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Development of a Novel Paddy Rice Herbicide
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Propyrisulfuron is a novel sulfonylurea herbicide with a fused heterocyclic moiety, developed by Sumitomo

Chemical Co., Ltd. Propyrisulfuron is used as a rice herbicide to control annual and perennial paddy weeds, in-
cluding Echinochloa spp., sedges and broadleaf weeds. Propyrisulfuron controls weed biotypes that have developed
resistance to the commercialized sulfonylurea herbicides. Propyrisulfuron shows safer profiles for human health

and the environment. The granular formulation, suspension concentrate formulation and Jumbo formulation (gran-
ules packed in water-soluble film) are available in Japan with the brand name of ZETA-ONE®.
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LN Inhibition of Schoenoplectus juncoides ALS
by sulfonylurea compounds
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1Cs0 (nM)

X Z S R

H C imazosulfuron 15 >10000
EtO C 0.6 185

H N 53 7818
EtO N Compound (A) 4.1 47

1P Inhibition of Schoenoplectus juncoides ALS
by sulfonylurea compounds
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1ELBIERE Weed spectrum of propyrisulfuron at 90 g

/ /N Y
X7 N s” S
02 j)( ?\I‘/ _
OMe
1Cs0 (nM)
No. X Y S R
1 H Cl 53 7818
2 Me Cl 352 5338
3 Et Cl 21 47
4 n-Pr Cl 20 16
5 i-Pr Cl 36 67
6 n-Bu Cl 24 66
7 cyclo-Pr Cl 2 9
8 vinyl Cl 42 427
9 Allyl Cl 73 1643
10 MeO Cl 11 1056
11 EtO Cl 4 47
12 n-PrO Cl 2 520
13 MeS Cl 2 24
14 EtS Cl 1 14
15 n-PrS Cl 1 13
16 EtO Me 5 42
17 EtO Et 0.2 33
18 EtO n-Pr 6 40
19 EtO Cl 4 47
20 EtO SOzMe 10 374
21 H Me 181 3195
22 Me Me 79 6224
23 Et Me 18 6
24 n-Pr Me 8 20
25 i-Pr Me 28 16
26 MeO Me 30 624
27 EtO Me 5 42

16

a.i/ha
Weed species Ap p}lcatlon
window
Grasses Echinochloa oryzicola ~ 3-leaf
Echinochloa crus-galli ~ 3-leaf

Echinochloa crus-galli var. formosensis  ~ 3-leaf

Sedges Eleocharis kuroguwai ~14 cm
Cyperus difformis ~ 2-leaf
Cyperus serotinus ~ 3-leaf
Schoenoplectus juncoides ~ 3-leaf
Schoenoplectus nipponicus ~17 cm
,,,,,,,,,,,,,,,, Bolboschoenus koshevnikovii _ _  ~12em
Broadleaf  Monochoria vaginalis ~ 2-leaf
weeds Sagittaria pygmaea ~ 2-leaf
Sagittaria trifolia ~ 3-leaf
Alisma canaliculatum ~ 2-leaf
Lindernia angustifolia ~ 1-leaf
Lindernia procumbens ~ 1-leaf
Lindernia dubia ~ 1-leaf
Rotala indica ~ 2-leaf
Elatine triandra ~ 2-leaf
Bidens tripartita ~ 2-leaf
Bidens frondosa ~ 3-leaf
Eclipta thermalis ~ 2-leaf
Aeschynomene indica ~ 2-leaf
Oenanthe javanica at emergence
Potamogeton distinctus ~ 6-leaf
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BEEW  Synthetic route of sulfonylureas contain imidazo[1,2-b]pyridazine moiety

1L Weed control efficacy of propyrisulfuron at the application timing of 2.5-leaf stage of Echinochloa in a field

trial
Herbicide Dose Herbicidal activity*!
ECHss SCPJO MOOVA BLWs CYPSE OENJA
gai/ha Weed control (0 - 100, 6WAA*2)

Propyrisulfuron 0.9 % granule 90 99 99 100 100 99 99
Imazosulfuron 0.9 % 90

+ benzobicyclon 2.0 % +200 99 100 100 100 99 100

+ cafenstrole 2.0 % +200

granule

Field trial was conducted at Kasai Experimental Farm in Hyogo, 2006.

Tested weeds were: ECHss, Echinochloa spp.; SCPJO, Schoenoplectus juncoides; MOOVA, Monochoria vaginalis; BLWs, broadleaf weeds
(Lindernia spp., Rotala indica, Elatine triandra, etc); CYPSE, Cyperus serotinus; OENJA, Oenanthe javanica.

*1 Visually evaluated by the rating of 0(no effect) to 100(complete kill)

The trial was conducted in two replications and average data were presented.

*2 WAA, weeks after application.
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FHRAMARER O 210700 (F—4720) OWERR

ECHss(24)
100
OENJA(20) % Annual sedge (10)
PTMDI(18) MOOVA19)
SAGPY(22) Redu_ction in shoot BLWs(17)
biomass (%)
CYPSE (20) ELOAC(6)

SCPss(24)

The dose of propyrisulfuron was 90 g a.i./ha. Application timing
was 3-leaf stage of Echinochloa spp. The shoot biomass was
evaluated at 21-55 days after the application. Medians of several
trials were presented. The numbers in parentheses are those of
trials. ECHss, Echinochloa ssp.; MOOVA, Monochoria vaginalis;
BLWs, broadleaf weeds; ELOAC, Eleocharis acicularis; SCPss,
Schoenoplectus spp.; CYPSE, Cyperus serotinus; SAGPY, Sagittaria
pygmaea; PTMDI, Potamogeton distinctus; OENJA, Oenanthe
Javanica.

BEEEE Summary of trials of propyrisulfuron 0.9 %
granule conducted by JAPR (Japan
Association for Advancement of Phyto-
Regulators) in 2004-2009
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The dose of propyrisulfuron was 90 g a.i./ha. The trial was
conducted in three replications and average data were presented.
Water leaching treatment at 3 cm / day was conducted and
continued for two days after the application. Tested weeds and
their growth stage at the application were: SCPJO, Schoenoplectus
juncoides at 1.5-leaf stage; MOOVA, Monochoria vaginalis at
1-1.5-leaf stage, LIDPY, Lindernia procumbens at 1-leaf stage;
LIDDU, Lindernia dubia at 1-leaf stage; ROTIN, Rotala indica at
1-leaf stage; SAGTR, Sagittaria trifolia at 2-3-leaf stage. A-D
were different biotypes. All tested weeds showed resistance to
imazosulfuron.

Weed control were visually evaluated.

WAA, weeks after application.

BEEEN  Herbicidal activity of propyrisulfuron
against ‘sulfonylurea-resistant’ weeds
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The trial was conducted in three replications and average data
were presented. The cultivar of rice was Koshihikari. The growth
stage of rice at the application was: T+5, 2.6-leaf stage; T+15,
4.4-leaf stage.

Influence of propyrisulfuron on
transplanted rice

1R Influence to transplanted rice of propyrisulfuron at the application timing of five days after transplanting

of rice.
Herbicide Dose Plant height*! Number of culms*!
28DAA*2 50DAA 28DAA 50DAA
gai./ha cm / hill
Propyrisulfuron 0.9 % granule 90 33.2 62.1 14.5 20.9
180 33.2 63.1 15.7 22.9
Imazosulfuron 0.9 % granule 90 32.8 61.7 16.0 20.8

Field trial was conducted at Makabe Experimental Farm in Ibaraki, 2009.

The cultivar of rice was Koshihikari.

*1 The trial was conducted in three replications and the data were collected from 10 hills in each replication. Average data were
presented.

*2 DAA, days after application.
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1ECHEN  Physical and chemical properties of
propyrisulfuron

General Name (ISO)
Chemical Name (IUPAC)

Propyrisulfuron
1-(2-chloro-6-propylimidazo [1,2-b]
pyridazin-3-ylsulfonyl)-3- (4,6-
dimethoxypyrimidin-2-yl) urea

CASRN 570415-88-2

Molecular Formula Ci6H18CIN705S
Molecular Weight 455.88

Physical Form Solid (Ta)

Color ‘White (Ta)

Odor Odorless (Ta)

Density 1.775 g/mL (20°C)
Melting Point >193.5°C (degradation)
Solubility Water : 0.98 mg/L (20°C)

Hexane : < 0.01 mg/L (20°C)
Toluene : 0.156 g/L (20°C)
Chloroform : 28.6 g/L (20°C)
Ethyl acetate : 1.61 g/L (20°C)
Acetone : 7.03 g/L (20°C)
Methanol : 0.434 mg/L (20°C)

Octanol-water partition 2.9
coefficient (logPow)

Acid dissociation constant (pKa) 4.89 (20°C)
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Table 71278 L7z & 5 (ZALEE D 15 A2 6 20 mifih 7= 3th i 12
BT RIFABRFRNR 2R3 85 2 58k £ ¢ 7=,
Uy VRAILIZ, B2 T AR O E10ab 7
0 10~20fFE, BEWEA 5 BRI AR THFT %
AT H 0. BETIE, KRREAZAKBVEZ 4 L AT
AL 78y 2 EIOEE (Fig. 12) BAEFE &> Tn
5, Vv VAAIORUGIZE T AIEEREE LT, 7
a7 7 LA & ERRIC BN 7 A CARBOERE & 595 2
ENFFENEH, BEERTRIROY v v KAlIE 70T
TILAID &S ITARHAPEBE S5 Z &I 3H#ETH
b, 72T, NSRBI B IO A Aok
FICHR DA S 7R F L& e CRE) v, F2E)

(a) ZETA-ONE® 1kg granule, (b) Existing product of granular
insecticide.

BTN Disintegrativity of granule in water on 30
minutes after treatment

Application area Evaluation area

IEEEEN  Schematic diagram of the field spreading
test

IEEEEN  Jumbo formulation

1Al Results of the field spreading test (See Fig. 11)

Herbicide Herbicidal activity*!
Echinochloa oryzicola Schoenoplectus juncoides
5m*2 10m 15m 20m 5Sm 10m 15m 20m
Weed control (0-100, 42DAA*3)
Propyrisulfuron 1.7 % SC 100 100 100 98 100 100 100 100
Commercial standard-1 100 100 9 98 100 100 100 99
Commercial standard-2 90 93 97 93 100 100 85 75

Field trial was conducted at Makabe Experimental Farm in Ibaraki, 2010.
The herbicides were applied at seven days after transplanting of rice.
The dose of herbicides was 500 mL product/10a.
*1 visually evaluated by the rating of 0(no effect) to 100(complete kill)

The trial was conducted in two replications. Average data were presented.
*2 The distance from the application area (Fig. 11).
*3 DAA, days after application.
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IEFEEN  Spreading behavior of jumbo formulation
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BThETH - 72,

(2) iz, 1R R O
i RO ORGR (Table9), &L
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1L Acute toxicity summary of propyrisulfuron

Study Species Result
Propyrisulfuron TG
Acute oral rat LDso > 2000 mg/kg
Acute dermal rat LDso > 2000 mg/kg
Inhalation rat LCs0 > 4300 mg/kg

(4-hour, nose only exposure)

Eye irritation rabbit Minimally irritant

Skin irritation rabbit Non-irritant

Skin sensitization guineapig  Non-sensitizer
Propyrisulfuron granule (0.9%)

Acute oral rat LDso > 2000 mg/kg

Acute dermal rat LDso > 2000 mg/kg

Eye irritation rabbit Minimally irritant

Skin irritation rabbit Non-irritant

Skin sensitization guineapig  Non-sensitizer
Propyrisulfuron SC (1.7%)

Acute oral rat LDso > 2000 mg/kg

Acute dermal rat LDso > 2000 mg/kg

Eye irritation rabbit Minimally irritant

SKin irritation rabbit Nonirritant

Skin sensitization guineapig  Sensitizer

THA XU RO TEIM ML ONFIEAN O HEE LGRS 5 h
7zo 2D BAMIEHEIRARMERE B IIR0-1 #ti0D 3& 1fiL
TOE G R 6= e » 5., HAMEOZINTH
DEELLDTIZANWEEZ oMz, /2 HiE~D
BT OWTC G EHEORIIR /N GEFUOME O M IEA
EVNS B DARDRBTH 572 &6, BHEEE
LT3 < ARoOBEEEZITh D, EELED LT
EAboNkEholz, ZOMIZT v b TIEE &L OV
OHNEROMNA D &z, A2 LI PR
HEEEDEOVBEMA LD TH Y, FRICEES
IREIIEZONEP ST £ Ty FRUTY X
2B W TER QA& 5 RAERNNIEED 5 s > 72,

(3) A - LR

HEYAZ B W T RO MBUHEZ OINEEED 5
Brotz, Kk, ARELULT, 7y MERICHEWTHE
R 2 R OB LA RICHEM U 7z, LA LAERS,
fUIHERTAE T B D ZEAL & FED 2 BRI I A B2 12
BILHET 2 LV VD52 en b, BRIED
D LA FAESHZETREVWEEZE L O, F/,
7y b &AW R TIE, BRI 2
R 5Nk -7 (Table 10),

(4) E{ZRME

I X IF T AW KO RIGE % O 7218 e 2R 4 Bk
B, F x4 =— 2o A& ik 4 H o 72
vitro GeEAR T GRER N Y 7 Z/M%RER & 6 L 724
R, wWFhiElTtd -7 (Table11),
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1 H Subacute and chronic toxicity summary of propyrisulfuron

Species Administration route and duration Dose (ppm) NOAEL (mg/kg/day)
Dog Oral (in diet), 13 weeks 400, 4000, 40000 Male: 10 (400 ppm)
Female: 12 (400 ppm)
Oral (in diet), 12 months 40, 350, 3500, 35000 Male: 8.45 (350 ppm)
Female: 1.11 (40 ppm)
Rat Oral (in diet), 13 weeks 200, 2000, 20000 Male: 1365 (20000 ppm)
Female: 148 (2000 ppm)
Oral (in diet), 24 months 200, 2000, 6000, 20000 Male: 74.2 (2000 ppm)

Female: 309 (6000 ppm)
No carcinogenicity

Mouse Oral (in diet), 13 weeks

Oral (in diet), 18 months

200, 2000, 7000 Male: 268 (2000 ppm)
Female: 1064 (7000 ppm)
70, 700, 7000 Male: 761 (7000 ppm)

Female: 693 (7000 ppm)
No carcinogenicity

1NN Developmental and reproductive toxicity summary of propyrisulfuron

Administration route

Study Species and duration Dose NOAEL (mg/kg/day)
Two-generation Rat Oral (in diet) 200, 2000, 20000 Parental Systemic NOAEL
reproductive (ppm) Male: 135 (2000 ppm)
toxicity Female: 202.5 (2000 ppm)
Reproductive NOAEL
Male: 1405.5 (2000 ppm)
Female: 2062.5 (2000 ppm)
Offsprings Systemic NOAEL
Male: 135 (2000 ppm)
Female: 202.5 (2000 ppm)
Developmental Rat Oral (gavage) 100, 300, 1000 Maternal Systemic NOAEL: 1000
toxicity Days 6-19 of (mg/kg/day) Developmental NOAEL: 1000
gestation Fetal 1000
Rabbit Oral (gavage) 100, 300, 1000 Maternal Systemic NOAEL: 1000
Days 6-27 of (mg/kg/day) Developmental NOAEL: 1000
gestation Fetal 1000

1EEIERAN  Mutagenicity summary of propyrisulfuron TG

Study Study design Results
Reverse mutation S. typhimurium: TA98, TA100, TA1535 and TA1537 Negative
(Ames test) E. coli: WP2uvrA

—/+S9 mix: 156-5000 pg/plate
In vitro chromosomal Chinese hamster CHL/IU Negative
aberration —/+S9 mix: 1250-5000 ug/mL
Micronucleus CD-1 mice Negative

500, 1000, 2000 mg/kg

2. B - R

(1) SR

Fu) 2rravid, 7y MERNTERL 2 IZRH
S, MCEFRIEIC U 7= 2fkrh O iR 1 i 4% v
UC LIRIFTAEE TREBEINIZIA UL RiE ORISR

22

TAEMIRD bhsh o7z, Ta) 2rray Kk
CREORN DY 5-%5H B £ TITIRTRE T
L. FEPRIREIRIIETH 72, £/, BETPREER
DOFERH» S, BORG ShZTa) 2L70yDF Yy
MZF T 2 RTINS mg/kgtk 5 T88.0~93.7%.
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1000 mg/kgf% 5 CT1321.3~232% CTH 7z, 7t
Zn7aydEERHKISIEUTO®MY TH 5, QY
VIVVE TuUidk RO IV XY VB
DKL, @O[ix F A, ALY IV VEROBER.
@RAKIG (s a v EEfas ROHREBIEE)

(2) WPz B 1RGH

UCHEERIAR & 210l IR AMLER U 72354, Fetkiclsn
Juv) 2nrrua it ORix Fufbt, ANE=y
L 7RG ORRE 2T 7 2 viRofa/ b &2
7tk B TALBEYI RO CO2E TR Eh 5 & &
B DR TICID AN D & E 2 5,

3. IREEBRUKE

(1) Az 35

VUCHEREIA % -l 22K ik ¢, 7y 207
O Vi3pH 4, TROIDIMAES . 22 -
6.3~6.7H. 77.0~90.0H K% 0*100.4H (25C) TA L
AN LT HEOREIZE D L7z, F72. AR
KEOZEHAR, 7av) 2rr7a g LT
AT LT A OBEETT CORZIC K 250
2. FNFN109KVN0.7H  (HEEOHEE FIR)
DI TR T L 7,

(2) hEhiz kT 5 R

UCRERRAR & 07 AR S T O K I L L ¢
CHERIFTIRGET 2 L. T ) 207 a Vi
H48H THRMIIIEEL L=, TuY 2L 70 Vi3t
LB LRIzl VT, O F ik, Y IV Y
BAOBB K2 R =L L 7S ORI X 0 43R
2V AR R IEE A GRIEN S M USCO2\
BltahseEZEzonhiz,

(3) LyEpkd
TR ORBRD2 o A OAKHESZIZ 72 ) 207 v

HRARAKRER O Z)L70) (E—4272®) OMERR

¥ 0.9 % Kl & 5 kg/10 add Hl5 THF2MIAK i fEH] L 72 &
ZA, IEikEI20.694~1.25 mg/kg ThH b HRF:
WHNE5~22H T - 7=,

(4) TR

Jua4 v by eRESEAE S LIk T e
Y 270 v OF B E R THIE U 72 T3 (R 5
KFoc(ads)13138~410 mL/g T & - 7=,

(5) Ahskd

AKHFA S A —2—127a ) 2071 0.9% %4
Z1kg/10 aDHIA CUBPKIFLL 72 & Z A, IkEdk
E120.0996~0.128 mg/LTH 0 . &P ikiH2.1~
28H THERL TR L 7=,

(6) fEpnsked

Tav) 2L 7ar09% kAl %1kg/10ad L < i
1.7% 7 @ 7 7))L %500 mL/10 a® # & THA15 H #% &
VIFE60~91 H BT D20l H i AR A 4T 72 2 A, XK
KEOREHOIZEBIF 370 ) 2070 Y OREEI:
WPy ERERANG (<0.01ppm) TH -7z,

4. FEEBHEYICHT HHE
KA, BFEICZ BT 2Bk R % Table 121285
L7

(1) AKAEAE N % 2

Ta¥y A7 ua VEERO 3 4 96REFLCsfE i3 > 10
mg/L. &7 I ¥ v 248KFMECsofd % >10 mg/L. %K
FREET2MEIECs0f1d >0.011 mg/LTdh - 72,

F7-. BANZ OV, FeE) 2L 7T 20.9% K
o> 2 4 96HEMILCsofitilx >1,000 mg/L. A4 I Y v
A8HEFEIECsofifi i >1,000 mg/L. ¥R/ #kiEE7 215 FIECsofit]
13$1.5mg/LTh, FYuavyzarsyuavli%r7ar s
JLO) T 4 96HEMILCsofitilx >1,000 mg/L. A4 I Vv

1N PR Eco-toxicological summary of propyrisulfuron on non-target organisms

Test substance Test species

Test type Results

Propyrisulfuron TG Carp
Daphnia magna

Acute (96 hr) LCs0> 10 mg/L
Acute (48 hr) ECs0 > 10 mg/L

Green alga *1 Acute (72 hr) ECs0 > 0.011 mg/L
Bobwhite quail Acute oral LDso > 2250 mg/kg
Propyrisulfuron granule (0.9%) Carp Acute (96 hr) LCs0 > 1000 mg/L

Daphnia magna
Green alga *1

Acute (48 hr)
Acute (72 hr)

ECs0 > 1000 mg/L
ECso0 = 1.5 mg/L

Propyrisulfuron SC (1.7%) Carp
Daphnia magna
Green alga *1

Acute (96 hr)
Acute (48 hr)
Acute (72 hr)

LCs0 > 1000 mg/L
ECs0 > 1000 mg/L
ECs0 = 0.90 mg/L

*1 Pseudokirchneriella subcapitata

FRIEZE 2011-I
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ASHFRIECsofifi 1 > 1,000 mg/L. XA k72 B ECsofi
130.90 mg/LT®H - 7=,

(2) BHIZxT 5 a2
Tuv) 2r7ua VRO vy X260 A58
HIRR O 5T O 2 M LDsofi 13 >2,250 mg/kg T - 72,

Pk, Fav ) 2o Vi3S S LT
2. EBEonFhckW T EFENETH Y. B
Dbl TIREFT Lz e UTE RGN - (oM & OV
P72 RO B E T2 < . BREEhToOZE), JE
TR A2 R % BRI S e D W TR A e i A ]
BEThbdLELONS,

BbhUIC

HATIE, 4, REBREADLRDO—E%E 72
LTk, BEAOHMEH Ldu, 19854-126,363 T
AW BN R E 320084F-12132,986 T A2 F Tl L
TV, 51T, RENHEEOEMLEKELMETH
D, 2008fF12 I KIC b 565 0L ED REREED
HE260% A A 72, AKWAREBEIZ W T, S%—
JEDREZEE RO, BIMEAKRD 5N T LifE
Wisly, —J% . FAO (Food and Agricultural Organiza-
tion) DA KAUE. 20094 D 5 D AR HR K o
13158 A iha Th D, DS HD8I% AT ¥ 7 Husk I
FLTW3, ZhED% < OHURTIZ, KOEENE
Faf ERERE S EA L Tl D REN DRI 45
HEMRDONTS, ERLTRELTELLSIS, 7
oY 2)L 7 a A3OKREHEREA & L TER R A
FLTHED, AFBHAR, & 51T HROKFREG
BT A2 EEBEME L2 LD LEEL T3,

A

Ta¥y 2Ly ayOENHREIZYZD, Z0%H
1 & B 72 220 F2 BARTVAE N B A 3 S AT 1
2. B, MOITBOGEAN. K EORBRT R
DI % IS BEH %,
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