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1993~96 FEIZ BT 5 HSGS A 2 W BREDOA Y Fuad i o v,
IBP 8 X O'EDDP &3 3 2 &ze=51) > 7*

Bk s NEPTEe - lmn fr

Takashi HIROOKA**, Toru UCHIGUROHANE** and Tsutomu NISHIGUCHI** :
Monitoring Sensitivity of Field Isolates of Pyricularia oryzae to
Isoprothiolane, IBP and EDDP from 1993-96

Abstract

From 1993-96, the sensitivity to isoprothiolane in field isolates of Pyricularia oryzae was monitored
using EC;, values for mycelial growth on agar medium. Sensitivity to organophosphorus tiolate (PTL)
fungicides, IBP and EDDP, was also monitored as EC;, values, because mutants resistant to PTL
fungicides (in vitro mutants) obtained by iz vitro selection showed resistance to isoprothiolane®. ECs,
values of isoprothiolane and IBP were compared with those obtained from 1977-83'%. The sensitivity to
isoprothiolane apparently fell into one group that was as sensitive as the sensitive stock isolates in each
monitoring period. From 1977-83, the sensitivity to IBP was recognized as two groups: One was
sensitive, and the other was the moderately resistant (MR) isolates which consisted of a less resistant
cluster at a high incidence and a more resistant one at a low incidence. From 1993-96, the sensitivity of
isolates belonging to the less IBP-resistant MR cluster increased, but those in the more resistant MR
cluster were unchanged. From 1993-96, the sensitivity to EDDP was near that of the sensitive stock
isolates. No highly resistant isolates like the iz wvitro mutants were found in the field isolates at both
monitoring periods. The difference in the resistance level of IBP-MR isolates and their sensitivity to
isoprothiolane and EDDP was not correlated. Preventive foliar applications revealed that IBP-sensitive
and -MR isolates were sensitive to isoprothiolane and EDDP both at their practical doses and at half the
practical doses. These results suggest that IBP-MR isolates in fields do not show cross-resistance to
isoprothiolane and EDDP.
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3 IBP 29 2 RS2 B & MR H o 2 Bz,
ZDHKIC & BRAZMHIESK Y NEEBIC & B HRRRE R
RELLTW3 BB 5T, X512, Bk
xRz, FERIRBEES O ELENEE O, FERIRE
ZHORL ZHEKMEOBEE S % K 7 relative parasitic
fitness (ZFAMUHILHE) 1 % HLBARET U - 58, BB ICE
325 MREWE in vitro THEZEEE L XE R 2HE %2R
L7z,

ERBRZMEE =5 ) > 7GR, BEEo~R—
ATAVEHBLERS ZOWBETHEL T 2 Lok
BThb, TIT, HIBIOEFHFEE » 5K 10 F£ D
1993~96 4ED 4 FERIC b 72> CHEBS B/ A VY 7 u F
x 7 T AR R RE LT, EIRRC, HEEOHIEE L
THEK) > &I D IBP £ L (F EDDP 25t 2 %2t b E
L7z,

MHE L UHE

B A0 BREOESESBERE LT, 1993 F05
1996 FEDORICHI L 7z BAFRDO A 2 FEE » 587 166
EREHRA Lz, 58, 1 AFOFIUTETF, #KH, LUE,
K, RiF, BREOROLL BEERICA Y 7oFt T vk
Fle@m Lo AkAE2EOESE» 0TV, [ AHE 1 A2
BT Lo TIHERT OO L7, B S HIER
DR M BHEE L L THRES N TWBIL-373E
B0 B X EMORBRZMETH 2 h-65 k2 BMERE - LT
7z, in vitro TR BER L U T, ERISHEES ETO$E
HTHE S NI I-373vt! B EER L 7z, Jb-373, H-65 B &
UE-373vt Bikk I, 1983 0 S HREHEEL Tz b D %24t
AL,

HEREH 4V TFaF AT 40%AK, IBP48%FLHI,
EDDP (S,S-diphenyl ethyl phosphorodithiolate ; & /4
v®) 30%AKE T,

BREERIEDRE #IEY LR—DOHETREL 2,
PSABH (= vy ¥ aRT b 3%, A7 0 —A 3%, BRHMK
1.5%) 2T XRTOEBIZH W, BEAIC 1%i2%5 X5
WA CARU 72 BRI & INEWERE L 72 15 ml D3R ELHY
%, FFE ORI (R L7228, B9 cm DA 5 A
Yy — VIR UAARERS L LT, BRSRBEZ, &
RSy T 100, 50, 25, 125, 6.25, 3.13, 1.56 ppm & L7z,
Hor U PSA BT 25°C, 5 HEEIEEL WD BIRF
B DET 2, S Y EE 4mm ORIy
R—=7—TYIVED, BZO5m%E Tl THRES Lk
LT, 25°C THEEL, 6 HRICEHZ S EEZHIE L TRA
D OERERHRIEREEH L 12,

ECRETHIEER (%) =[1-(4A—-4)/(B—4)]1x100
72720, A BHUEXOEZ > EE (mm), B: ELH
XOE% SERE (mm), 50%EEHILRE (ECs) EIXH

FEBHIERS2 7oy MEEBREER Uz, S3EAIRH
D ECso fEDBERIE, BEUREM L T OMEBEREEEL T 2
WX DT LY, HERBOAERAREILZSR L LT,
BrBRshREBR (1 & (WFE: &FEA) %500ml 77 X
ForRy MZAER IRRE LT 2HIEZ L, HARET
5~6 FEHHD b O & PHBRIR AR L 7, 1K 3 #iH,
2 RIETHT > 72, 1000 %538 & U8 2000 S4B L 7o it
RAFEHIBBE BEFERY ) —®0.03%%0 2 A 7v—
# > (47 0.5 kb/cm?) T 150 1/10a #1248 2 #3414 3 18
U7z, WU 2 Btk V8 KK (V8 ¥ 2 — R 25%,
REEA N7 A 03%, FERK15%) LTREEEEZVEDL
RESERFRER FTRERN 1X10°#/ml) »EHEE
B, Eg1teig, 22°C, BE 9% EoB=EIcA
N 20 RS, ZORIBEERN(20~28C) iz 3~4 AR
B, 25°C, WE 5% U EDOFBRNIC 2 HREE W TH
R T HRICA 2R 20 KOx EUFEBS L UX
BIOWTREEZHAEL, 13470 OREHRRHD S
R & o TEAOBLBRM % B H L7z,

Bikxfi = [1— CEFMBEX D 1 Eh 7 b PR/

X D 1 F 7z ) FERREEE) | X100

& R

50% B4 FHILBENEES S

1993~96 F Wz BT B4V Fud 45 8L TIBPD
ECs, DS % Fig. 11K L, BilE 1977~83 f£D €
=Y TR LB U, 4V T F 4T D ECs
HEWInoEoE=F ) v 7FERE D, Tppm AITO
#PHICH D, 3~4ppm FHLET 2 —EEERL, BZME
ONEEK L L THW241-65 B & UHE-373 Bk B2
VAV ERIBETH - 72, —H, IBP @ EC,, fHIX, 1977~
83 D FHE T 2~6 ppm DA & 7~19 ppm OIE L W
HFH IO T2 MRE & D 28251 o iz, 512 MR
HiL, MEREMEL HEEEOR W llppm 2E—2 &
3% 7~13 ppm ORI 2 EF &, MHERELE
53 BESEE A3 K > 14~19 ppm DB 3R 3 2 £ M5 5
o Tz, MEL-BERE IS % ECs, fEi1X 3~4 ppm
ThHsIehs, MEREDEY MR EIXH 3 %, R
B oE» MR B35 M Thd o7z, 1993~96 F0D €
=¥ ) v IERTIZ IBP X3 5 B 1Z LA EED
sh, MHEREOE WY MREODOE —2 2 8 ppm ~ & B E)
LIBP e ¥ 2 E2ZUSE o708, MERBEOE W
MR B 3BV BEEE O £ F EC,, {13 14~21 ppm D&
BBt ->Twi, UL, WFhos=% ) v BT
b, in vitro THEZE R (IBP @ ECs, 8 35 ppm LLE) ™ D
£ RBEMEERT HDORIBD SNZ» o7z, SEIDE
=Z V7T, BEY Y EICSES RS EDDP icowT
4 ECs X HIE L2 D413 10 ppm LT O & 2
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Fig. 1. Sensitivity distribution of field isolates of P.

oryzae to (A) isoprothiolane, (B) IBP and (C)
EDDP, respectively, from 1977-83 (*) and
1993-96 (M) as expressed by ECs, values on
agar medium, compared with the sensitivity of
Naka-65 (arrow) and Hoku-373 (dotted arrow)
as sensitive reference isolates. The 1977-83
results were referred to in Miyagi et al.'*.

HoT6ppm #E—7 LT HEMEEEL, BEE TS
% ECs, fE 3 ppm OIFETH > 12,
KEH EC,, ENRF
Fig. 112" L7z 1977~83 £ 8 &£ VN 1993~96 £ D A ¥V
7uF 47 IBP O EC, EDOEFE%E Fig. 270y
FL7zo WTFRODE=S ) v 7B E b, IBP o33 2 &
% (IBP-S) BEEOHhTIx, 1V 7uF4 7k IBP ik
T 3RBZEOMCZEEREOHBEBERAED sz, L
»L, IBP X34 % MRIBP-MR)E#EEOF Tk, IBP O
EC:, R EL o TdbA Y FudF+ 0D ECs, fHid—E
OEHNICEE D, T 5D ECs, EOMIIERE % HE
RIZTD SN o Tz, £72, n vitro TIWHEZERRIZ, B
DHRERORF L RE SRR B MIEICH > Tz, RiIC Fig. 11w
L 72 1993~96 420 EDDP & IBP o ECs, f O B{% % Fig.
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Fig. 2. Relationship of sensitivity of field isolates of P.

oryzae to isoprothiolane and IBP as expressed
by ECs, values on agar medium from (A) 1993-
96 and (B) 1977-83. The data in Fig. 2 refers to
that in Fig. 1. The 1977-83 results were referred
to in Miyagi et al.*?. Relationship was assessed
by calculating linear regression with a correla-
tion coefficient®. Regression lines were obtained
for IBP-S and IBP-MR isolates. Values of p <
0.05 were considered significant. [, IBP-S iso-
lates; O, IBP-MR isolates; &, Hoku-373vt
obtained by in vitro selection of mutant.

Jwray s Ui, IBP-SE#HOHTIE, EDDP & IBP
ECs DO RIC 3 EE 2 IEDOHBEBEMRIED & iz 8,
IBP-MR EEEOH T, #45 ORICHE 2 HEIBHR X3
oo lz, Fig LIWRL1993~96 FED A Y 7 a
F4 2 > & EDDP @ ECs fED R % Fig. 4172 v b
L7z. IBP-SEEB L FIBP-MREHOWLTHIZBE LT
b, AV 7uF+ 5>t EDDP icxt§ 2 ECsofEDficE
B IEOHBEBRED & iz,

MEREIZL BBERMR

IBP-S K& & OF IBP-MR B % & ¥ 6 Witk &t o Bt
B LRI D W TEKIO FR#UE I & 2 FiBRIRABE 21T -
7ofER% Tablel KR LTz WTFNOBEKICHLTHA Y
FuF4 58X UEDDP 3EWHBREIREERL, HH
BEB X UOZOEERMITRIIBHIROETRED O
nolz, —7, IBP-SH & IBP-MR &Eizxts % IBP O
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Table 1. Control efficacy of protective foliar application of isoprothiolane, IBP and EDDP against rice blast inoculated
with field isolates of P. o7yzae including IBP-sensitive (S) and -MR isolates
Control(%)? ECs, values (a.i., ppm) on agar medium
Isolate® I thiol IBP EDDP
sotate Sopro-roane Isoprothiolane IBP EDDP
4000 200 480 240 300 150
24 99 86 72 48 99 92 3.7 15.7 6.8
25 96 86 32 54 99 87 5.8 17.0 6.0
26 97 96 64 25 99 90 4.3 18.3 7.7
217 99 92 87 64 99 95 3.6 11.2 6.7
11 99 96 94 77 99 92 5.0 9.5 6.2
29 99 96 99 94 99 97 3.8 6.5 39
Naka-65 100 99 100 99 100 99 4.1 3.4 3.2

a) IBP-S isolates: 29, Naka-65; IBP-MR isolates: 24, 25, 26, 217, 11.
b) Control (%) =[1— (mean number of lesions/leaf on treated plants)
/ (mean number of lesions/leaf on non-treated plants) ] X 100
Rice plants were inoculated 2 hours after fungicide application. Control efficacy was assessed 6-7 days after inoculation.

¢) Concentration of fungicides (a.i., ppm).

20
€ 15
2 IBP-S
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Fig. 3. Relationship of sensitivity of field isolates of P.

orvzae to EDDP and IBP as expressed by ECs,
values on agar medium from 1993-96. The data
in Fig. 3 refers to that in Fig. 1. Relationship
was assessed by calculating linear regression
with a correlation coefficient®. Regression lines
were obtained for IBP-S and IBP-MR isolates.
Values of »<0.05 were considered significant.
O, IBP-S isolates ; O, IBP-MR isolates.

PIBRZNR 3 &£ 7% 0, IBP-MR B x5 BEREIRDE T2
O STz,

% =

in vitro (X B 5 EAIBZHREEE LT, BRY Al
BLOA Y FuF+ 7 LT MIC 3443 L b#EyT
BiawnZ eBmES Y, 22T, 1993~96 Fi2B 1
34y 7uadAZr, IBP B X OEDDP ox ¥ 2 B2k
EEETHCHI-T, 4V Fud 47 8LV IBP O
BREERBRER S &  KBLL T ERIBZECET %
X moBHEN S EC, %KD, FAEZME EC,,
WkoTE=ZF—L7z (Fig. Do AV 70F4 78U
IBP x4 2 BZMHEIC DV TR, SEOFERE L 1977~83
FORMRY 2HEL, ME=5 ) v 7 IHOBRZELRE %

IBP-S
y = 0.544x + 1.368
r=0.7574kk

IBP-MR

ECs, values of isoprothiolane (ppm)

y = 0.232x + 3.421
r=0.316%*
0 .
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Fig. 4. Relationship of sensitivity of field isolates of P.

oryzae to isoprothiolane and EDDP as expressed
by ECs, values on agar medium from 1993-96.
The data in Fig. 4 refers to that in Fig. 1.
Relationship was assessed by calculating linear
regression with a correlation coefficient®. Re-
gression lines were obtained for IBP-S isolates
and IBP-MR isolates, respectively. Values of
p<0.05 were considered significant. O, IBP-S
isolates ; O, IBP-MR isolates.

H#e L7z, %72, IBP-S B & OV IBP-MR B % & 5%
WZDWT, FHRBARIC & 2BREIRAREHE HBES X
UCZ DOEEERAAIZ XL VITo 72 (Table 1), ZD#HR, W
FThoe=s ) 7L b, BIBIEECTT24Y 7
0547 O ECs IR & MEEORZMOR—
W—FRRBLTEEALELRLTEST, AV aFts
Y ORRSREIBRME L ABETHo T, —F, IBPOD
ECs, I ZEENED Stz, Tbb, 1977~83 Fi
i, 7~19 ppm OFHEHILL S/ L, ALBERE L DY
3 f5MHE T BESERE OV MR B 59 5 &t CoOmsER
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D&V MR B34 B LT w7z 88, 1993~96 4E12id MR
BED ) biEREMEOEOEM ORI Auvniz
BRI HARTH2BETL TV IS, B2t
BIEADRD o iz, THERELE VY MR BidmE v~
Wb BHEETCHBI N, EHBREBLUZOLER
WA CHESIROETHED oz, SEOE=FY 7
TIZEDDP b #t3{ L 728, BOEF 3 % EDDP ©
ECs IR DO ZNDEFIZH D, FHBEB L UZ0D
HEEE W OBBRRIR GRMERE L FAEECE <, 1993~96
EREBIHELRD EDDP 12Xt 3 2 B2 M ik R E o #
WiehdeEzohlz, IhsDORE»S, BEESEGED
BIBHNHT B RIGB—BE TR BV I ERBE Nz,
BE)CHBLUA Y FaFL T o OFERFILE, IBP-
MR B O SHERENET % 2 L BRE I Y, KE
TWA Y 7ad4 7 CRFIFERES > S HE S NI
BZEHE=Y — LT3 I Eh o, MHREDEY IBP-
MR BORZHOERERR, = 2 10 F/Eo IBP @#EHRE0
B EBEEL TWwWEOnd Ltikvy, Miyagi ef al.'® i3,
(B8 555 45 B B ok 0D B AR R I P 12 D v T Mackenzie!® D £
RICEVEH LT, ZORER, HEREDOS Y IBP-MR #®
FBEICE D E  EBFNFRENMEL THEENELL v
HHE N, FREORERE—BL T, B2 REIEDFE
B & NI THERRE OfE Vv IBP-MR B2 oW T, 2DHE
REGTEDN KRR D72, SHBROMFFEL LTRSS
726

Fig. 1l OfER%2 b L IKKEHR D ECs, ORI DN T
M L7 (Fig. 2~4). 4 VY 7uF+ 5> & IBP ® EC,, {E
OB (Fig. 2) 3 X UEDDP k IBP @ ECs, B0 B{%
(Fig. 3) i3, BSOS MHBEBERORL 2 2 D D&M
MOEBHRENTVWE ZEERL TV, T&bbH, IBP-S
Ho IBPEZM LAY FuF4+ 7> 8 X UEDDP i2xds
RN DM AR ZHEBRLED &5 iz, IBP-
MREODRUEBREOENEA, Y FOF 47 VBL U
EDDP izxt3 2 %52 M & OB IZFED Sk o7z,
%%, Fig. 2 8 XU Fig. 3RS nizBHRIZ, 0 &D0H
MR TETOIIES L WEHR® L s hi, —F,
IBPSHEBIUIBP-MREDA Y FXud4t I ks 3
&2z L EDDP o33 2 B2t & OfICHEEZIEDOHBE
EtR2E otz (Fig. 4), BESHSBERO A Y 70 F 4 5
B X UEDDP o7 2 EZMSNRICH W BREE
FREEH 2 WiEFE L W R (Fig. 1 8 X U Table 1)
LEzEb¥NE, ZOEOHBEBERIREEOREN D
boEEZ N,

4V ruast 7 OEAEHBOTI, VL BREOK A
T7FIONLEY ) —NTIYPOERAT7F N >
(PC) ~ X FMLRHE, *F v S OMIKEEE L RS O
AERADEE, SOTWRATI—VRERADEEND

B2 EenEENY, —F, IBP 3w BIFEO PC 4
BB EIUFF U EREHEET S Z L1139, EDDP 1 3
HREO PCAEEKEEETZ Z LV BRESI NI,
EDDP i ¥ 7 > G BEREHHEEC L > THENICW S
HEREOFF o EREHEL, »2 PCASKHEERL & -
THEERICF F AR ERET 225, B CEEET
PCHEERMAEI NS Z 50 b biKEE O EDDP 125t
THRZHICEEL TWA I 5, W BRHEEIBIT3
EDDP 0 %—XR{EF & PC SIS L #m s niz?,
ZDEIRWThOEHR L PCOBLEMNLUTHEY “HE
BRI EER 52 5 L L b ICIEE R HIRBE &R 2 fRE T
BTHHIEnHIEREET S Z &4, IBP-SEHDEKE
ANzt 3 2 BZ MR TcomuERMEI, & 5wz IBP-MR
BWOAY7Fud+ 58 XU EDDP ot ¥ 3 2T
D WAEBIMICBE L T w» A ATRE R T E 2 s he,

IBP-MREIZIBP 2 2 b THL IO L, i
WM IBP OHE L HEINEN, AV FuFt oo 2F L
AEDRL ol L e S 9, IBP-MR & o IBP
Ay raFt st 2 REEO&E I, IBP-MRE
OMHREDENEA Y FOF 4 T 0T 5 B2 L2
ML 2w Ew S HEE (Fig. 2) LEEENH-T, 172,
IBP-MR B O HEREE D&\ & EDDP i3 2 &2 &
HMEBL 72\ 2 & (Fig. 3) %5, IBP-MR HiZ & 5 EDDP
ORBEECEEL TR T 2 LBEMLTRB S Nz,

A DFER D &, EHH» 58S hiz IBP-MR # i,
n vitro T E R ERRD, AV 7FuFt o080
EDDP iz U TR EMBEE A RS R0 2 ERB S iz,
Staub'™ X, ENMMEE L BSE» 5SS I N ATER L T
BB RO REZ I o, Mt r BESmE L =A
HHTTEEL, MEENREFRT 256, BESNE
FEERT L ERRELL, AHRELEDLERY VA
MR B3 2 EFRAERBREYY b ZOEELXFT 2
bDThHoTz,

1 =

1993~96 F£D 4 b o T, 4 VY FuF 4 7 VhiAl
FHA2SCEELSSHLIA A0 BIFEIZDOWT,
AV FuFt s et d 5REMEE S0%E R EBHILE
EECoHicL>TE=Y =L, ERENDERKTES
NIERY VA in vitro TIEZRRKIEA VY 70 F 47 VI
HMETH 2 Z EDREINTVBEY Z s, IBPB X
F EDDP it 3Bz ic DT h ECy fHic L > TE=
¥ =1Lt AV 7UF4T7BLIUIBP @ ECs, fHIZ DWW
Tix, 1977~83FEDE=F Y > JHERYW L &L, M€=
&) IEEHORBRZEORES R L1, 1Y TuFL T
viextd BRI, MR bR —EEE TR,
MEICHWEREE L AREORZHE LV VT H -T2,
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1977~83 FEZ BT 5 IBP ioxt3 2 B2 H 5, IBP Tik
BB E MREOZHICOU s, 512, MR HIEH
MERREEOME < 47 BB O E o S & Tt RR R 3 < B
FEMEWERD S 72 o Tz, 1993~96 1 1d, MR
MMEW MR B O IBP 23 2 @MU BE > TnwizD
KU T, IMERENS W MREOMMEE ZEDL S kd o7,
—7, 1993~96 4E12 1) 3 EDDP 1253 2 B2 M1, Sl
DOREREDOUETH 5720 in vitro THELEREBED X 5 5
EEEIX, WIhoe=%Y) v 7HHTHES» 51345
Bxhid»rolz, IBP-MREOMEREOENE A Y 7o
F4 5 B L OEDDP X3 2 520 & ORI IR
B oTz. FERIOTFHRIEARIC & 2 BikRZERER I
$-C, IBP-SEBLUIBP-MREICHL T, THEES
SUZDEEEMAATIEAY 7aF4 5 8 X FEDDP
DR DOETEERD ot dolz, 2o DR
5, HE»ooEEN/ IBP-MREZ, {1V uFt T
B L EDDP 23 U TR ZEMM % /R & 20 2 L AURE &
niz,
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