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Summary
Field trials conducted in 1989 through 1991 in New York, Kentucky, Ohio,

and Indiana show that soil applications of terbufos 15G can interact with
postemergence applications of primisulfuron and result in corn injury; other
organophosphate insecticides interacted to a lesser degree. The slow release
20G formulation of terbufos caused less interaction than the 15G formulation.
Mid postemergence and late postemergence applications of primisulfuron caused
less interaction than early postemergence applications, and T -band applications
of insecticide resulted in less interaction than in- furrow applications.
Mid -post directed and late post directed applications were safe over all
insecticide applications.

Introduction
Primisulfuron is a member of a relatively new class of herbicide

chemistry called sulfonylureas, and is used for postemergence control of grass
and broadleaf weeds in corn (Zea mays L.). Terbufos is an organophosphate (OP)
insecticide and is a standard treatment for the control of rootworms
(Diabrotica spp.) in corn in the United States. Prior to 1988, there were no
published reports of a sulfonylurea (SU) herbicide by insecticide interaction
resulting in decreased crop tolerance in corn. There were, however, a number
of published reports citing phytotoxic interactions between herbicides of other
classes and OP insecticides (1, 2, 4, 11), and others where non -OP insecticides
were cited (1, 2, 5). There were a few unpublished reports of phytotoxic
interactions between SU herbicides and OP insecticides in cereals and corn, but
these were from tank mixtures of the -two products applied postemergence. No
connection had yet been made between soil applied insecticides and foliar
applied SU herbicides with regard to an interaction in corn.

In 1988, CIBA -GEIGY researchers became concerned with reports from some
research trials where unexpectedly high levels of corn injury were observed
following primisulfuron applications. Investigation showed that one factor
which was consistent between the injury locations was the use of terbufos
insecticide. Thus, mid season in 1988, a trial to investigate the possible
interaction' between primisulfuron and terbufos was established in Ohio. The
results of this test led to further research on this subject within CIBA -GEIGY
(8), as well as with other institutions (3, 5, 6, 7, 9, 10).

The objective of this paper is to describe the results of our
investigations into a primisulfuron by OP- insecticide interaction over the last
three years.

Materials and Methods
Field trials to determine the interaction between primisulfuron and soil

applied insecticides were conducted in Ohio, Kentucky, Indiana, and New York
from 1989 through 1991. Normal cultural practices were used in all trials
including using locally adapted field corn hybrids, and amending soil when
necessary to provide adequate nutrition. All primisulfuron applica_tlions were
made with a hand held boom with flat fan nozzles at 190 to 300 L ha of water
at 175 to 275 kPa from CO, . ,Either a non -ionic surfactant at 0.25% v/v or crop
oil concentrate at 2.5 L ña was included with all herbicide applications. All
trials were conducted using either a split plot or a randomized complete block
design with either three or four replications. Plot size was 1.8 m to 3.2 m in
width by 5.5 to 9 m long unless otherwise specified. All plots were maintained
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weed free. Trials at the Columbia County, NY site were on a. loam soil with a

pH of 5.6 and 2.2% organic matter. All phytotoxicity ratings are a subjective

evaluation of percent biomass reduction.
Primisulfuron by insecticide interaction trials were conducted in Ohio in

1989, in Indiana in 1990, and in Kentucky in 1991. The Ohio trial was on a

loam soil with a pH of 6.4 and 2.1% organic matter. Pioneer 3343 hybrid was

planted June 8, and insecticides were applied at 0.055 or 0.11 g ai m _yith

in- furrow or T -band placement. Primisulfuron was applied at 40 or 80 g ha 24

days after planting (DAP), and phytotoxicity ratings were recorded 7 days after

application (DAA). The Indiana trial was conducted in Porter County in 1990 on

a silt loam soil with a pH of 6.8 and 3% organic matter. Pioneer 3744 hybrid

was planted May 8 and insecticides were applied in a T -band. Early

postemergence and mid postemergence applications of primisulfuron were applied

21 and 35 DAP respectively. Injury ratings were taken 19 DAA. The 1991 trial

conducted in Kentucky was located at the University of Kentucky's Spindletop

Farm on a silt loam soil with a pH of 6 and 3.5% organic matter. Pioneer 3320

hybrid was planted on May 3 and in- furrow or T -band applications of soil

insecticide were applied. Primisulfuron was applied 27 DAP when corn was in

the 6 -leaf stage. Phytotoxicity ratings were taken 7 DAA.

An application timing trial was established in Columbia County, NY in

1990. Funk's G -4299 hybrid was planted on May 24, and terbufos was applied

in- furrow. Primisulfuron was applied early postemergence, mid postemergence
and late postemergence 20, 29, and 39 DAP, respectively. Phytotoxicity ratings

were taken 7 to 8 days after each applica_tlion and yields were taken October 31

with a plot combine and reported as Kg ha of 15.5% of moisture grain.

A trial to determine if a slow release, formulation of terbufos would

reduce the amount of interaction with primisulfuron was established in Columbia

County, NY in 1990. Funk's G -4299 hybrid was planted on May 25, and terbufos

15G or 20G were applied either in a T -band or in- furrow. Primisulfuron was

applied either early postemergence 21 DAP to corn in the 4 -leaf stage, or

mid postemergence 28 DAP to corn in the 7- to 8 -leaf stage.

A 1991 formulation trial was conducted in Ross County, OH on a loam soil

with a pH of 5.4 and 3.1% organic matter. C747AX hybrid was planted May 13 and
terbufos applications were applied in a T -band. Primisulfuron applications were

made 17 DAP when corn was in the 5- to 6 -leaf stage. Phytotoxicity ratings

were taken 17 DAA. Grain yields were taken by hand harvesting one row of each

plot.
Three trials were established in 1991 in Columbia County, NY to confirm

the interaction between primisulfuron and terbufos. Corn was planted on May 3

and herbicide applications were made 26 DAP. In one trial, Funk's G -4385 was

planted-and in- furrow applications of terbufos were used. T -band applications

of terbufos 15G or 20G were used in the trials planted to.Pioneer 3527 and

Funk's G -4299. Phytotoxicity ratings were made 13 DAA.

Results and Discussion
Trials conducted in. Ohio, Indiana, and Kentucky showed that several soil

applied insecticides had potential for a phytotoxic interaction with

primisulfuron applied postemergence. The average percent reduction in biomass
from primisulfuron over terbufos 15G was 35 %, over terbufos 20G, 21 %, and over

fonofos, 19 %. Primisulfuron over carbofuran, chlorpyrifos, and tefluthrin were

equal to the primisulfuron alone treatment.
Late postemergence broadcast applications of primisulfuron were

unacceptably phytotoxic regardless of the terbufos treatments in a New York

trial (Table 1). Mid postemergence applications, whether applied broadcast or

directed, and late postemergence directed applications were all safe with or

without terbufos. Early postemergence applications were safe only when no

terbufos was applied at planting.
Based on phytotoxicity rating and yield, it is apparent that early
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postemergence applications of primisulfuron over the 15G formulation of
terbufos, whether applied in- furrow or as a T -band, resulted in a severe
adverse interaction (Table 2). Although the phytotoxicity rating for the 20G
formulation applied in- furrow followed by the early postemergence applications
of primisulfuron would indicate a severe interaction, it did not result in a
significant yield decrease. In general, the 20G formulation of terbufos and
the T -band placement of terbufos resulted in less severe interaction from
primisulfuron than in- furrow placement and the 15G formulation.

Data shown in Table 3 confirm what was reported from 1990 trials, that
is, in- furrow applications of,terbufos result in more interaction than T -band
applications. Primisulfuron interaction with the 15G formulation of terbufos
resulted in a higher yield loss than the 20G formulation. The visual ratings
for the 20G formulation were not a good indicator of potential yield. loss.

Table 1. Effects of primisulfuron application
method and timing on corn injury with and
without in- furrow applications of terbufos on
Funk's G -4299 in New York in 1990.

Primisulfuron Terbufos 8

Injury
7DAA0 Yield

Kg hag ha-1 Methode 1

11845
0 0.11 3 11912

40 EP-B 0.11 63 9153
40 EP-B 0 8 11508
40 MP-B 0.11 45 11037
40 MP-B 0 26 11441
40 MP-D 0.11 16 11643
40 MP-D 0 3 11172
40 LP-B 0.11 25 6999
40 LP-B 0 13 9826
40 LP-D 0.11 7 11576
40 LP-D 0 2. 11576

LSD (.0.5) 9 1698

aEP =Early postemergence 20 DAP to 4 -leaf corn
MP=Mid postemergence 28 DAP to 8 -leaf corn
LP =Late postemergence 39 DAP to 10- to

11 -leaf corn
B= Broadcast D= Directed

Table 3.

Table 2. Effects of method of application and
formulations of terbufos on corn injury from
early postemergence and mid- postemergence
applications of primisulfuron on Funk's G -4299
field corn in New York in 1990.

Primisulfuron Terbufos

9 ha-1

4

4

4

4

4

4

4

4

4

4

Meth.a 9_2
-1 8 Yield

Form. Meth.b Inj.c Kg ha 1
O 0 11508
0.11 15G IP 0 11575
0.11 20G IF 0 11777
0.11 15G TB 0 11306
0.11 20G TB 0 11710
O 3 11575
0 3 11441
0.11 15G IF 55 9556
0.11 20G IP 35 11171
0.11 15G IF 40 9691
0.11 20G IF 27 10566
0.11 15G TB 46 10027
0.11 200 TB 18 11642
0.11 15G TB 7 11037
0.11 20G TB 22 11239

LSD (0.05) 4 1006

°EP =Early postemergence 21 DAP to.4 -leaf corn
bMP =Mid postemergence 28 DAP to 7- to 8 -leaf corn
IF =in- furrow TB=T -band

c% injury 14 days after application

Effects of terbufos on corn tolerance to primisulfuron in New York and Ohio in 1991.

Primisulfuron Terbufos

New York
P -3527
T -Banda

Phyto Yieldc

o 0 0 9624
0 0.11 150 0 9422
0 0.11 20G 0 9422
40 0 3 10432
40 0.11 150 61 7605
40 0.11 20G 45 10633

LSD (0.05) 15 1716

New York New York Ohio
G -4299 G -4358 C747AX
T -Band In- burrow Tdband

Phyto Yield Phyto Yield Phyto Yield

0 8211 0 10768 0 9691
0 8211. 0 10903 0 11374
0 7941 - - -

7 9153 4 11306 8 1036- 4
68 5048 76 6932 72 1884
60 6663 -. - - -

4 1131 5 2086 1400

"In-
furrow and T -band refer to method of terbufos application

Visuellestimate of percent biomass reduction 14 days after application
kg ha-1

estimate of percent biomass reduction 18 days after application
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