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Abstract

BACKGROUND: Rape stem weevil (Ceutorhynchus napi Gyll.) and cabbage stem weevil (C.
pallidactylus Marsh.) can cause significant yield losses to oilseed rape (Brassica napus L.),
and chemical control is often needed to protect crops from these pests. The efficacy of six
insecticides, chlorpyriphos+cypermethrin, bifenthrin, alpha-cypermethrin, pirimiphos-methyl,

thiacloprid and tau-fluvalinate, was tested in a four year field trial. Besides the standard
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efficacy analysis expressed through the number of larvae per stem, a damage rating scale was
introduced and modelled using a regression model for ordinal categorical data.

RESULTS: Compared with the control, expressed through damage rating and larval number,
treatments with chlorpyriphos+cypermethrin and bifenthrin, showed higher efficacy in the
control of stem weevils compared to alpha-cypermethrin and pirimiphos-methyl. The lowest

efficacy was observed in treatments with tau-fluvalinate and thiacloprid.

CONCLUSION: This study showed that a combined efficacy evaluation expressed through
both damage rating scale and the count of larvae, supported by an ordinal regression model

for data analysis, is indispensable for obtaining accurate results.

Keywords: Ceutorhynchus napi; Ceutorhynchus pallidactylus; chemical control; insecticide

efficacy; proportional odds model

1INTRODUCTION

The constant population expansion and its food requirements as well as a pronounced
diversification of uses of Brassica products, more demand for biofuels i.e. biodiesel,
influenced a steady increase in oilseed rape (Brassica napus L.) production worldwide in the
last decades (FAOSTAT 2013). In conjunction with the growing acreage under this crop, the
average yield has also increased. These facts, coupled with plant-breeding approaches, seed
quality improvement and modification of fatty acid profiles, made a significant contribution
to the increasing popularity of this crop.! With the acreage increase the protection of oilseed
rape became more complex due to a higher pests pressure. Insects are a significant yield

decreasing factor in oilseed rape production with 13% yield loss on average on global and
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15% on European level.” In some cases yield losses can reach 24.5%° or even more than
80%.* A wide range of insect species are considered as oilseed rape pests, especially from the
Coleoptera, Lepidoptera, Hymenoptera and Diptera orders.* The rape stem weevil
(Ceutorhynchus napi Gyll.) and cabbage stem weevil (C. pallidactylus Marsh.) are among six
of the most dangerous oilseed rape pests in Europe.™

The rape stem weevil and cabbage stem weevil, later in the text referred to as stem
weevils, damage the plant stem in which their larvae feed. As a consequence, the damaged
plants produce less pods. They also induce plant lodging, making harvest more demanding
and increase pod shattering.” Damaged plants are also more susceptible to the pathogenic
fungus Leptosphaeria maculans (Desm.) Ces. et De Not. (anamorph Phoma lingam (Tode)
Desm.”

The oilseed rape yield decrease caused by stem weevils is dependent on many factors,
among which prevail the pest’s abundance, climatic conditions and plants compensation
abilities.® Stem weevils can cause significant yield losses,” and some authors indicate they can
vary from 5%’ up to 32% or more® or to account for a loss of up to 800 kg/ha.” Even cases
with larval presence on 100% of plants are recorded.”"

Widespread resistance in pest populations and increasing public concern about
environmental hazards of pesticides are threatening the availability of a variety of
insecticides.!’ There is a need to avoid any overuse or misuse of insecticides in order to
minimize the risk of resistance development. Several insect species need to be controlled
within a short period of a few weeks, which results in a higher selection pressure.'' Pyrethroid
resistance of the pollen beetle (Meligethes aeneus F.) is steadily spreading and increasing
from 2005 onwards. Lack of sensitivity in Psylliodes chrysocephala (L.) and Ceutorhynchus
obstrictus (Marsham) was also detected.'> Due to these facts, the chemical control of stem

weevils should be done with precautions in order to avoid possible resistance.
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In situations when the economical threshold is reached, stem weevils are controlled
with insecticides. Even though pyrethroids are currently dominating the insecticide market for
weevils control,'’ they show relatively low persistence in the field and lack of systemic
activity. Similarly to organophosphorus compounds, they also have broad-spectrum effects on
target and non-target insects. Neonicotinoids are insecticides with contact and systemic
activity with a different mode of action than the previous groups."” Those insecticides also
belong to different groups according to Insecticide Resistance Action Committee (IRAC) due
to resistance management (Table 1). Furthermore, tau-fluvalinate is not hazardous for
honeybees at recommended doses,"® which is why its efficacy and possible use for stem
weevils control were evaluated.

The main objectives of this study were to: a) devise a specific method for damage
assessment based on ordinal ratings scale, instead of the more commonly used “larvae per
stem” efficacy assessment, b) apply an ordinal categorical regression model for data analysis
and test its prediction accuracy across the four trial years, c) assess the efficacy of insecticides
belonging to different chemical groups (pyrethroids, organophosphates and neonicotinoids),
in field conditions for controlling stem weevils in oilseed rape,

The obtained results will be used to optimise chemical control so that it meets high
efficacy demands with the lowest number of applications. In that way, the environment and
the non-target insect populations, such as pollinators and beneficial insects, will be more

preserved, while the possibility of resistance occurrence should also be reduced.

2MATERIAL AND METHODS

2.1 Experimental site
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Experiments were carried out in the trial fields of the Institute of Field and Vegetable Crops at
site Rimski Sancevi (N 45°19" E 19°50’), in the vicinity of Novi Sad, Serbia, during a four
year period under natural pest infestation. Trials were set up using a randomized block design
in four replications according to European and Mediterranean Plant Protection Organization
(EPPO) standards.' The size of the experimental basic plot was 25 m?, 6 m long and 4.2 m
wide. For this trial, winter oilseed rape variety Bana¢anka was used, listed as a control variety
on the Serbian national list of registered varieties. Growing technology was conformed to
local agricultural practice. Row-to-row distance was 25 cm with 5 cm spacing between plants

1n rows.

2.2 Insecticides properties

The used insecticides were chosen according to mode of action, impact on non-
harmful animals and belong to three different chemical groups: pyrethroids,
organophosphates and neonicotinoids. Insecticides used in the trials, their commercial names,
amount of active ingredient (a.i.), application rate and IRAC resistance groups are given in

Table 1.

2.3 Insecticide application

Insecticide application was done using “Solo accu power 416 sprayer with XR Teejet
11003VK nozzles and constant pressure of 2 bar (200 KPa) with 350 liters of water per
hectare on 30™ of March in 2010, on 4™ of April in 2011, on 3" of April in 2012 and on 12"
of April in 2013. The partly delayed spraying in 2013 was due to unfavourable weather
conditions during the end of March and at the beginning of April. At the time of foliar

treatments, oilseed rape was in the second half of intensive stem elongation, designated as
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phenological growth stages BBCH 36-39; BBCH 36 in 2010, BBCH 37 in 2011. and 2012.

and BBCH 39 in 2013.2!

2.4 I nsect damage assessments

According to EPPO standards,'* the number of larvae occurring in stems should be
counted with assessment of damage symptoms. The dissections were done at BBCH 67
growth stage® except in 2012 when it was done at growth stage 69 due to unfavourable
weather conditions. In order to evaluate the actual damage caused by larvae, an assessment
using six points damage rating scale was performed (Table 2). For this purpose we used a
modified scale described by Seidenglanz.** Plants without damage and no recorded weevils
were rated as zero. Slightly damaged plants with tunnels in stems up to 10% of stem length
were rated one, plants with longer tunnels (11 to 25% of stem) and with low lodging
probability were rated two. Plants with 26 to 50% of damaged stem were rated three while
rating four was assigned to plants with tunnels ranging from 51 to 75% of stem length and
high lodging probability. Plants with rating five had most of stem damaged (more than 76%)
and almost certain lodging probability. Plant damage assessed with rating three or higher can
be considered as economically significant.

Twenty plants per plot i.e. eighty per treatment were dissected and thoroughly
analysed. In each plant the number of larvae per stem and exit holes were counted.
Additionally, every dissected stem was marked according to the damage rating scale (Table
2). It is worth mentioning that last instar larvae leave the stems through exit holes in order to
find a suitable pupation location.™® Taking this fact into consideration, the time of assessment
plays a significant role in insecticides efficacy evaluation in case of oilseed rape stem
weevils’ control. That is why, the introduction of damage scale (with an appropriate statistical

model) should be considered as more accurate and less dependent on the time of evaluation.
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2.5 Stem weevils monitoring

Yellow water traps (Moericke dishes) were used to monitor the weevil’s flight and
thus obtain information about insect abundance (Table 3) and the optimal time for insecticide
treatment. Four yellow traps were randomly placed across the experimental field. Cabbage

15,16 .
® and chemical

stem weevil and rape stem weevil in this area usually occur at the same time
control, if needed, can be done simultaneously for both species with a single foliar spraying.
The sampled weevils of both species and their sexes were identified according to several

17,18,19,20 . . . . . :
»57%7 During this period the ratio between the two weevil species was

identification keys.
established to be almost 1:1 (0,93) and the sex ratio for the rape stem weevil was 0.49 and the
cabbage stem weevil was (.37 as shown in table 4. The economic threshold for the two weevil
species varies among different regions and it is based on their abundance and damage
capabilities. For the cabbage stem weevil a threshold of 10-20 specimens per yellow water
trap within three consecutive days is usually acceptable for Central Europe, while for the rape
stem weevil a threshold of 10 specimens per yellow water trap within three consecutive days
is used’. Other authors mention different thresholds of 4-6 rape stem weevil specimens and 12
cabbage stem weevil specimens for the same monitoring conditions.” Due to practical

difficulties for agricultural producers to separate the two species, thresholds in some regions

are given as one value of 10 specimens per yellow water trap within three consecutive days.’

2.6 Statistical analysis

Data on insect damage collected during the course of the experiment consists of
categorical scales that have a natural ordering of values (i.e., damage rating 0 < damage rating
1 < ... < damage rating /). If the variable (Y) has natural order, a variety of the regression

models are capable to incorporate this ordering exploiting various logit transformations of the
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response probabilities. If we suppose that ¥ has underlying logistic distribution and that the
damage ratings have spacing on continuous scale, the damage rating 0 will represent the
plants as Y < 6y, where 6 represents the first cut-point. The probability () of the scoring of
the plant with damage rating 0 is P(Y < 6y). The damage rating 2 represent the plants between
6y and 0, and the probability (7;) of the scoring of the plants with this rating is defined as P(8,
< Y < 6,). By applying the ordinal categorical regression model, we estimate the cut-points
and probabilities. On a six-point damage rating scale five cut-points need to be estimated (&,
..., 84) and five probabilities (mo, ..., m4). These can be expressed by estimating cumulative
probabilities (yo, ..., ¥s) as yo = P(Y < 6p) =mp, 1 =P(Y < O0))=my + 7y, ..., ¥5s = P(Y < 6s5) = mp +
m; + My + w3 + 4 + ws. The modeling of the cumulative probabilities is based on the following

1

ordinal logistic model: §, =———+—;
g 7 1+e—(9i_ﬁ1X1—---)

where 0; are the cut-points and X; is the
independent variable i.e. insecticide treatment. On the logit scale the model can be expressed

as log (li/_lj =6, — B X,... for damage ratings i = 1, 2, .... The most important feature of this

model is that the logit of the cumulative probabilities changes linearly as the independent
variable changes and that the slope is the same regardless on the damage rating category i.
Due to this feature the model is referred as the proportional odds model or more precisely

proportional odds version of the cumulative logit model.**

For the purpose of this research,
insecticide treatments are evaluated in the terms of the estimated and cumulative probabilities.
For estimating the unknown parameters of the model, the maximum likelihood method was
used. The statistical inference about the parameters of the model was performed by applying
Wald’s test which under the null hypothesis has an approximate chi-square distribution.*

The predictive accuracy of the model was measured by calculating the nonparametric

correlation coefficients between the cumulative probabilities and the number of plants within
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each insecticide treatment which are classified into respective damage categories during the
field assessment procedure.

The multidimensional scaling (MDS) technique is a multivariate data reduction
technique.26 Similar to classic principal component analysis, MDS technique allows for the
visualization of distance matrices. MDS projects the data onto a lower dimensional space
using a proximity measure, i.e. a distance or a similarity measure between the samples of the
matrix. The main objective for using MDS technique is to find a lower-dimensional
representation of the distance matrix, while preserving the pairwise distances as good as
possible. In order to visualize the relationships between the cumulative probabilities from the
yearly individual models, Euclidean geometric distance was estimated and visualized in the
two-dimensional MDS plot.

All data analyses and data visualizations were accomplished within the R

environment.?’

3RESULTS

During the trial period, from 2010 to 2013, a great variation in intensity of stem weevil
abundance was observed. If the infestation severity is analysed using the number of plants
without larval presence it can be noticed that 2010 was the year with the highest damage
(4.1% of plants without symptoms), while 2011 was with the lowest pest incidence (38.9%).
In 2012, that number was 8.8% and 11% in 2013 (data not shown). The highest number of
larvae recorded in one plant was 62 (in 2010) and the number of exit holes 24 (data not

shown).

3.1 Insecticide efficacy expressed through number of larvaein stem
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In the first year of the experiment, the highest average number of larvae in stem was
recorded in the control treatment, with a value of 11.8 (Table 5). Similar results were obtained
in treatments with tau-fluvalinate and thiacloprid (11.5 and 10.5 respectively). Alpha-
cypermethrin, chlorpyriphos+cypermethrin and pirimiphos-methyl had lower larval numbers,
ranging from 5.0 to 5.8. Bifenthrin had the value 3.3 with the highest efficacy. The second
year, as previously mentioned, had the lowest pest incidence, far less than the economical
threshold, and that is why differences between treatments were not more expressed.
Treatments with the highest larval numbers in stem were thiacloprid and tau-fluvalinate, 1.9
and 1.4 respectively (Table 5). The control treatment had value 1.0 and bifenthrin 1.3, while
other treatments ranged from 0.7 to 1.1. In the third year, the highest larval number was
recorded in the control treatment, 3.7 (Table 5). This was followed by thiacloprid which had a
value of 3.1, while tau-fluvalinate and alpha-cypermethrin treatments had values 2.6 and 2.4,
respectively. The lowest values were recorded in treatments with pirimiphos-methyl,
bifenthrin and chlorpyriphos+cypermethrin, 1.9, 1.8 and 1.5 respectively. The last trial year
2013, showed that the control treatment had the highest larval number 2.8, followed by
thiacloprid and tau-fluvalinate treatments, 2.3. Pirimiphos-methyl succeeded with 2.2, while
alpha-cypermethrin and chlorpyriphos+cypermethrin had values of 1.4 and 1.6. The lowest

value was recorded in the bifenthrin treatment, 0.9.

3.2 Insecticide efficacy expressed through damage ratings

Insecticide efficacy was tested using damage ratings and appropriate regression model,
proportional odds model, for ordered categorical data. In the first year of the trial all tested
insecticides except tau-fluvalinate and thiacloprid were significantly different compared to the
control. In the second year alpha-cypermethrin and pirimiphos-methyl showed highly

significant differences (P<0.01), while chlorpyriphos+cypermethrin was significantly
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different (P<0.05). In the third year, only thiacloprid was not significantly different. In the last
year all treatments showed highly significant differences (P<0.01) concerning insect damage,

when compared with control treatment (Table 6).

3.3 Treatments classification based on the proportional odds model

In order to analyse the obtained data using damage ratings, a comparison of the
estimated and cumulative probabilities between the treatments is presented in Table 7. The
estimated probabilities show that a certain treatment will not receive a category higher than
that given by damage rating scale. Probabilities for categories four and five are discussed in
more details as they indicate the highest pest intensity and the highest yield loss probability.
In 2010, the first trial year, the estimated probability for rating four was the lowest for control
(0.354), and the highest for bifenthrin (0.806). The estimated probability for rating five was
similar with the previous one, lowest for the control (0.743) and highest for bifenthrin (0.956).
Other treatments had values above 0.9 except tau-fluvalinate (0.799) and thiacloprid (0.81)
(Table 7). In the following year the estimated probabilities increased from rating three, which
confirms that this year had low pest incidence. The lowest values are for control (0.704) and
thiacloprid (0.709) treatments. Values for tau-fluvalinate (0.781) and bifenthrin (0.794) were
lower than 0.8, while all other treatments had higher values. Ratings four and five exceed 0.9
for all treatments and will not be subject of detailed analysis. The estimated probabilities for
rating four were the lowest for control (0.114) and thiacloprid (0.195) in 2012. The highest
value was recorded in chlorpyriphos+cypermethrin combination (0.586). Estimated
probabilities for rating five varied from the lowest in control (0.236) to the highest in
bifenthrin (0.703) and chlorpyriphos+cypermethrin (0.772) treatments. Table 7 also presents
estimated probabilities for 2013, the last experimental year, where values for rating three are

the lowest for control (0.380) and the highest for bifenthrin (0.874) and

This article is protected by copyright. All rights reserved.



Accepted Article

chlorpyriphos+cypermethrin (0.918). Estimated probabilities for rating four are higher than
0.849 with the exception of control treatment (0.722).

Table 8 gives information based on cumulative probabilities, i.e. average probability
for a treatment to be classified in a given category. In the first trial year 2010, the highest
cumulative probability was for rating four, and varied from 0.389 to 0.363 for control, tau-
fluvalinate and thiacloprid treatments (Table 8). For the other four treatments the variation
ranged from 0.293 to 0.329 for rating three. In the second trial the highest cumulative
probabilities were obtained for rating zero and they varied from 0.277 for control to 0.56 for
pirimiphos-methyl (Table 8). Cumulative probabilities for rating one was between 0.185 and
0.205 for all treatments and varied from 0.182 to 0.236 for rating two, with the exception of
pirimiphos-methyl (0.142). In the third year, the cumulative probability for rating five was the
highest for control treatment (0.764), while for the other treatments it varied from 0.228 to
0.633. Values for other ratings are lower. Data obtained in 2013 suggest that control treatment
had the highest probability of taking rating three (0.342), while treatments with alpha-
cypermethrin, pirimiphos-methyl, tau-fluvalinate and thiacloprid had the highest probability
for rating two (0.341 to 0.359). Treatments with bifenthrin and chlorpyriphos+cypermethrin

showed the highest probability for rating one (0.404 and 0.422 respectively).

3.4 Treatments grouping using MDStechnique

The MDS technique was employed with the aim of low dimensional representation of
the treatment behaviour during the experiment. Figure 1 presents the two-dimensional
solution of the MDS technique where the first dimension accounts for 63.4% and the second
for additional 25.6% of the original distance matrix which is derived from cumulative
probabilities (Table 8). The first dimension clearly separates treatments from years 2011 and

2012 into two non-overlapping clusters. Treatments from 2013 are intermediate between two
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previously mentioned clusters. Furthermore, the second dimension separates treatments from
2011 and 2012 from 2010 and 2013 with several outliers in years 2011 and 2013. Treatments
in 2013: bifenthrin and chlorpyriphos+cypermethrin showed similarities with the treatments
in 2011. Distinct grouping pattern between the treatments among the years highlights the
predominant effect of year on insect behaviour and consequently different ranking of

treatments in terms of cumulative probabilities (Tables 7 and 8).

4 DISCUSSION

4.1. Weather conditions

Abundance of stem weevils in oilseed rape crops and the damage they cause depend
on several factors. Weather conditions, especially temperature, strongly influence the pests
activity and behaviour and their interaction with plants.”® Cabbage stem weevils resume their
activity when soil temperature exceeds 6°C,” and the flight starts at 12°C, while rape stem
weevils flight starts at 9-10°C.” Temperature fluctuations decreased and partly postponed
stem weevils’ activity in 2013, when in the last decade of March a rapid temperature drop was
followed by snow. Such variations are not unusual. In trials in the Czech Republic from 2006
to 2008, the mean number of larvae per stem in control treatment varied from 0.55 to 9.23%

while in eastern Austria it ranged from 2 to 118 larvae per m” depending on locality.*

Temperature is one of several critical factors affecting insect survival during winter
diapause.”' Each insect species has a different response to environmental conditions. In a
recent trial it has been proven that the winter survival of the cabbage stem weevil is greatly
affected by higher temperatures during winter diapause.*” Higher than average temperatures

negatively affect the survival of overwintering species by activating the specimens
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prematurely which accelerate the depletion of stored nutrients and lead to starvation.*
Eickermann et al. * established that there are 2 distinct periods which affect the survival of C.
pallydactilus. The first period is from day 14-18 (days from the beginning of the year) that
regulates the end of diapause and the second from day 36 to 44 that control quiescence.
Namely, if the average temperature in these critical periods is closer to 4.9°C than 1.2°C for
the first period and 4.0°C than -2.4°C for the second, no breaching of the threshold of 10
specimens per yellow water trap within three consecutive days is expected. Since the
beginning of the flight season in our region coincides with the one in the mentioned study we
attempted to validate these findings in our conditions. Table 9 shows the mean temperatures
during the two critical periods. It can be seen that in the year with the lowest stem weevil
abundance (2011) the mean temperature was 5.14°C in the first critical period and 2.67°C in
the second, which is in accordance with the findings of Eickermann et al.** Similar mean
temperatures for the mentioned period (4.02°C and 2.46°C) were recorded for 2013 which
was also a year with lower pest abundance, however, the threshold of 10 specimens per
yellow water trap within three days was breached. In 2010 the mean temperatures for the
mentioned periods were -0.22C and -1.06 which had positive effects on the insect survival
while in 2012 due to frost problems and yellow water trap malfunctions the obtained results
were not reliable.

Even though the threshold in 2011 was not breached, the insecticide application was
still performed in order to test the model in a year with lower insect number. In such years the
effect of insecticide is very low and it does not affect significantly the number of larvae,

resulting in some treatments having similar values to the control.

4.2. Assessment method and statistical analysis
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Damage made by stem weevils is often underestimated due to indirect effects they
have on plants. Because of complex influence these insects have on oilseed rape it is often
hard to do appropriate assessments of insecticide efficacy. Usually it is done by counting

9,14,22,31,32,33

larvae in plant stems, number of imagoes on plants,33 by dissecting plants and

10,34 - 235 1, - .
" and assessing damage.” > It is also possible to do assessments by

measuring tunnels
counting the number of exit holes on stems.”® In cases of late assessments, the number of exit
holes can be higher than the number of remaining larvae found in stems due to the fact that
the larvae leave the stems prior to pupation. Furthermore, in case of untimely assessments, the
number of larvae might be lower because egg laying can last for several weeks™”’ and the
obtained results are likely to be inaccurate. For that reasons, damage assessments based on
damage rating scales are essential for a reliable evaluation.

Damage ratings scale data analysis was performed using the proportional odds

39
model,

one of the most popular and widely used methods, although other alternatives are
available when some of the model assumptions are not met.”*** To support the proportional
odds model as the efficient model in our study we evaluated the classification accuracy of one
year model. The nonparametric correlation coefficients between the treatment cumulative
probabilities and the number of plants within each treatment ranged mostly from 0.8 to 1.0
(data not shown) indicating that the models accurately classify the treatment into respective
damage rating categories based on field assessments.

Data obtained through damage ratings and comparison of the treatments in terms of
the estimated and cumulative probabilities and multidimensional scaling (MDS) coincide with
larval number values and give a better insight in treatments efficacy. That is how, with slight

differences in some years, three groups of insecticides, besides the control treatment, were

distinguished. Highest efficacy was found for bifenthrin and the combination of
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chlorpyriphos+cypermethrin. Those two treatments expressed the highest ranking throughout

all the years.

4.3. Insecticide efficacy

In our study, values for the larval number in stems, were the lowest for bifenthrin and
chlorpyriphos+cypermethrin treatments, which represents the highest efficacy. Research
conducted in Latvia showed that a combination of pyrethroids and neonicotinoids yielded
better results than pyrethroids alone.”® Considering the percentage of infested plants and the
number of larvae per plant, formulations based on chlorpyrifos+bifenthrin had certain
advantages over formulations with deltamethrin, regardless of the application rate and number
of treatments.*

Thiacloprid and tau-fluvalinate had the lowest efficacy in our trials, which is in
contrast with the results of other researchers. This result for thiacloprid can be partly
explained by the SC formulation which was used instead of OD like in some other
experiments’®®,

Alpha-cypermetrin and pirimiphos-methyl showed lower efficacy, but still achieved
satisfying results. In trials conducted in Lithuania during 2005 and 2006 it has been shown
that deltamethrin+thiacloprid, deltamethrin and alpha-cypermethrin had a highly significant
influence on decreasing the number of exit holes®. In the same study the effects of beta-
cyfluthrin+chlorpyrifos, beta-cyfluthrin and deltamethrin+thiacloprid were highly significant
compared to the control concerning the number of damaged plants and exit holes in 2007 and
2008. It should be taken into account that all presented years were with lower pest pressure
where the percentage of damaged stems in control treatments varied from 18.3 to 32.5 and the
number of exit holes from 0.11 to 0.33. Seidenglanz et al.?* compared the effects of

pyrethroid (alpha-cypermethrin) and a combination of organophosphates and pyrethroids
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(chlorpyrifos + cypermethrin) against C. pallidactylus in the Czech Republic in the period
from 2006 to 2008. Both insecticides showed a significant reduction of the number of larvae

in stems.

5 CONCLUSION

Due to the complex and often underestimated damage stem weevils can cause to
oilseed rape, a detailed assessment of their harmful impact is indispensable. Results showed
that the most applicable raw data are obtained through combined assessments of larval
number and damage rating scale.

In order to properly account for the ordered nature of damage rating scales, a statistical
model based on ordinal regression should be routinely recommended. As the ordinal variables
follow the multinomial theoretical distribution, the use of traditional techniques based on
ordinal least squares linear models like ANOVA is statistically questionable, since it is based
on Gaussian distribution and different statistical assumptions. The proportional odds model
showed a high degree of accuracy in the treatments classification when the model was
referenced to the control treatment. Moreover, some other multivariate and visualization
techniques like MDS can be applied on the estimated probabilities from the ordinal regression
model to give further insight into data interpretation and conclusions.

Since the optimal period for chemical control of stem weevils is very short, there is
usually time only for one foliar spraying, so it is important to select the insecticide with the
highest efficacy. Among six tested insecticides from different chemical groups, treatments
with chlorpyriphos+cypermethrin and bifenthrin expressed the highest efficacy and should be

preferred to other insecticides in areas where pyrethroid resistance do not occur. These two
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treatments showed constant high efficacy throughout all years of the trial despite differences

of pest pressure.
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Tables

Table 1. Properties of the tested insecticides

Group
Product | Amount of | Application ) )
No. Treatment ) Chemical group according to
name a.i. (g/L) rate (L/ha)
IRAC?
| Control
) (untreated)
Talstar 10-
2. Bifenthrin 100 0,2 pyrethroid 3A
EC
Alpha- Fastac 10-
3. 100 0,15 pyrethroid 3A
cypermethrin EC
o Actellic-
4. Pirimiphos-methyl 50 500 1 organophosphates 1B
. Mavrik- .
5. Tau-fluvalinate 240 0,2 pyrethroid 3A
EW
Chlorpyriphos + organophosphates +
6. PP Nurelle-D 500 + 50 1 £AnopRosp -
cypermethrin pyrethroid
. . Calypso o
7. Thiacloprid 480 0,15 neonicotinoid 4A
480-SC

*IRAC Insecticide Resistance Action Committee (http://www.irac-online.org/modes-of-action/)
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Table 2. Damage ratings scale based on tunnel length, damage severity and stem lodging

probability
Scale mark | Tunnel length (%) Damage severity Stem lodging probability
0 0 Without damage none
1 up to 10 barely noticeable none
2 11-25 visible low
3 26-50 tunnels deep and long medium
4 51-75 severe damage high
5 76-100 most of stem has been damaged almost certain
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Table 3. Total number of C. pallidactyllus and C. napi collected in yellow water traps

Year | Yelow trap Date
09.03. 16.03. 23.03. 30.03. 06.04. 13.04 20.04. 27.04.
1. ** ** 193 404 2 0 0 0
2. ** ** 169 129 2 0 0 0
2010 3. %k % 66 77 0 0 0 0
4. ** ok 334 151 16 0 2 3
10.03. 17.03. 23.03. 01.04. 06.04. 14.04 21.04. 29.04.
1. ** 1 4 3 3 0 0 0
2. ** 0 1 4 0 1 1 0
2011 3. ok 1 3 1 1 0 0 0
4. ok 0 1 13 0 0 0 0
09.03. 15.03. 21.03. 27.03. 04.04. 10.04. 20.04. 26.04.
1. 0* 0* 0 0 1 7 1 0
2. 0* 0* 1 0* 0 2 2 0
2012 3. 0* 1 0 4 3 4 1 0
4. 0* 0* 0 1 1 14 0 0
06.03. 12.03. 20.03. 28.03. 04.04. 12.04. 18.04. 26.04.
1. 2 69 2 4 0 8 0 0
2. 2 14 3 2 0* 0 0 0
2013 3. 2 41 0 3 0* 1 0 0
4. 1 19 1 4 3 3 0 0

* Trap was damaged by frost or unfavourable weather conditions
** Assessments did not start due to temperatures below zero
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Table 4. Number of males and females of C. pallidactyllus and C. napi collected in yellow
water traps and their ratio

Year/Species C. pallidactyllus Sexual* C. napi Sexual C. pali/ C.

index index napi ratio
J Q d Q

2010 256 483 0.34 383 426 0.47 0.91

2011 9 17 0.35 14 9 0.61 1.13

2012 4 14 0.22 14 15 0.48 0.62

2013 90 74 0.55 87 69 0.56 1.05

AVG ** 359 588 0.37 498 519 0.49 0.93

*Sexual index is represented as the ratio between the number of males and the total
number of specimens
** Average for all years
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Table 5. Average number of larvae in stem (N) and insecticide efficacy (Ef.) for treatments

from 2010 to 2013
Year 2010 2011 2012 2013
Treatment .
N. | Ef.” | N. | Ef. | N. | Ef. | N. | Ef.

Control (untreated) 11.8 - 1.0 - 37 - 2.8 -
Bifenthrin 33 720 13 - 1.8 51.3 09 679
Alpha-cypermethrin 5.8 50.8 0.8 200 24 351 14 500
Pirimiphos-methyl 5.0 57.6 1.1 - 19 48,6 22 214
Taufluvalinate 115 25 14 - 26 297 23 179
Chlorpyriphos + cypermethrin 5.0 57.6 0.7 30.0 1.5 59.5 1.6 429
Thiacloprid 105 11.0 1.9 - 31 162 23 179

bEfﬁcacy (%) was calculated based on Abbotts formula Ef.(%) = (1 — Nt/Nc) x100 where Nt
refers to number of larvae in treated plot and Nc refers to number of larvae in control
treatment.
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Table 6. Parameter estimates of the proportional odds model fitted to insect damage rating

data
Parameter estimates
Treatment
2010 2011 2012 2013

Cut-point 6 —4.476 —0.962 —3.845 -3.799
Cut-point 6, -3.185 -0.129 —-3.206 -1.996
Cut-point 6, -1.971 0.864 —2.679 —0.492
Cut-point 65 —0.598 2.368 —2.049 0.952
Cut-point 64 1.065 3.932 -1.175 2.612
Bifenthrin —2.022%* —0.486 —2.040%** —2.424**
Alpha-cypermethrin —1.760%* —0.770%* —0.985%%* —1.736**
Pirimiphos-methyl —1.418%* —1.203** —1.766%** —1.153%*
Tau-fluvalinate —0.317 —0.407 —1.095%* —0.778**
Chlorpyriphos+cypermethrin =~ —1.670** —0.669* —2.395%* —2.924%**
Thiacloprid —0.387 —0.028 —0.629 —0.916**

* significantly different at the 0.05 level
** significantly different at the 0.01 level
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Table 7. Estimated probabilities of the proportional odds model fitted to insect damage rating

data
Control Bifenthrin Alpha- Pirimiphos- Taufluvalinate Chlorpyriphos * Thiacloprid
cypermethrin methyl cypermethrin
2010
oy 0.011 0.079 0.062 0.045 0.015 0.057 0.016
1 0.039 0.238 0.194 0.146 0.053 0.180 0.057
i) 0.122 0.513 0.447 0.365 0.160 0.425 0.170
3 0.354* 0.806(1) 0.761(2) 0.694(4) 0.430(6) 0.745(3) 0.447(5)
Ty 0.743 0.956 0.943 0.923 0.799 0.939 0.810
2011
oy 0.277 0.383 0.452 0.560 0.365 0.427 0.282
m 0.468 0.588 0.655 0.745 0.569 0.632 0.475
f1) 0.704 0.794(4) 0.837(2) 0.887(1) 0.781(5) 0.823(3) 0.709(6)
3 0.915 0.945 0.959 0.972 0.941 0.955 0.916
o 0.981 0.988 0.992 0.994 0.987 0.990 0.981
2012
Ty 0.021 0.141 0.054 0.111 0.060 0.190 0.039
M 0.039 0.237 0.098 0.191 0.108 0.308 0.071
{153 0.064 0.345 0.155 0.286 0.170 0.430 0.114
3 0.114 0.497 0.256 0.429 0.278 0.586 0.195
n 0.236 0.703(2) 0.452(5) 0.643(3) 0.480(4) 0.772(1) 0.367(6)
2013
Ty 0.022 0.202 0.113 0.066 0.046 0.294 0.053
o 0.120 0.606 0.436 0.301 0.228 0.716 0.254
T, 0.380 0.874(2) 0.777(3) 0.660(4) 0.571(6) 0.918(1) 0.605(5)
3 0.722 0.967 0.937 0.892 0.849 0.978 0.867
o 0.932 0.994 0.988 0.978 0.967 0.994 0.971

“Treatment ranks are added in parentheses and show insecticide efficacy
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Table 8. Cumulative probabilities of the proportional odds model fitted to insect damage
rating data

Control Bifenthrin Alpha- Pirimiphos- Taufluvalinate Chlorpyriphos + Thiacloprid
cypermethrin methyl cypermethrin
2010
D Yo 0.011 0.079 0.062 0.045 0.015 0.057 0.016
~ Yi 0.028 0.159 0.132 0.101 0.038 0.123 0.041
Y2 0.083 0.275 0.253 0.219 0.107 0.245 0.113
< ) V3 0.232 0.293 0.314 0.329 0.270 0.320 0.277
Y4 0.389 0.150 0.182 0.229 0.369 0.194 0.363
¢ ﬁ ¥s 0.257 0.044 0.056 0.077 0.201 0.061 0.190
H 2011
H Yo 0.277 0.383 0.452 0.560 0.365 0.427 0.282
Yi 0.191 0.205 0.203 0.185 0.204 0.205 0.193
Y2 0.236 0.206 0.182 0.142 0.212 0.191 0.234
Y3 0.211 0.151 0.122 0.085 0.160 0.132 0.207
V4 0.066 0.043 0.033 0.022 0.046 0.035 0.065
¥s 0.019 0.012 0.008 0.006 0.013 0.010 0.019
FU s>
Yo 0.021 0.141 0.054 0.111 0.060 0.190 0.039
@ Y1 0.018 0.096 0.044 0.080 0.048 0.118 0.032
Y2 0.025 0.108 0.057 0.095 0.062 0.122 0.043
H Y3 0.050 0.152 0.101 0.143 0.108 0.156 0.081
Y4 0.122 0.206 0.196 0.214 0.202 0.186 0.172
Q Ys 0.764 0.297 0.548 0.357 0.520 0.228 0.633
2013
O Yo 0.022 0.202 0.113 0.066 0.046 0.294 0.053
Y1 0.098 0.404 0.323 0.235 0.182 0.422 0.201
O Y2 0.260 0.268 0.341 0.359 0.343 0.202 0.351
Y3 0.342 0.093 0.160 0.232 0.278 0.060 0.262
O Y4 0.210 0.027 0.051 0.086 0.118 0.016 0.104
: Ys 0.068 0.006 0.012 0.022 0.033 0.006 0.029
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Figure 1.

Figure caption

Multidimensional scaling (MDS) plot presenting values for insecticides and years
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Table 9. Sum of temperatures expressed in °C in the two critical periods (14 to 18 and 36 to

44 days from the beginning of the year)

Year 2010 2011 2012 2013

14-18 36-44 14-18 36-44 14-18 36-44 14-18 36-44

0.2 2.0 8.7 -0.6 0.5 -10.9 4.5 4.8
0.9 -1.3 5.8 4.0 -0.8 -11.3 7.1 9.1
-1.5 -0.8 4.9 3.0 -1.2 -9.0 4.2 1.1
0.2 -3.5 5.1 5.5 -0.5 -15.7 3.9 1.7
-0.5 -4.2 1.2 3.5 0,6 -18.3 0.4 0.1
-1.2 0.4 -17.2 -1.5

0.9 4.5 -11.2 -1.8

3.0 -8.9 4.2

-0.9 0.8 -7.6 4.5
-0.22 -1.06 5.14 2.67 -0.28 -12.23 4.02 2.46
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