, # ) MIRORAE TR
BHENA, I OISO IEETIL R OHEIK
WIKTHY, BEIRELEVWTETHL 20,
BB C b3 pH 3KV s, BIEIOFALEH»S
AIRDFHEMTIRA20EICEED T L —F
PR SN TWE Z LML a T, - TRE
BTEIBRICEpHEHTTT v A ks n
12720, BEEVEG L k- fEEINS, T2
AEFZE T I8 pH AiEm v & 2 F ) BRI E R
THEMIDOWTHE L, & pH &M4T Tid P. be-
tae DRI FORFEIMBE S NS &3, BEE
FoHFa@EKpH B TL VR RSB0, K
PRESNhAZ EFHLAIZL,

Dbz & He, Pbetae OREE % WK+ 5 72
BT, W & I L pH O A AR
EETHHELEZ D,

AOFFETHLD L 72 % 9 IR o Bk ki B ke
ERMOWMEZE 23 BIIT AV ZAOENETH S
P.betae DREG AT L TR ST A 0TH - 720
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Studies on the Ecology and Control of Polymyxa betae Keskin, as
a Fungal Vector of the Causal Virus (beet necrotic yellow
vein virus) of Rhizomania Disease of Sugar Beet

by
Hideo ABE*

Summary

Preface

In Japan, sugar beet (Beta vulgaris L. var. saccharifera Alef.) used for sugar materials is cultivated
only in Hokkaido, and it is a main crop which accounts for about 18 percent of all the field crop areas

(410,000 hectares) in Hokkaido.

Rhizomania disease of sugar beet has been observed in Italy since the middle of 1950’s, but the
pathogen of this disease was unknown until it was clarified by Tamada and Baba in Japan in 1973. They
made it clear that the disease is caused by beet necrotic yellow vein virus (BNYVV) transmitted by
Polymyxa betae Keskin which belongs to Plasmodiophoraceae.

This disease is characterized by abnormal proliferation of the rootlets, yellowing, wilting and stunting
of the leaves. And the disease is now widely distributed in Europe, Asia and U.S.A.. Total infested area
of the disease in Europe extended at least 50,000 hectares including 14 countries and the search for effi-
cient methods of controlling the disease has been long requested by the farmers in these countries con-
cerned (Richard-Molard,M,1984),

The occurrence of the disease in Hokkaido was first reported in 1969 as “abnormal sugar beet”, which
seemed to be due to the repeated cultivation in the same fields. The disease was observed in monoculture
experiments on sugar beet belonging to Nippon Beet Sugar Mfg. Co. in 1965. In 1969 and 1970, the dis-
ease suddenly broke out in several districts in Hokkaido, which seemed to be due to the infection of sugar
beet seedlings in nursery beds. After that, the use of noninfested or sterilized nursery soil was recom-
mended for paper pots, so that the disease remarkably decreased in 1972. However, the disease due to
the infested soil is gradually spreading throughout Hokkaido. In some areas, it caused the serious loss in
weight and sugar contents of harvested roots. Even if the symptoms are mild, the plants suffer consider-
able loss due to the decrease in sugar contents of roots.

It is very difficult to control the disease, because the infectivity of the pathogen is maintained for a
long time in infested soil, and the disease is considered to be one of the most prominent pests of sugar
beet production in Hokkaido.

The purpose of this study was to determine the biological and epidemiological properties of the causal
virus (BNYVV) of rhizomania disease and its vector, Polymyxa betae and to establish the control methods
of the disease.

% Present Address : Hokkaido Central Agricultural Experiment Station, Nagamura, Hokkaido, 069 —13,
Japan.
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In this paper, results of investigations on the disease since 1970 were described, especially occurrence
and distribution of the disease in Hokkaido, variations of P.betae, virus-vector relationship, factors

affecting the infection of P.betae and the methods to control the disease.
1. Distribution and damage of rhizomania disease

(1). Distribution

Geographical distribution of the disease in Hokkaido was investigated from 1970 to 1984. The disease
in Abashiri district was observed in 191 fields (about 2 percent of 18,000 hectares) in 1970, and 45
fields (about 0.5 percent) in 1971. The occurrence in both years was observed in the case of paper pot
sugar beet transplanting. On the other hand, it was rarely observed in the fields where sugar beet seeds
were directly sown. As a close relationship was found between the incidence of disease and the source of
soil used in paper pots, it was assumed that the inoculum was in paper pot soil.

The disease was observed, especially in sugar beet grown in paper pots using soils from the settling
lagoons of sugar beet factories or from the fields near Abashiri river.

From the investigations in Abashiri district, it was also found that the occurrence of rhizomania may
be closely related to the pH values of the soil in paper pots and the fields. When the pH value of the soil
was lower than 6.1 in the former, and than 6.7 in the latter, no rhizomania was observed in sugar beet
transplanted to the fields.

As mentioned above, after 1972, the infection from paper pot soil rarely occured because of the recom-
mendation to use clean or sterilized soil for paper pot soil. But, when sugar beet rootlets were investi-
gated at harvest time in 1973 and 1974, P.betae was detected, which accounted for 26 percent of 324 ex-
amined fields in 10 districts in Hokkaido. Moreover, the causal virus was detected in 12 districts by
ELISA method in 1982, viz. 23 percent of 550 total fields examined. These results show that P.betae and
the causal virus were dispersed to many parts of Hokkaido. Such rapid dissemination may be due to
transplanting diseased sugar beet seedlings to healthy fields.

Patterns of the occurrence of rhizomania disease were divided into several groups by distribution
types of virus infected . plants in a field. When seedlings grown in infested soil were transplanted to
noninfested fields, the diseased plants were generally distributed uniformly in the field. On the other
hand, when field soil was infested, the distribution of the diseased plants showed a patch or a belt-like
area in the field. The reasons for the various distribution patterns depend on the population density of
pathogen and the soil conditions in the field. The pH value of rhizomania infested soil in Abashiri-Kitami
district was high. The soil always showed a neutral or a slightly alkaline reaction because of the excess
application of lime. In Chitose district it showed the similar tendency, that is, infested soil always marked
higher soil pH than non-infested ones. Factors causing such soil pH fluctuation in fields were ; 1) con-
tent of nitrate nitrogen in rhizosphere soil, 1) saturation rate of calcium in soil or iii) amount of ex-
changeable calcium in soil.

In fields infested with rhizomania disease, virus-carrying P.betae was found even in the soil deeper
than 50 ¢m from the surface. P.betae was observed in healthy sugar beets as well as in diseased ones. In
these cases, however, P.befae was free from the causal virus.

(2). Damage

Loss in root weight and sugar contents of rhizomania affected sugar beet is different with the degree of
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infection as well as to the time of infection by P.betae (and causal virus). When sugar beet was grown
in paper pots filled with sterilized soil or heavily infested soil at various rates, and then transplanted to
uninfested fields, the disease could scarcely be seen in the plants grown in the soil mixed with less than
0.1 percent infested soil. Loss in root weight and sugar contents was not observed in them, but the dis-
ease symptoms appeared in the soil with more than 1 percent infested soil. The disease developed, and re-
markable loss was noted in root weight and sugar contents in the plants grown in 100 percent infested
soil. The loss was 97 percent as to the root weight, and 64 percent as to the sugar contents, respectively,
in comparison with healthy plants grown in sterilized soil.

Furthermore, the damage became serious when virus-carrying Polymyxa was inoculated to young plants,
and the virus within the affected plants moved from rootlets to lateral roots, main roots and finally to
leaves. In plants showing slight symptoms, the virus was detected only in the rootlets near the harvest
time. Even though infected roots having the same weight as healthy ones, nearly 30 percent of their sugar
contents decreased, as compared with that of healthy plants. Thus, it became clear that the disease had a
great influence upon sugar yield.

As mentioned above, causal virus of rhizomania disease distributed in 23 percent of all the sugar beet
fields in Hokkaido. When the virus uniformly infects sugar beet in the field, it can be figured out that the
total sugar yield in Hokkaido suffers at least about 1 percent loss, Incidentally, as the total output of
sugar in Hokkaido is 4,000,000 tons, the disease thereby will bring a loss of 40,000 tons sugar. This cor-
responds with about 10,000 million yen.

In order to examine the relationship between sugar beet cultivars and damage by the disease, some new
tolerant varieties and European strains were compared with commercial varietes. The virus infection and
the degree of the disease in Maribo RT-2 was lower and the sugar contents was higher than that of other
cultivars. Moreover, mother line selection for rhizomania resistance was done from “Dounyu-2-go”. Some
selected strains showed an obvious tolerance to the disease, but both of Maribo RT-2 and selected strains
from “Dounyu-2-go” had too low root weight to be used practically. Further improvement should be

needed for these cultivars.

2. Ecology of Polymyxa

(1). Variation of infectivity in Polymyxa betae

Generally, fungi have been classified on the basis of morphological characteristics. However, in the
case of Plasmodiophoraceae, the host range has been emphasized in their classification. In Polymyxa spp.
P. betae is difficult to be distinguished from P.graminis by morphological characteristics, but the host
range is clearly different from P.graminis and it is restricted only to Chenopodiaceous plants.

In order to study the variation of P.betae, morphology and host range of Polymyxa spp. isolated from va-
rious plants grown in rhizomania infested soil of three different localities in Hokkaido, were compared.
Among 108 species of plants belonging to 23 families tested, Chenopodiaceous, Amaranthaceous and Portu-
lacaceous plants were infected by the fungus. However, the other 20 families including Gramineae were
not infected. Morphology of Polymyxa spp. isolated from various plants could not be distinguished one
another, and was identified as P.betae Keskin. The host range of each isolate proved to be limited to the
family of its original host. Among Chenopodiaceous isolates, the isolates from sugar beet did not infect



PIEREL | T F A FHBEDO T A4 N ZEAE, Polymyxa betae Keskin O 8 & PhBRIZBI+ A HF5E

Chenopodium album, whereas the isolates from C.album did not infect sugar beet.

It has been reported that European isolates of P.betae Keskin infected sugar beet and C.album. In 1979,
Barr reported that Polymyxa sp. isolated from C.album and Amaranthus retroflexus in Ontario, Canada,
were identified as P.betae from their morphological characteristics, but he proposed that they should be
named as P.betae [.sp. betae for the isolate from C.album, and P.betae {.sp. amaranthi for the isolate from
A.retroflexus, because of according to the difference in their host ranges. Since there was only one case
that the former isolate infected sugar beet, he concluded that European and Canadian strains are different
biotypes of P.betae f.sp. belae.

P.betae isolated from Chenopodiaceous plants in Hokkaido, as mentioned above, was different from
European and Canadian strains in infectivity to sugar beet and C.album. Therefore, sugar beet isolates
and C.album isolates of Hokkaido are considered to belong to different formae speciales. However, in this
paper, the author still hesitates to name them different formae speciales, untill direct comparison tests are
made with Canadian strains.

Spinach, C.murale, C.capitatum and C.ficifolium were common host plants for sugar beet isolates and
C.album isolates. A.retroflexus isolates were identified as P.befae f.sp. amarantht, because they agreed with
those from Canada in morphology and host range.

The morphology of Portulaca oleracea isolates was similar to that of P.betae Keskin and their host range
was restricted to Portulacaceous plants. Portulacaceae and Chenopodiaceae are taxonomically close, like
Chenopodiaceae and Amaranthaceae. Therefore, the author wishes to propose that the isolates as a new
forma specialis ; P.betae Keskin f.sp. portulacae.

From these results it is suggested that sugar beet isolates of P.betae which have a high infectivity to
Beta vulgaris are related to the occurrence of sugar beet rhizomania, while other formae speciales and
C.album isolates seemed of no consequence.

(2). Virus-vector relationships

In order to elucidate the transmission mechanism of causal virus (BNYVV) of rhizomania, several
problems were examined, e.g. the relationship between P.befae isolates of different host ranges and
BNYVYV transmission, the persistence of BNYVYV infectivity under several conditions, and the distribu-
tion of BNYVYV particles in cells and tissues of P.betae by ELISA method and electron microscope.

The inocula used in these experiments are obtained from infested soil, infected plant rootlets, resting
spores and zoospores of P.betae.

When 7 isolates of P.betae of different host range obtained from rhizomania infested fields were inocu-
lated to various plants under greenhouse condition, BNYVV was detected only in rootlet extracts of
plants infected with sugar beet isolates, but it was not detected in plants infected with C.album isolate,
P.betae f.sp. amaranthi and P.betae f.sp. portulacae.

Therefore, there is few possibility that C.album, A.retroflexus and P.oleracea has become a natural field
resevoir for the virus. This also agreed with other experiments that the rhizomania disease did not in-
crease when sugar beet was grown in the soil which Cficifolium, C.album A.retroflexus and P.oleracea
had been continuously cultivated for 3 years. From these results, it is suggested that BNYVV transmis-
sion depends on P.betae isolates.

Sugar beet isolates of P.befae were converted from viruliferous to non-viruliferous after they grew in

roots of Chenopodium ficifolium. When this non-viruliferous isolate was grown in the root of BNYVV-
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infected sugar beet by manual inoculation of sap, the fungus again acquired and transmitted the virus to
healthy plants. This is similar to the case of lettuce big-vein virus and tobacco stunt virus, in which the
conversion of viruliferous Olpidium to non-viruliferous by Plantage major or Veronica persica (Tomlinson
and Garrett, 1964) or sugar beet (Campbell, 1962) and lettuce (Hidaka and Tagawa, 1976), respec-
tively. In these case, however, it is assumed that lettuce big-vein virus and tobacco stunt virus do not
multiply in the above plants or in the fungus during its growth. On the other hand, BNYVV can multiply
in C.ficifolium, but P.betae can not acquire the virus. Until now, it has not been reported that vector
changed from viruliferous to non-viruliferous in the host plant of both virus and vector. It is considered
that BNYVV transmission depends on plant species which the fungus proliferates.

When sugar beet was grown in rhizomania infested soil stored for 15 years in room under dry or moist
condition, P.betae and BNYVV infection was observed in their rootlets, and these plants showed typical
symptoms of rhizomania. The infectivity of the virus was also found in resting spore clusters of P.betae
soaked in 0.1N HCI or 0.1N NaOH for fifteen minutes to two hours. Resting spore clusters and zoospores
from viruliferous sugar beet isolates were immersed in BNYVV antiserum diluted from 1 : 100 to 1 * 1000
with a 1/15 M phosphate buffer (pH 7.0) for thirty minutes, and then these spores were inoculated to
healthy sugar beet seedlings (2 leaves stage), BNYVV infection was observed in inoculated plants.
BNYVV was also detected by ELISA from the extract of resting spore clusters which were pulverized
into small clusters of 50, 100 and 200 spores with a mixture of phosphate buffer in a small analyzer tube
with a glass pestle.

When ultrathin sections of sugar beet rootlets infected with a viruliferous isolate of P.betae were in-
vestigated, BNYVV particles were usually seen in the host cytoplasm, in contact with the exterior
plasmodial wall, and in the vacuols and the cytoplasm of immature zoospores.

From these results, it is indicated that BNYVV does not multiply in P. betae but the association be-
tween the fungus and the virus is persistent, and that the virus is maintained within the resting spores
for a long time. However, the virus particles could not be found in resting spores. This probably is due to
1) it may be difficult to find the particles because the particles are adhering to cell walls of resting
spores, or 11 ) amount of virus particles may be too small to be found by the methods used in these ex-
periments.

(3), Factors affecting infection of P.betae

The amount of resting spores, pH, moisture and temperature of soil are important factores affecting
P.betae infection. When sugar beets were grown in 24mm diameter, 12 cm long test tubes with a ting ori-
fice for drain at bottom containing quartz sand and nutrient solution or in paper pots containing steril-
ized soil, added with various amount of resting spore clusters (one cluster consisted of about 35 spores),
the minimum amount of resting spores for infection of P.betae and BNYVV was 50 clusters per test tube,
and the highest degree of the infection was observed at about 50,000 clusters per 100 ml soil. In these ex-
periments, a high correlation was observed between the amount of resting spores in soil and the occurr-
ence of rhizomania or sugar yeilds.

Soil pH is the most important factor affecting P.betae infection. In the investigation of sugar beet fields
in Abashiri district in Hokkaido in 1970 and 1971 as already mentioned in the former part of this paper, it
was observed that the occurrence of rhizomania is closely related with the reaction of the soil in paper

pots. In Date and Shari areas where the soil was infested with rhizomania, the soil reaction was neutral
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or slightly alkaline because of excess application of lime. On the other hand, non-infested field soil was
generally acidic.

So as to confirm which of calcium ion or pH affects infection of P. betae, calcium carbonate or calcium
sulphate was mixed mith infested soil, and then the occurrence of rhizomania, infection of the fungus and
the virus in sugar beets grown in the soil were examined. When the amount of calcium corbonate in-
creased, soil pH became higher, and the fungus infection clearly increased. On the other hand, in the soil
mixed with calcium sulphate. soil pH was constant at about 5.1 and the fungus infection was scarcely
observed. Infection of P.betae and BNYVV showed high correlation. BNYVV was always detected in
plants grown at high soil pH, but it was scarcely detected at low soil pH. These results indicate that cal-
cium neither promotes nor inhibits the infection of P.betae, but pll has a great influence upon the infec-
tion. Moreover, when zoospores of P.betae were stored for various times at 20 C in partially modified 1/5
Hoagland and Arnon’s solution adjusted to the range of pH 4.5—7.0 with hydrochloric acid, citric acid or
sulfuric acid, infectivity of zoospores at pH 7.0 was maintained for 10 hours or more. On the other hand,
the infectivity in below pH 5.0 was almost lost within 2 hours.

Degree of germination of resting spores of P. betae in soil solution with different pH value was ex-
amined by direct counting of zoospores or by inoculating these zoospores to sugar beet seedlings. Ger-
mination of P. betae resting spores were clearly different between below and above pH 5.3, that is, low
pH inhibited the germination and high pH promoted it. As regard the process of germination, it was
observed that zoospores were non-synchronously produced through a smalil hole formed in the cell wall of
resting spores. This result was different from evidence reported by Habibi (1969), who observed that
the whole cell wall of the resting spore dissolves before germination.

Heavy infection of the fungus on sugar beet grown in infested soil was apt to occur at higher soil mois-
ture and temperature than at lower level. Excess watering of sugar beet seedling always increased the
fungus infection. High temperature (23 C) brought about higher infection of P. betae and heavier rhizo-

mania disease with a reduction of yields than low temperature (10 or 15 C)

3. Control of rhizomania disease

(1). Control in the nursery

Soil fumigation by D—D and Dazomat was effective to sterilize paper pot nursery soil. Thermal death
point of P. betae was ten minutes at 60 C or two weeks at 40 C in wet conditions. The treatment of soil, by
heating above 60 C for 30 minutes and by using the flash flame pasteurizer, was quite useful in controlling
the seedling infection.

The seedling infection from infested soil in paper pots was clearly inhibited by lowering soil pH (about
5.5) with application of 30 gr. superphosphate to one kg of soil. Symptoms of the disease were not de-
veloped in the plants transplanted in non-infested fields, and their root weight and sugar contents were
almost equal to those of healthy plants.

{2). Control in the fields

Application of DD mixture (55%) at 4 ¢, or Dazomet dust (95%) at 4 kg per 100nt of heavily
infested field, was effective to control rhizomania, though not complete.

Lowering (pH 5.5 ) of soil pH by application of sulphur dust to inhibit the infection of P. betae and
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D—D fumigation (4 ¢ per 100n?) for lowering the density of P. betae resting spore in the soil, were use-
ful. With these treatments, the infection of P. betae were almost completely inhibited and no symptoms
appeared in the plants. And, the root yields and sugar contents were almost simitar to those of healthy

plants, For effective control, it is recommended that these treatments should be done to each affected part

when rhizomania was partially found in the field,
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