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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decision 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 52 a 123 28/Mayo/2009
Reivindicaciones: Folios 124 a 134 - 28/Mayo/2009
Prioridad: DE 10 2006 056 544.4  29/Noviembre/2006

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de Ia
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Combinaciones de Principios Activos Insecticidas
(Formononetina + Insecticidas)”.

El problema planteado en esta solicitud es la necesidad de proveer composiciones
de principios activos alternativas a las ya conocidas en el estado de la técnica.

Para resolver este problema técnico la solicitud en estudio proporciona
composiciones de principios activos que contienen formononetina en combinacion
con insecticidas.

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A 01 N 43/16 // 51/00 // 47/02 /1 43/22 // 43/56

4. Excepcidonala Patentabilidad (Art 20 D 486 literal (c))

La reivindicacion 17 ensefia semillas que se trataron con una combinacion de
principios activos segun una de las reivindicaciones 1a 9, la cual no es patentable de
acuerdo a lo siguiente:
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Articulo 20.- No seran patentables:

¢) las plantas, los animales y los procedimientos esencialmente biolégicos para la produccién de plantas o
animales que no sean procedimientos no biolégicos o microbiolégicos.

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de las reivindicaciones 11, 14-16 no es patentable, de acuerdo con el Art 14.

La reivindicacion 12 se refiere a un procedimiento para combatir plagas animales no
deseadas, caracterizado porque se dejan actuar combinaciones de principios activos
segun una de las reivindicaciones 1 a 9 sobre los organismos nocivos y/o su habitat.
Es evidente que la llamada etapa: “se dejan actuar combinaciones de principios
activos’, es una forma de usar la combinacién de principios activos segin una de las
reivindicaciones 1 a 9. Se le aclara al solicitante que un procedimiento donde su
unica etapa corresponde a una interaccion por contacto donde acttia la combinacién
de los principios activos, dicha interaccion corresponde a un uso. Por tal razon el
procedimiento de la reivindicacién 12 no es patentable, segun el articulo citado.

La reivindicacion 18 se refiere a un procedimiento para combatir plagas animales no
deseadas, caracterizado porque se aplican combinaciones de principios activos
segun la reivindicacion 1 sobre las plagas animales no deseadas y/o su habitat y/o
semillas. Es evidente que la llamada etapa: “se dejan actuar combinaciones de
principios activos”, es una forma de usar la combinacion de principios activos segdn
una de las reivindicaciones 1 a 9. Se le aclara al solicitante que un procedimiento
donde su Unica etapa corresponde a una interaccién por contacto donde actua la
combinacion de los principios activos, dicha interaccion corresponde a un uso. Por tal

razén el procedimiento de la reivindicacion 12 no es patentable, segin el articulo
citado.

6. De la Solicitud de Patente
Titulo

El titulo no corresponde con el objeto de la solicitud porque representa una
generalizacion, por lo cual se sugiere al Solicitante hacer la correccién necesaria,
guiandose de lo probado en los ejemplos de aplicacion.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1-3, no se encuentran totalmente sustentadas en la capitulo
descriptivo, si bien es cierto que se evidencio un efecto sinérgico en las dos
combinaciones probadas, pero este resultado no evidencia que las otras posibles
combinaciones que el solicitante desea reivindicar presenten el mismo sinergismo,
sirvase modificar las reivindicaciones acordes a lo probado en los ejemplos de
aplicacion.

Las reivindicaciones 4, 6-9, no encuentran sustento en el capitulo descriptivo, puesto
que no se encuentra sustentado formulaciones como las que indica en las
respectivas reivindicaciones, se sugiere eliminar las reivindicaciones.

En la reivindicacion 13, los términos “agentes tensioactivos y/o diluyentes”, son muy
generales e imprecisos, no permiten diferenciar la invencion del estado de la técnica,
se sugiere modificar los términos por el/los compuesto/s o estructuras quimicas de
los mismos probados en los ejemplos de la aplicacion.

Las Reivindicaciones 11, 14-16 indican el uso que puede darse a las combinaciones
de principios activos reivindicadas, el cual no es una caracteristica técnica que defina
a la invencion. Se sugiere hacer la aclaracion respectiva.
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Descripcion (Art 28 D 486)

En la descripcién (folio 121-122 o paginas de la solicitud 40-41) se menciona
emplear marcas registradas, como Nemacur CS 240, Miconato FS 500, Imidacloprid
FS 600, lo cual no es adecuado para que pueda ser reproducible la invencion. Se
sugiere que se establezca de manera inequivoca su estructura o caracteristicas
quimicas.

7. Unidad de invencion (Art 25 D 486)

Teniendo en cuenta que el objeto de invencion esta definido por la combinacién de
formononetina, junto con otros diferentes grupos activos seleccionados de una serie
de insecticidas, después de una comparacion con el estado del arte se encontrd que
la formononetina no se puede considerar el elemento unificador que relaciona las
modalidades de la invencién, puesto que la formononetina esta divulgada en el
documento D1 [Columna 10 Lineas 6-10], ademas se encuentra sugerido la
combinacién con herbicidas o pesticidas [Columna 8, Lineas 53-66]. Por lo tanto el
concepto comtn no es inventivo y no se cumple el requisito de unidad de invencion.

La Solicitud no cumple con el Requisito de Unidad de Invencion porque se refiere a
23 Grupos Inventivos.

Los Grupos Inventivos estan definidos por las siguientes caracteristicas esenciales:

Grup.o Ter Pn_ncuplo 2do Principio Activo
Inventivo Activo
y Agonistas/antagonistas de receptores de acetilcolina (preferiblemente
cloronicotinilos/neonicotinoides)
2 Inhibidores de la acetilcolinesterasa (AChE) (preferiblemente carbamatos
y organofosfatos);
3 Moduladores de los canales de sodio/bloqueadores de los canales de
sodio dependientes del voltaje (preferiblemente piretroides y oxadiazinas);
4 Moduladores de los receptores de acetilcolina (preferiblemente
) espinosinas);
5 Antagonistas de canales de cioruro controlades por GABA
(preferiblemente ciclodienos organociorados vy fiproles):
8 Activadores de canales de cloruro (preferiblemente mectinas);
7 : Miméticos de la hormona juvenil:
8 Agonistas/disruptores de ecdisona (preferiblemente diacithidrazinas);
9 ove Inhibidores de la biosintesis de quitina (preferiblemente benzoilureas);
10 Inhibidores de Ia fogforilacién oxidativa, disruptores de ATP
i N [ (preferiblemente organoestafios);
11 HO™ NP0 Desacopladores de la fosforilacién oxidativa mediante interrupcién del
) ; . . - -
Eormononetina o sus grgdlente de protones H (prefenblementg plrroles y cﬁmtrofenoles),
12 sales Inhibidores del transporte de electrones ai sitio | (preferiblemente METI);
13 inhibidores del transporte de electrones al sitio Ii;
14 Inhibidores del transporte de electrones al sitio 1l
15 Disruptores microbianos de la membrana intestinal de insectos;
16 Inhibidores de la sintesis de grasas (preferiblemente acidos tetronicos y
acidos tetramicos);
17 Carboxamidas;
78 Agonistas octopaminérgicos:
19 Inhibidores de la ATPasa estimulada con magnesio;
20 Ftalamidas
21 Analogos de la nereistoxina; ]
22 Productos bioldgicos, hormonas o feromonas;
Principios activos con mecanismos de accidon desconocidos o no
23 especificos (preferiblemente fumigantes, antinutritivos selectivos e

inhibidores del crecimiento de acaros).

Se sugiere presentar las Solicitudes Divisionales que considere necesarias, 6 limitar
la solicitud inicial a una sola invencién, eliminando de ella las otras invenciones.
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8. Determinacion del Estado de la Técnica

El Estado de la Técnica se determiné con base en la Fecha de Presentacién de la
Solicitud de Prioridad: 29/Noviembre/2006 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

Item Documento Titulo Fec::ha ?,e «
Publicacién
Method and compositions for
D1 US5002603 stimulating vesicular-arbuscular mycorrhizal 26/M3220/199
fungi
Bisong Yue, Gerald E. Wilde, and Evaluation of Thiamethoxam and
D2 Frank Arthur. Journal of Imidacloprid as Seed Treatments to Control 2003
Economic Entomology Vol 96, European Corn Borer and Indianmeal Moth
No2, Pags: 503-509. 2003 (Lepidoptera; Pyralidae) Larvae
Alan C. York and John W. Wileut, insecticides Do Not Affect Cotton
Weed Science . .
D3 (Gossypium hirsutum) Response to 1993
Vol. 41, No. 2, pp. 269-280 (Apr. I . dl th
_Jun., 1993) mazaquin and imazethapyr

D1http://worldwide espacenet.com/publicationDetails/biblio?DB=EPODOC&!I=0&ND=38&adjacent=true&

locale=en EP&FT=D&date=19910326&CC=US&NR=5002603A&KC=A
divulga (abstract) un método y composiciones para estimular el crecimiento de los hongos vesiculares-
arbusculares micorrizas solos ¢ en presencia de un material vegetal utilizando compuestos

L5} o
|

]

Ry

isoflavonoides de formula:
el documento.

& donde los sustituyentes significan como se indica en
D2(ver folios anexos 204-211)

divulga la eficacia del tiametoxam y del imidacloprid en tratamientos de semillas contra larvas.
D3(ver folio anexo 269 [Solo la pagina 269])

divulga experimentos de campo y de invernadero donde se evaluaron las interacciones de los
insecticidas aplicados (imazaquin y imazetapir) sobre el crecimiento y el desarrollo del algoddn.

9. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

L.a reivindicacion 1 consiste en Combinaciones de principios activos que comprenden

o
formononetina de férmula (l) o sus sales * ™~ ° o y al menos un principio activo
que se selecciona de los siguientes grupos (2) a (24), como se ve en los folios 124-
126 o paginas de solicitud 43-45.
Se le hara novedad al grupo inventivo 23

Comparacion de las caracteristicas tecnicas esenciales, con las del Estado de Ia Técnica:

Caracteristicas esenciales

D1

Combinaciones de principios activos que comprenden
formononetina de formula (1) o sus sales

Py Z Ohie
“~ |
)
HO

° [}

Combinaciones que comprende
isoflavonoides (formonetina
[Columna 10 Lineas 6-10}) para
estimular el crecimiento en plantas
[Columna 1 Lineas 8-13]

Grupo Inventivo (23) Principios activos con mecanismos de
accién desconocidos o no especificos (preferiblemente
fumigantes, antinutritivos selectivos e inhibidores del
crecimiento de acaros).

Pueden ser mezclados con
herbicidas o pesticidas, como
Imazaquin {Columna 8, Lineas 53-66]
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Las caracteristicas esenciales de la composicion de la reivindicacion 1 habian sido
divulgadas previamente en D1, el cual ensefia combinaciones que comprende
isoflavonoides (formonetina [Columna 10 Lineas 6-10]) para estimular el crecimiento
en plantas [Columna 1 Lineas 8-13], que pueden ser mezclados con herbicidas como
imazaquin [Columna 8, Lineas 53-686].

En consecuencia, la reivindicacién 1 no es nueva, segin lo divulgado en el
documento D1.

Nive! Inventivo (Art18 D486)

La reivindicacion 1 consiste en Combinaciones de principios activos que comprenden

Q/OMu |

|
formononetina de férmula (I) o sus sales *° > fj ® y al menos un principio
activo que se selecciona de los siguientes grupos (2) a (24), como se ve en los folios
124-126 o paginas de solicitud 43-45.
Se le hara el nivel inventivo con el grupo inventivo 1.

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1 D2

Combinaciones de principios activos que Combinaciones que
comprenden formononetina de férmula (I) o sus sales comprende isoflavonoides
o OMe {formonetina [Columna 10 No
O Lineas 6-10]) para estimular | menciona
O f el crecimiento en plantas
HO 0 ] [Columna 1 Lineas 8-13]
Grupo Inventivo (1) Cloronicotinilos/neonicotinoides
(preferiblemente acetamiprid, clotianidina, Pufdif‘ %er mezcla;qqu con Imidaclopri
dinotefuran, imidacloprid, nitenpiram, nitiazina, erbicicas ¢ pesticioas midacloprid
. T ) [Columna 8, Lineas 53-66]
tiacloprid, tiametoxam); '

El documento D1, considerado estado de la técnica cercano a la invencién definida
en la reivindicacion 1, divulga combinaciones que comprende isoflavonoides
(formonetina [Columna 10 Lineas 6-10]) para estimular el crecimiento en plantas
[Columna 1 Lineas 8-13], que pueden ser mezclados con herbicidas como imazaquin
[Columna 8, Lineas 53-686].

La diferencia entre la invencion, definida en la reivindicacion 1, y la composicion del
documento 1 es que no se muestra especifica combinacion de la formononetina con
Cloronicotinilos/neonicotinoides mientras que en D1 se sugiere la combinacién con
herbicidas o pesticidas. \

No existe evidencia que las diferencias en las composiciones de D1 y el las
composiciones de la reivindicacion 1 introduzcan un efecto técnico inesperado, que
represente para la persona de nivel medio versada en la materia una mejor eficiencia
contra insectos.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “proporcionar composiciones de principios activos que contienen
formononetina en combinacion con insecticidas alternativas a las ya conocidas en el
estado del arte”.

Sin embargo, en D1 ya se sugiere la combinacion de la formononetina con
Expediente 09 054 900 1er Art 45
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herbicidas o pesticidas [Columna 8, Lineas 53-66], y en D2 ensefia el uso de
imidacloprid, el cual se usa comunmente para tratamiento sistémico para
proteger semillas y plantas contra las lesiones por insectos (Folio Anexo 205
[Pagina 503]), y en D3 se menciona aplicacion de herbicidas e insecticidas
para el mismo cultivo es una practica comun (Folio anexo 212 [Pagina 269
Columna 2)).

En consecuencia, la persona del oficio medianamente versada en la materia, incluiria
imidacloprid de D2 en la combinacién de D1, y con lo sugerido en D1y D3, llegando
asi al objeto de la reivindicacion 1 de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 2-3, 5-6, 10 no mencionan
caracteristicas inventivas adicionales, tampoco pueden ser consideradas inventivas.

Conclusion:
Las reivindicaciones 1-3, 5-6, 10 cumplen el requisito de novedad (Art. 16), pero
no cumplen con el requisito de nivel inventivo (Art. 18).

10.Conclusién

Los requisitos de Patentabilidad de la presente Solicitud. estan afectados asi:

item Documento Reivindicaciones | Requisito
afectadas que afecta
1 Novedad
D1 US5002603 1.3, 56, 10 vagl
Inventivo
D2 Bisong Yue, Gerald E. Wilde, and Frank Arthur. Journal of 1.3 5610 Nivel
Economic Entomology Vol. 96, No 2, Pags: 503-509. 2003 ' ’ Inventivo
D3 Alan C. York and John W. Wilcut, Weed Science 1.3 5.6 10 ‘ Nivel
Vol. 41, No. 2, Pags: 269-280 (Apr. - Jun., 1993) ' ' * Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante y presentarla por escrito

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

e —

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

§ & AO. 2012

Elaborado por: Jhonattan Sanchez Sanchez \
Revisado por: Jacqueline Alfonso Rozo
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Evaluation of Thiamethoxam and Imidacloprid as Seed Treatments
to Control European Corn Borer and Indianmeal Moth
(Lepidoptera: Pyralidae) Larvae

BISONG YUE Y2 GERALD E. WILDE. axn FRANK ARTHUR?

Department of Entomology. Kansas State University. Manhattan. KS 66306

J. Econ. Entomol. 96(2): 503-509 (2003)

ABSTRACT Efficacy of thiamethoxam (Cruiser) and imidacloprid (Gaucho) were evaluated as seed
treatments for controlling European corn bover. Ostrinia nubilalis (Hitbner) and Indianmeal moth.
Plodia interpunctella (Hitbner) larvae in stored grain. At ~22-26°C, all fifth instar European corn
borers died after two or 4 d of exposure to com treated with 230 and 300 ppm thimnaethoxan,
respectively, while mortality of larvae exposed for two and 4 d on corn treated with 6.3-937.5 ppmn
imidacloprid did not exceed 48% at any concentration. At 29°C. all nondiapansing fifth instars were
killed after 3. 4. and 6-d exposure to 400, 300 and 200-ppm thiamethoxam. respectively. while survival
increased at successively lower concentrations of 100,30, 23, and 12.5 ppm. At 24°C. the LC,,, decreased
from 83.9 to 7.2 ppin as the duration of exposure on treated corn inereased from 2 to 6 . All second
and third instar Indisnmeal moth laevae died after a5 d exposure period to corm grain treated with
thiamethoxam at 50 ppm or higher. but as the larvae aged, higher concentrations and longer exposure
periods were required to give 100% mortality of each larval instar, Similar results were obtained when
farval Indianmeal moths were exposed on com treated with imidacloprid. or on sorghum treated with
thiamethoxam. Mature wandering phase fifth instars were the most tolerant larval stage of the

Indianmeal moth.

KEY WORDS
punctella

thiamethoxam, imidacloprid, European corn borer. Indianmeal moth, Plodia inter-

SYSTEMIC INSECTICIDES FOR SEED troatments are being
developed and used in the field for insect control on
avariety of crops around the world. Cruiser is a trade-
mark for thiamethoxam, a second-generation neonic-
otinoid insecticide developed by Syngenta Crop Pro-
tection Inc. (Greensboro. NC). It provides excellent
control of a wide variety of commerciallv important
inscet pests on a variety of crops including barley,
cotton, sorghum. wheat, canola, and corm through
contacl. stomach and systemic activity (Gobel et al.
1999. Maienliscli et al. 1999, Tlofer and Brand] 1999,
Zang et al. 1998, Lawson et al. 1999),

Imidacloprid {Gaucho) is commanly used as a svs-
temic seed treatment to protect seeds and seedlings
against injury by early season insects (Wilde et al.
1999, Graham 1998, Burd et al. 1996, Alimand 1993,
McKirdy and Jones 1996). Imidacloprid (Gaucho)

P E-mail: gwilde@oznetksu edu.

2 Department of Biology, Sichuan University, Chengdn. Sichuan
610064, China.

SUSDA Grain Marketing and Production Rescarch Cenler, Man-
hattan. KS 66302,

marketed by G stafson Inc. (Dallas, TX), is effective
i controlling wany insects. including aphids. thrips.
mites, wireworins, and true bugs (Bradlev ot al. 1998,
Graham et al. 1993, Hamvev et al. 1996). and is com-
monly used on reveral crops. including cotton, wheat,
barley. sorghuni. canola. corn, and sugar beets.

Although the effects of thiamethoxam and imida-
cloprid on pest insecls on field crops are well docu-
mented. their effects on insects such as the European
corn borer. Ostronia nubilalis (Hibner) and Indian-
meal moth. Plodr. interpunctella (Hibner) present in
or damaging stor -d grain have not heen studied. The
Indinnmenl moth s an important pest of stored grain
worldwide and it. control in stored grain is an impor-
tanl concern of those stoving grain for sale as food or
seed (Arthur 199¢ . The European corn borer. while
not considered a storage pest. may appear as a con-
taminant in grain stored for seed purposes and is thus
« cause for concera by corn and sorghum hvbrid seed
producers (Wilde 1976). The objective of this study
was to evaluate the efficacy of these two insecticides
as seed lrealment for controlling Furopean corn
borer. Ostrinia nubilalis, and Indianmeal moth. Plodia
interpunctella in stcred grain.

0022-049 37035 0303-0309%04.007C ¢ 2003 Entomologicul Society of America
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Materials and Methods

The insecticides use‘d in this study were thiame-
thoxam (Cruiser). a 47.8% 3 Ihs/gallon (AI) product
{600 mg/ml) supplied by Syngenta, and imidacloprid
{CGaucho) 48081, a 40.7% (A1) 41bs per gallon product
(480 mg/mI supplied by Custafson, Inc. The insects
species and stages used for bioassays were fifth-instar
Earopean com borer, obtained from French Agricul-
tural Research Inc. {(Lamberton. MN). and various
stages of the [ndianmeal moth, obtained from labora-
tory colonies reared as described by (Silhacek and
Miller (1972).

‘Tests with European Corn Borer. The insecticides
used in this study were thiamethoxam (Cruiser). a
47.8% 5 lbs/ gallon (AI) product (600 mg/ ml) supplied
by Syngenta, and imidacloprid (Gaucho) 480 SL. a
40.7% (AL} 4 lbs per gallon product (480 mg/wml)
supplied by Gustafson, Ine. Filth-instar European corn
borer, obtained [rom a commercial source (French
Agricultural Research Inc. Lamberton, MN), were
used for the bioassays. Initial tests were done by ex-
posing fifth-instar European corn borers on corn
treated with 0. 30,230, and 300 ppm thiamethoxam and
0. 63, 62.3. 312.5, 625, and 937.5 ppm imidacloprid.
Rales were chosen based on label vates and the results
of preliminary observations and all tests were con-
cucted at room lemperature (~22-25°C). The insec-
licides were formulated in water, The label spray rate
for both products is 205.6 ml (10 ounces) of formu-
lated spray per 45.4 kg (100 Ibs) of corn. For our lasts
individual ots of 1.5 kg were treated, with 9.8 ml of
spray. For each application rate of each insecticide,
serial dilulions of the commercial inseclicides were
formulated in tap water to produce solutions giving
the chosen ppm levels when spraved a lvhe rate of 9.8
mi/ 1.3 kg of corn. Applications were made by spread-
ing the corn ont in a thin layer onto a 0.6 by 0.3 m
plywoad sheel. and using a Badger model 100 artists’
airbrush (Franklin Park, IL) to mist 9.8 ml of the
inseclicide in water on the cormn. The untreated con-
trol lot wag misted with water alone.

Each lot of 1.3-kg corn treated at the various
concentrations was subdivided into five replicates of
=235 g each, which were put into plastic containers
{diameter 8.3 om, height 6.0 cm), and the remainder
discarded. Ten fifth instar European corn borers
were put inside the containers. and the containers,
each with a mesh cover. were pul into a plastic cooler
with =10 cm of water at the bottom to maintain a
high humidity level. Insect mortality was assessed
after 2, 4, and 6 d. The criterion of death was no
movement of larvae when prodded with a camel’s-
hair brush,

In a second tesl. Glth instar European corn borers
were exposed on corn irealed with 0, 123, 25, 30,
100. 200. 300. and 400 ppm thiamethoxam. All con-
ventrations were formulated in tap watey from the
600 mg/ml EC product as described emlier, and
each concentration was applied at the rate of 9.8 ml
formulated spray per 1.5 kg of corn. The unireated
control was sprayed with tap water. Each 1.5 lot of
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cach concentralion from cach replicate was subdi-
vided into five replicates, each with 235 g o corn. and
ten fifth instars added into each container as described
ealier. The containers were then put inside a growth
chamber at 29 = 1°C and 50-70% RH with a photo-
period of 12:12 (1:DD). Mortality was assessed after 2,
1, and 6 d.

Indianmeal Moth on Corn. Stock labaratory colo-
nies of Indianmeal moth were maintained and lemed
as described by Silhacek and Miller (1972} at = .
60% RH. Concentrations of thiamethosam and imida-
cloprid used for the tests with Indianmeal moths were
0. 50, 100. 250. and 500 ppm, and 0. 62.5. 156.3, 312.5,
623, and 937 ppm for each insecticide. respectively.
The individual concentrations of each insecticide
were formulated as deseribed earlier. and applied at
the rate of 9.6 ml df sprav per 1.3 kg of corn. The
following instars were collected from the stock colony
cultures, second instars. third instars, fourth instars.
early fifth instars, and late Gfth-instars (=6-8. 9-11,
12-13, 14-15, and 16-17 d-old. respectivelv. for each
stage). The instars were exposed separately. depend-

ing on the availability of a particular stage. Each lot of

L5 kg treated corn and the untreated lot of La-kg corn
was subdivided into five replicates. which were put
into the plastic containers as described before. Each
instar was treated separately, and 20 instars were put
into each of five replicate contaivers. which were put
inside agrowth chamber set at 29 £°C. 50 -70% RH and
aphotoperiod of 12:12 (L:D). A final set of mature filth
instars were held iuside a plastic cooler, with water in
the bottom. al room temperature of =22-25°C. Mor-
tality of larvae held inside the chamber was assessed
after 5, 10, and 13 d. while mortality of larvae hield at
room temperature was assessed after 6, 12, 24, and 38 d.

Indianmeal Moth on Sorghum. The response of

Indiantieal wioth larvae exposed on sovghimn teeated
with thinmethexun was also evaluated, using the same
procedures as deseribed for corn. Serghum was
treated and larvae were exposed as described for comn.
except that all tests were conducted inside the growth
chamber. and no tests were conducted at room tem-
perature.

Statistical Analvsis. Data for all studies were
analyzed using the Ceneral Linear Models (GLM)
and Means Procedures of the Statistical Analysis
Svstem (SAS Institute 2001). Because all obser-
vations at the various postexposure intervals were
conducted on the same set of larvac. data were
analyzed with days of exposure as a repeated
measure. Means were separated using the Waller-
Duncan k-ratio #-test aption under the GLM Pro-
cedure of SAS (P < 0.03). Probit analvsis suscepti-
bility of fifth instar European cormn borer to
thiamethoxam was done using the POLO procedure
{LeOra Software 1994).

Results

European Corn Bover on Corn. Concentration and
F=d64 df = 5.5 P=0.01) exposure inlerval (IF=

(
2737 df = 2.8 P~ 0.01) were significant {or the tests

T

<
3
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Table 1. Pervent mortality (mean £ SEM) of 5th instar En-
ropean corn borver exposed for 2, < and 6 d on corn reated with
imidacloprid and thiamethoxam”

Concentration Exposure (davs)
{pp) 2 4 6
imidacloprid
3+ 22d 35 = 3.4b
182 7.3ed 52 = 7.3ah
34 % 6.0ab 38 % 8.0a
25 +2.7be 49 = 5.0ab
44 £ 8.7a 62 2 73a
48 * 5.6a 58+ 8.6a
thiamethoxam
¢ 2 =2.0¢ 6= 40¢ 30 = 4.4c¢
30 30 =9.4h 682 10.7d 82 * 9.6b
250 92 = S0a 100a 100a
500 100a 100a 1002

¢ Means within columns {ollowed by the same letter are not sig-
nificanth different (P & 0.05. Waller-Duncan k-ration t-test, SAS
Tustitute 2001),

with imidacloprid, with davs of exposure as a repeated
measure. Mortality of fifth instar Ewropean corn borer
exposed on corn treated with imidacloprid at 6.2-937.5
ppm ranged from 6.0 £ 2 4% 10 62.00 = 7.3%. depending
on concentration and exposure interval (Table 1),
Concentration and (F = 373.2. df = 3, 8, P <2 0.01)
exposure interval (F=7L7. d. £ =28 P<0.01) were
alsa significant for the initial test with thiamethoxan,
Al larvae died within 2 d when exposed on comn
trealed wilth 300 ppm thiamethoxanm, 92.0% and 100%
of the larvae died after 2 d and 4 d. respectively. on
corn treated with 250 ppm. and 30,0 and 68.0% died
after two and 4 d of exposure on corn treated with 30
ppm (Table 1),

Councenlration was also significant (F = 737.6,
d f =816, P<0.01) and exposure interval (F= 262.2,

Table 2.

thiamethoxam”
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d =416 P < 001). with cxposure interval as a
repeated measure, for the additional evaluation with
thiamethoxam. All Tarvac died after 3 d of exposure
on corn trcated with 400 ppm, after 4 d of exposure on
corn traated with 300 ppin, or after 6 d of exposure
on corn treated with 200 ppm (Table 2). The calen-
lated LCsq, decreased from 85.9 ppin at 2 d to 7.2 ppm
at 6d, while the LGy, was 399.3 and 46.9 ppm at two
and 6 d. respectively (Table 3). Thiamethoxum was
equally effective in controlling diapausiug fifth instar
European corn borer Tarvae, All exposed wore dead
after 4 d of exposive in com treated with 500 ppn or
aftev 10 d of exposure in corn treated with 230 ppo.
Therve were 10.0% of the diapausing larvae surviving
after 10 din grain treated with 30 ppm. compared with
71.3% survival in the untreated control.

Indianmeal Moth on Corn. For cach larval slage.
the analysis for concenfration of imidacloprid and
expostire, wilh exposwre as a repeated measure, was
significant (F = 79.5. df = 412: F = 397.7, df = 412:
F=364,df = 48 F = 5427 df = 48 and I = 124.1.
df = 416 for sccond. third, fourth. early fifth. and
mature fifth instars, respectively, P << 0.01). Exposwre
was also significant (F =251, df =416 F = 4349. df =
3A6: T = 2435, df = 216: F = 3645 df = 416: and F =
5100, dt = 416 for secomd. third. fourth, carly fifth.
and malwre fifth instars. vespectively. P < 0.01). All
interactions were also significaut at P <2 0.01. As larvae
aged. longer exposure inlervals were required al each
concentration to kill all exposed individuals (Table 4).
Somie mature [fifth instars survived afier 20 d when
exposed al the lower concentralions, and this instar
was the most tolerant lurval siage of the Indianmeal
moth exposed to imidacloprid.

For each larval stage. the analvsis for concentralion
of thiamethoxam and exposure, with exposure as a
repealed measure for the fourth and Afth instars. was

Percent mortality (mean £ SEM) of 5th instar Enropean corn borer exposed for 2. 3. 4, 5. and 6 d on corn treated with

Concentration

Exposure {(days)

(ppm} 2 3 { 3 5
{1 x00f 32 Leg
123 0 x0.0f 35 & 2.5
25 =27 39 = 2.5
30 : 48 = 3.2e 7L Lbe
100 Tl =27d 91 = 1.6b
200 79+ 13 97 = 1.6a
300 ST 1 20h 1000 1002
400 1003 1000 1

7 Means within columns followed by the samie letter are not significantlv different (P 2= 0.03. Waller-Duncan k-ration f-test. SAS Institute

2001Y,

Table 3. Toxicity of thiamethoxam (o Sth instar European corn borer at 29°C

Dhays 1.Cmy (95% F1.) Y. Cao (857 F1) Slope H* dt
2 83,60 (73 4-100.0) 399.3 (327.3-308.7) P92 £ 004 16.249
3 4050 (31 5-19.6) 3493 (26 ¢ 137 =013 1692 33
4 1370 (10.8-20.8) 1373 (121.3-219.9) 1252015, 2876 33
5 1040 (6.7-14.43 843 {66.4-113.5 141 = 0ls 17.21 53
6 722 (40-10.5) 6.9 (36.9-62.5) 1.58 = 0.24 1334 33
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Tuble 4. Percent mortality (mean £ SEM) of Indianineal moth lurvae exposed for 5. 10, 15, and 20 d on untreated corn and corn

treated with imidacloprid and held at 29°C

Concentralion

Exposure (davs)

{ppm) 3 10

13 20 25
2nd instars
20 = 3.3h 26 % 2.5¢ 26 = 25e 32 + 2.6d
17+ 34b 21+ 6.00 2T 6.2 38 = 46hL
f1 *= 432 92 = 1.2b * 1.Ga 100k
96 = 1.0a 100a
1004 100u
3rd instars
1522 19 = 29b 205 27h
36 = 3.0b 80 £ 30a 9 =27a
100a 1004 100
100a 100a 1002
1004 100a 100a
Hth inslars
0 §*35.0¢ 16 % 4.0¢ 22 = 34b
625 21 = 18h 85 + 554
1563 37 = 330 90 = 3.2
323 hd * T.6a 47 =12
025.0 7S = 6.0 100 = 0.0a
early Bth insturs
0 I+ 1L0e a9+ 24c 17+ 3.0¢ '
62.3 2+ L2a 28 + 3.7h 73+ 34b
156.3 20+ 3.2h 49 +2.4b 04+ 1la
3125 43 + 334 65 + 2.7a 100a
623.0 61 + 40a 79 + 2.4a 100a
late 5th instars”
0 I+1.0b 2+18bh 29 = 1.49b
6.25 3+2.0h 37+ 12a 4.6
625 1= 10b 4] = 463
136.3 3+1.2h 44 + 2.4a
3125 49 *+ 334 4S £ 3.7a T8 =25

7 Means within columns followed by the same lelter are not significantly ditferent (P = 0.03. SAS) Waller-Duncan k-ration f-test SAS Institute

2001,

" Mortality of lute Sth insturs after 25 d. at 0. 625, 62.5. 136.3. and 312.5 ppm of exposure was 33.3 = 2. 735 = 4785 = 2.2. 94 = 16 and

100.0%. respectively.

significant (F = 140.6. df = 4, 23: F = 421.3. df = 4.23;
F=Glddf = 48 F=3030df = 416, and F = 307.9.
df = 415 for second, third. fourth, early fifth. and
mature ffth tustars, respectively, P <0 0.01). Exposure
nterval was also significant (Table 3) (F =349, df =
2.16: F = 2358.6, df = 4.16: and I = 690.0, df = 4.16 for
fourth. early fifth, and mature fifth instars. respec-
tively. I <2 0.01). All interactions were also significant
at P << 0.01. As the Indianmeal moth larvae aged. they
became less susceptible to thiamethoxam. and higher
concentrations and longer exposure intervals were
required to give 100% control (Table 6). Second and
third instars were very susceptible and at least 98% of
the exposed larvae died after 5 d on all concentrations.
Mortality of fourth. early fifth. and mature fifth instars
after 3 d of exposure on treated corn ranged from 64 =
73-80 = 55%. 1 = 1-39 = 40%, and 0-26 = 2.4%,
respectively. As the exposure interval increased, mor-
tality increased, with 100% mortality occmring after
15, 20, and 25-d exposure of fourth, early fifth. and
mature fifth instars, respectively.

Mature Fifth Instars Were Also the Most Tolerant
of the Larval Stages Exposed to Thiamethoxam, When
mature ffth instars were exposed on corn treated with

imidacloprid and held at room temperature of =22-
25°C. both econcontration {(F = 841 df = 3.24. P <
0.01) and exposure were significant {F = 367.3. df =
6. 24, P < 0.01). with exposure as a repeated measure,
Mortality generally inereased with both concentration
and exposure (Table 7). and afler 35 d ranged from
90 = 4.2-100% in the insecticide treatments. Similar
results were obtained for Afth instars exposed on corn
treated with thiamethoxam and held at room temper-
ature of ~22-25°C. Both concentration (F = 1049,
dAf = 4,24, P<00.01) and exposure were significant (F =
604.1,df = 6.24, P 001}, with exposure as arepeated
measure. Mortality of mature fifth instars at all con-
centrations was low during the Arst 12 d of expasure.
then gradually increased to 66 = 35.1-100% after 38 d
(Table 7). !

Indianmeal Moth on Sorghum. For cach larval stage
exposed on sorghum, the analysis for concentration of
imidacloprid and exposure. with exposure as a re-
peated measure, was significant (F=82,.d.f, = 1.23)
for second instars, F = 3376.7df = 4.8: F = 3936, df =
4, 12:F=1300df = 4. 12: and F = 3274, & = 4. 16 for
third. fourth, carly fifth, and wature fifth ustars. re-
spectively. P <2 0.01 for all stages). Days of exposure




R---0209

April 2003 Yor 6 AL EVALGATION OF THIAMEITIONAM AND IMMIDOGLOPRED 307

Table 3. Percent mortality (mean & SEM)Y of Indinnmenl woth larvae expored for 3. 100 and 15 d on nnteeated cornand corn teented
with thiamethoxam and held aL 29°C*

Concentration Exposure (days)
(ppm) 3 10 15 a0
ard instars™
0 13+ 37
30 99 + 1.0a
100 98 + 1.2a
230 1004
300 100a
4th instars
Q 16 + 2.9b
30 85227 :
100 98 =204
230 95 % 1.2a
00 100a
early 5th instars
0 4 26 = 4.5b 26 2 45b
30 3F 12 85 =22 83 % 29
100 =10 94 =19 100a
250 15£27h 96 = 24 100
300 39 = 4.0a 100a 100a
late 3th instars”
0 ob T 220 16 =2 6= 29¢
a0 ob 21 = 40d 43 12 TT = dob
100 ¢ x90h 17 =3.0L 52 £ 3 85 = 1 6L
250 8= 2.3h as s 46 = 1.9a
300 26 = 2.d4u 64 2 94 = Lda

T Means within colnmns followed by the same letter are not sienificantly different (\Waller-Dunean k-ration 1-test. SAS Institute 2001),
" AN 2nd-3rd instars were dead afler 3 d exposure on treated com.
“Mortality after 25 d ar 0,30, 100, 250, and 300 ppan was 16 = 2.9, 89 = 1.6, 96 = 1.5, 100 and 100%. respectivelv,

Table 6. Percent mortality (mean = SEM) of mature Sthinstar Indianmeal moth exposed for 2 to 38 d on vnireated corn and corn
treated with imidacloprid and held at romn temperature of abont 22 10 25°C°

Concentrution Exposure (days)
(ppm) 2 4 6 12 ' 32 38
0 0 ob 4+ 16h 16 = 1.6a 20 12h 26 = 1.6b
156.3 0 2= 13 $+2.3b 20 2.1a 34 = 1.6b 66 = 270 90 = 4.24
312.3 0 2+ 1.3b §=2.35b 20 = 21a §2 + 2.9, 90 *+ 424 1004
(25.0 0 8 £ 2.35ab 14 = ).6ab 26 + 3.4a 78 % 5.3 04 =274 100a
9575 0 16 = 1.6a 22 % 24a 32 %23 86+ 272 100 100a

7 Means with colurnns followed by the same letter are not sienificanthy different (P = 0.05. Waller-Dumean h-ratio 1-test. SAS Tnstitute 2001

Table 7. Mortality (mean £ SEM) of mature 5th instar Indianmeal moth larvae exposed for 2 10 38 d on untreated corn and corn
treated with thinmethoxam and held at room temperature of about 22 10 23°C"

Concentration Exposure {(davs)
(ppmni 2 4 6 12 24 32 35
Q 0 0 ) =21 IS =38 24 = 40 36 =40
30 8] 0 2+20 16 x67 40 = 109, 62299 66 > 5.1
100 0 0 424 16 4.0 38z S0 S2= 44 88T 49
230 [ O 1x24 12x240 24 2 9 & 37 s = 2.0
300 0 0 2x20 1237 T4z 8T as =20 100 = 0.0

“ Means with columns followed by the same letter are not significantly different (£ > 0.05, Waller-Dimean k-ratio t-test. SAS Institute 20011
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Table &, Mortality (mean £ SEM) of Indisnmesl moth larvae exposed for 3-30 d on untreated ‘pnrgluun ard sorghwmn treated with

thiamethoxam”

Concentration

Exposure (days)

{ppm) 3 10 13 ! 20 30
2nd instar ‘
0 20+ 2.2b 1
50 3 !
100 100a ‘
2530 1002 ‘
500 100 |
Ind instar
0 23 = 3.0c 24+ 240 }
30 36 x 4.6b 94 = 2.4b i
100 496 = 1.9h 100a :
250 1002 100a ;
500 100 100a |
Ind instar j
0 23 = 43¢ 24 5.7 '
50 a0 = 1.6h 96+ 1.8
i 08 = 1.2a 99+ 1 1a :
250 08 = 2.0a 100 ‘
500 1004 100 :
Seh dnstar ‘
3 |
0 0=22b +14d 19 = 1%
30 18 = 46b 2= gz =zaon
100 20z 357 * 99 = 1.0b
250 1 L 100a
300 80 = 6.7 1002
late 3th instar ‘
0 13 =220 24 = 18d D24 = 18d 24z 16¢
30 4= 18h 78+ 2.5¢ D84 EtTe $4=17b
100 17 = 2.0b 25 = 2.7he 84 + 1.8b 88 % 120 97 = 1.2b
250 16+ 18b 32 = 4.6b 85 = 1.24b i 93z 20b 1002
500 26 = 29a 46 = 6.4u 4% = 3.3 } 100a 100

“ For each instar, means follewed by the same letter ave not significantly different (P = 0.03 Waller-Durlean k-ratio ftest. SAS Institute 2001 ).

was also significant (F = 26.0. df = 1.4, F = 36,5, df =
28 F=124df =312 and F= 704.8, df = 4,16 for third,
fourth. early fifth, and mwature fifth instars, respec-
tively, P <2 0.01 for all instars). All interactions were
also significant at P <2 0.01. All second instars were
killed when exposed on sorghum treated with thia-
methoxam {(Table 8Y, At cach coneentration, mortality
generally decrcased as tarvae aged and incrcased with
exposure inlerval, similar to resulls for Indianmenl
moth exposed on corn. Although mortality of fifth
instars was low for the fivst 10 d. a sharp increase in
mortality occurred after 13 d at all tested doses. A
mortalitv of 100% occurred after 20 and 25 d in the 500
and 230-ppm treatments, respectively, compared with
mortalities of $4.0 and 97.0%, respectively, after 25din
the 50 and 100-ppm treatments.

Discussion

As lepidopteran larvae develop, they often become
more tolerant to insecticides, In our test, final instars
of the Indianmeal moth were more difficult to kil
compared with prior instars. Other tests with residual
insecticides have shown that wandering-phase last-
mstar Indianmeal moth larvae are much more tolerant
of insecticides than stored-product beetles. In tests
where concrete was treated with the high and low

i

!
label rates of 20% cyfluthiin wettable powder (100 and
200 mg/m?). exposure intervals for 1-2 h would kill
adults of the red four heetle. Tribolinm castancum
{(Herbst), and the L‘:Unm;sed flour beetle, T confusum
(Duvab) . for up to 12 wk after application (Avthur
19984, ). However. when wandering-phase Indian-
meal moths were <;.\'p05(,;(_1 to the same concentration,
there was little rasidual control and larvae were able
to pupate and emerge :1sj'adulls (Arthur 1999). In tests
where cvfluthrin was apiplied directly to inshell pea-
nuts. application rates ofitwo and fowr ppm controlled
adult red flour beetles, while application rates up to 22
ppm did not provent adult emergence of Indianmeal
moths exposed as wandering-phase larvae (Arthur
1993). Similar results have been oltained for other
trials involving residual jinsecticides and residual ex-
posures of Indianmeal moth and stored-product bee-
tles (Arthur1997). There} are published reparts of tests
that imply cquivalent control of Indianmeal moths and
almond moths, Cadra chutella (Walker) und stored-
product beetles. but in these tests the lepidopterans
were exposed as eggs (Ardley 1976, Bengston et al.
1980. Bengston et al. 1987). Insecticidal applications
that control coleopteran pests mayv not be effective
against late-instar Indiarimeal moths. Our results sug-
gest that stored corn on sorghun grain treated with
thiamethoxam orimidacloprid at rates commonly used
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to coutrol field crop pests should be well protected
from the possibility of infestations by these two lep-
idopteran species.
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Insecticides Do Not Affect Cotton (Gossypium hirsutum) Response to! Imazaquin and Imazethapyr!

ALAN € YORK mnd JOHN W WOCUT

Abstract. Fleld and  greemhouse cxperiments evaiuated
interactions of soil-applied insecticides and imazaguin and
imazethapyr on growth and development of cotton.
Imazaquin and imazethapyr were applied PPl at 0 to 6
and 0 to 16 g ae ha™!, respectively, in the gmmh(mw {plus
a no-insecticide controtl, and § to 72 g ha™! in the field in
combination with aldicarh, disalfeton, and phorate
{without a no-insecticide control} applied in the seed
jurrow, Cotfon shoot fresh weight in the greenhouse
experiment decreased linearly as herbicide rates in-
creased. Greater redoctions in shoot fresh weight were
noted with imazaquin than with imazethapyr, Compared
with no insecticide. the methylcarbamabe inseclicide
aldicarb and the organophosphate insecticides disulfoton
and phorate did not affect cotton response to either
berbicide. In the field, cotton Injury increased while
stand, yield, and maturity decreased as herbicide rates
increased. Delaved maturlty was due to a lower percent-
age of bolls produced on sympodia from main stem nodes
four to nine. Imazaquin caused preafer injury, greater
reductions in stand, greater delays in maturity, and lower
yields than did imazethapyr. Earlier maturity was noted
with aldicarb-trested cotton. Compared with aldicarh,
disulfoton and phorate did oot alter cotfon response to
imazaquin or imazethapyr. Nomenclatare: Aldicarh,
2-methyl-2-tmethylthioipropionaldehyde  O-(methylesr-
bamoylioxime: disoifeton, 0,0.diethyl 5.12-
gcthylthiodethyl] phosphorodithioate; imazaguin, 2-[4.5-
‘)ihy«%m»émemyi-vw,l-mclhyIethyt)«i-vaxom1H~imidam§-2-
yil-3-quinolinecarboxylic acid; imazethapyr, (£)-244,5-
dihydro-4-methyl-4-(1-methylethyl)-S.oxo0- 1 H-imidazol-2-
¥l]-S-ethyi-3-pyridinecarboxylic acid; phorate, 0,0-diethyl
S+j2-{ethylthio)-methyl phosphorodithioate; cottom, (s
svpimm feirsutm (LS *Deltapine 99°, ‘Stoneville Coker
304°, ‘Stopeville KC 380°, und ‘Stoneville McNair 235",
Addttional imdey werds: Pesticide interactions, maturity,
plant mapping, fiber quality, aldicarh, disulfoton,
phorate.

INTRODUCTION

Imazaqguin, registered for use in soybean [Glyeire max (L)
Merr.|. and hmazethapyr. registered for use in soybean and
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i
peanut (Arachis typdgaea 1)), are imidazolinone herbicides
that conteol & broad g‘; etrum of broadieal weeds and cenan
monocot weeds {7, 16, 27, 363 Labels for both herhicides
specify an 18.mo roational restricdon for cotton™?.

Cotton and com (Lea mays L) were injured when planted
boyr alter imazaguin lapplication but yields usaally were not
reduced (19, 20, 220 24, 26, 29, Cotton, which is more
sensitive to Emazaquin reskdues than is corm (200 26), was
wjared when planted 2 yr afler apphication (4).

Numerous field studies have examined the potential for
imazaquin carryover while only 2 few such siudies have been
repanted with imazethapyr. Most studies have shown g grester
potential for coen injury from Bnazagquiss tan from ime
azethapyr carvyover (11, 23} This may be because comn has
greater tolerance of | inazethapyr than of imazaguin (22)
In]uzy and reduced yikld were observed when sugarbeet (Betw
vidpariy L.} was p]amzd 2 yr after imazethapyt application
while injury but ng yield reduction was observed with
sugarbeet planted 2! yr after mazaguin application (313,
Similar degradasion rgnec for imazaguin and imazethapyt have
been reported under Taboratory conditions (9, 13). Under field
conditions. however, imazethapyr bad 8 Jonger half-life than
imazaguein 424), |

Cotton acreage in Iwrzh Carolina increased 400% between
I982 and 1991 {2). Smaller increases were noted in other
southeaslern states. Moch of the new acreage was planted
following soybean thiat had been treated with URAZAYD, &0
cotlon  injury n.mnh‘r to that ohserved i Arkansas (43
sometimes was nowd (personal ebservation by authors),
Cotton and peanut are commonly grows in rotation. With
imazethapyr registerzd for use in peanut, imazethapyr
carryover 1o cotton dlso may be a problem.

Apphication of herhmdax and mzecticides to the same crop
5 4 common pm{um Cmp tolerance of 2 herbicide rray be
reduced due to 2 synergistic inferaction berween the herbicide
andd  an nmec’nudt;, {17, 32) These interactions  most
comamondy invelve an organophosphate insecticide, Only a
few cases of increased crop tolerance of a herbicide due to an
antagonistic interaction with an  insecticide have been
reported, Mosl notable among these is the anmagonism
belween  phorate o disulfoton and  clomazone  {2-[(2-
chlorophenylimethyi]-4.4-dimethyi-3-isoxazolidinone ) on
conon (37). Other examples of antagonism betwesn herhis
cides and soil-applied organophosphate  insecticides w;m
eotion  include Faﬂdm%phm fethyl-3-methyi-
(methyhhiojphenyl  {1-methylethyliphosphoroamidate] and
lactofen  [{£)-2-ethoky-1-methvi-2-oxoethyl  §-[2-chinmo-4-
(erifluororiethy) ,%p?‘nc:nm;.] Zenitrobenzoate ] (E2), and disulfo-
ton or phorate and  wifluralin [2.6-dimilre-N N-dipropy!-
d-{trifluoremethyl thenzenamine] (3}

A preliminary  study (10} suggested soil-applied os-

panophosphate xmm,luudw might  partially  peotet collon
!
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