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CONTROL OF SUGAR BEET PESTS AT EARLY SEASON
BY SEED TREATMENT WITH INSECTICIDES*
ABSTRACT: In the period 2001—2004, experiments were conducted in the region of
Baåka (northern Serbia) to assess the efficiency of insecticide treatment of sugar beet seeds
in controlling soil pests (larvae of Elateridae family) and reducing the damage caused by
beet weevil (Bothynoderes punctiventris G e r m.) and flea beetle (Chaetocnema tibialis
I l l i g.). Several insecticides, mostly systemic ones (carbofuran, thiamethoxam, fipronil,
imidacloprid and clothianidin), and their combinations with pyrethroids in different doses
were tested in field conditions. Stand density, percentages of plants damaged by B. punctiventris and C. tibialis, injury level and weight of juvenile plants served as parameters for
evaluation of insecticide efficiency. Most of the insecticides applied to seeds provided a significantly better stand density compared with the untreated control. Because of their systemic action, imidacloprid, thiamethoxam and their mixtures with pyrethroids provided very
good protection of juvenile plants from C. tibialis and in some cases from B. punctiventris.
KEY WORDS: sugar beet, insecticides, seed treatment, wireworms (Elateridae), sugar beet weevil (Bothynoderes punctiventris G e r m.), flea beetle (Chaetocnema tibialis
I l l i g.)

INTRODUCTION
Under the conditions of southeastern Europe including our country, a large number of harmful insects occur during initial stages of sugar beet development (from germination and emergence to the development of 2—4 pairs of
permanent leaves). Their occurrence is the key factor of stability in sugar beet
production. Among the pests of underground plant parts, click beetle and cha* The paper was presented at the first scientific meeting IV INTERNATIONAL SYMPOSIUM ON SUGAR BEET Protection held from 26—28 september 2005 in Novi Sad.
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fer larvae (Elateridae and Scarabaeidae families) are distinguished for their
economic importance. For last ten or so years in Serbia, soil pests, primarily
wireworms have been controlled at about 80% of a total sugar beet acreage of
about 60,000 hectares. Newly emerged sugar beet crops are threatened by numerous coleopterans, especially beet weevil (Bothynoderes punctiventris G e r m.),
weevil (Psalidium maxillosum F.), gray corn weevil (Tanymecus dilaticollis
G y l l.), flea beetle (Chaetocnema tibialis I l l i g.) and other species that occurred in some years. These pests are frequently the cause of thin crop stands
and replanting at large areas (Å a m p r a g, 2000).
In spite of attempts to introduce integrated management of the above
mentioned pests, which implies the combining of all available measures in time and space (agrotechnical, mechanical, biological etc.), chemical measures
still hold the dominant place. However, more and more stringent requirements
regarding the economy of crop production and environmental protection impose the need of introducing less costly and ecologically more selective methods
of insecticide application, such as seed treatment during processing or before
planting.
This paper reviews the results of experiments undertaken to assess the efficiency of sugar beet seed insecticide treatment in the control of wireworms
(the larvae of Elateridae family), beet weevil (Bothynoderes punctiventris) and
flea beetle (Chaetocnema tibialis).
MATERIAL AND METHOD
In the period 2001—2004, in several locations in the region of Baåka
(northern Serbia), on the calcareous chernozem soil, we assessed the efficiency
of seed treatment with insecticides in controlling soil pests and pests that attack sugar beets at the beginning of growing season. Sugar beet seed treatment
(mostly encrusted seeds, except for 2003, when pelleted seeds were used) was
performed immediately before planting, in the seed processing facilities of Institute of Field and Vegetable Crops in Novi Sad.
The experiments included the following insecticides: thiamethoxam (at
the doses of 2 l/100 kg of seeds and 15, 20, 30, 45 and 60 g active substance
(a.s.)/seed unit (s.u.), imidacloprid (at the doses of 25, 50 and 90 g a.s./s.u.),
fipronil (at the doses of 80 and 100 ml a.s./s.u.), carbofuran (at the doses of 30
g a.s./s.u. and 3 and 4 l/100 kg seeds), tefluthrin (at the doses of 8 g a.s./s.u.
and 5.0 kg/ha) and clothianidin (at the dose of 68 g a.s./s.u.), the mixtures
thiamethoxam + tefluthrin (15 + 6, 15 + 8, 60 + 4 and 60 + 8 g/s.u.), imidacloprid + beta-cyfluthrin (15 + 8, 45 + 6 and 60 + 8 g a.s./s.u.), imidacloprid +
tefluthrin (15 + 4 g a.s./s.u.), imidacloprid + pencycuron (100 ml a.s./s.u.), carbofuran + bifenthrin (2.0 + 0.2 l/100 kg seeds) and a granulated insecticide
terbufos (at the dose of 25 kg/ha).
The experiments were conducted in the field, usually in small plot trials
(large plot trials were used only in the first two years in the location of Kljajiãevo), in a block design with four replications, with the basic experimental
unit size of 20—30 m2 (4—6 rows 8—10 meters long). The experiment plots
were mostly machine-planted (except in the location Aleksa Šantiã, where
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planting was performed manually), at the optimum date (March 19—29), in
the spacing from 50 x 6 cm to 50 x 18 cm (in different years and locations).
The efficiency of the applied insecticides was evaluated via the following
parameters: the achieved stand density, percentages of plants damaged by B.
punctiventris and C. tibialis, injury level caused by C. tibialis and weight of
juvenile plants. The results were mostly expressed in relative values.
RESULTS
The effect of the tested insecticides varied depending on the pest population density and weather conditions during the study period.
The effect of seed treatment on soil pests and B. punctiventris. In the first
year of study (2001), better protection of crop stand from the soil pests was
achieved in the location A. Šantiã than in the location Kljajiãevo. The first location had a higher density of wireworm larvae from Agriotes genus than the
second one (14.0/m2 and 3.2/m2, respectively). In A. Šantiã, stand density was
higher comparing to the control (in the second, final evaluation) from 15—
19% in the case of thiamethoxam to 36—46% in the cases of imidacloprid and
its mixtures with tefluthrin and beta-cyfluthrin (Table 1). The case was reversed with B. punctiventris. Its occurrence was lower in the first location (only
15.5% slightly damaged plants in the control) and the efficiency of insecticides
was proportionally lower. In the location Kljajiãevo, all control plants were intensively damaged by B. punctiventris. The lowest percentage of damaged
plants (26—30%), with very low intensity of damage was achieved with
thiamethoxam (60 g a.s./s.u.) and imidacloprid (90 g a.s./s.u.).
Table 1. The effects of seed treatments by insecticides against wireworms (Elateridae) and sugar
beet weevil (Bothynoderes punctiventris G e r m.) in sugar beet crops, expressed through relative
stand density and percentage of damaged plants in 2001
Active
substance

Amount of
active substance
(g, ml/unit)

Relative crop stand
(%)
A. Šantiã

Kljajiãevo

Percentage of plants damageda)
by B. punctiventris (%)
A. Šantiã

Kljajiãevo

Carbofuran

30

98.7

98.2

9.5

42.0*

Thiamethoxam

45

115.1

102.0

14.6

70.0*

Thiamethoxam

60

119.2

116.8

12.7

26.0

Imidacloprid

90

144.8

113.0

10.7

30.0

Imidacloprid +
tefluthrin

15 + 4

146.1

99.3

14.7

94.0**

Imidacloprid +
betacyfluthrin

15 + 8

136.5

—

7.1

—

Imidacloprid +
betacyfluthrin

45 + 6

145.9

—

8.7

—

Imidacloprid +
betacyfluthrin

60 + 8

143.1

—

9.9

—

—

100.0

100.0

15.5

100.0***

Control
a)

Damage extent from B. punctiventris: — very low, * low, ** medium, *** high
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In the second year of study (2002), although the density of wireworm larvae in the soil (6.0 and 8.4/m2) was similar in the respective locations, results
were similar to previous year regarding the maintenance of stand density and
the degree of plant damage by B. punctiventris (Table 2). In the location A.
Šantiã, insecticides exhibited high efficiency regarding the control of soil
pests, i.e. the maintenance of stand density, with the percentages from 18.6%
in the case of carbofuran to about 31% in the cases of fipronil (100 ml/s.u.)
and terbufos. The occurrence of B. punctiventris in that location was low (only
14.2% of slightly damaged plants in the control) and the activity of insecticides was modest. In the location Kljajiãevo, the control had about 30% of
plants slightly damaged by B. punctiventris. The lowest percentages of damaged plants (5—8%), together with low intensities of damage were achieved
with the application of terbufos, thiamethoxam and fipronil (100 ml a.s./s.u.).
Table 2. The effect of seed treatments by insecticides against wireworms (Elateridae) and sugar
beet weevil (Bothynoderes punctiventris G e r m.) in sugar beet crops, expressed through relative
stand density and percentage of damaged plants in 2002
Relative crop stand
(%)

Percentage of plants damageda)
by B. punctiventris (%)

Amount of
active substance
(g, ml/unit)

A. Šantiã

Kljajiãevo

A. Šantiã

Kljajiãevo

Carbofuran

3.0 l/100 kg seed

118.6

62.2

10.0

16.2

Thiamethoxam

7.2

Active
substance

2.0 l/100 kg seed

123.1

71.2

9.8

Fipronil

100

130.2

95.8

11.7

8.1

Fipronil

80

124.8

—

12.5

—

100

128.4

—

11.0

—

25.0 kg/ha

130.7

92.8

10.6

5.3

—

118.6

100.0

14.2

29.6

Imidacloprid +
pencycuron
Terbufos
Control

a) Damage extent from B. punctiventris: A. Šantiã — very low, Kljajiãevo — low

In the third year of study (2003), in the conditions of an extremely dry
spring, all preparations and mixtures exhibited highly positive effects regarding
the protection of crop stand against soil pests in all three locations (Figure 1).
The effect was the highest in A. Šantiã, where the population density of
wireworms was also the highest (14.7 individuals/m2). Compared to the control, the stands were from 63% higher in the plots with mixture of imidacloprid and tefluthrin to 98—116% in the case of the mixtures of thiamethoxam
and tefluthrin (the percentage increasing in proportion with the dose). In the
location of Sombor (7.2 individuals/m2) the stands were higher from 21% (tefluthrin) to 77% (thiamethoxam) in relation to the control. In the location R.
Šanåevi (6.3 individuals/m2), the efficiency was somewhat lower than in the
first two locations and it was at the same significance level as the treated crop
stands in relation to the control and the stands were from 25% higher in the
case of thiamethoxam to 34% in the case of the medium dose of the mixture
of thiamethoxam and tefluthrin.
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Fig. 1. The effect of seed treatment by insecticides against wireworms (Elateridae)
in sugar beet crops, expressed through relative stand density in 2003

In the last year of study (2004), which was characterized by considerably
lower density of the wireworm population in the soil and abundant rainfall in
April and May, which postponed the emergence and growth of plants while
accelerating the degradation and leaching of the applied insecticides, the efficiency of the insecticides in the protection of crop stand was much lower (Figure 2) than in the previous years, especially in the location of R. Šanåevi. In the
location A. Šantiã, which had the highest density of wireworms (2.7 individu-

Fig. 2. The effect of seed treatment by insecticides against wireworms (Elateridae)
in sugar beet crops, expressed through relative stand density in 2004
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als/m2), crop density was from 3.1—8.6% higher than in the control in the cases of carbofuran, its mixture with bifenthrin, the two higher doses of thiamethoxam and the higher dose of its mixture with tefluthrin to 11.3—19.6%
(the highest percentage was obtained with clothianidin). In the location of
Sombor (1.6 larvae/m2), the stand was from 6.3% higher (in the case of carbofuran + bifenthrin) to 30.2% (in the case of imidacloprid, 50 g a.s./s.u.).
In 2003 and 2004, the occurrence of B. punctiventris in the examined locations was either very low or very intensive (when foliar treatments had to be
performed), so that it was not possible to make valid estimates of the activity
of the applied insecticides.
The effect of seed treatment on beet flea beetle. The occurrence of C. tibialis was intensive in 2001 and 2003 and medium in 2004. As the occurrence
of the pest was limited to the location of R. Šanåevi, insecticide efficiency was
assessed only in that location. As the results from 2001 and the part of 2003
experiments had already been reported, this paper deals only with the results
from the last two years.
On 8 May 2003, about 40 days after planting, 25 plants were sampled
from each experiment unit (i.e. 100 plants per treatment), at the phenophase of
2—3 pairs of permanent leaves and assessed in laboratory for the intensity of
damage by beet flea beetles and measured for plant weight. In the conditions
of high population density of beet flea beetles, high air temperatures (maximum daily temperatures ranging between 28 and 32°C) and exceptionally low
rainfall (8 mm in April and 9 mm in May), practically all plants were damaged but with various levels of damage intensity (according to the scale of S e k u l i ã et al., 2002). In the control and the treatment with terbufos (Table 3),
there were no slightly damaged plants (1—10 holes per plant), 12% and 15%
of plants, respectively, were medium damaged (11—50 holes per plant) and
88% and 85% of plants, respectively, were intensively damaged (over 50 holes
per plant). The treatment with tefluthrin provided poor control of beet flea
beetles (5% slight damage, 33% medium damage and 62% intensively damaged plants). However, tefluthrin mixture with imidacloprid, and especially with
thiamethoxam provided very good control of beet flea beetles (75—97% respectively slight damage, 4—15% medium damage and only 0.8—14% intensively damaged plants).
Table 3. The effect of seed treatment by insecticides on young plants weight of sugar beet and injury level from Chaetocnema tibialis (Rimski Šanåevi, 2003)

Active substance
Imidacloprid + tefluthrin
Tefluthrin
Thiamethoxam
Thiamethoxam + tefluthrin
Thiamethoxam + tefluthrin
Terbufos
Control
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% of plants with different injury
Amount of
Young
level from C. tibialis
active substance
plants
(g, ml/unit)
weight (g) no injuries low medium high
15 + 4

71.8

0.0

75.0

11.0

14.0

8

43.0

0.0

5.0

33.0

62.0

60

65.8

0.0

96.8

3.2

0.0

15 + 6

75.8

0.0

84.0

15.2

0.8

60 + 4

77.6

0.0

96.0

4.0

0.0

25.0 kg/ha

30.9

0.0

0.0

15.0

85.0

—

23.0

0.0

0.0

12.0

88.0

The weight of 25 young plants was the largest (71.8—77.6 g) with plants
that emerged from seeds treated with mixtures of the insecticides imidacloprid
and thiamethoxam with the pyrethroid tefluthrin. The weight was slightly
smaller (65.8 g) with the treatment of thiamethoxam alone. Significantly lower
weights were obtained with tefluthrin and terbufos (43.0 and 30.9 g, respectively) and in the control (only 23.0 g).
During the second assessment in 2004, about 50 days after planting (20
May), 100-plant samples were examined in the laboratory at the phenophase of
2—3 pairs of permanent leaves and the same parameters were assessed as in
the previous year. The percentage of damaged plants from C. tibialis was very
high in all treatments and control (62.5—98.4%), but damage extent was very
different (Table 4). Almost all insecticides provided high percentages of slightly damaged plants (31.7—74.2%), low portions of medium damaged plants
(1.71—39.2%) and the lowest portions of intensively damaged plants (0—
21.7%).
Table 4. The effect of seed treatment by insecticides on young plants weight of sugar beet and injury level from Chaetocnema tibialis (Rimski Šanåevi, 2004)
% of plants with different injury
level from C. tibialis

Amount of
active substance
(g, ml/unit)

Young
plants
weight
(g)

no
injuries

low

medium

high

Carbofuran

4.0 l/100 kg seed

32.2

1.6

74.2

21.7

2.5

Carbofuran + bifenthrin

2.0 + 0.2/100 kg
seed

30.2

11.7

31.7

35.0

21.6

Imidacloprid

25

36.8

2.5

56.6

39.2

1.7

Imidacloprid

50

45.4

12.5

73.3

14.2

0.0

Imidacloprid

90

39.7

37.5

60.8

1.7

0.0

Active substance

Tefluthrin

5.0 kg/ha

35.9

8.3

55.0

35.9

0.8

Thiamethoxam

15

34.3

7.5

73.3

16.7

2.5

Thiamethoxam

20

38.1

20.8

53.3

25.9

0.0

Thiamethoxam

30

37.0

26.7

43.3

8.3

21.7

Thiamethoxam + tefluthrin

15 + 6

41.8

26.6

55.0

9.2

9.2

Thiamethoxam + tefluthrin

15 + 8

38.8

26.7

70.0

3.3

0.0

68

35.7

28.3

61.7

9.2

0.8

Clothianidin
Terbufos
Control

25.0 kg/ha

23.7

2.5

74.2

23.3

0.0

—

23.0

2.5

33.3

50.9

13.3

The weight of 25 juvenile plants was the highest in the plants that emerged from the seeds treated with imidacloprid (37—45.4 g) and mixtures of
thiamethoxam and tefluthrin (38.8—41.8 g). Slightly lower values (34.3—38.1
g) were achieved with thiamethoxam applied alone, clothianidin and granulated tefluthrin. Significantly lower values were achieved with terbufos (23.7 g)
and in the control variant (23.0 g).
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DISCUSSION
When referring to seed treatment with insecticides, one has in mind primarily plant protection against soil-dwelling pests, but also a complete or partial protection of scant foliage of the young plants from different weevils, flea
beetles and other pests which attack sugar beets at the beginning of growing
season. Sugar beet seed treatment is performed more frequently than it is the
case with other crops. In 18 countries of West Europe, insecticide-treated sugar beet seeds are used at 80% of the sugar beet acreage (D e w a r and A s h e r, 1994). The effects of seed treatment with insecticides are amply discussed in international and domestic literature. A l t m a n n (1991), for example,
points out the duration of action of imidacloprid (2—3 months) and its efficiency in the control of beet flea beetle, as well as of the species Atomaria linearis, Agriotes lineatus and Pegomyia hyoscyami. W a u t e r s and D e w a r
(1994) report similar data on the action of imidacloprid, but they also mention
that carbofuran provides good protection of young sugar beet crops against beet flea beetle, beet leaf miner and Lygus bugs. K i m e l (1997) in Hungary and
F e d o r e n k o and D e m j a n u k (2003) in Ukraine recommend seed treatment
for control of beet weevil if its numbers in old sugar beet fields do not exceed
1—2 individuals per m2.
Studies conducted in our country (S e k u l i ã et al., 1998—2002; K e r e š i et al., 2003, 2004) showed that seed treatment with insecticides, in addition to controlling soil pests in row crops (with the pest population density up
to 5 individuals per m2) successfully controls gray corn weevil in young corn
crops, leafcurl plum aphid (Brachycaudus helichrysi K a l t.) and corn weevil
in sunflower as well as beet flea beetle in young sugar beet crops, or at least
reduces the number of field treatments needed for their control.
In the experiments conducted in the period of 2001—2004, especially in
2003, almost all of the tested seed treatment insecticides and their mixtures ensured a significantly better stand of sugar beet crop than the control variant.
The highest effects in the maintenance of crop stand were registered in all
years in the location A. Šantiã, where the population density of the elaterid
larvae was the highest. In the first two years of study, in the location Kljajiãevo, considerable reductions of the percentage and intensity of damage of
young plants by beet weevil were achieved by the application of thiamethoxam and imidacloprid.
The effect of seed treatment on beet flea beetle was most evident in the
location R. Šanåevi during 2001 (S e k u l i ã et al., 2002) and 2003. In the
spring of 2003, the best protection of young plants from beet flea beetles was
achieved with thiamethoxam, applied alone or in mixture with tefluthrin and a
mixture of imidacloprid + tefluthrin. These treatments ensured significantly
lower percentages of damaged plants and intensities of damage than the control variant, while simultaneously ensuring significantly higher plant weight.
Similar results, in the same year and in the same location, were obtained with
the application of thiamethoxam and a mixture of carbofuran and bifenthrin to
encrusted sugar beet seeds (K e r e š i et al., 2004).
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Taking into consideration our own long-termed experience in that field,
results of numerous studies conducted around the world and the fact that in the
European Union as well as in Ukraine treated sunflower and sugar beet seeds
are used practically at the entire acreages of these crops, the use of seed treatment should be expanded in our country because, evidently, it is fully both
economically and ecologically justified.
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Rezime

Tokom 2001—2004. godine na podruåju Baåke utvrðivana je efikasnost insekticida za tretirawe semena šeãerne repe u ciqu suzbijawa štetoåina u zemqištu (larve fam. Elateridae) i smawewa šteta od repine pipe (Bothynoderes
punctiventris G e r m.) i repinog buvaåa (Chaetocnema tibialis I l l.). Testirano je
više insekticida, preteÿno sistemiånih (karbofuran, tiametoksam, fipronil, imidakloprid i klotianidin) i wihovih kombinacija sa piretroidima u
razliåitim dozama. Ocena efikasnosti izraÿena je preko ostvarenog biqnog
sklopa, procenta biqaka ošteãenih od pipe i buvaåa, intenziteta ošteãenosti
od buvaåa i mase mladih biqaka.
Efekat ispitivanih insekticida je varirao, zavisno od gustine populacije štetoåina i vremenskih uslova u periodu istraÿivawa. Najveãe poveãawe
sklopa u odnosu na kontrolu registrovano je u 2003. godini (25—32% na R.
Šanåevima, 21—77% u Somboru i 63—116% u A. Šantiãu), ali je i u ostalim
godinama bilo vrlo dobro (naroåito u A. Šantiãu). Najboqa zaštita mladih
biqaka od repine pipe ostvarena je 2001. i 2002. godine u Kqajiãevu.
Efekat insekticida na repinog buvaåa najoåigledniji je bio u 2001. i
2003. godini, u lokalitetu R. Šanåevi. Dok je u kontroli 85—100% biqaka bilo ošteãeno preteÿno jako, u tretmanima sa imidaklopridom, tiametoksamom i
wihovim mešavinama sa piretroidima procenat ošteãenih biqaka je bio mnogo mawi, intenzitet ošteãenosti je uglavnom bio slab, a masa biqaka veãa.
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