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ABSTRACT

SAYAMA, M.1*, HOMMA, Y.:-2 and TAKENAKA, S.! (2001). Biological control of Rhizoctonia damping-off and root rot
" of sugar beet by Verticillium biguttatum. Jpn. J. Phytopathol. 67: 12-18.

Twenty-three isolates of Verticillium sp. were obtained from cultivated field soils inoculated with Rhizoctonia solani 5 times at
2 weeks intervals. These 23 isolates had different levels of suppressiveness to damping-off of sugar beet caused by R. solani
AG2-2-1V in pot tests. Two isolates (HV8 and HV10) were selected as the most effective. In pot tests, the isolates were more
effective in reducing damping-off and the colonization of sugar beet seeds by R. solani with higher concentrations of
isolate-infested wheat-bran vermiculite Czapek-Dox culture. An almost similar level of control was attained by applying 5
9% wheat-bran vermiculite Czapek-Dox culture of the isolates in the total soil and 40 ppm of PCNB. Incidence of root rot was
reduced to 459% of the untreated control when Verticillium sp. was applied once to field soil near the tap root of sugar beet
one day before inoculation with R. solani (July 9th, 1996). Incidence was reduced to 70% when two more applications were
added to nursery soil (April 15th, 1996) and to the planting hole (May 27th, 1996) . Light microscopic observation showed that
the Verticillium sp. isolates penetrated only living R. solani hyphae stained with 2- (4-lodophenyl) -3- (4-nitrophenyl) -5-phenyl-
2H-tetrazolium chloride, and infected host cells later died. These isolates were identified as V. biguttatum on the basis of

morphology and temperature responses.
(Received March 23, 2000; Accepted September 19, 2000)
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HEVIFBEIN, oM AEYRTIEE LT3
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FAEEE, JLEEAIRTT I X OV TR ET Dt E E R
g8 (FThIWEEL, pH5.5% XU pH5.8)
PE-28 MiEEM A SR VB LEBETAZ LItk »C, BIL
HRIIE R FE I e H8E® 2, R solani DE#
B BERGEED 1 X o THBE L2238 kR Ve,
fe¥, THD2IWRONFUL, ALIRA 2 EERR1IO% (HV1
~HV13, HVI5~HV20), F=ERT/H5Ek 4% (MV1~
MV4) TH3.

BEEROERE SEHIhAETEE (U8, o8ks
T5) 1%, 5T%, S—3i%FoI54 kL Czapek-Dox
WA RT3 3 LIcBE Lk 25°C, 2
AR L, EEEE LTHGWR. ik, EREOHERE
i3, 0. 1%ZRBKEXR (WA) 30ml icEERE 1 g »HE
L, #130rpm, 300 RHEE 54, v v H 1 ERFH 7 F Y
EEXE WA L hiElIE LY. F1, R solani
ik, = v 2 REEH T 25°C, M2 BMBELCEGEY
20°C T 1 Bl Bz iR tk, MRBcohpL, 51 1mm
DEHEHVEFRE LIS DERICH .

NEBROBIFIEIHR AuEEEROBHb I,
R. solani DESEWMEAY 1% (v/v) OBETERZL, &5
i Pythium 35 X O° Aphanomyces \2. X 5 IREDOFLE % T
3% 721 fenaminosulf % 0.7 g/1 BFALEE Uik, SHE
BORERGEY 1% (v/v) RETEELL. chbot
A cm ORI FNENGED, TV ABEF (B
e/ =2—RS) IS0 I3RIEELL. (K3
PAWCUREANTHE L, % 2 BEBCEIMEORE
BERHE UCriigs (DODP(DOI={(2A+1B+0.5C)
/2T1x100, A, B, CR IOV T FhFh, HFHTIMH
B, HIEFETREE, BREHR, BEREYTRT) YEEL
7o

DBk O BEEEE L B ARIHEIRR O B O i
vk, R solani DEEREER0.5% (v/v) ORETERZL
fo. Fiho, HBEEEE L HVS & HV10 0 2 B#Ex
W, ThER]LD, 28X05% (v/v) OBECEEREG
wEEL.

TrHARBREICHT IIMHEHR HV8 K& HVIO0
T, RERCRT 5 B R % 19968 LR T =
EoItmEERES CRELL. FYr I REL LT =
s=—AS] R, EEY 48150, EHEL 5 H2TH
fTote. MEKC L5 EBABOTEL LT, 1) BH
WErEMRCREEA 2 BRELC3 % (v/v) BE (BH
TAE), 2) BHERCEERRE 20 ml H AR A
(HEALEE), 3) R solani D ERERT R ICEERWGEY 7 v
FA o HECER (oaE), 4) DEo 3y

TS (3EMNE) D4 FHEET-%k. R solani D
BRI, 7RI B v 2 REEEAIONE T VA D
BT HECAET 5 L X > TfTo T, RIRFAEL 9
B19B AT, JhiE B C AR SR A A4S e
Cre BB X W RIRE (RRE = YRR x Yk ik
0 / GREMEGE X RATEH) Ix 100) ZEH L.

FoH A EFAD R, solani BROBRLECT 2112
R It EERAo#tLE, R solani DEEEEMEY 1
% (v/v) ORETEMELCHE, HVROEER ALY 5%
BIW1Y% (v/v) ORBETEThZhERE L. 2hboD
TEZFE Icm ORFEACEED, TV M ETE 1 $4
DI2RIERE L7, Vo ARZEEWK. SHBECETY
B L, KBEKTHMCHERE, R solani O ERFE D
WBER L7z, 25°C €2 HEEERE, KLFBEMET CET
26 D Rhizoctonia BADHBEERZHAE L.

i FTOR. solaniHRICHT2FEMHE WAT
25°C, 3 HSELE LU7- R solani OEE LI, /235K
O ETFREIT (F910° cfu/ml) #Zh L 0.5ml B
L. &1 2 ~4 B, R. solani B~ DO BEEBED
EEDOBEBRY T P72/ a2y b vTL—Rufayks
v, XEEMEGERRC I YVRELL. i, 2-(-2 -
F7 22A)3-(p-=2 bR 7 2= )B5-7 22T b5 VY
vazmIAF (INT) #7750 Y ARG
WXy, DBEERIELE L R solani BRIl 4
b FRAE LA

DHEKROEREGS L VEEFTRE 2B23EKON, HiL
R O IHIZD R A Eh - 7 HVS #k & HV10 #Ric 2w C,
PDA T 25°C, 7 HREIEBREDOSAETOKRE S, H4ETF
R, 747514 FOoRI LAERYBELL. F
7o, EBFRECB LT, £F =+ A%EREMm (MEA)
R BE RO PDA 528E#E T + A7 (B 5mm) %
BIKL, 12°C 725 37°C F TORBET T 4 HREREES
HEEXRYEE L. Boht&fBIEMEL, Gams and
Zaayen¥ 1T X 5 V. biguttatum OJRICE & g L.

& R

SYBEE MR O B ARG ER

HER23ERR DR CH AR ORHR A IEI T 2 BE C£R
BRH LI, EUERK R TEIERORE > FECH
#H1L7oix HVS, 4, 5, 7, 8, 9, 10, 11, 12, 13, 16,
17, 18, 20, MV1~4 OFF 18 TH - 7= (Fig. D).

F7e, DBEERROEEEE L AR R O A
T 57w HV8 ¥k & HVI0 thoo 2 wdk (HV81x1.7X
108 cfu/4E g, HV101% 9.7x10°cfu/4FE g) % R. solani
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Effect of Verticillium isolates on suppression of damping-off of sugar beet caused by Rhizoctonia solani AG2-2-IV in
greenhouse test after 14 days. Index of damping-off (DOI): DOI=[(2A+1B+0.5C)/2T) x 100, where A, B and C are the
number of plants with pre-emergence damping-off, post-emergence damping-off and symptoms without damping-off,

Isolates
’ Fig. 1.
respectively, and T is the total number of plants.
BEITEC]l, 28I05%DBETEELL. \WTho

BEECR\ TS EUERK I B EER Y R L, M
R OEREEOHINC Sh THERMEIRRIE T 5|
EARD Bhe (Fig. 2). &<, WMEKD 5 KBEX
T EEH| o PCNB (40 ppm) X & F% Mz R
BD BTz,

F Y 4 BIBHECX T 2R

ENENRX CIIEEOIRIEEEARR L, TOAD
¥ 1/3 ORRAHETET % 1> & 7ol R BEA L F 88067 % LL i
BRBBUVERERL, BRERI0E -7, ZDXD
TegE TR\ WTh, HVIO R & 2 BH AKX, HVS
BRIz X 2 AR &R, 5 LOTHEKIC L5 3

80

70 |
Ls.d. (1%)
60 |
50 |
40 |

30

Index of damping—off

5% 2% 1%
Hv8 HV10

5% 2% 1%

PCNB Untreated

(40 ppm)
Treatment

Fig. 2. Relation between the rate of Verticillium isolates
applied to soil artificially infested with Rhizoctonia
solani AG2-2-IV (0.5% (v/v) inoculum) and the sup-

pressive effect against damping-off of sugar beet.

EIAFRX CIX, RERORERE M EAERX & T
BEEL, MHBR B b (Fig. 3).

F Y 4 BEFAD R. solani BARDELE (X T 2R
F VYA BE~D R. solani DEFEL, HVS HRoBER
ARz EMH S hie (Fig. 4). #c HV8 BroBefEk
EN5 %0k ik, PCNBAE (40 ppm) & EZE 0
ZHR P TRD B .

B FTD R. solani BRICHT 3HLEM

WA oLl EFiL, BEZHIITIRFL,
Bk &ML LT R solani DEARCET L, XS5CREER
CHR»TEBLEBLETROBE AR LT R. solani B

80

l.5.d.(5%)

Disease severity

HVB HVI0  HVBHVIO  HV8 HV10
A B C

Effect of HV8 and HV10 Verticillium isolates and
tolclofos-methyl on suppression of root rot of sugar
beet caused by Rhizoctonia solani AG2-2-IV in the
field. Disease severity was measured as described®.
Treatments were added to nursery soil (April 15th)
(A), planting hole (May 27th) (B), soil near tap root
one day before inoculation of R. solani (July 9th) (C),
and compared with 1000 ppm tolclofos-methyl applied
to soil at 200 liters/10a.

HVBHVIO  1oislofos-  Untreated
A+B+C methyl

Fig. 3.
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Fig. 4. Effect of Verticillium isolate HV8 applied at the rate of

1% and 5% (v/v) into soil artificially infested with
Rhizoctonia solani AG2-2-IV (1.0% (v/v) inoculum)
on suppression of colonization of sugar beet seeds by
R. solani AG2-2-1V.

Swicft#E L7 (Fig. 5A). # LT, #0 3 At
Verticillium BE OB %R R, solani OE R MARCEA L
TWAHIEFHEE IR (Fig. 5B). R. solani HA~D
DY 5 e BEDOBERIL, £ ToOMAKTHERIR, &
HRC L 2 BAREC O ERIBED ORI »Te. Fi,
LBEBRRREDNEL LT\ 5 R, solani OB SAfAA INT 4
B XA REEROWENE VL CBZE I (Fig
5A). L2 L, T TRBARRZF TR solani DHE
ML EROWH LT EA L RSRT, NMIIHREY
T2k LT\ 7 (Fig. 5B).
DHAKRORELEETRE

IR R DO E D - 72 HVS #k & HV10 fRic 2> T,
RERVEE C A BIBE XA L. MEKE o ETH
VREIL L, SR ETRERR L7 4 7 71 Fodled
Ui, /AT Ee, Hin, MR ol AR ol
FAET LML R HA TR D, HVS kTR E Xk
SE#6.7(4.0-9.8) pm x 2. 8(2.3-3. 3) pm, 0 AEFPIhAE
TPy 2. 202-0) M, 7 4 754 FOREILFEH30.4
(20.0-40.8)#m, MEA FLoE#EIZIAR LY = — NIk T,
HV10 % Cd@iEm U R B bt (Table 1, Fig. 6).
Flo, MEKROAB TR RIKRE L 12-16°C, HEIRE
11 25-28°C, REIRE L 30-37°C D TH -7 (Fig. 7).

z ®

AT Tt X - AR Verticillium biguttatum
DRLHEDETFOBBLIOT 4 7514 FOREINRPRE
MolebDD, BIT—H L. T, FEETOABC

Fig. 5. In vitro growth of hyphae of Verticillium isolate HV

8 and Rhizoctonia solani AG2-2-IV on agar plate after
vital staining with 2- (4-lodophenyl)-3- (4-nitrophenyl)-
5-phenyl-2H-tetrazolium chloride. (A) A main hypha
and its side branch of Verticillium isolate HVS (vb) on
a living hypha of Rhizoctonia solani AG2-2-IV with
deposition of red pigment after 2- (4-lodophenyl)-3-(4-
nitrophenyl)-5-phenyl-2H-tetrazolium chloride stain-
ing. Scale bar=10 #m. (B) Hyphae of isolate HV8
(vb) growing within a dead hyphal cell of R. solan:.

D\ CiE, Gams and Zaayen® DELETiE 30°C T4 < A&
B LTWsW Ay, Boogert HLDAERERY Tk 1 A4 h
1L.5mmAEFLTED, BRCL WV ELDOERISHD LD
EBbhD. i, WREBACUIT5 V. fungicola 7o & D
B ERECRTAEFTELRE SR, Fio
R solani vt 3 5 FHAEBRAROBEHH L, HEEKIV
FThb AARTIERERD V. biguttatum & FE S hic.

T VA DR solani i\ L HIRE R E Ul E YRR
BTy, Pseudomonas JBHETs & OFEHIHIES 14,
Trichoderma J& B <2 2 ¥ M Rhizoctonia JE B 7c & © %MK
BL51928) oL H A s rARFE S 2210 SV ORE
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Table 1. Morphological comparison of conidia and phialides of Verticillium isolates with the description
of Verticillium biguttatum
. . Isolates studied
Species description
Characteristics by Gams and HV 8 HV 10
Zaayen® Range Mean® Range Mean
Conidium
Length (¢m) 5.59.5 4.0-9.8 6.7 4.2-8.8 6.2
Width (gm) 1.5-2.2 2.3-3.3 2.8 2.4-3.3 2.7
Length/width ratio 2.74.5 1.4-3.3 2.3 1.5-3.4 2.3
Number of guttules 2 (3 rarely) 2-4 2.2 2-3 2.1
Phialide
Length (#m) 18-30 .0-40.3 30.4 23.8-36.9 30.3
Number 3-5 3-5 4.2 3-5 4.0

a) Gams and Zaayen (1982).
b) Values are means in 50 conidia or phialides.

Fig. 6. Verticillium biguttatum isolate HV8. (A) Branched
conidiophores with verticillate whorls of phialides and
conidial masses. Scale bar=10 #m. (B) Differential
interference microscopy of conidia. Scale bar=10 gm.

10
. aHvV8
a HV10
E
E
50
o
5
g
> 4}
5
[<
[&]
.l
0
12 16 20 24 25 28 30 37
Temperature (°C)
Fig. 7. Colony diameters (mm) of isolates HV8 and HV10 of

Verticillium biguttatum grown for 4 days at different
temperatures on malt extract agar.

HERT AV ORH D, TR h RRIEIZIRLFED
BRTCWA. AL, BIMERSLIVOY » 71 €27 r A%
F /a8 TSRS TR IRTR IS LT Lassh R
BN T\, Fie, Trichoderma BEO—IL, B
HRIC BT 52 EMBOREE & LTI hTw30
T, F VA CHEATHCRMERD S, —F, AP
TR\ V. biguttatum 1Y, ESIRHEE b Tl REHK
LT R IIHIBIR S D, Ly b L CimEE
R& e ot e, ABEIIAEYIKRTFSEY: (biotrophic)
EEAERE & Xh, Trichoderma BE e & D% < DBEE &
R CEBCEBEYNE LT, T4 LR solani
DEELEDOETCHEY RITT 2 & &AW BB
TEHEEERE L Ih T\

V. biguttatum 134 5 v X L O F ) AT R solani AG3
CIHEIIFERY v VA FME LD R solani DK
DOOREINSY, BT o F A EED SRS 5
BWRPED LTV B2 —T], HHPETE, AEXYHAV
TP BROW RN - E T, AR, V.
biguttatum % R. solani AG2-2-IViC X A7 v 1 DIFED
LB R LR COMETH 5.

V. biguttatum OHEER23BE MR CHE LSRR R 3 2 315
MBCENRED LN, L, B EOEBRTIIR
solani BAVCH T2 FAEOREIL, SOWKTHIIERA U
Tholel Enb, FRIMEHRROERMZEZ—o1iz+
BE iz 3813 % R, solani R ~D LR TOZERIZ L 5 %
DLHEEINS. Fie, HV8HEAKX TIL, 7 vy 1 &t
~D R. solant DFENIH I NI Ens, V. biguttatum
4R D R solani DWARCHELE L CHOEMLET X
¥, EARBELIHT L ek - T, EIMREORE S
MET AL EELLRS. HVS#EE HVI0 Bz ESR
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BRICE\TT v A IBRERIC R LT Il Ra R L.
B DEMRD B & R. solani DEERER O RIFRAS
s, ELTEVCAFIRESLALREC L b, V.
biguttatum 1 fAHE O L EH I 1T 5 KB O T E DR
CHELTVWAHLDERbhs. i, JEAETRLE
WENRARS biviens, Tk V. biguttatum O RAE K
KX O TEROAREBEELGE s elcdbEL bR,

Behh T V. biguttatum & R. solani X O EAEH
ST, Boogert 52 (X R. solani DR EEw HE LT\ 1
V. biguttatum OBERE, TEHEAL SAIBE R MITL,

"R solani A O MIEER B U CEAMBNCRA LE
BIAZ&uHEL TS, APFROHRAEHRC KT 58l
EZFERL, chbBRFEOHE LIIE—F L. ¥, INT
geayz kb, V. biguttatum OEARIL R, solani 856 DILH
facikie { EMacEETHC L, BIOABEBRALKI,
R. solani DEAKBANIEICTE S = L HVERE X, Boogert
BIY WL > TRINIcEE D V. biguttatum 13 EWIKGS
BUHETHD Z LR S,

AMge-CaR Uiz V. biguttatum OF|EIL, BT OZEFIML
HECHERCRATESERETH H, ERENHRIED
BRXghBicd, BEMTOERIEL-. Lirl, TV
A DEECE T EFEARBOHIWA I RDOI D Z &
b, KT v EAMRCRIER O AR s
FABEREEMO—2 LB LI NS.

] L2

Rhizoctonia solani AG2-2-1V ##¢ v K LR | -dtigE
FLURHT 35 X O PR ERZF SR AT o $ it +- 88D~ & B A A B 23 H bk
BoBELTe. DBEERD % L R solani AG2-2- IV I X %
F VYA MR IE Lo F OBRE I EKC X b R
ole. SEEERO R bR L MR R O R > 1o 2 WK
(HV8#k, HVIO#R) *FEE L. hb 2 EKIIEHEE
DBENRET v A EIRICH T A IERRAE L,
1oF VYA EFAD R solani DZERERIMEIL, i
5% DR TR L84t PCNB (40 ppm) ALFE &
FEOMEIREZ TR Lic. FIomBEkiL T v A BRI
SLTh, Ho~o 1 ELHE S L OHK, BR, Ho~0
5T 3 AL CHARR 7SI R A R L. FBEMEHED
WBER, DEEEKT R solani EROAMIRCELE L, KHE
BABICR. solani DBESRMIBICED Z EXBH LN LT -
72 B Verticillium BEY, WRBREABERE O WTh
b Verticillium biguttatum & BEI T,

El 33

A A AT 5 M4t , Verticillium BE OB L
THEE 5 - icdbgE it R RERBR LS4 EPE R R
B LCEROBMELYERL 7.
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