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Abstract

Thiamethoxam- and imidacloprid-treated seed were evaluated for controlling infestations of potato leafhopper, Empoasca fabae

(Harris), in snap bean in Minnesota in 2001 and in New York and Illinois in 2002. Efficacy of these seed treatments was assessed by

rating leafhopper damage to foliage or by monitoring densities of nymphs through the season in small field plots. Thiamethoxam

provided longer and more consistent protection of the crop from leafhoppers than imidacloprid. In thiamethoxam-treated plots,

there was no damage to foliage and densities of nymphs were maintained below economically damaging levels from the seedling

stage through bloom. Thiamethoxam at a rate of 30 g (a.i.)/100 kg of seed controlled leafhoppers for 31 d to over 38 d. Additionally,

as the rate of thiamethoxam increased, the duration of protection also increased. In contrast, imidacloprid at a rate of 60 g (a.i.)/

100 kg of seed protected early growth stages of the crop from leafhoppers in only 1 of 4 plantings. Snap bean seed treated with

thiamethoxam will provide growers with an option for controlling potato leafhoppers that is safer and more environmentally

friendly than using soil-applied, systemic organophosphate insecticides such as disulfoton or phorate. Furthermore, difficulty

associated with properly timing foliar sprays, inadequate coverage and reduced efficacy often encountered when treating young snap

bean plants are avoided using seed treatments.

r 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Potato leafhopper, Empoasca fabae (Harris), is one of
the principal pests of snap bean in the Midwestern and
eastern United States (Flood et al., 1995; Stivers, 1999).
Potato leafhopper overwinters in the southern US and
migrates northward on wind currents (Pienkowski and
Medler, 1964; Decker and Cunningham, 1968), typically
arriving in New York from late April to early May and
in Minnesota from mid May to early June (Petzoldt
et al., 1998; Peterson et al., 1969). Migrants may infest
the earliest planted snap bean fields, but infestations are
more likely to occur when first-generation adults
g author. Tel.: +1-315-787-2354;

-2326.
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migrate from nearby weeds or alfalfa that has been cut
recently (Flanders and Radcliffe, 1989). All Midwestern
and eastern snap bean fields are at risk for leafhopper
infestations and approximately one-half are infested
with damaging populations each year (Stivers, 1999).
Young plants may become stunted as a result of
leafhopper feeding and leaves may express a symptom
known as hopperburn, which is caused by salivary
compounds injected into plants as adults and nymphs
feed. Leaves from hopperburn-damaged plants curl and
turn yellow and eventually may become brown and die.
Yield losses due to leafhopper damage can exceed 50%
when infestations are high (Gonzalez and Wyman,
1991), but losses are generally much lower when plants
are attacked after bloom.
Insecticide use is the only viable approach for

managing infestations of potato leafhopper in snap
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bean (Reiners et al., 2003). If infestations meet or exceed
either one nymph per leaf or 0.5 leafhopper per sweep
between the seedling stage and bloom, growers are
advised to use a foliar application of a pyrethroid,
organophosphate or carbamate insecticide (Gonzalez
and Wyman, 1991; Petzoldt et al., 1998). To protect the
crop between bloom and harvest, growers typically
spray the crop at least one time with a broad-spectrum
insecticide. This application controls potato leafhoppers
as well as a suite of pod-damaging pests (e.g., European
corn borer, Ostrinia nubilalis [H .ubner], Mexican bean
beetles, Epilachna varivestis Mulsant, bean leaf beetles,
Cerotoma trifurcata [F .orster]).
Managing potato leafhopper infestations using foliar

sprays when plants are small can be difficult because
spray coverage is often inadequate and efficacy is limited
as residue becomes diluted on the rapidly expanding
foliage. Additionally, many growers do not have time or
resources to scout fields for leafhoppers early in the
season because of other farming demands (e.g., planting
other crops). As a result, many fresh-market snap bean
growers and some that grow beans for processing use a
soil-applied, systemic organophosphate insecticide such
as disulfoton or phorate to protect the crop until bloom.
Yet, these growers would prefer a safer and more
environmentally friendly insecticide than an organopho-
sphate. Therefore, an insecticide that is more environ-
mentally friendly and does not have to be sprayed on
foliage is needed for managing potato leafhopper
infestations during early growth stages of snap bean.
A potential solution may be to plant snap bean seed

treated with a neonicotinoid insecticide. In general, seed
treatments require much less active ingredient to control
pests than traditional application methods, thereby
reducing exposure of the insecticide to the user and
the environment. For example, the use of cyromazine-
treated seed (insect growth regulator) to control onion
maggot, Delia antiqua (Meigen), in onion reduced the
amount of active ingredient per acre by 85% compared
with using a drench treatment of chlorpyrifos (organo-
phosphate) in the furrow (Taylor et al., 2001). Neo-
nicotinoid seed treatments such as thiamethoxam and
imidacloprid move systemically within the plant and
provide protection against piercing-sucking insects such
as the leafhopper, Amrasca biguttula biguttula (Ishida),
on okra (Kumar et al., 2001), and aphids such as Myzus

persicae (Sulzer) on sugar beet (Dewar and Read, 1990)
and Shizaphis graminum (Rondani), Diuraphis noxia

(Mordvilko), Rhopalosiphum maidis (Fitch) and R. padi

(Linnaeus) on sorghum and small grains (Pike et al.,
1993; Sloderbeck et al., 1996; Gray et al., 1996).
The purpose of this research was to evaluate thia-

methoxam (Crusiers 5FS) and imidacloprid (Gauchos

480) seed treatments for managing potato leafhopper
infestations in snap bean. In 2003, Gauchos 480 was
labeled to control several insect pests, but not potato
leafhopper. Cruisers 5FS has not been labeled for any
pests on snap bean. In particular, we were interested in
these seed treatments as an alternative to foliar
insecticide sprays or soil-applied, systemic organo-
phosphates for controlling leafhoppers through the
bloom stage.
2. Materials and methods

The focus of this research was to compare efficacy of
neonicotinoid seed treatments for managing potato
leafhopper only during early stages of plant growth.
Seed treatments are not expected to provide season-long
protection, so yield data were not taken.

2.1. Insecticides and seed treatment technology

The following formulations of thiamethoxam and
imidacloprid were used in all studies: thiamethoxam—
Cruisers 5FS, Syngenta Crop Protection, Inc.,
Greensboro, NC, and imidacloprid—Gauchos 480FS,
Gustafson LLC, Dallas, TX. Seed treatments were
dispersed in water such that the volume of water was
equal to 0.5% of the seed weight, and then applied with
rotary pan coating equipment (R-6, Engineered Tech-
nology Systems [ETS], a Germain’s Technology Group
Co., Gilroy, CA).

2.2. Potato leafhopper damage and density assessments

To assess the efficacy of seed treatments on potato
leafhopper populations, either damage ratings or
densities of leafhoppers were recorded. Damage by
potato leafhoppers was determined using a rating scale
developed by Burkness et al. (2000). This scale is as
follows: 1=no foliar damage, 2=o10% foliage with
yellowing, 3=11–50% foliage with yellowing, 4=
51–90% foliage with yellowing, 5=o50% foliage with
yellowing and puckering, 6=51–90% foliage with
yellowing and puckering, 7=>90% foliage with yellow-
ing and puckering (Burkness et al., 2000).
Densities of nymphs were monitored in plots rather

than adults because adults moved frequently between
plots and often were present but not feeding. Thus,
counts of adults would not reflect adequately the
efficacy of the treatments. In contrast, the presence of
nymphs clearly indicated that the insecticide was no
longer working. Three to four weeks after planting, the
number of nymphs in each plot was recorded from 20
randomly selected trifoliate leaves located within the top
two-thirds of the canopy. Sampling continued weekly
until few leafhopper nymphs were observed in the
untreated control.
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2.3. Experiment I—evaluations in Minnesota

This experiment was conducted at the Green Giant
Agricultural Research Farm in Le Sueur, Minnesota in
2001. The soil type was a Wadena silt loam. On 29 May,
seeds, variety ‘OSU 5402’, were planted in plots
consisting of four rows each 10m-long. Plots were
flanked by at least two untreated rows and all rows were
planted 0.8m apart. Seed treatments included thia-
methoxam at rates of 30 and 50 g (a.i.)/100 kg of seed
and chlorpyrifos (Lorsbans) at a rate of 62.5 g (a.i.)/
100 kg of seed. Chlorpyrifos was included because it is a
standard product for controlling seedcorn maggot, Delia

platura (Meigen). As suspected, however, chlorpyrifos-
treated snap bean seed did not affect potato leafhopper
(see Results for Experiment I). An additional treatment
included the chlorpyrifos seed treatment plus one foliar
application of bifenthrin (Captures 2EC). The experi-
ment included these four treatments plus an untreated
control arranged in a randomized complete block design
replicated four times. Plots treated with bifenthrin were
sprayed at a rate of 0.04 kg (a.i.)/ha using a backpack
sprayer calibrated to deliver 187 l/ha at 241.3 kPa. With
the exception of the untreated control, all seeds were
treated with fludioxonil (Maxims 4FS) at a rate of
1.25 g (a.i.)/100 kg of seed, mefenoxam (Apron XLs LS)
at a rate of 2 g (a.i.)/100 kg of seed and Streptomycin at
2% v/v to control fungal and bacterial diseases during
the seedling stage. On 28 June, 30 d after planting when
plants had several trifoliates, each plot was rated for
potato leafhopper damage using the rating scale
described above. Density of leafhopper nymphs was
not recorded.

2.4. Experiment II—evaluations in New York

Experiments were conducted at Cornell University’s
New York State Agricultural Experiment Station
(NYSAES) in Geneva and in a commercial field at CY
Farms west of Pumpkin Hill, New York in 2002. Soil
types at NYSAES and CY Farms were a Lima silt loam
and an Ontario loam, respectively. Seeds, variety
‘Hystyle’, were planted on 4 June at NYSAES and on
8 June and 15 July at CY Farms using a 2-row
Monosem planter. Plots consisted of two 6.1m-long
rows, which were planted 0.8m apart. The experiment
had two seed treatments (thiamethoxam at a rate of 30 g
[a.i.]/100 kg of seed and imidacloprid at a rate of 63 g
[a.i.]/100 kg of seed) plus an untreated control arranged
in a randomized complete block design replicated five
times. Seeds in the untreated control were treated with
chlorpyrifos (Lorsbans 4E) at a rate of 62.5 g (a.i.)/
100 kg of seed to prevent damage by seedcorn maggot.
All treatments received captan (Captans 400) at a rate
of 41.6ml/kg of seed and Streptomycin 1% at 0.6 g/kg
of seed to control fungal and bacterial diseases during
early growth stages. Plots were amended at planting
with fertilizer following recommended commercial
practices (Reiners et al., 2003) and plots were irrigated
as needed only at CY Farms. Sampling plots for
leafhopper nymphs began on 1 July, 2 July and 8 August
for the plantings listed above, respectively.

2.5. Experiment III—rate comparisons in New York

and Illinois

This experiment was conducted at NYSAES and in a
commercial field near Champaign, Illinois in 2002.
Seeds, variety ‘Oregon 91G’, were planted at both sites
on 2 July. Soil types were a Lima silt loam and a silty
clay loam at NYSAES and in Champaign, respectively.
Planting and general plot maintenance were similar to
those described previously. Plots consisted of two and
three rows at NYSAES and in Champaign, respectively,
all of which were 6.1m-long. Plots were flanked by at
least one untreated row and all rows were planted 0.8m
apart. The experiment had five treatments (thiamethox-
am at rates of 30 g, 60 g and 120 g [a.i.]/100 kg of seed
and imidacloprid at rates of 63 and 125 g [a.i.]/100 kg of
seed) plus an untreated control arranged in a rando-
mized complete block design replicated four times. Seeds
in the untreated control were treated with chlorpyrifos
at the rate mentioned earlier to control seed maggots,
while all seeds were treated with fludioxonil, mefenoxam
and streptomycin at the same rates described previously
to control fungal and bacterial diseases during the
seedling stage.
Sampling plots for potato leafhopper nymphs

began on 26 and 22 July at NYSAES and in
Champaign, respectively. At the Champaign location,
the number of potato leafhopper nymphs was recorded
from 10 randomly selected trifoliate leaves per plot
rather than 20.

2.6. Insecticide active ingredient levels in plants

through time

Concentrations of thiamethoxam and imidacloprid
within dry leaf tissue were monitored throughout the
snap bean crop’s development in each of three
sequential plantings at NYSAES in 2002. The first
planting included Experiment II (4 June) and the second
was Experiment III (2 July). The third planting was
identical to Experiment II, but planted on 17 July.
Young leaves from the upper half of the canopy were
collected randomly from 20 plants, freeze dried and then
ground. Leaf samples were collected 14, 21, 28, 35 and
42 d after sowing, with the exception of the 2 July
planting in which samples were not taken 21 d
after planting. Thiamethoxam and imidacloprid was
extracted with water or methanol and water
(1:1 v/v), respectively, and the extracts homogenized
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and centrifuged. Enzyme-linked-immunosorbent assays
(ELISA) were used to detect and quantify levels of each
pesticide. Specific procedures for ELISA are described
for thiamethoxam by Beacon Analytical Systems, Inc.
Portland, ME (http://www.beaconkits.com) and imida-
cloprid in EnviroLogix Inc., Portland, ME (http://
www.envirologix.com).

2.7. Data analyses

Densities of potato leafhopper nymphs in the various
treatments during the season were subjected to a
repeated-measures analysis of variance (ANOVA) using
a general linear model (PROC GLM) and REPEATED
statement to identify significant treatment, date, and
treatment� date effects (Pp0:05) (SAS Institute, 1999).
On certain dates, these data also were subjected to a
one-way ANOVA using PROC GLM and treatment
means were compared using LSMEANS at Pp0:05:
Data were transformed using a log10ðx þ 1Þ function
before analysis, but untransformed means are presented.
Mean potato leafhopper damage ratings also were
subjected to a one-way ANOVA using PROC GLM
and treatment means were compared using LSD at
Pp0:05:
3. Results

3.1. Experiment I—evaluations in Minnesota

Thiamethoxam protected the snap bean crop from
leafhopper damage through the bloom stage (Table 1).
Both rates of thiamethoxam provided an equivalent
level of protection. In contrast, nearly 50% of the plants
expressed symptoms of hopperburn in untreated plots.
Plots treated with one foliar application of bifenthrin
had slightly more leafhopper damage than in thia-
methoxam-treated plots, but much less damage than
plants in the untreated plots. The chlorpyrifos seed
treatment had a high level of potato leafhopper injury.
Table 1

Mean potato leafhopper damage ratings in snap beans treated with neonico

Insecticide Application

Thiamethoxam Seed treatment

Thiamethoxam Seed treatment

Chlorpyrifos+bifenthrin Seed treatment+foliar spray

Chlorpyrifos Seed treatment

Untreated —

Ratings were made on 28 June (30 d after planting).
aMeans followed by the same letter are not significantly different (P > 0:0
bThe rating scale is as follows: 1=no foliar damage, 2=o10% foliage with

yellowing, 5=o50% foliage with yellowing and puckering, 6=51–90% folia

puckering (Burkness et al., 2000).
Although a large amount of damage was expected
because chlorpyrifos does not have systemic activity, we
cannot explain why damage was slightly greater in these
plots than in untreated ones.

3.2. Experiment II—evaluations in New York

Densities of potato leafhopper nymphs exceeded the
action threshold in untreated control plots in all three
plantings (Fig. 1A–C). In the planting at NYSAES
(Fig. 1A), mean numbers of nymphs varied differently
among treatments through time (seed treatment� sampling
date interaction: F ¼ 4:60; df ¼ 6; 24; P ¼ 0:0031).
Nymphs were first observed in untreated plots 34 d
after planting (8 July), and densities exceeded the action
threshold (Fig. 1A). Also, there were significantly fewer
nymphs in treated plots than in untreated ones, while
the fewest were in thiamethoxam-treated plots
(F ¼ 55:66; df ¼ 2; 8; Po0:0001). Densities of leafhop-
pers in all treated plots were below the action threshold.
Forty-two days after planting (16 July), when plants
were in bloom, no statistically significant differences
existed between leafhopper densities in treated and
untreated plots (P ¼ 0:1055). Results were similar 52 d
after planting (26 July) (P ¼ 0:1976). These results
indicate that thiamethoxam and imidacloprid protected
the snap bean crop from damaging levels of potato
leafhoppers for at least 34 d, but less than 42 d. Thus, the
crop was protected by both seed treatments until the
beginning of the bloom stage.
In the first planting at CY Farms (Fig. 1B), densities

of potato leafhopper nymphs again varied differently
among treatments through time (seed treatment�
sampling date interaction: F ¼ 5:70; df ¼ 6; 24;
P ¼ 0:0009). Densities of nymphs exceeded the action
threshold in untreated plots 30 d after planting (8 July)
(Fig. 1B). Thirty and 38 d after planting (8 and 16 July),
there were significantly fewer nymphs in thiamethoxam-
treated plots than in either imidacloprid-treated or
untreated plots (30 d after planting: F ¼ 11:40; df ¼
2; 8; P ¼ 0:0046; 38 d after planting: F ¼ 8:02; df ¼ 2; 8;
tinoid seed treatments in Le Sueur, MN in 2001

Rate (active ingredient) Damage ratinga,b

30 g (a.i.)/100kg of seed 1.0d

50 g (a.i.)/100kg of seed 1.0d

62.5 g (a.i.)/100 kg of seed; 36.8 g (a.i.)/ha 1.8c

62.5 g (a.i.)/100 kg of seed 6.0a

— 5.5b

5; LSD).
yellowing, 3=11–50% foliage with yellowing, 4=51–90% foliage with

ge with yellowing and puckering, 7=>90% foliage with yellowing and

http://www.beaconkits.com
http://www.envirologix.com
http://www.envirologix.com
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Fig. 2. Mean (7SEM) number of potato leafhopper nymphs per 20
trifoliate leaves in small plots of ‘Oregon 91G’ snap beans planted on 2

July 2002 in (A) a commercial field in Champaign, Illinois and (B) in

Geneva, New York. Each mean represents 4 replications (n ¼ 4). The
rates for the low and high imidacloprid treatments were 63 g and 125 g

(a.i.)/100 kg of seed, respectively, whereas the low, medium and high

rates of thiamethoxam were 30 g, 60 g and 120 g (a.i.)/100 kg of seed,

respectively.

Fig. 1. Mean (7SEM) number of potato leafhopper nymphs per 20
trifoliate leaves in small plots of ‘Hystyle’ snap beans planted on (A) 4

June in Geneva, New York, (B) 8 June near Pumpkin Hill, NY, and

(C) 15 July near Pumpkin Hill, New York in 2002. Each mean

represents 5 replications (n ¼ 5). The rates of imidacloprid and

thiamethoxam were 63 g (a.i.)/100 kg of seed and 30 g (a.i.)/100 kg of

seed, respectively.
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P ¼ 0:0123). During this period, densities of nymphs in
imidacloprid-treated and untreated plots did not differ,
while densities of nymphs in thiamethoxam-treated plots
remained below the action threshold. Forty-eight days
after planting (26 July), the infestation of leafhoppers
declined to non-economically threatening densities in all
plots. Thiamethoxam protected the crop from potato
leafhoppers for at least 38 d, when plants began to
bloom. In contrast, imidacloprid did not protect the
crop from leafhoppers through bloom.
In the second planting at CY Farms (Fig. 1C),

densities of potato leafhopper nymphs also varied
differently among treatments through time (seed treat-
ment� sampling date interaction: F ¼ 3:72; df ¼ 6; 24;
P ¼ 0:0093). The density of nymphs in untreated plots
exceeded the action threshold 31 d after planting (15
August) (Fig. 1C). Densities of nymphs were similar in
imidacloprid-treated and untreated plots, but there were
significantly fewer nymphs in thiamethoxam-treated
plots than in the others (F ¼ 5:89; df ¼ 2; 8;
P ¼ 0:0267). Thirty-nine and 45 d after planting (23
and 29 August), the number of nymphs in thiamethox-
am-treated plots did not significantly differ from the
others (39 d after planting: P ¼ 0:3305; 45 d after
planting: P ¼ 0:4602). These results were similar to
those in the first planting at CY Farms. Thiamethoxam
controlled leafhoppers between 31 and 39 d after
planting. Thus, thiamethoxam protected the crop from
leafhopper damage until the beginning of bloom.
Imidacloprid did not control potato leafhoppers
through the bloom stage.

3.3. Experiment III—rate comparisons in New York

and Illinois

The potato leafhopper infestation was very high at the
Champaign site (Fig. 2A). Densities of nymphs varied
differently among seed treatments through time (seed
treatment� sampling date interaction: F ¼ 12:61; df ¼
15; 45; Po0:0001). Twenty-seven days after planting
(29 July), densities of nymphs in thiamethoxam-treated
plots were significantly lower than densities in either
imidacloprid-treated or untreated plots (F ¼ 34:29;
df ¼ 5; 15; Po0:0001) (Fig. 2A). More importantly,
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Fig. 3. Relationship between mean (7SEM) concentrations of

thiamethoxam per dry weight of ‘Hystyle’ snap bean leaves from

three plantings (A–C) in Geneva, NY in 2002. Each mean represents 20

leaves (n ¼ 20).

B.A. Nault et al. / Crop Protection 23 (2004) 147–154152
densities of nymphs in all thiamethoxam-treated plots
were below the action threshold, whereas densities in all
imidacloprid-treated plots were well above the thresh-
old. Thirty-four days after planting (5 August), densities
of nymphs in all thiamethoxam-treated plots continued
to be significantly lower than those in both untreated
and imidacloprid-treated plots (F ¼ 12:33; df ¼ 5; 15;
Po0:0001); however, densities of nymphs were only
below the threshold in plots treated with the highest
rate. During this period, densities of nymphs in
untreated plots and those treated with imidacloprid
were high and well above threshold. Forty-one days
after planting (12 August), no significant differences
existed among densities of nymphs in treated and
untreated plots. These results were consistent with
those in Experiment II. Imidacloprid did not protect
the crop, whereas thiamethoxam protected the crop
until near the bloom stage (30 g [a.i.]/100 kg of
seed rate), the bloom stage (60 g [a.i.]/100 kg of seed
rate) and beyond the bloom stage (120 g [a.i.]/100 kg of
seed rate).
The leafhopper infestation was much lower at the

NYSAES site and densities of leafhopper nymphs did
not exceed the action threshold (Fig. 2B). Densities of
leafhopper nymphs varied differently among seed
treatments through time (seed treatment� sampling
date interaction: F ¼ 2:26; df ¼ 25; 75; P ¼ 0:0037).
Twenty-four days after planting (26 July), the density
of nymphs in treated plots was significantly lower than
the density in untreated plots (F ¼ 15:95; df ¼ 5; 15;
Po0:0001) (Fig. 2B). Thirty-five days after planting
(6 August), densities of nymphs in all thiamethoxam-
treated plots were significantly lower than in either
untreated plots or those treated with imidacloprid
(F ¼ 15:64; df ¼ 5; 15; Po0:0001). The density of
nymphs in plots treated with the high rate of imidaclo-
prid was significantly less than the density in the
untreated control, whereas densities between plots
treated with the low rate of imidacloprid and the
untreated control did not differ. Forty-two days after
planting (13 August), densities of nymphs in thia-
methoxam-treated plots were significantly lower than
those in untreated plots (F ¼ 12:52; df ¼ 5; 15;
Po0:0001). Densities of nymphs in imidacloprid-treated
and untreated plots did not differ. Leafhopper nymphs
peaked in untreated plots 49 d after planting (20
August), and densities of nymphs continued to be
significantly lower in all thiamethoxam-treated plots
than in untreated ones (F ¼ 4:03; df ¼ 5; 15;
P ¼ 0:0161). Densities of nymphs in all imidacloprid-
treated plots did not differ significantly from those in
either thiamethoxam-treated or untreated plots, with the
exception of the high rate of thiamethoxam. No
significant differences existed among densities of
nymphs in treated and untreated plots 56 d after
planting (27 August).
3.4. Insecticide active ingredient levels in plants

through time

Concentrations of thiamethoxam in snap bean
plants that received the low rate declined to near zero
21–28 d after planting, whereas concentrations in
bean plants that received the high rate did not
disappear until 35 d after planting (Fig. 3A–C). The
uptake of thiamethoxam into leaves 14 d after planting
was similar among plantings. These results are
interesting because conditions were cool and wet in
early June and hot and dry in July and August.
Concentrations of imidacloprid in snap bean leaves also
dissipated to very low levels 21–28 d after planting,
regardless of the initial amount on the treated seed (Fig.
4A–C). Fourteen days after planting, concentrations of
imidacloprid in the leaves of plants that received the 63 g
[a.i.]/100 kg of seed rate decreased with each successive
planting date. These differences likely were due to initial
differences in plant growth between the plantings caused
by the contrasting environmental conditions. Also at 14 d
after planting, the concentration of imidacloprid in
leaves was two times greater than that of thiamethoxam
when applied at a similar application rate (4 July
planting date: 63 g [a.i.] versus 60 g [a.i.]/100 kg seed)
(Figs. 3 and 4).
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Fig. 4. Relationship between mean (7SEM) concentrations of

imidacloprid per dry weight of ‘Hystyle’ snap bean leaves from three

plantings (A–C) in Geneva, NY in 2002. Each mean represents 20

leaves (n ¼ 20).
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4. Discussion

Thiamethoxam provided longer and more consistent
protection from potato leafhoppers than that provided
by imidacloprid. Thiamethoxam at a rate of 30 g (a.i.)/
100 kg of seed controlled leafhoppers until at least the
beginning of the bloom stage (27 d to over 38 d after
planting). Additionally, as the rate of thiamethoxam
increased, the duration of protection also increased. For
example, the 120 g (a.i.)/100 kg of seed rate of thia-
methoxam protected the crop from leafhopper nymphs
over the duration of the entire study in 2 of 2 plantings
(Champaign and NYSAES sites). In contrast, imidaclo-
prid at a rate of 60 g (a.i.)/100 kg of seed protected the
crop from leafhoppers in only 1 of 4 plantings. In this
one case (early June planting), leafhopper control lasted
between 34 and 42 d after planting. Control of
leafhoppers in this planting could reflect the greater
uptake of imidacloprid when plants were growing more
slowly under cool and wet conditions.
Thiamethoxam provided better potato leafhopper

control in snap bean than imidacloprid at half the
concentration (30 g [a.i.]/100 kg of seed versus 63 g [a.i.]/
100 kg of seed). Initially, we suspected that the high level
of control by thiamethoxam reflected its relatively high
water solubility (Maienfisch et al., 2001). Yet, concen-
trations of thiamethoxam and imidacloprid within snap
bean tissue dissipated to near zero at the same time,
21–28 d after planting. Despite the near absence of these
insecticides within plant tissue 21–28 d after planting,
leafhopper nymphs were controlled beyond this period.
Therefore, protection of the crop from nymphs until 31
to over 38 d after planting was likely due to the
insecticides either controlling adults or causing them
not to oviposit in plots within the first 3 weeks after
planting.
Based on our results, thiamethoxam has greater

physiological activity against potato leafhopper than
imidacloprid. In Minnesota snap bean fields, thia-
methoxam seed treatment provided more consistent
and often significantly greater control of bean leaf
beetle, Cerotoma trifurcata (Forster), compared with
imidacloprid seed treatment (Hutchison, unpublished).
Management of potato leafhopper infestations during

early growth stages of snap bean using thiamethoxam-
treated seed has clear advantages over using either foliar
insecticide applications or soil-applied applications of
systemic organophosphate insecticides. Difficulty asso-
ciated with properly timing foliar sprays, poor spray
coverage and reduced efficacy due to rapid plant growth
during early vegetative stages are avoided using seed
treatments. Additionally, weather conditions (i.e., wet
ground, rain) and other farming responsibilities that
interfere with appropriate timing of foliar applications
to control leafhoppers can be avoided with seed
treatments. A disadvantage of using seed treatments
rather than foliar sprays is that the decision to use seed
treatments must be made well in advance of planting.
Thus, growers would incur a significant and unnecessary
cost when potato leafhopper infestations are low.
Although the efficacy of seed treatments may or may

not be better than the efficacy of soil-applied, systemic
organophosphate insecticides, a seed treatment such as
thiamethoxam is much safer for the user and likely to be
less disruptive to the environment. Perhaps most
importantly, the amount of active ingredient required
to manage potato leafhoppers during early growth
stages of snap bean is reduced substantially compared
with either foliar or soil applications of insecticides.
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