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Abstract

SEIDENGLANZ M., POSLUSNA J., ROTREKL J., KoLARIK P., HRUDOVA E., TOTH P., HAVEL J., BERNARDOVA M.
(2015): Meligethes aeneus (Coleoptera: Nitidulidae) resistance to lambda-cyhalothrin in the Czech Republic
in 2012 and 2013. Plant Protect. Sci., 51: 94—-107.

Susceptibility of Meligethes aeneus populations from the Czech Republic and Slovakia was tested with lambda-cyhalo-
thrin (93 populations in 2012, 82 populations in 2013) using IRAC method No. 011 Version 3. Resistant populations
predominated in both years. The mean percentage mortalities for a common European field rate of 7.5 g a.i./ha were
60.95% in 2012 and 61.36% in 2013 (according to Abbott’s formula). The LC, values estimated for the tested popula-
tions exceeded the European field rate in many cases (22.09% of populations in 2012 and 17.14% in 2013). Only in
10.47% and 7.14% of populations the LC,, values were below the European field rate (in 2012 and 2013, respectively).

Slovak populations seemed to be somewhat less resistant compared to the Czech ones.
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At present, pyrethroid-resistant populations of
pollen beetles (Meligethes aeneus F., Coleoptrera:
Nitidulidae) are probably the most dominant in
West and Central Europe and are becoming estab-
lished in the North and East (SLATER et al. 2011).
Pollen beetle resistance to pyrethroids is a reality
in Europe and will affect future oilseed rape pro-
duction. Deterioration of the problem is associated
with extension of oilseed rape area, and also with
reducing the number of spray solutions is reduced
(ZroF 2008). The first case of reduced susceptibil-
ity of pollen beetles to pyrethroids in Europe was
reported in 1999 in the Champagne region, in north-
eastern France (BALLANGER et al. 2007). Based on
this evidence resistance monitoring activities were
initiated in many other European countries (ZIMMER

& NAUEN 2011a,b). Consequently, resistant pollen
beetles were also discovered in 2000 in Switzerland
(DERRON et al. 2004) and in Sweden (DJURBERG &
GUSTAFSSON 2007), in 2003 in Finland (TIILIKAINEN
& HOKKANEN 2008), in 2004 in Poland (WEGOREK
2005; WEGOREK et al. 2006, 2009; PHILIPPOU et al.
2011), and in 2007 in Luxembourg (EICKERMANN
et al. 2008). The first cases of pyrethroid resistance
in Denmark were described in 2000 and 2001 and
confirmed in 2003 (HANSEN 2003, 2008). Since 2002,
when the first resistant pollen beetles were observed
in Germany, the number of positive recordings has
rapidly increased in this country (HEIMBACH 2005;
NAUEN 2005, 2007; HEIMBACH & MULLER 2006;
THIEME at al. 2006, 2008; HEIMBACH et al. 2007).
In 2006 more than 50% of the winter oilseed rape
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acreage in Germany was affected (THIEME et al. 2008).
It is clear that the main oilseed-rape-growing areas of
Europe are affected by this problem. The UK (and maybe
Austria) is slightly less affected by the phenomenon and
it seems that Meligethes populations from Ukraine and
some Baltic states (Estonia and Latvia) remain fully
susceptible to pyrethroids (RICHARDSON 2008; VERO-
MANN & TOOME 2011; ZIMMER & NAUEN 2011a,b). In
2007 resistant populations of pollen beetles were also
recorded for the first time in the Czech Republic (Ko-
COUREK et al. 2007; STARA et al. 2010; SEIDENGLANZ et
al. 2011, 2012, 2013). However, we cannot exclude the
possibility that the resistant populations appeared even
earlier in the Czech Republic, because winter oilseed
rape has been grown very intensively, the number of
insecticidal sprays usually applied to the crop during
one season is comparable with the situation in Germany,
and the acreages of this crop have been continually
increasing in the country over the recent fifteen years
(KocouRek 2013a). Seemingly in 2011 the situation
got markedly worse in the Czech Republic. Resistant

doi: 10.17221/40/2014-PPS

and highly resistant populations became very frequent
across the whole country at that time. Suddenly they
were not limited only to northern regions as they had
been in previous years (SEIDENGLANZ et al. 2012, 2014).

The aim of this paper is to illustrate the change
in resistance levels of Meligethes aeneus from the
Czech Republic (and Slovakia in 2012, too) to esteric
pyrethroids (lambda-cyhalothrin used in tests) in
the course of two years (2012-2013) and compare
the situation with results recorded in the previous
monitoring period (2009-2011) (SEIDENGLANZ et al.
2011,2012,2013,2014). IRAC (Insecticide Resistance
Action Committee; www.irac-online.org) laboratory
test No. 11 Ver. 3 was used.

MATERIAL AND METHODS

Samples of Meligethes adults (M. aeneus highly
predominated in the catches) from different locali-
ties in the Czech Republic (as well as in Slovakia in

Figure 1. The spots on the map of the
Czech Republic (CZ) and Slovakia (SK)
mark the places where the Meligethes
populations tested in 2012 were sam-
pled. A total of 93 populations (83 CZ
and 10 SK ones) were compared. The
numbers of the spots corresponds with
the population numbers used in Table 1
and in Figures 3A, B and C

Figure 2. The spots on the map of the
Czech Republic mark the places where
the Meligethes populations tested in 2013
were sampled. A total of 82 populations
were compared. The numbers of the
spots corresponds with the population
numbers used in Table 2 and on Figu-
res 4A, Band C
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Table 1. Susceptibility of pollen beetles from Czech Republic and Slovakia after 24 h exposure to lambda-cyhalothrin
in 2012 (93 samples tested with an adult vial test, method: IRAC 011 version 3)

sample 2 Lo o osmel RR LCo 95% c.. RR
No. locality (district, state) date (g a.i./ha) (LCyp) (ga.i/ha) (LCyo)
1 Klobouky u Brna (BV, CZ) 234. 5 11.96 4.65-53.58 234.53 69.72 23.13-4686.95 116.40
2 Rapotin (SU, CZ) 254. 5 9.75 6.71-14.55 191.14 41.51 25.23-96.77 69.29
3 Pohot Odry (NJ], CZ) 25. 5 XXX XXX

4 Odry (NJ,CZ) 25. 5 6.56 3.31-15.09 128.53 36.44 15.66—-264.36 60.83
5  Nekoi-Bredavka (UO, CZ) 4.5. 4 4.31 2.27-7.81 84.55 37.69 17.56-178.75 62.92
6  Hradec Krélové (HK, CZ) 4.5. 4 2.22 1.38-3.37 43.61 16.28 9.44-39.94 27.18
7  Nachod (NA, CZ) 4.5. 4 3.03 1.87-4.95 59.47 14.60 8.23-39.07 24.37
8 TrutnovI(TU, CZ) 9.5. 4 3.94 2.17-7.41 77.24 31.56 14.50-142.14 52.68
9  Nové Sady (NR, SK) 10.5. 4 1.59 1.09-2.22 31.24 10.35 6.81-18.83 17.28
10 Velké Kostolany (PN, SK) 95. 3 0.77 0.30-1.43 15.16 10.32 4.91-45.22 17.23
11 Prasice (TO, SK) 10.5. 3 1.34 0.70-2.29 26.24 6.71 3.69-19.77 11.21
12 Libichava (BN, SK) 10.5. 3 0.54 0.19-0.99 10.67 8.91 4.33-38.72 14.87
13 Budmerice (PK, SK) 95. 3 1.23 0.88-1.67 24.02 4.56 3.14-7.98 7.62
14 Jablonica (SE, SK) 10.5. 3 0.92 0.63-1.26 17.96 4.16 2.80-7.61 6.94
15 Plavecké Podhradie (MA, SK) 10.5. 4 1.67 1.00-2.61 32.69 7.82 4.63-19.50 13.06
16 Bahon (PK, SK) 9.5. 4 1.67 1.15-2.43 32.75 11.04 6.52-25.91 18.44
17 Slovensky Grob (PK, SK) 95. 3 2.62 1.47-4.40 51.27 11.83 6.63-33.17 19.75
18 Turé Luka (MY, SK) 10.5. 3 1.25 0.87-1.76 24.45 5.11 3.33-10.16 8.52
22 Senice na Hané (OL, CZ) 11.5. 4 3.72 2.57-5.36 73.02 20.28 12.64-41.86 33.85
23 Moravskd Trebova (SY, CZ) 11.5. 4 2.63 1.41-4.58 51.51 51.60 22.89-215.76 86.15
24 Litomysl (SY, CZ) 11.5. 4 2.21 1.36-3.27 43.41 9.05 5.69-21.16 15.10
25 Mikulovice u Jeseniku (JE, CZ) 18.5. 4 3.06 1.56-5.78 60.06 20.71 9.89-89.29 34.57
26 Javornik (JE, CZ) 18.5. 4 5.35 3.12-9.22 104.86 24.67 13.34-77.52 41.19
27 Lichkov (UO, CZ) 18.5. 4 2.41 1.51-3.72 47.20 21.83 12.26-53.10 36.44
29 Budin u Nechanic (HK, CZ) 25.5. 4 4.87 3.33-7.09 95.51 17.48 11.21-36.60 29.18
30 Hnévceves (HK, CZ) 25.5. 4 3.31 1.64-6.57 64.94 25.70 11.43-141.77 42.91
31 Libina (SU, CZ) 29.5. 4 2.84 1.78-4.43 55.61 26.23 14.37—-67.93 43.79
32 Chorusice (ME, CZ) 29.5. 4 2.46 1.46-3.99 48.20 29.27 14.81-92.24 48.86
33 Ceslq'/ Dub (LB, CZ) 29.5. 4 3.46 1.58-6.90 67.78 53.49 21.09-380.88 89.30
34 Brnisté (CL, CZ) 30.5. 4 3.64 2.08-6.21 71.33 22.67 11.90-72.18 37.84
35 Markvartice (DC, CZ) 30.5. 5 4.08 1.69-11.17 80.00 29.60 10.90-419.45 49.42
36 Hrédek nad Nisou (LB, CZ) 30.5. 4 XXX XXX

37 Kylesovice (OP, CZ) 35 5 XXX XXX

38 Krnov (OP, CZ) 85. 5 13.33 8.94-21.50 261.31 104.42 53.85-318.79  174.33
39 Hranice (PR, CZ) 105. 5 6.48 3.36-10.24 127.02 29.48 16.49-152.46 49.22
40 Hodslavice (NJ, CZ) 10.5. 5 10.26 6.18-21.10 201.14 33.28 17.28-161.91 55.57
41 Nosovice (FM, CZ) 11.5. 2 1.68 1.24-2.31 32.84 4.36 3.01-8.43 7.28
42 Markvartovice (OV, CZ) 155. 5 XXX XXX

43 Nové Hefminovy (BR, CZ) 175. 5 XXX XXX

45 DPolicka (SY, CZ) 6.6. 5 5.27 3.14-9.29 103.24 41.75 20.18-156.58 69.70
46 Petrovice (HB, CZ) 6.6. 4 5.17 3.10-9.02 101.39 123.21 49.88-599.31  205.68
47 Mosnov (OV, CZ) 126. 5 4.67 2.60-7.52 91.55 25.89 14.24-91.08 43.23
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Sample = LC RR LC RR
No. locality (district, state) date & (g a-ijﬁa)a 95% c.l (LC,) (g aijﬁa)b 95% c.l. (LC,)
48 Tismice (KO, CZ) 224. 5 524  224-11.86 102.65  44.87 17.52-613.41 74.91
49 Nebovidy (KO, CZ) 274. 5 2094 12.72-43.64 410.67 174.98 72.26-1082.07  292.11
50 Kasejovice (P, CZ) 284. 4 0.85 046-138  16.73 6.80 3.76-19.18 11.35
51 Zele¢ (TA, CZ) 29.4. 4 XXX XXX

52 Piikosice (RO, CZ) 294. 4 197  1.06-3.17 3865 1177 6.67-33.58 19.65
53 Kiivsoudov (BN, CZ) 294. 5 946  522-20.85 18547  188.74 62.97-171321  315.10
54 Kladruby (RO, CZ) 294. 4 199 1.05-347 3896  27.03 12.49-112.83 45.12
55 Zaluzany (PB, CZ) 304. 4 450  2.33-8.81 8831  18.36 9.28-82.55 30.65
56 Kestiany (PI, CZ) 304. 4 3.75  2.77-5.07  73.49 9.30 6.61-16.61 15.53
57 Kolove¢ (DO, CZ) 304. 4 232 0.67-6.15 4549  294.87 52.58-51890.80  492.27
58 Libcany (HK, CZ) 304. 5  11.72  848-16.11 22971  26.76 18.84-54.48 44.68
59 Kluky (PL, CZ) 304. 4 460 3.32-639  90.16  13.39 9.09-26.08 22.35
60 Zubéice (CK, CZ) 25.6. 3 0.80 0.45-1.26  15.59 5.90 3.33-15.90 9.84
61 Destna (JH, CZ) 304. 4 3.65 236-558 7151  12.97 8.01-30.24 21.65
62 ;’r?r?:r‘gsfn‘;i‘z;?‘télz‘; 304. 3 164 110-242 3206 7.75 4.76-17.02 12.93
63 Neveklov (BN, CZ) 304. 4 2.84  147-563 5571  18.44 8.48-91.00 30.78
64 Driten (CB, CZ) 304. 3 1.03  0.60-1.63  20.25 6.60 3.77-17.31 11.02
65 Zalofiov (NA, CZ) 15 5 734  520-10.71 143.92  27.92 17.53-60.90 46.62
66 Borovany (CB, CZ) 15 3 2.85  2.09-3.89  55.84 7.40 5.18-13.66 12.35
67 Diinov (ME, CZ) 116. 4 3.86  242-6.05 7563  13.00 7.92-32.50 21.71
79 Troubsko (BO, CZ) 234. 5 1178  4.50-77.03 230.92 713.53 97.36-556473.03 1191.20
80 Dolni Dunajovice (BV, CZ) 234. 4 150  0.70-2.74 2949  27.56 11.97-136.76 46.01
81 Velké Némcice (BV, CZ) 234. 4 756 2.50-50.73 148.22  373.90 53.98-655360.23  624.20
82 Syrovice (BO, CZ) 234. 5  14.26  7.78-34.73 279.57  269.08 84.36-3015.96  449.22
83 Smolin (BO, CZ) 234. 5 738 2.61-39.55 144.67 190.16 36.75-74677.56  317.45
84 Lednice (BV, CZ) 234. 4 3.08  1.82-522 6035  36.40 17.41-129.53 60.77
85 Vitonice (ZN, CZ) 274. 5 1021  4.66-35.42 200.27 655.66  118.87-50483.65 1094.59
86 Tvorihraz (ZN, CZ) 274. 5 6831 21.23-1894.851339.41 6249.71 468.46-37784705.8010433.57
87 Suchohrdly (ZN, CZ) 274. 4 791  4.02-19.53 155.00  270.97 72.80-4867.60  452.37
88 Haté (ZN, CZ) 27.4. 4 402  233-7.10 7875  56.48 24.96-243.47 94.28
89 Rokytnice n. Rokytnou (TR, CZ) 27.4. 4 4.14 2.08-8.40 81.25 103.86 35.74-950.14 173.40
90 Krahulov (TR, CZ) 30.4. 4 1.07  046-1.98  21.00 2374 10.17-123.21 39.63
91 Ujezd u Cerné Hory (BK, CZ)  30.4. 4 532  247-1343 104.25 289.33 67.54-9129.11  483.03
92  Mysletice (JI, CZ) 30.4. 4 332  157-6.76 6510  58.46 21.88-461.31 97.60
93 Studenec (TR, CZ) 304. 5 7.17  3.43-19.42 14067 359.01 81.52-11936.66  599.34
94 Vysoké Popovice (BO, CZ) 304. 4 573 249-1594 112.25 144.65 38.29-4534.26  241.49
95 Tel¢ (JI, CZ) 304. 4 191  0.84-374 3743 2515 10.48-161.76 41.98
96 Popovice u Rajhradul (BO,CZ) 224. 4  10.07  6.48-16.58 19753  70.47 36.47-225.96 117.65
97 Brno Chrlice (BM, CZ) 15 4 3.86  1.83-854 7575  164.77 46.41-2682.71  275.08
98 Radvanice, Zaje¢i Dall (PR, CZ) 85. 5 2072  9.17-98.22 40624 108120  178.63-115421.99 1805.01
99 Brno Tufany (BM, CZ) 16.5. 4 185  1.08-3.02 3627  18.89 9.72-58.94 31.54

Bysttice n. PerStejnem- 205. 5 XXX XXX

Lesoriovice (ZR, CZ)
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Table 1 to be continued

Sample ~ LC RR LC RR
No. Il)ocality (district, state) date & (g a~i~/5 ﬁa)a 95% c.l (LC,) (g a.i./9 ﬁa)b 95% cl. (LCyp)
101 Tisnov (BO, CZ) 235. 5 15.55 6.56-80.60  304.96 577.59 100.99-86886.38 964.25
102 Horni Rozsicka (ZR, CZ) 30.5. 5 13.70 6.32-50.74  268.67 733.42 135.76-49634.24  1224.41
103 Rozsochy (ZR, CZ) 3.6. 4 2.13 1.10-3.83 41.71 40.39 17.15-197.72 67.43
104 Krhov (TR, CZ) 6.6. 4 2.52 1.40-4.46 49.47 40.36 17.61-183.07 67.37
105 Bucovice (VY, CZ) 10.6. 4 6.17 3.64-10.94 120.90 30.73 15.97-107.54 51.31
106 Kojetin (PR, CZ) 25.6. 4 8.40 3.70-27.60 164.69 177.79 44.93-3123.56 296.81
107 Vranovice-Kelcice (PV, CZ) 27. 4 5.30 3.40-8.42 103.96 38.29 20.84-103.46 63.92
108 Radvanice, Zaje¢i DalII (PR, CZ) 8.7. 5 8.67 5.33-15.56  169.90 84.45 38.63-336.83 140.99
109 Popovice u Rajhradu II (BO, CZ) 15.7. 4 0.86 0.10-2.37 16.88 29.79 8.36-1904.03 49.73
Means 4.17 5.83 114.46 173.21 289.17

PRI — Pyrethroid Resistance Index (1-5) stated according to method IRAC 011 v. 3; c.l. — confidence limits; *the lowest LC,,
recorded during the five years lasting monitoring (2009-2013) served as a base for RR (LC,) calculations; minimal LC, (2009

2013) = 0.051 g a.i./ha (95% c. limits = 0.00-0.21 g a.i/ha); population No. 36

2010 bthe lowest LC,, recorded during the five

years lasting monitoring (2009-2013) served as a base for RR (LC,,) calculations; minimal LC,,(2009-2013) = 0.599 g a.i./ha
(95% c. limits = 0.41-1.56 g a.i./ha); populations No. 90, 92, 93, 94, and 108 collected in 2009; RR - resistance ratio was not
possible to estimate correctly the LC,j and LC,, values for the populations No. 3, 36, 37, 42, 43, 51, and 100

2012) were collected mainly from winter oilseed rape
fields (in some cases spring rape, white mustard and
poppy fields were used, too) in the course of April,
May, June, and July 2012 and 2013 (Figures 1 and 2;
Tables 1 and 2). Each of the Meligethes samples was
tested with lambda-cyhalothrin; a total of 93 popula-
tions in 2012 and 82 populations in 2013 were tested
and compared. Lambda-cyhalothrin (analytical stand-
ard; batch number: HUD6A 3514) was obtained from
Syngenta Czech Ltd. (Prague, Czech Republic).

The ‘adult vial test’ recommended by the IRAC was
used for testing (IRAC method No. 011 v. 3; www.irac-
online.org). The inner surfaces of the glass vials (all
with the same inside area: 37.97cm?; P-Lab, Prague,
Czech Republic) were coated with different concen-
trations of lambda-cyhalothrin. One ml of solution
for each concentration was used per vial. Vials with
the solutions were rotated on a roller mixer at room
temperature until the acetone completely evaporated.
At the start of the coating process, the inner surface
of the vials was completely covered with the solution.
Five concentrations were prepared per test: 0 ga.i./ha =
untreated control; 0.3 g a.i./ha (= 0.003 pg a.i./cm?);
1.5ga.i./ha(=0.015 pga.i./cm?); 7.5 ga.i./ha (= 0.075 pg
a.i./cm?), and 37.5 g a.i./ha (= 0.375 pg a.i./cm?).
The rate 7.5 g a.i./ha (= 0.075 pg a.i./cm?) is the Euro-
pean (and also Czech) lambda-cyhalothrin registered
dose (= 100% field rate). For every sample three rep-
licates were used for each tested concentration. Ten

98

(8-12) adult pollen beetles were placed in each vial.
The vials with beetles were stored in constant envi-
ronment facilities at 18 + 2°C and 16: 8 h light: dark.
After 24 h the beetles were tipped out of the vials
and scored on filter discs. Insects incapable of co-
ordinated movement (IRAC, www.irac-online.org)
were scored as dead for computing mortality levels
and LC, o,

To test significant differences in mean percentage
mortalities among the compared Meligethes samples
induced by the three concentrations tested (0.015,
0.075, and 0.375 pug a.i./cm?), the analysis of variance
(ANOVA) and appropriate post-test (Tukey’s test)
were performed. On the basis of mortality recorded
in control vials (0 g (ug) a.i./cm?) all mortality figures
were corrected according to Abbott’s formula (ABBOTT
1925). The samples in which the level of mortality in
untreated controls exceeded 10% were excluded from
assessments. In most of the compared samples (86 and
75in 2012 and 2013 respectively) the level of mortality
was zero. The statistical analysis was performed with
Statistica v. 10 software (StatSoft, Inc. 1984—-2013).

On the basis of the recorded mean percentage
mortalities induced by the concentrations 0.015
and 0.075 pg a.i./cm? Pyrethroid Resistance Indices
(PRI) for individual samples were calculated (more
detailed description in Table 3).

The LC,, ,, values were estimated by Probit analysis
using Polo Plus software Version 2 (LeOra Software,

values.
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Table 2. Susceptibility of pollen beetles from Czech Republic after 24 h exposure to lambda-cyhalothrin in 2013 (82
samples tested with an adult vial test, method: IRAC 011 version 3)

Sample =  LC RR LC RR
No. locality (district) date > (g a.i./5 ﬁa)a 5% cl LC,) (g a.i./91(1)a)b 9% cl. (LCyy)
2 Zitonice (LT) 135. 5 11.64 7.36—16.66 228.25 48.02 31.04-106.25 80.17
3 Trutnov ( TU) 14.5. 4 4.13 2.74-5.33 80.98 8.55 6.63-12.87 14.28
4 Horka (OL) 15.5. 4 2.34 0.35-7.56 45.84 39.52 10.87-6169.78 65.97
5 Konice (PV) 14.5. 4 4.14 2.62—-6.48 81.14 16.50 9.87-39.46 27.54
6  Moravska Trebova (SY) 15.5. 4 2.84 1.12-5.29 55.71 39.73 18.79-165.98 66.33
7  Velka Jesenice (NA) 15.5. 4 6.43 4.11-9.21 126.08 31.45 20.46-62.63 52.51
8 Réby (PA) 15.5. 4 5.21 1.26-8.49 102.06 19.63 11.88-96.43 32.77
9 Litomysl (SY) 15.5. 4 2.84 1.71-4.54 55.76 30.86 16.09-91.60 51.52
10 Rapotin (SU) 175. 5 13.24 7.82-26.72 259.61 116.61 49.11-640.53 194.67
11 Unicov (OL) 235. 4 6.78 4.90-9.16 132.84 22.66 15.69-40.55 37.83
12 Sternberk (OL) 235, 4 4.40 2.86—6.55 86.24 20.38 12.68-43.68 34.02
13 Rybnd n. Zdobnici (RK) 24.5. 4 4.18 3.06-5.71 81.92 11.21 7.80—-20.84 18.72
14 Ji¢in (JC) 245. 5 5.80 2.29-16.03 113.63 31.50 12.37-423.04 52.59
15 Turnov (SM) 24.5. 4 2.02 1.14-3.20 39.67 14.62 8.50-34.70 24.41
16 Kralupy n. Vltavou (ME) 24.5. 4 5.53 2.44-11.46 108.35 26.69 12.60-147.12 44.55
17 Sadska (NB) 24.5. 4 XXX XXX

18 Troubsko (BO) 24.5. 4 0.98 0.11-2.91 19.25 16.77 4.92-2027.36 28.00
19 Pribyslavice (TR) 17.5. 4 4.25 1.86-10.46 83.41 59.38 20.00-792.82 99.14
20 Rehotov (JI) 175. 4 2.04 1.22-3.32 39.98 20.11 10.34-62.11 33.57
21 Nové Veseli (ZR) 175. 4 1.72 0.86-3.19 33.75 15.11 7.04-68.45 25.22
22 Lavi¢ky (ZR) 175. 4 0.96 0.47-1.65 18.86 13.02 6.42-46.85 21.73
23 Nové Sady (ZR) 175. 5 11.26 5.69-28.19 220.75 79.31 30.77-813.95 132.40
24, Zahradisté (ZR) 175. 4 1.65 0.41-4.23 32.27 44.75 13.06-1452.14 74.71
25 Zakrany (BO) 6.5. 4 1.65 0.85-3.08 3241 11.30 5.42-49.66 18.87
26 Cechocovice (TR) 6.5. 4 4.45 2.12-10.04 87.24 40.50 15.88—-325.56 67.61
27 Ivancice (BO) 6.5. 4 2.32 1.59-3.43 45.57 11.29 6.91-24.36 18.84
28 Hory (TR) 6.5. 4 0.79 0.31-1.40 15.53 11.92 5.86-43.16 1991
29 Dukovany (TR) 6.5. 4 7.33 3.23-21.44 143.67 125.57 35.75-3454.20 209.63
30 Namést n. Oslavou (TR) 6.5 4 2.02 0.44-6.57 39.65 50.41 12.18-9750.40 84.16
31 Slavi¢ky (TR) 6.5. 4 1.94 1.18-3.16 37.96 8.80 4.97-24.95 14.68
32 Moravsky Krumlov (ZN) 304. 4 2.17 1.35-3.48 42.63 8.51 4.99-23.10 14.21
33 Perna (BV) 304. 4 2.40 1.57-3.67 46.98 9.03 5.49-21.66 15.07
34 Znojmo (ZN) 304. 4 2.13 2.46-3.13 41.82 9.41 5.86—-20.08 15.70
35 Novosedly (BV) 304. 3 0.52 0.07-1.24 10.27 5.55 2.15-116.83 9.26
36 Uvaly (BV) 304. 4 2.38 0.61-7.04 46.69 86.87 20.27-10207.59  145.03
37 Skalice (ZN) 304. 4 4.33 3.06-6.16 84.90 15.07 9.83-30.85 25.16
38 Starovice (BV) 304. 4 0.73 0.13-1.77 14.22 2345 7.53-558.63 39.15
39 Bernartice (JE) 12.7. 4 5.68 2.59-13.21 111.41 21.80 10.20-177.29 36.39
40 Uhelna (JE) 12.7. 3 2.85 1.56-5.52 55.88 8.17 4.49-38.13 13.64
41 Vikyiovice (SU) 127. 4 XXX XXX

42 Trutnov II (TU) 16.7. 4 5.02 3.73-6.44 98.33 12.10 9.09-20.32 20.19
46 Bravantice (NJ) 1.7. 5 13.78 3.39-28.56 270.14 86.25 37.80-1075.70 143.99
47 Mosnov II (N]) 1.7. 5 7.44 5.71-9.77 145.94 21.30 15.17-36.93 35.56
48 Sosnova I (OP) 24.6. 4 0.99 0.42-1.82 19.45 8.20 3.98-34.61 13.69
49 Bohus$ov u Osoblahy I (BR) 246. 5 9.32 4.26-31.38 182.67 52.09 19.16-1432.10 86.95
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Table 1 to be continued

Sample ~ LC RR LC RR
No. locality (district) date > (g ai'/sﬁa)a el (LCy)" (g a'i'/gﬁa)b el (LCyy)¢
50 Valasské Mezifici (VS) 295. 4 3.25 1.81-5.72 63.75 24.94 12.21-98.47 41.64
51 Bohusov u OsoblahyII (BR) 27.5. 5 XXX XXX

52  Silhefovice (OP) 26.5. 5 6.75 4.50-9.44 132.43 19.15 12.99-41.53 31.97
53 Sosnova II (OP) 235. 3 221 1.57-3.03 43.29 6.52 4.52-11.87 10.89
54 Rudnd p. Pradédem (BR) 225 4 4.26 3.23-5.45 83.55 8.61 6.60-13.02 14.37
55 Mosnov I (NJ]) 205 5 8.98 3.25-47.17 176.02 70.24 20.22-9658.15  117.26
56 Rohov (OP) 155. 4 XXX XXX

57 Vitkov (OP) 145. 5 9.02 4.03-28.12 176.78 49.49 18.64-946.62 82.62
58 Hlinsko p. Hostynem (KM) 105. 4 2.30 1.02-4.26 45.08 11.14 5.71-49.84 18.60
59 Zlin (ZL) 105. 4 5.60 1.77-14.92 109.86 23.50 10.07-481.50 39.23
60 Bubovice (PB) 65 4 4.12 247-6.95 80.78 13.86 7.96-45.71 23.13
61 Ceské Budéjovice (CB) 85 4 4.92 3.31-7.51 96.55 26.05 15.23-62.41 43.49
62 Hospriz (JH) 20.5. 4 7.85 5.35-11.50 153.90 33.91 21.11-74.04 56.61
63 Kasejovice (P]) 9.5. 4 2.72 1.72-4.31 53.31 21.07 11.42-57.63 35.18
64 Kestrany (PI) 284. 4 XXX XXX

65 Kladruby (RO) 65 4 3.06 1.73-5.408 59.94 46.28 20.19-209.78 77.26
66 Kluky (PI) 284. 5 XXX XXX

67 Kolovec (DO) 155. 4 6.01 2.65-17.09 117.82 237.08 55.24-9439.78  395.78
68 Kozli (HB) 155. 3 0.65 0.32-1.08 12.71 6.38 3.40-20.12 10.64
69 Krivsoudov (BN) 135. 5 12.35 8.09-20.12 242.08 74.26 39.40-235.11 123.96
70 Malsice (TA) 125. 5 XXX XXX

71 Nebovidy (KO) 6.5. 5 XXX XXX

72 Neveklov (BN) 284. 4 4.90 2.81-8.66 96.00 24.65 12.90-83.24 41.15
73 Nové Veelnice (JH) 135. 4 XXX XXX

74 Pluhav Zdar (JH) 205. 5 XXX XXX

75 Prikosice (RO) 6.5. 3 1.54 1.09-2.20 30.27 5.38 3.51-10.95 8.98
76 Tismice (KO) 304. 5 64.47 15.32-24763.86 1264.20 30760.21 776.78-0.00 51352.61
77 Zele¢ (TA) 125. 4 XXX XXX

89 Brno-Mokra Hora (BO) 234. 4 3.01 1.23-5.85 58.96 21.42 9.85-143.62 35.76
90 Zabcice (BO) 294. 5 8.06 4.66—13.72 158.08 56.81 28.43-232.19 94.83
91 Rajhrad (BO) 1.5. 5 5.01 2.32-9.95 98.14 38.53 16.87-298.46 64.32
93 Ceskd Tiebova-Semanin (UOQ) 12.5. 5 8.96 4.29-22.57 175.71 205.64 58.63-4970.81 343.31
94 Rosice u Brna (BO) 195. 5 7.02 3.39-15.92 137.57 139.94 44.69-2184.03  233.62
95 Radvanice (PR) 195. 4 6.82 2.79-18.87 133.78 141.79 39.05-6213.83  236.71
96 Vyskov (VY) 26. 4 5.03 1.98-14.38 98.67 344.50 67.65-32836.63 575.12
97 Popovice (BO) 9.6. 3 1.51 1.01-2.25 29.67 7.30 4.45-16.40 12.18
98 Bystfice p. Pernstejnem (ZR) 15.7. 5 XXX XXX

Means 4.2 5.50 107.84 482.47 805.45

PRI — Pyrethroid Resistance Index (1-5) stated according to method IRAC 011 v. 3; c.l. — confidence limits; *the lowest

LC,, recorded during the five years lasting monitoring (2009-2013) served as a base for RR (LC, ) calculations; minimal

LC,, (2009-2013) = 0.051 g a.i./ha (95% confidence limits = 0.00-0.21 g a.i./ha); population No. 36

2010°

bthe lowest LC,,

recorded during the five years lasting monitoring (2009— 2013) served as a base for RR (LC,,) calculations; minimal LC,,
(2009-2013) = 0.599 g a.i./ha (95% confidence limits = 0.41-1.56 g a.i./ha); populations No. 90, 92, 93, 94, and 108 collected
in 2009; RR - resistance ratio was not possible to estimate correctly the LC_j and LC,, values for the populations No. 17,
41, 51, 56, 64, 66, 70, 71, 73, 74, 77, and 98
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Figure 3. Mean percentage mortalities of
Meligethes (collected in 2012) induced
by 1.5 g (A), 7.5 g (B) and 37.5 g (C) of
lambda-cyhalothrin per ha (SK popula-
tions = Slovak populations)
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Table 3. Classification of Meligethes populations by pyrethroid resistance indices (PRI) assigned according to method
IRAC 011 v. 3. Not only 2012 and 2013 Meligethes collections are compared in the table. Classifications of Czech
Meligethes collections from 2009 (111 populations tested), 2010 (125 populations tested), and 2011 (102 populations
tested) are also included in the table (CZ = Czech Republic; SK = Slovakia)

Portion of populations with certain PRI (%)

Insecticide Season
1 2 3 4 5
2009 11.71 18.02 25.23 33.33 11.71
2010 4.00 22.40 21.60 43.20 8.80
2011 0.00 3.92 13.73 61.77 20.59
Lambda-cyhalothrin 2012 (CZ+SK) 0.00 1.08 11.83 55.91 31.18
2012 (CZ) 0.00 1.21 4.82 59.04 34.94
2012 (SK) 0.00 0.00 70.00 30.00 0.00
2013 0.00 0.00 7.32 65.85 26.83

PRI 1 - highly susceptible population (mean percentage mortalities induced with the both rates of 7.5 and 1.5 g a.i./ha are

100% according to Abbott’s formula); PRI 2 — susceptible population (mean percentage mortality induced with 7.5 g a.i./ha is

100%, mean percentage mortality induced with the rate of 1.5 g a.i./ha is lower); PRI 3 — moderately resistant population (mean

percentage mortality induced with 7.5 g a.i./ha ranges between 90-99.99%); PRI 4 — resistant population (mean percentage

mortality induced with 7.5 g a.i./ha ranges between 50-89.99%); PRI 5 — highly resistant population (mean percentage mortality
induced with 7.5 g a.i./ha is below 50% according to Abbott’s formula)

Berkeley, USA). Zero mortalities were recorded in
the populations No. 3, 36, 37, 42, 43, 51, and 100 (as-
semblage collected in 2012) and in the populations
No. 17, 41, 51, 56, 64, 66, 70, 71, 73, 74, 77, and 98
(assemblage from 2013) after their exposure to the
two lowest concentrations tested (0.003 and 0.015 pg
a.i./cm?). So, that was not possible to estimate cor-
rectly the LC. and LC, values for the populations.
The populations were excluded from all LC; and
LC,, calculations and comparisons.

Resistance ratio (RR) calculations are related to
the lowest LC,, and LC, values which have been
recorded in Meligethes collections from the beginning
of monitoring in 2009 (it still continues). The lowest
LC,,was recorded in the Czech collection from 2010
(0.051 g a.i./ha) and the lowest LD, was recorded
in the Czech collection from 2009 (0.599 g a.i./ha).

RESULTS

In 2012, no highly susceptible Meligethes popula-
tions were recorded (PRI 1) in the collection and the
proportion of susceptible populations (PRI 2) was
negligible (1.08%, which is one population out of
93 populations tested). Resistant populations (PRI 4)
predominated. The collection contained a great
proportion of highly resistant populations (PRI 5),
too (Tables 1 and 3). The mean percentage mortality

102

induced by a concentration equivalent to the common
European field rate (7.5 g a.i./ha) recorded for the
whole assemblage was 60.95% (expressed according to
Abbott’s formula). The effects of this concentration on
individual populations varied significantly (Fy, ;45 =
10.080, P = 0.0000). The variability was relatively high,
mortality ranged from 7.87% to 100% in the assem-
blage. The Slovak (SK) populations showed markedly
higher susceptibility (and also lower variability) in
comparison with the Czech (CZ) ones (Figure 3B).
Concentration equivalent to a fifth of the common
field rate (1.5 g a.i./ha) showed high variability in
its effects on individual populations, too (F,, 4, =
5.4909, P = 0.000). The mean percentage mortalities
ranged from 0.00% to 66.67% within the collection
(CZ + SK mean: 27.35%). Again, in many cases the
effects of the concentration on the Slovak popula-
tions were significantly higher than on the Czech
ones (Figure 3A). Concentration equivalent to the
rate of 37.5 g a.i./ha showed somewhat more stable
effects in comparison with the lower concentrations.
However, there were several populations with very
low susceptibility even to the highest tested concen-
tration (Figure 3C). The LC, values often exceeded
the European field rate (22.09% of populations in the
collection). 98.84% of populations in the assemblage
exceeded the RR LC,, value of 15, 87.21% the value of
30, 68.61% the value of 50, and 37.21% of populations
exceeded the RR LC,, value of 100. In the Slovak part
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Figure 4. Mean percentage mortalities of
Meligethes (collected in 2013) induced
by 1.5 g (A), 7.5 g (B) and 37.5 g (C) of
lambda-cyhalothrin per ha
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of the assemblage 10% of populations exceeded the
RR LC, value of 50 and no population exceeded the
RR LC,; value of 100. Only in 10.47% of populations
in the assemblage the LC,, values were below the Eu-
ropean field rate and 44.19% of populations exceeded
the RR LC, value of 50 (Table 1).

In 2013 only Czech populations were tested. Mainly
resistant (PRI 4; 65.85%) and highly resistant (PRI 5;
26.83%) populations were recorded. The collection also
contained a relatively small proportion of moderately
resistant populations (PRI 3). Highly susceptible (PRI 1)
and susceptible (PRI 2) populations were absent (Ta-
bles 2 and 3). Effects of a concentration equivalent to
the common European field rate (7.5 g a.i./ha) on the
individual populations varied significantly (Fg, |, =
46.504, P = 0.000). Mean percentage mortalities in-
duced by this concentration ranged from 6.67% to
96.67% in the assemblage. The total average stated
for all Czech populations in 2013 (61.36%) was a bit
higher than it was in 2012 (57.24%) (Figures 4B and
3B). The effects of the concentration equivalent to
a fifth of the common field rate (1.5 g a.i./ha) also
significantly varied in many cases (Fg, ¢, = 8.7828,
P = 0.0000). Mean percentage mortalities ranged
0.00-66.7%. Total collection averages stated separately
for the two years were very similar (2012 — 24.55%;
2013 - 21.54%) (Figures 3A and 4A). The concentration
equivalent to the rate of 37.5 g a.i./ha induced higher
and more stable effects in comparison with the lower
concentrations tested. Surprisingly the frequency of
highly insusceptible populations to this concentration
decreased in the 2013 collection in comparison with
the 2012 collection (Figures 4C and 3C). The LC,
values estimated for the populations exceeded the
European field rate in many cases again (17.14% of
populations in the collection). 95.71% of populations
in the assemblage exceeded the RR LC_ value of 15,
87.14% the value of 30, 65.71% the value of 50, 35.71%
the value of 100, and 8.57% of populations exceeded
the RR LC,value of 200. Five populations in the as-
semblage (7.14%) had LC, values below the European
field rate and in 41.43% of populations exceeded the
RR LC,, value of 50 (Table 2).

DISCUSSION

In general, the levels of resistance of Czech Meligethes
populations to esteric pyrethroid lambda-cyhalothrin
were very high in 2012 and 2013. Slovak populations
seemed to be somewhat more susceptible (Figures

104

3A-C). Because in Germany the proportions of winter
oilseed rape on arable land and intensity of the crop
growing are similar to those in the Czech Republic
and also because the development of Meligethes re-
sistance is detailedly documented in Germany, it is
easier to compare the situation in the two countries.
On the basis of published data, which were obtained
using the same methodology (ZIMMER & NAUEN
2011a; HEIMBACH & MULLER 2013) it is possible to
carefully conclude that the levels of Meligethes re-
sistance to esteric pyrethroids were at a similar level
in both countries in 2012 and 2013. However, the
problem leading to the current situation progressed
markedly faster in Germany. The results of pollen
beetle monitoring showed a decline in susceptible
populations in Germany since 2005 (HEIMBACH &
MULLER 2013). At that time no monitoring was car-
ried out and neither farmers nor field researchers
had any suspicion of the existence of pollen beetle
resistance in the Czech Republic (SEIDENGLANZ et
al. 2012). In Germany, the resistance increased very
rapidly from year to year (HEIMBACH & MULLER
2013). Since 2009, pollen beetle samples classified
as highly resistant have been dominant there. The
last populations classified as sensitive were detected
in the central part of Germany in 2009 (HEIMBACH
& MULLER 2013). In the Czech Republic the main
changes occurred several years later (Table 3). The
last sensitive populations were recorded here in 2012
(Table 3). In Germany resistant and highly resistant
populations increased to 98.5% in 2011. There were
93.98 and 92.68% of resistant and highly resistant
populations in the Czech Republic in 2012 and 2013,
respectively (Table 3). The gradual rates of increase in
frequencies of very insensitive individuals present in
particular populations were apparently different during
the period in both countries, but generally relatively
fast. The current situation (2013) is highly unsatisfac-
tory in both countries. According to a comprehensive
European study of ZiIMMER and NAUEN (2011a), which
was also based on the same methodology, the mean
LC,,value estimated for included German Meligethes
populations was 1.44 g a.i./hain 2009/10 (17 German
populations were compared, they were sampled in 2009
and 2010). Unfortunately, their collection included only
two Czech Meligethes populations. Both of them were
sampled in 2010 and showed significantly different
levels of susceptibility to lambda-cyhalothrin (LC,, =
0.37 and 3.69 g a.i./ha respectively). So, when we
compare the current levels of resistance of the Czech
Meligethes populations to esteric pyrethroids (stated
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for the years 2012 and 2013 and presented in this
paper) with the data published in ZIMMER and NAUEN
(2011a) it is clear that the rate of deterioration is
very fast.

Significant differences among many Czech popu-
lations in their susceptibility to the insecticide (Ta-
bles 1 and 2; Figures 3 and 4) were found although the
sampling area was not so large when we work on the
assumption that the resistance is a serious problem af-
flicting a substantial part of Europe (RIcHARDSON 2008;
Z1oF 2008). So not only great insensitivity to lambda-
cyhalothrin but also great variability in resistance levels
to the insecticide were important characteristics of
the Czech Meligethes populations in 2012 and 2013.

Even though the LC, means estimated for Czech
Meligethes populations increased between 2012 and
2013, it is not possible to conclude that the situation
in 2013 was worse than in 2012 because the dra-
matic increase was caused mainly by one population
(No. 76). The situation changes when we exclude the
most resistant extreme from the 2013 collection. In
reality the frequency of very insensitive populations
was higher in the assemblage sampled in 2012 com-
pared to that of 2013. So, taking into account the
overall unsatisfactory situation regarding Meligethes
resistance to pyrethroids in the Czech Republic, the
results from 2013 discussed here are probably the first
ones since 2008 (SEIDENGLANZ ef al. 2011), when
an interruption in the very fast continual decline in
Meligethes susceptibility to pyrethroids was recorded.

In view of the current situation, essential changes
to the whole system of pest management used in the
Czech winter oil-seed rape fields are needed. Con-
temporary practices can result in the gradual loss
of pollen beetle susceptibility to other insecticides
(neonicotinoids are especially under threat). Other
common insect pests (Ceutorhynchus spp., Phyl-
lotreta spp.) can also acquire resistance (not only to
pyrethroids) over the next few years, even though
in 2013 the Czech populations of C. pallidactylus,
C. obstrictus, and Phyllotreta spp. seemed to be fully
susceptible to esteric pyrethroids (SEIDENGLANZ et
al. 2014). However, the first indications of reduced
sensitivity of Ceutorhynchus obstrictus to acetamiprid
(KocoUREK et al. 2013b) and Phyllotreta spp. to
thiacloprid (SEIDENGLANZ et al. 2014) were recorded
in the Czech Republic in 2013. In 2011 HEIMBACH
and MULLER (2013) encountered several C. obstric-
tus samples (all of them originated from the same
locality of Birkenmoor, Schleswig-Holstein, northern
Germany) which were significantly less sensitive

doi: 10.17221/40/2014-PPS

to pyrethroids (not only to lambda-cyhalothrin,
but also to etofenprox and tau-fluvalinate) than
other samples from different parts of Germany. The
same authors also recorded significant differences
among the sensitivities of several C. pallidactylus
samples. Recently, pyrethroid resistance (target site
insensitivity) in cabbage stem flea beetles (Psylliodes
chrysocephala) from northern Germany has also
been confirmed (ZIMMER et al. 2014). According to
HEIMBACH and MULLER (2013), the first resistant
populations of the insect pest appeared in 2008
in a region near Schwerin (Mecklenburg-Western
Pomerania). The resistance is currently limited to an
area not far from the Baltic Sea coast in the middle
of northern Germany, but major control problems
can be supposed once the resistance expands.
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