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ABSTRACT Field studies were conducted at two locations on the Canadian prairies to investigate
use of reduced ratios of insecticide-treated seed in controlling ßea beetle (Coleoptera: Chrysomelidae,
Phyllotreta spp.) damage to canola (Brassica napus L. and Brassica rapa L.). Five treatments were
evaluated: bare seed control, fungicide-only (0X), and three ratios of insecticide plus fungicide in
proportions of all (1X), two thirds (0.67X), or one third (0.33X) of the seeds coated with insecticide.
Decreasing treated seed ratios by one third had no consistent deleterious effects on ßea beetle damage,
seedling growth, plant density, seed yield, or net cash return. Flea beetle injury to seedlings in the
1X treatment was similar to that of seedlings in the 0.67X treatment, with only two exceptions, and
it was almost always lower than that of seedlings without insecticide. The 0.33X treatment generally
had ßea beetle feeding levels between those of the two high and the two noninsecticide treatments.
Plant stand and seedling growth rates with 1X and 0.67X treatments were similar and higher than with
bare seed or fungicide-alone treatments. Seed yields were inversely proportional to ßea beetle feeding
levels. Under very heavy ßea beetle feeding, seed yields and net cash returns were highest in 1X plots,
but when ßea beetle feeding pressure was less extreme and canola growing conditions were favorable,
0.67X seed yields and proÞts from them were comparable to those in 1X treatments. On an economic
basis, currently there is no advantage to decreasing the level of insecticide treated canola seed, but
other considerations may affect this assessment.
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Flea beetles, principally Phyllotreta cruciferae
(Goeze) and Phyllotreta striolata (F.) (Coleoptera:
Chrysomelidae), are the most important chronic in-
sect pest of canola (Brassica napusL. andBrassica rapa
L.) on the Canadian prairies (Lamb 1989) and in the
states of North Dakota, Minnesota, and Montana
(Knodel 2007), where �90% of the United States
canola crop is grown (NASS 2008). Canola yield losses
from ßea beetle damage average 8Ð10% (Lamb and
Turnock 1982), exceeding $300 million annually
(Knodel and Olson 2002). Although cultural practices
such as fall seeding, zero tillage, and increased seeding
rate can ameliorate ßea beetle injury to canola to some
degree (Dosdall et al. 1999, Dosdall and Stevenson
2005), insecticides currently are the principal means
of ßea beetle control in canola production.

Insecticidal control measures are recommended
when 25% or more of the seedling cotyledon or leaf
surface is destroyed and ßea beetles are present
(Saskatchewan Agriculture and Food 2008). When

ßea beetle numbers are high, the speed at which they
can destroy plant stands makes reliance on postemer-
gence foliar insecticides risky (Lamb and Turnock
1982, Weiss et al. 1991), and a systemic insecticidal
seed treatment is the recommended method of ßea
beetle control (Canola Council of Canada 2008). The
common practice is to combine insecticides with fun-
gicides in canola seed treatments to provide dual pro-
tection against early feeding insects and seedling dis-
eases such as root rot or damping off.

In-furrow granular insecticides such as carbofuran
and terbufos were used until the 1990s for ßea beetle
control in canola in Canada. However, concerns about
their environmental safety (e.g., Mineau et al. 2005)
contributed to their deregistration for this use, and
systemic seed-coated treatments largely replaced
granules for ßea beetle control. Systemic seed treat-
ments have been used effectively to control a variety
of early season, soil-inhabiting or foliar pests (Wilde et
al. 2004); and now, �90% of the 5Ð6 million ha seeded
to canola in North America are treated with seed
treatment insecticides (C. Anderson, personal com-
munication). Until recently, most of the insecticide in
canola seed treatments in Canada was the organo-
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chlorine lindane, or �-hexachlorocyclohexane. In
1998, for example, an estimated 510 Mt of lindane was
applied to canola seed in Canada (Waite et al. 2001).
Waite et al. (2001) estimated that 12Ð30% of the lin-
dane applied to canola may be volatilized from Þelds
and released into the atmosphere. Concerns over bio-
accumulation of lindane in the environment, work-
place safety in treatment facilities, and lack of harmo-
nization with products for ßea beetle control in the
United States precipitated CanadaÕs voluntary with-
drawal of lindane-based canola seed treatments effec-
tive July 2001; lindane was deregistered for all agri-
cultural uses in Canada in December 2004
(Commission for Environmental Co-operation 2006).
Several compounds in the new neonicotinoid insec-
ticide class of insecticides have been evaluated as
replacements for lindane as seed dressings for ßea
beetle control in canola (Elliott et al. 2004, 2007); and,
currently, acetamiprid, clothianidin, imidacloprid,
and thiamethoxam are registered for this use in Can-
ada (Pest Management Regulatory Agency (Health
Canada) 2001a, 2001b, 2003, 2004). Nicotinoids act as
nicotinic acetylcholine receptor agonists or insect
neurotoxins, and they are considered to have reduced
mammalian toxicity compared with lindane (Tomi-
zawa and Casida 2005). However, the use of large
volumes of neonicotinoid seed treatments that have
replaced lindane raises concerns about their effects on
the environment (e.g., Krischik et al. 2007). These
prophylactic treatments cost $30Ð50 million per year;
and depending on ßea beetle feeding pressure, they
may not be always necessary. Most of the canola seed
available from commercial sources is precoated with
insecticide, fungicide, or both. If untreated seed was
available, producers could vary the ratio of insecti-
cide-treated to untreated seed planted. A reduction in
the amount of treated seed used, if remaining efÞca-
cious against ßea beetle damage, could result in eco-
nomic and environmental beneÞts. This project de-
termined whether reduced ratios of insecticide-
coated seed reduce ßea beetle damage below
economic levels and maintain canola seed yields com-
pared with total use of coated seed.

Materials and Methods

Treatments with differing proportions of insecti-
cide-coated B. napus canola seed and seed with or
without fungicide were evaluated in trials at two lo-
cations: Brandon, MB, Canada (49� 50� N, 99� 57� W,
orthic black chernozemic soil) and Saskatoon, SK,
Canada (52� 09� N, 104� 36� W, orthic dark brown
chernozemic soil), over the 2002Ð2004 summer sea-
sons. Plots were fertilized to soil test recommenda-
tions and glyphosate-tolerantB. napusÔSW ArrowÕ was
planted on 14Ð22 May at Brandon and on 14Ð24 May
at Saskatoon at a rate of 4.5 kg/ha in 12- by 8-m plots
by using disk drills with 30-cm row spacings. Within
each year, both locations received the same seed lot
and seed-coating batch. Seed dressing formulations of
the systemic neonicotinoid insecticide acetamiprid 50
FS seed treatment (Premium Plus, Assail, DuPont,

Mississauga, ON, Canada), consisting of acetamiprid
at 3.6 g (AI)/kg seed with or without a thiram and
ipridion fungicide mixture, was evaluated. The Þve
treatments, all seeded at 4.5 kg/ha, consisted of bare
seed, seed that had been coated with fungicide only,
and seed that had been coated with fungicide and
insecticide in proportions of all, two thirds, one third,
and no seed coated with insecticide (Table 1). The
treatments were seeded in a Latin square design, with
each treatment occurring once in each of the Þve
replicates.

In 2003 and 2004, the same seedlot as used in the
acetamiprid treatment described above was coated
with the systemic neonicotinoid insecticide clothia-
nidin (Prosper, Bayer CropScience, Calgary, AB, Can-
ada) at 2 g (AI)/kg seed and with the fungicides
carbathiin, thiram, and metalaxyl, or with the fungi-
cides only. Coated and bare seed was sown in pro-
portions similar to and in plots adjacent to the acet-
amiprid trials at both locations. At Brandon, both
insecticide trials were seeded on the same day in both
years, but at Saskatoon the acetamiprid trial was
seeded 8 d (2003) or 3 d (2004) earlier than the
clothianidin trial.

Flea beetle damage was assessed on cotyledons and
Þrst to third true leaves at approximately weekly in-
tervals two to three times after emergence. The Bran-
don trials were monitored 7, 14Ð15, and 21Ð22 d after
emergence of the seedlings in all 3 yr. At Saskatoon,
the initial rating of feeding damage was conducted 7 d
after the majority of seedlings emerged in 2002, but
the extremely heavy feeding at the time of emergence
in 2003 led us to conduct the Þrst evaluations 3 d after
emergence in the acetamiprid trial and 1 d after emer-
gence in the clothianidin trial, to obtain data while the
seedlings were still alive. In 2004, the rapid and uni-
form germination facilitated early assessment of dam-
age. In all cases, the Þrst rating evaluated damage to
cotyledons; the second rating evaluated damage to
seedlings primarily in the Þrst and second true leaf
stage; in the third rating, although a few advanced
seedlings had up to four true leaves, the majority
of seedlings were in their second true leaf stage.

Visual ratings using the 0Ð10 scale of Palaniswamy
et al. (1992) were conducted in Þve (Brandon) or four

Table 1. Treatments used to determine the effects of reducing
ratios of acetamiprid- or clothianidin-treated canola seed on feed-
ing by flea beetles at Saskatoon, SK, and Brandon, MB, Canada,
2002–2004 (acetamiprid) or 2003–2004 (clothianidin)

Treatment Designation

Seeding rate (kg ha�1)

Seed treated
with

insecticide
and

fungicide

Seed treated
with

fungicide
only

Bare
seed

Full seed treatment 1X 4.5 0 0
2/3 seed treatment 0.67X 3 1.5 0
1/3 seed treatment 0.33X 1.5 3 0
Fungicide only

treatment
0X 0 4.5 0

Bare seed
treatment

Bare seed 0 0 4.5
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(Saskatoon) randomly selected areas in each plot with
10 plants rated per area. A rating of 0 indicated no
damage and 10 meant the tissue was completely sev-
ered or destroyed. Ratings were conducted on each
cotyledon and averaged over them. Feeding levels on
cotyledons and Þrst to fourth true leaves were then
averaged to derive an overall value for tissue area
eaten. Feeding was so severe in the acetamiprid trial
at Saskatoon in 2003 that many seedlings, particularly
in noninsecticide treatments, were killed. As a con-
sequence, damage ratings in these treatments in sub-
sequent examination periods were lower than true
values because seedlings that had been 100% damaged
in the previous evaluation period were no longer vis-
ible. In these cases, damage levels were adjusted by
the proportion reduction in plant count when feeding
approached 100% (adjusted average damage per
plot � (proportion mortality) � (100% damage) �
(proportion survival) � (sample observed average
damage)) (Sampford 1962). Feeding levels were con-
verted to percentage of leaf area eaten for presenta-
tion in tables. Plant densities per randomly selected
meter row from four randomly selected rows per plot
were counted 11Ð20 d after emergence at Saskatoon
and per randomly selected square meter in the fall at
Brandon. Plant growth stage, using the scale of Harper
and Berkenkamp (1975), was recorded from 10 seed-
lings per plot at Saskatoon at the same time as plant
densities were determined. Plots were harvested with
a plot combine at maturity, seed was cleaned, and seed
weight per treatment determined.

A partial economic analysis was undertaken from a
revision of the method of Upadhyay et al. (2007). For
each location and year, the net return was calculated
from a hectare of canola sown with different ratios of
insecticide-coated seed as the difference between
gross returns and speciÞed production costs:

� � p(yi,t) � w(chi,t) � mi,t � ocit

where p is price of canola; yi,t is the canola yield for
treatment I in year t; w is the unit cost of production
of insecticide-coated seed; chi,t is the quantity of in-
secticide-coated seed sown per ha of treatment I in
year t, based on the seeding rate;mi,t is marketing costs
of transporting grain to market; and ocit is other pro-
duction costs. The canola price used was the futures
settlement price on the Winnipeg Commodity Ex-
change in November of the year of production (Sta-
tistics Canada 2002, 2003, 2004). Because clothianidin
was not commercially available in 2002, the cost of
seed treatment per unit quantity was assumed to be
similar for both insecticides. Transportation costs
were averaged over the 3 yr (Saskatchewan Agricul-
ture 2003). Other production costs factored into the
net return included seed, fertilizer, and herbicide (Al-
berta Agriculture 2003, 2004). Not included in the
equation were machinery operation, maintenance and
fuel costs, labor, insurance, and capital costs such as
land, depreciation, and paid capital interest.

Analysis of variance (ANOVA) (SAS Institute 1997)
was used to determine the effects of treatments on ßea
beetle feeding levels, plant densities, growth stage

(Saskatoon), seed yields, and net economic returns.
To stabilize variances in percentage of leaf area eaten,
data were transformed using arcsine transformation.
Because growth stage is a categorical rather than nu-
merical measurement, data on plant growth stage
were transformed to ranks, and nonparametric anal-
ysis was conducted on this trait. Least signiÞcant dif-
ferences (LSDs) at the 5% level of probability were
used to differentiate among treatment effects. Linear
regression (PROC REG, SAS Institute 1997) was used
to examine the relationship between ßea beetle feed-
ing levels and canola seed yields. Seed yield was re-
gressed over the average percentage of tissue area
eaten per treatment for each of the three sampling
dates at each location for each insecticide.

Results

A cold, dry spring in 2002 resulted in poor initial
germination and a second ßush of the canola at both
locations. Flea beetle feeding damage was extensive,
however, because high populations of beetles fed on
the limited number of seedlings available. Spring 2003
was warm and dry, canola germination was excellent,
and ßea beetle feeding pressure was extreme at both
sites. Infestations of grasshoppers in August at both
locations affected seed yields randomly across treat-
ments. Spring 2004 was much cooler and wetter than
normal across most of the prairies, with high canola
germination rates and lower ßea beetle damage levels
than in the two previous years.
Feeding Damage. Flea beetle feeding levels were

high in both locations in all years. In eight of the 10
trials, damage ratings on 1X seedlings exceeded the
economic threshold of 25% leaf area eaten (Tables 2
and 3). Flea beetle feeding varied with location, year,
and, on occasion, insecticide trial. Data are therefore
presented for individual locations, years, and insecti-
cides. Patterns of ßea beetle feeding in the Brandon
trials were similar for both insecticides in all three
years, with the degree of early foliar feeding being
inverse to the proportion of seed treated with insec-
ticides (Table 2). Although magnitude of feeding var-
ied among years, seedlings from the unprotected bare
seed and fungicide-only 0X seed treatments were fed
upon the most until at least 15 d after emergence, 1X
and 0.67X ratios of coated seed were fed upon the
least, and 0.33X ratio plants had damage levels be-
tween these two groups. Feeding levels in late assess-
ments in both insecticide trials in 2004 were the ex-
ception; feeding values on the second and third dates
in that year were not related to levels of insecticide-
coated seed applied.

Flea beetle feeding levels at Saskatoon followed the
pattern found at the Brandon trials, although they
were generally greater in intensity. Seedlings unpro-
tected by insecticide in all Saskatoon acetamiprid tri-
als suffered heavy and rapid feeding losses from ßea
beetles, exceeding the economic threshold on the Þrst
evaluation date (Table 3). By the second evaluation
date in 2002 and 2003, most of the seedlings in the bare
seed and 0X treatments were almost completely de-
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foliated or dead (Table 3). In 2004, the feeding pres-
sure was less intense than in the previous 2 yr, but it
exceeded the economic threshold on unprotected
seedlings by the second rating. In all trials, plants from
the 1X and 0.67X treatments were fed upon less than
were the bare seed seedlings and usually less than the
fungicide-alone seedlings (Table 3).

In 16 of the 29 plant damage evaluations undertaken
at both locations in this study, the difference in feed-
ing levels between 0.67X and 1X plants was 2% or less
(Tables 2 and 3). Damage levels were statistically
greater in 0.67X plants than in 1X plants in only two
evaluations, the last ratings of both insecticide trials at
Saskatoon in 2003.
Plant Densities and Growth Rates. At Brandon,

where numbers of canola plants were recorded per
square meter at harvest, plant density varied with seed
ratio treatment in two of the Þve trials (Table 4). Plant
density varied with seed ratio treatment in all trials at
Saskatoon, where densities were recorded per meter

row in the spring at the same time that seedlings were
evaluated for feeding damage. At Saskatoon over both
insecticide trials and all 3 yr, there was a consistent
pattern of increased plant density with increased ratio
of insecticide-coated seed (Table 4). The 0.67X treat-
ment had plant densities similar to those of the 1X
treatment, whereas plant densities of the 0.33X treat-
ment varied at or below the levels of the two treat-
ments with greater numbers of insecticide-treated
seed.

At Saskatoon in 2002 and 2003, plant development
was slowed by the absence of insecticide coating the
seed, with little difference in growth stage among the
three treatments containing insecticide (Table 4). In
2004, plant development was not affected by the ratio
of pesticide-treated seed sown.
Seed Yields. Over all treatments at both locations,

seed yields were lower than provincial average seed
yields in nine of the 10 trials (Table 5). At Brandon,
seed yields differed signiÞcantly among seed ratio

Table 2. Mean percentage of tissue area eaten by flea beetles on youngest canola ‘SW Arrow’ tissues grown from seed with five different
ratios of acetamiprid- or clothianidin-coated:uncoated seed at Brandon, MB, Canada, in 2002–2004, evaluated two or three times after
seedling emergence

Seed ratio

Acetamiprid Clothianidin

2002 2003 2004 2003 2004

7 DAEa 14 DAE 7 DAE 14 DAE 21 DAE 7 DAE 14 DAE 21 DAE 7 DAE 14 DAE 21 DAE 7 DAE 14 DAE 21 DAE

% tissue area eaten
Insecticide and

fungicide 1X
11.5ab 7.4c 9.3c 38.2c 55.5c 4.6a 19.7a 38.5a 14.0c 41.5c 61.8b 4.2a 11.0a 29.0a

Insecticide and
fungicide 0.67X

11.8a 9.0c 15.3c 45.0bc 61.0bc 4.7a 20.8a 39.6a 15.4c 49.1bc 62.6b 5.5a 18.1a 36.8a

Insecticide and
fungicide 0.33X

14.0a 15.2b 21.8b 46.8b 61.9b 7.9a 17.8a 37.0a 29.7b 57.9ab 73.7a 5.6a 14.8a 34.7a

Fungicide alone
0X

24.1a 24.1a 41.9a 57.5a 71.1a 6.5a 20.3a 36.7a 54.1a 65.8a 78.2a 8.1a 12.2a 25.5a

Bare seed 23.8a 21.2a 41.6a 59.3a 70.6a 7.1a 23.9a 37.2a 53.1a 63.3a 78.2a 8.2a 13.7a 29.3a
P � n.s. 0.0001 0.0001 0.0001 0.001 n.s. n.s. n.s. 0.0001 0.001 0.001 n.s. n.s. n.s.
LSD 14.8 5.8 6.5 7.1 6.0 3.5 10.9 8.0 6.0 10.4 8.4 3.9 9.0 11.7

aDAE, days after seedling emergence.
bMeans within columns followed by the same letter are not signiÞcantly different, ANOVA at P � 0.05 and LSD; n.s., differences not

signiÞcant.

Table 3. Mean percentage of tissue area eaten by flea beetles on youngest canola ‘SW Arrow’ tissues grown from seed with five different
ratios of acetamiprid- or clothianidin-coated:uncoated seed at Saskatoon, SK, Canada, in 2002–2004, evaluated three times after seedling
emergence

Seed ratio

Acetamiprid Clothianidin

2002 2003 2004 2003 2004

7 DAEa 14 DAE 21 DAE 3 DAE 11 DAE 17 DAE 3 DAE 11 DAE 19 DAE 1 DAE 7 DAE 15 DAE 1 DAE 12 DAE 20 DAE

% tissue area eaten
Insecticide and

fungicide 1X
4.9cb 44.8bc 26.4a 4.4b 63.5b 50.3d 8.1c 15.6c 33.2b 0.8a 5.4b 15.6d 0.4c 13.4b 28.2b

Insecticide and
fungicide
0.67X

9.3c 43.8c 29.0a 6.8b 69.4b 62.0c 7.9c 17.7c 31.7b 1.3a 8.9b 20.8c 4.4bc 13.5b 29.6b

Insecticide and
fungicide
0.33X

16.3c 59.5b 37.1a 12.2b 93.2a 72.4b 14.3bc 18.0b 32.0b 1.4a 12.8b 25.6c 3.4bc 17.5b 35.1a

Fungicide alone
0X

42.7b 93.3a 32.7a 73.1a 97.3a 94.1a 25.5a 23.9ab 37.2a 3.2a 38.6a 38.2b 8.0ab 27.9a 36.2a

Bare seed 68.3a 95.6a 35.3a 64.2a 91.7a 94.2a 20.0ab 24.0a 34.3ab 2.8a 46.0a 43.8a 9.3a 29.6a 37.1a
P � 0.0001 0.0001 n.s. 0.0001 0.0001 0.0001 0.01 0.05 0.05 n.s. 0.0001 0.0001 0.01 0.01 0.005
LSD 16.6 15.6 11.4 17.9 12.2 10.4 9.9 5.9 3.7 2.7 12.2 5.0 4.7 10.4 4.2

aDAE, days after seedling emergence.
bMeans within columns followed by the same letter are not signiÞcantly different, ANOVA at P � 0.05 and LSD; n.s., not signiÞcant.
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treatments in one trial only, the acetamiprid trial in
2003. There, seed yields in the 1X and bare seed plots
were equal and signiÞcantly higher than yields in the
0.67X, 0.33X, and 0X plots (Table 5). There was a trend
for decreased seed yields with absence of insecticide
in the 2002 acetamiprid trial and the 2003 clothianidin
trial, but high within-treatment variability rendered
treatment differences not signiÞcant. In 2004, there
was no pattern of seed yields with treatment.

At Saskatoon, seed yields were signiÞcantly differ-
ent among seed ratio treatments in all Þve trials, with
yield levels varying directly with the levels of insec-
ticide-treated seed. In all trials, the 1X and 0.67X treat-

mentsoutyielded thebare seedand fungicidealone0X
treatments (Table 5). In only one trial, the acet-
amiprid trial in 2003, did the 1X treatment outyield the
0.67X treatment (Table 5). The 0.33X treatment had
seed yields higher than those of bare seed treatments
in all trials, higher than the fungicide-alone 0X treat-
ment in three trials and lower than 1X or 0.67X treat-
ment yields in two trials.

Negative relationships were revealed when seed
yields were regressed over ßea beetle feeding levels
on a per treatment basis at each location. However,
differences in regressions between the two insecti-
cides were not signiÞcant, and data were combined

Table 4. Plant densities of canola ‘SW Arrow’ in plots sown with five different ratios of acetamiprid or clothianidin-coated: uncoated
seed at harvest at Brandon, MB, Canada (a); and 11–20 d after emergence at Saskatoon, SK, Canada and plant growth stage at Saskatoon
at the time of plant density measurement, 2002–2004 (b)

Seed ratio
Acetamiprid Clothianidin

2002 2003 2004 2003 2004

(a) Brandon Plants m�2

Insecticide and fungicide 1X 22.0aa 45.6a 47.0a 53.9a 49.6a
Insecticide and fungicide 0.67X 24.1a 45.3a 44.0a 52.1a 43.7a
Insecticide and fungicide 0.33X 18.8ab 43.8a 49.4a 53.4a 44.5a
Fungicide alone 0X 13.1b 40.5a 46.6a 44.9ab 37.1a
Bare seed 13.3b 43.0a 40.3a 38.5b 41.7a
P � �0.0001 n.s. n.s. 0.05 n.s.
LSD 7.7 6.5 11.2 9.1 16.6

Plant stand density Plant growth stageb

Acetamiprid Clothianidin Acetamiprid Clothianidin

2002 2003 2004 2003 2004 2002 2003 2004 2003 2004

(b) Saskatoon Plants m�1 row Growth stage
Insecticide and fungicide 1X 18.2a 17.7a 15.4ab 17.5a 18.2a 2.00a 2.19ab 2.02a 1.70a 2.32a
Insecticide and fungicide 0.67X 17.7a 13.9ab 14.9ab 15.5a 15.6ab 2.00a 2.25a 2.08a 1.62a 2.28a
Insecticide and fungicide 0.33X 14.3a 10.7b 16.5a 17.3a 13.4b 1.90a 1.95b 2.06a 1.63a 2.27a
Fungicide alone 0X 3.4b 4.6c 15.8ab 8.7b 14.4ab 1.50b 1.14c 2.06a 1.27b 2.26a
Bare seed 0.2b 3.2c 12.2b 6.3b 9.0c 1.20c 1.15a 2.03a 1.30b 2.27a
P � �0.0001 0.0001 0.05 0.05 0.001 �0.0001 0.0001 n.s. 0.01 n.s.
LSD 6.1 4.8 2.7 8.2 3.8

aMeans within columns followed by the same letter are not signiÞcantly different, ANOVA at P � 0.05 and LSD; n.s., not signiÞcant.
bGrowth stage 1, cotyledon; 2.0, rosette; 2.1, Þrst true leaf fully expanded, 2.2, second true leaf fully expanded; 2.3, third true leaf fully

expanded (Harper and Berkenkamp 1975). Analysis of growth stage conducted on ranked data to account for qualitative trait.

Table 5. Average seed yields of canola, SW Arrow, at Brandon, MB, and Saskatoon, SK, from plots sown with five different ratios
of acetamiprid or clothianidin-coated: uncoated seed, 2002–2004

Seed ratio

Acetamiprid Clothianidin

2002 2003 2004 2003 2004

Brandon Saskatoon Brandon Saskatoon Brandon Saskatoon Brandon Saskatoon Brandon Saskatoon

Canola seed yield (kg ha�1)
Insecticide and

fungicide 1X
690aa 327a 941a 412a 1,540a 1,760a 730a 632a 1,710a 1,330a

Insecticide and
fungicide 0.67X

757a 340a 753b 283b 1,510a 1,720ab 749a 601a 1,590a 1,430a

Insecticide and
fungicide 0.33X

594a 252ab 748b 137c 1,620a 1,700ab 658a 662a 1,610a 1,190b

Fungicide alone 0X 569a 152bc 665b 19.8d 1,670a 1,580b 640a 339b 1,690a 1,040c
Bare seed 520a 92.8c 923a 16.7d 1,640a 1,430c 574a 396b 1,540a 981c
P � 0.06 0.01 0.01 �0.0001 n.s. 0.01 n.s. �0.0001 n.s. �0.0001
LSD 219 123 135 104 126 145 266 86.1 170 127
Avg. provincial

canola yieldb
1,458 941 1,748 1,160 1,627 1,196 1,748 1,160 1,627 1,196

aMeans within columns followed by the same letter are not signiÞcantly different, ANOVA at P � 0.05 and LSD; n.s., not signiÞcant.
b From DeClerq, D. R. Reports on the Quality of Western Canadian Canola 2002, 2003, 2004, 2005. Canadian Grain Commission, Winnipeg

(http://www.grainscanada.gc.ca/Quality/Canola/2003/canola-2003-e.pdf).
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over them. Although the strongest relationships at
Brandon were evident when yields were compared
with feeding levels on the third evaluation date (P�
0.0001 for all treatments), this data set was not used
because of the absence of a third feeding assessment
in2002.Threeof theÞve treatment regressionsofyield
and feeding levels on the second assessment day were
signiÞcant, those for bare seed, fungicide seed, and
0.33X seed treatments (Fig. 1). However, with R2

values ranging from 0.07 to 0.41, the relationship be-
tween seed yield and ßea beetle damage levels at
Brandon was not a strong one. At Saskatoon, how-
ever, all regressions of seed yield and damage levels
on the second assessment date were signiÞcant
(0.0001 � P� 0.004), with R2 values ranging from
0.31 to 0.69. The regressions were strongest in the
bare seed and fungicide only treatments. Slope did
not vary with treatment at either location (F� 0.45,
P � 0.75).
Economic Analysis. Using the output and input

costs listed in Table 6a to determine the net return

from growing canola with different ratios of insecti-
cide-treated seed, no consistent signiÞcant relation-
ship between ratios of treated seed and proÞt or loss
from canola production was found at Brandon (Table
6b). Except for the bare seed treatment in the acet-
amiprid trial in 2003, which did not Þt the pattern,
there was a trend for declining proÞt with declining
use of treated seed at Brandon in 2002 and 2003 (Table
6c). However, in the acetamiprid trial in 2004, greater
proÞt was made by not using insecticide in a seed
treatment. In contrast, at Saskatoon greater proÞt con-
sistently was made or less loss was incurred with use
of 1X or 0.67X levels of treated seed compared with
untreated seed in all Þve trials (Table 6b). In only one
case, the acetamiprid trial in 2003, was the net return
from the 1X treatment signiÞcantly greater than from
the 0.67X treatment. Over both locations, in four of the
10 trials proÞt from 0.67X treatments was numerically
greater than that from 1X treatments, but the differ-
ence was not signiÞcant in any trial. Year played a
major role in the calculation of net returns, as did the

Fig. 1. Linear regressions of seed yield over ßea beetle feeding damage to canola seeded with Þve ratios of insecticide
treated:untreated seed, combined over the insecticides acetamiprid and clothianidin and years 2002Ð2004. Open symbols,
Brandon; solid symbols, Saskatoon; triangles, bare seed; diamonds, fungicide only seed 0X; inverted triangles, one-third seed
with insecticide 0.33X; squares, two-thirds seed with insecticide 0.67X; and circles, all seed treated with insecticide 1X.
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year � insecticide interaction, but insecticide itself
did not (Table 6b).

Discussion

This investigation is the Þrst to report how ßea
beetle feeding and canola yield is affected by de-
creased proportions of neonicotinoid-treated seed.
It was carried out in years of extremely variable
weather conditions and heavy, ßuctuating ßea bee-
tle feeding pressure. Drought such as occurred in
the spring of 2002 can stress canola seedlings (Rich-
ards and Thurling 1978) and exacerbate the severity
of ßea beetle injury (Lamb 1988). However, cold
and wet conditions such as prevalent in spring 2004
may hinder uptake of insecticide, dampen insect
feeding pressure, and encourage the proliferation of
seedling diseases (Rimmer et al. 2003). The lack in
pattern of ßea beetle feeding in 2004 at Brandon
suggests that neither insecticide was efÞcacious in
any treatment. Despite this variability in weather
and ßea beetle feeding pressure, consistent patterns

in variability in canola parameters with seed treat-
ment ratios were found.

The levels of ßea beetle feeding found on full ac-
etamiprid and clothianidin treatment and on un-
treated control seedlings at Saskatoon in this study
were similar to those seen in nearby pesticide evalu-
ation trials (Elliott et al. 2004, 2007). In the current
investigation ßea beetle feeding decreased inversely
with the amount of insecticide-treated seed sown, but
leveled off at 0.67X and 1X treatments. At both loca-
tions and in all ten trials in the study, the 0.67X treat-
ment exhibited feeding levels similar to those in the 1X
treatment in the Þrst and second evaluations after
seedling emergence. The signiÞcantly greater damage
levels found in the 0.67X treatments than in the 1X
treatments on the last evaluation date in both insec-
ticide trials at Saskatoon in 2003 was likely due to
prolonged, favorable feeding conditions and the high
ßea beetle populations in that year (http://www.
westernforum.org/western_committee_on_crop_pests.
htm). The differences in damage between older seed-
lings in 1X and 0.67X treatments would not have had

Table 6. Figures for returns and costs (a), significance of treatment effects on net return by location (b), and a partial economic analysis
of canola grown from seed with five different ratios of insecticide-coated:uncoated seed, Brandon and Saskatoon 2002–2004 (c)

(a) Output and
input costs

Common 2002 2003 2004 Units

1. Output
Canola 429.00 343.00 288.00 CAN$ Mg�1

2. Inputs
Seed 8.03 CAN$ ha�1

Insecticide 17.25 CAN$ ha�1

Fungicide 8.65 CAN$ ha�1

Fertilizer N 0.73 0.88 0.92 CAN$ kg�1 actual N
P 0.63 0.64 0.65 CAN$ kg�1 actual P
S 0.32 0.32 0.32 CAN$ kg�1 actual K
Herbicide 11.30 11.08 10.94 CAN$ ha�1

Transportation 8.50 CAN$ ha�1

(b) ANOVA results P �

Source of variation Brandon Saskatoon

Seed ratio 0.763 �0.0001
Insecticide 0.171 0.711
Seed ratio � insecticide 0.307 0.487
Year �0.0001 �0.0001
Year � seed ratio 0.292 0.79
Year � insecticide 0.034 �0.0001
Year � ratio � insecticide 0.622 0.132

Acetamiprid Clothianidin

2002 2003 2004 2003 2004

(c) Partiala net
returns seed ratio

Brandon Saskatoon Brandon Saskatoon Brandon Saskatoon Brandon Saskatoon Brandon Saskatoon

CAN $ ha�1

Insecticide and
fungicide 1X

161.85ab 8.96a 180.92a 3.91a 292.01b 353.11a 110.36a 77.58a 339.83a 233.65ab

Insecticide and
fungicide 0.67X

192.88a 17.60a 120.74b �36.28b 286.00b 343.75ab 119.46a 69.87a 309.08a 262.08a

Insecticide and
fungicide 0.33X

126.91a �16.79ab 122.10b �82.25c 317.87ab 341.80ab 92.04a 93.30a 316.30a 198.64b

Fungicide alone 0X 119.68a �55.78bc 97.08b �118.65d 336.10a 311.73bc 88.66a �11.98b 342.69a 160.58c
Bare seed 107.31a �72.13c 192.06a �111.27cd 335.30a 278.79c 75.26a 15.72b 309.71a 152.07c
P � n.s. 0.01 0.005 0.0001 0.05 0.01 n.s. 0.0001 n.s. 0.0001
LSD 110.22 51.68 45.06 30.82 35.12 40.46 110.12 28.80 47.62 35.42

a Excluding machinery, labor, crop insurance and capital costs.
bMeans within columns followed by the same letter are not signiÞcantly different, ANOVA at P � 0.05 and LSD; n.s., not signiÞcant.
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as large an inßuence on subsequent canola plant
growth as would have differences found earlier in
seedling growth. Flea beetle damage to canola is most
severe when it occurs on the youngest seedlings, be-
cause compensation to injury can occur as the plant
grows (Nowatzki and Weiss 1997).

In the current study, insecticide protection in the
0.33X treatment did not equal that of the 1X treatment
in the majority of trials where feeding differences
were found among treatments. This decreased pro-
tection may be because the distance between treated
seeds was too great to protect untreated seeds be-
tween them. Although this is a reasonable conjecture,
there is a paucity of published information on adsorp-
tion, uptake, and degradation of neonicotinoid seed
treatments in general, and on uptake of neonicotinoids
from treated seed to neighboring untreated seed in
particular. In an early examination of the fate of sys-
temic organophosphorus insecticide seed treatments,
the distribution of phorate 11 d after sowing of seed-
treated wheat was found to be triangular, or in three
dimensions, cone-shaped, with the seed at the apex of
the cone (Bardner et al. 1963). Wheat plants grown
from untreated seeds were toxic to cereal aphids when
grown as far as 3.8 cm away from seeds treated with
phorate (Bardner 1964).

At both locations in the current study, plant den-
sities varied directly with the presence of insecticide-
treated seed sown, with few differences in densities
found among the three insecticide ratio treatments.
Likewise at Saskatoon, Elliott et al. (2004) found in-
creased number of seedlings per row under heavy ßea
beetle feeding pressure when canola was treated with
Prosper 200 and Assail 50 SF compared with densities
in untreated plots. However, in Montana Þeld trials,
Lenssen et al. (2007) did not Þnd any inßuence of the
neonicotinoid seed treatment imidacloprid on early
season stand densities of canola or yellow mustard fed
upon by ßea beetles. Lamb (1984) found that most
mortality to untreated seedlings occurred in the Þrst
week after emergence. None of these studies investi-
gated varying ratios of seed treatment.

Lamb (1984) found that early ßea beetle feeding
delayed plant development compared with the
growth of plants protected with full rates of lindane or
carbofuran. In the current study, likewise, seedlings in
treatments with insecticide grew faster than those
without insecticide in two 2 of 3 yr, but the ratio of
insecticide-coated to uncoated seed tested here did
not seem to affect plant developmental rate.

Despite the use of insecticide-treated seed, feeding
levels exceeded economic thresholds on all treatments
in the majority of trials. The level of heavy feeding
seen in this study, especially occurring early in canola
growth and in the presence of other stressors such as
drought, cold and grasshopper herbivory, can affect
canola seed yields severely (Burgess 1977, Lamb 1984,
Good and Maclagan 1993, Brown et al. 2004). In com-
mercial production such feeding levels would have
warranted immediate application of foliar insecti-
cides. The absence of application of foliar insecticides
in the study may explain why seed yields in the 1X

treatment were one half or less than the correspond-
ing provincial canola seed yields in 2002 and 2003
(DeClerq and Daun 2003, DeClerq 2004).

In the current study, seed yields were consistently
lowest in the treatments without insecticide, attesting
to the value of ßea beetle control in canola production
on the prairies. In eight of the 10 trials, seed yields of
the0.67Xtreatmentwere statisticallycomparablewith
those of the 1X treatment. It is likely that the ex-
tremely heavy ßea beetle feeding pressure at the time
of seedling emergence seen in the acetamiprid trial at
Saskatoon in 2003 was the principal cause of the yield
differential between 1X and 0.67X plots. In most parts
of the prairie provinces, levels of ßea beetle feeding in
canola in 2003 were very high, and foliar spraying to
augment seed treatment control or reseeding of entire
Þelds was undertaken in many locations in that year
(http://www.westernforum.org/western_committee_
on_crop_pests.htm). However, the high seed yields of
the bare seed plots in the acetamiprid trial at Brandon
in 2003 are difÞcult to explain, but may have been due
to variable soil moisture conditions and hot, dry con-
ditions in the summer differentially affecting seed set
among treatments. Hewett and GrifÞths (1986) sug-
gested that, because many of the relationships be-
tween soil conditions and the adsorption, uptake, and
degradation of seed treatment chemicals remain un-
explored, casesoferraticcontrol in theÞeldoftenhave
no explanation.

This study found that canola seed yields were
greater and were less affected by ßea beetle feeding
levels at Brandon than at Saskatoon. The yield differ-
ential between the two sites is consistent with average
provincial seed yields from 2002 to 2004 (DeClerq
2003, 2004) and may be in major part a function of the
bioclimatic characteristics of the two areas. For ex-
ample, Brandon receives on average 18.3 mm more
rain during MayÐAugust than does Saskatoon (Envi-
ronment Canada 2001), which may positively inßu-
encing canola growth.

Given that the net returns analyses did not include
capital costs nor operational costs such as machinery
and gasoline, the partial net returns from canola grown
from the different seed treatments were variable and,
in the case of 2002 and 2003, dismal in terms of pro-
ducer bottom line. Under extreme ßea beetle feeding
pressure of 2003, decreasing the amount of acet-
amiprid-treated seed sown would have resulted in
substantial economic losses to producers at both lo-
cations. If producers wish to maximize yields and min-
imize risk in canola production, and if only economic
considerations are taken into account, there is little
incentive to reduce ratios of treated seed for ßea
beetle control. If, in the future, environmental factors
are built into the costs of chemical pest management
(Antwi et al. 2007) and socioeconomic beneÞts accrue
to producers who reduce pesticide use, then reducing
the proportion of treated seed sown by one third can
be an effective means of reducing pesticide load to the
environment while maintaining efÞcacy, especially in
situations of low-to-medium ßea beetle feeding pres-
sure.
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Our results will be of interest to producers who
might wish to mix insecticide-coated seed with un-
treated seed, either as a means to reduce costs or
insecticide use, or as a means to use stocks of on-farm
bin-run seed. If ßea beetle populations are low or if
weather conditions are not amenable to ßea beetle
feeding at the time of seeding, addition of a quantity
of seed that is not treated with insecticide may not
affect subsequent seed yields adversely. It should be
noted, however, that this investigation did not evalu-
ate disease levels in any treatments. In conditions
where seedling diseases may affect plant growth, using
any level of seed that is not coated with a fungicide
may have a negative impact on seed yield.

In summary, this study demonstrated that treating
two of every three canola seeds with insecticide kept
feeding by ßea beetles on seedlings at levels equiva-
lent to that of all seeds being treated in most cases.
When feeding pressure was not extreme, seed yields
were not compromised by the reduction in insecticide
application. Under extremely heavy ßea beetle feed-
ing pressures, additional insecticides were necessary
to maintain seed yields in all ratios of treated to un-
treated seed.
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