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Abstract

Monitoring of developmental stages of the Western corn rootworm (WCR) (Diabrotica
virgifera virgifera) is an important aspect of its control. In the experiment there were
analysed randomly selected plants of maize on six localities in western Slovakia, in
the years 2008-2010 a 2014-2015. The aim of the study was to identify exact time of
the emergence of the WCR adults in the consequence of different years and different
localities and to find the best date for their eradication. The most of the WCR
individuals at the northern locality were observed on 29 June and the first adults were
found on 07 June, during colder year 2006. The development started about nine days
earlier in the next year in southern Slovakia, because of extremely hot weather. The
population of pest increased slower in 2008 than in previous years, and the highest
appearance was monitored up-to 02 July. The first adults were monitored on 27 June
in the years 2009-2010 as well as 2014-2015. Generally, the highest numbers of the
first instar larvae were observed on 22 June at the locality Cilizska Radvar. The
second instar larvae and the most of adults was found on 20 June in Sokolce. On 29
June it was monitored the largest amount of the third instar larvae at the locality
Cilizska Radvan. The differences in the time of the emergence of adults depended on
the year. Based on the monitoring in Slovakia, it can be expected the third instar
larvae from second decade of June and the first adults in the last decade of June and
in the first decade of July.
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Abstrakt

Monitorovanie vyvinovych stadii kukuriCiara korenového je dolezitym aspektom jeho
regulacie. V experimente boli analyzované nahodne vybrané rastliny kukurice na
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Siestich vybranych lokalitach Zapadného Slovenska, v rokoch 2008-2010 a 2014-
2015. Cielom tejto Studie bolo urit presny €as vyskytu dospelych jedincov
kukuriCiara korenového (Diabrotica virgifera virgifera) v désledku vplyvu ro¢nika a
réznych lokalit a najst najlepsi datum pre ich regulaciu. Po¢as chladnejSieho roku
2006 bolo v severnejSej lokalite najviac jedincov detekovanych 29. juna, a prvé
imago bolo pozorované 7. jula. O rok neskdr sa vyvin na juhu Zapadného Slovenska
vplyvom extrémne teplého pocasia uskuto€nil o 9 dni skér. Narast populacie Skodcu
bol v roku 2008 mensi ako v predchadzajucich rokoch, a maximalny pocet imag bol
zaznamenany az 2. jula. Prvé imaga v rokoch 2009-2010 a taktiez 2014-2015 boli
pozorované 27. juna. VSeobecne, najvyssi pocet lariev prvého instaru bol
pozorovany 22. juna v Cilizskej Radvani. Druhy instar lariev a najviac imag bolo
sledovanych 20. juna v Sokolciach. Drfia 29. juna bolo monitorované najvacsie
mnoZstvo lariev tretieho instaru na lokalite Cilizska Radvar. Rozdielnost v &ase
vyskytu imag ovplyvioval roénik. Na zaklade monitoringu méZzeme na Slovensku
oCakavat larvy tretieho instaru od druhej dekady juna, a prvé imaga v poslednej
dekade juna a v prvej dekade jula.

Kracéové slova: Diabrotica virgifera virgifera, imago, kukuri€iar korefiovy, lokalita,
pocasie

Introduction

The Western corn rootworm (Diabrotica virgifera virgifera LeConte; Coleoptera:
Chrysomelidae) is economically important pest of maize, Zea mays L. (Krysan and
Miller, 2012, Mahmoud et al., 2016). Over a billion dollars is lost annually to WCR
from yield reductions and costs associated with management (Deitloff et al., 2016).
The most widespread methods used to assess WCR abundance are whole-plant
counts, visual inspection of both individual plants and yellow sticky traps or
pheromone traps (Whitworth et al., 2002).

WCR is an invasive beetle species in Europe and native to North America (Lemic et
al., 2016). The first discovery of WCR in Europe was in 1992 in the Surcin area near
the Belgrade International Airport of Serbia (Yugoslavia) (Baca, 1994). The first
detection of the WCR in Slovakia was reported in 2000 (Sivi¢ek, 2001), in the Czech
Republic and in France it was in 2002 (Rasovsky and Vahala, 2002; Reynaud, 2002)
and in Germany it was in 2007 (Vidal et al., 2005). The primary host for the larval
development is maize (MacLeod et al., 2007). Eggs are the overwintering stage of
the WCR and they are generally concentrated in the top 5-20 cm of soil, although
they are situated deeper in dry soils (Schroeder et al., 2005). Eggs require a cold-
induced diapause period before hatching, although a small proportion of the
population may hatch during a warm period (Shaw and Hummel, 2003). In general,
the first larvae of the WCR hatch from mid-May onwards in Central Europe. Larvae
are present mainly from late May until late July (Komaromi et al., 2010). The third
instar as the most damaging stage of WCR is expected to hatch between 16 June in
Italy and 29 July in the Netherlands. The earliest emergence for the third instar was
calculated for the south of Italy on 14 April and latest for the north of Germany on 28
August (European commission, 2004). The egg hatching begins in at least the first
half of June and first adults appear at the end of June (Colombo et al., 2005). Under
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the climatic conditions of Serbia larval hatching starts around 15 May (SivCev et al.,
2012). In Slovakia, hatching takes place from mid-May to the end of May, or at
beginning of June (Cagan et al., 2010). When the larvae hatch they burrow into the
developing roots and the base of maize stems (Capinera, 2001). Rootworm larvae
injure maize plants by feeding on root tissue, which can reduce a plant's rate of
photosynthesis and which compromises water and nutrients supplied into the
developing plants, change the nutrient content of the grain and may cause
substantial reductions in grain yield (Tinsley et al., 2012). Environmental factors play
a role in determining the severity of root injury (Tinsley et al., 2012).

The first and the second instar larvae tunnel from root tips upwards and can reach
the plant base, leaving visible feeding scars. The third instar larvae generally feed on
larger nodal roots near the plant stalk (Komaromi et al., 2010).

When root injury is severe, plants may become lodged (i.e. fail to stand up right) —
root lodging may cause problems during harvest and can reduce yield by 11-34%
(Estes et al., 2015; Pereira, 2015).

The highest number of larvae on root was observed around 20 June when feeding
was the most intensive and plants become lodged as they lost roots (SivCev et al.,
2012). In the years with warmer springs, hatching and development start earlier, as
for example in 2000 when maximum larval abundance was recorded as early as on
31 May (Siv€ev and Tomasev, 2002).

Larvae pupate in soil chambers in the root zone. The pupal stage lasts for 7-10 days
(SivCev et al., 2012). Adults emerge in the summer and survive in maize fields until
the autumn (Schaafsma et al., 1991). Western corn rootworm beetles usually begin
to emerge from the soil in late June or by the end of June to early July (Komaromi et
al., 2010). The adult emergence in the Netherland can start from early July until the
end of August (Lammers, 2006). In Serbia, first adults emerge by the end of June.
Their abundance increases during July, reaches maximum by the end of the month
and continue to emerge until late October (Siv€ev et al., 2012). The time of
abundance peak of the WCR adults varies from year to year and region to region, but
usually it was observed between mid-July and early August in Central and South-
eastern Europe (Komaromi et al., 2010). The average life duration of adults is 5-6
weeks (Siv€ev et al., 2012). Adult beetles cause damage by feeding principally on
pollen, silk and young kernels (Vidal et al., 2005). After feeding the adults are able to
lay eggs in the soil, generally in August — September (Lammers, 2006).

The aim of this study was to analyse the development of the WCR larvae on the
maize roots and identify exact time of the emergence of the WCR adults in different
years and at different localities. And, on the basis of such observations, to advise the
farmers to find the best date for the eradication of the WCR adults.

Materials and methods

Field studies were conducted in western Slovakia at the localities of Rybany, Cilizska
Radvan, Sokolce and Velké Chlievany during 2006 and 2007, and in Komoc¢a during
2008-2010 and in Mojmirovce during 2014-2015.
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Tables 1-7 show the dates of analyses. In each date there were analysed 40
randomly selected maize plants for the occurrence of the Western corn rootworm
larvae, pupae and adults. For this purpose each plant was dig out and the soil around
the roots was carefully checked for the pest. Climatic data were collected from
Slovakian hydro-meteorologic institute (SHMU). Climatic data from the locality
Komoca were collected by the agronomist of the farm Dipl. Ing. Ladislav Lukac.

Results

Table 1 shows the number of the WCR larvae, pupae and adults in maize root cores

at the locality Cilizska Radvari during 2006. The averages of 31.00, 79.25 and 29.00

individuals in 40 maize root cores were found on 22 June, on 29 June and on 07 July
2006, respectively.

The largest number of larvae was recorded on 29 June 2006 at the locality Cilizska
Radvan (Table 1). The lowest number of larvae was observed at the locality Rybany
on 07 July 2006 (Table 2). The first appearance of adults was recorded at the locality
Cilizska Radvar on 07 July 2006. At the coldest locality Rybany the adults were not
found in the maize root cores on 14 July, whereas the first pupa was found on 07
July 2006 (Table 2). On the basis of the observations is well to see the development
of larvae on maize roots over the time (Table 1. and 2.).

At the locality Cilizska Radvari on 22 June 2006, 7.50 larvae were monitored in the
stage of the first instar, 15.50 larvae in the stage of the second instar and 8 larvae in
the stage of the third instar in 40 maize root cores. This ratio was changed on 29
June 2006 at Cilizska Radvar. Together 1.75 larvae were ascertained in the first,
13.50 larvae in the second and 64.00 larvae in the third instar. On 22 June, the
larvae of the second instar predominated, whereas larvae of the third instar
predominated on 29 June. On the other hand almost only larvae of third instar were
found on 07 July. In Table 1, it is possible to see the changes in the development of
the larvae and the decrease of the number of younger instars larvae over the time.
The same development of larvae over the time shows Table 2.

During 2006 the averages of 4.25, 2.00, 0.50 and 1.50 individuals in 40 maize root
cores were recorded on 23 June, on 30 June, 07 July and on 14 July 2006 at
Rybany, respectively. At the locality Rybany on 23 June, 0.50 larvae were monitored
in the stage of the first, 2.50 larvae in the second and 1.25 larvae in the third instar in
40 maize root cores. This ratio was changed on 07 July 2006 in Rybany. Together no
larvae were found both in the first and second instar and 0.25 larvae in the third
instar. On 23 June, the larvae of the second instar predominated, whereas larvae of
the third instar predominated on 14 July.
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Table 1. Number of the western corn rootworm (WCR) larvae, pupae and adults in
maize root cores (cubic shape with diameter of 15 cm) at different dates in 2006;
Locality Cilizska Radvan (Slovakia)

Tabulka 1. Pocet lariev, kukiel a imag kukuriCiara korenoveého v korenoch kukurice
(tvar kocky s priemerom 15 cm) v réznych terminoch v roku 2006;
Lokalita Cilizska Radvan (Slovensko)

Cilizska Radvan*

Stage 22 June 29 June 07 July

The first instar

7.50 + 3.32 1.75 +0.96 0.00 +0.00
larvae

The second instar

15.50 +4.80 13.50 +4.65 0.25 +0.50
larvae

Thethirdinstar g9 +216 6400 864 2850  +8.54

larvae

Sum of larvae 31.00 *+ 4.69 79.25 +7.41 28.75 + 8.96
Pupae 0.00 +0.00 0.00 +0.00 0.00 +0.00
Adults 0.00 +0.00 0.00 +0.00 0.25 +0.50
Total 31.00 + 4.69 79.25 +7.41 29.00 + 8.60

* Together 40 maize root cores (four repetitions each with 10 cores) were collected and analysed for
the WCR larvae, pupae or adults on each date; x = average from four repetitions, s = standard
deviation

* Spolu 40 korefiovych balov kukurice (8tyri opakovania po 10) bolo zhromazdenych a analyzovanych
na pritomnost lariev, kukiel a imag kukuriciara korefiového v kazdom termine; x = priemer zo Styroch
opakovani, s = smerodajna odchylka
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Table 2. Number of the western corn rootworm (WCR) larvae, pupae and adults in
maize root cores (cubic shape with diameter of 15 cm) at different dates in 2006;
Locality Rybany (Slovakia)

Tabulka 2. Pocet lariev, kukiel a imag kukuriCiara korenoveého v korenoch kukurice
(tvar kocky s priemerom 15 cm) v réznych terminoch v roku 2006;
Lokalita Rybany (Slovensko)

Rybany*
Stage 23 June 30 June 07 July 14 July

X S X S X S X S

Thefistinstar 455 4700 000 £000 000 $000 000 #0.00
larvae

Thesecond  , oy L4358 075 +096 000 £000 0.00 <0.00
instar larvae
_Thethird o0 126 125 +096 025 +050 150 +1.00
instar larvae

Sumoflarvae 4.25 +150 200 +1.82 0.25 +050 150 +1.00

Pupae 0.00 *0.00 000 +000 025 *0.50 0.00 =*=0.00
Adults 0.00 +000 000 000 000 +0.00 0.00 =+0.00
Total 425 +150 200 +183 050 +£1.00 150 =+1.00

* Together 40 maize root cores (four repetitions each with 10 cores) were collected and analysed for
the WCR larvae, pupae or adults on each date; x = average from four repetitions, s = standard
deviation

* Spolu 40 koreriovych balov kukurice (Styri opakovania po 10) bolo zhromazZdenych a analyzovanych
na pritomnost lariev, kukiel a imag kukuri€iara korefiového v kazdom termine; x = priemer zo Styroch
opakovani, s = smerodajna odchylka

The highest number of larvae was recorded in the maize root cores at the locality
Sokolce on 20 June 2007 (Table 3). Less numbers of larvae were found at localities
Cilizska Radvan, Velké Chlievany and Rybany in 2007, respectively. Numbers of the
WCR larvae, pupae and adults in maize root cores in Sokolce and in Cilizska Radvar
are shown in Table 3.

Together 109.75 or 2.50 of the WCR individuals were monitored in 40 maize root
cores on 20 June and on 04 July 2007 in Sokolce. There were found 14 pupae and 8
adults of the WCR on 20 June. At the same date, there were supervised 1.25 pupae
and 2.00 adults of the WCR in Cilizska Radvar (Table 3). In Velké Chlievany, 4.00
and 1.25 pupae were observed, but none of adults were found in 40 maize root cores
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on 27 June and on 07 July in 2007, respectively (Table 4). The first four pupae were
found in Velké Chlievany on 27 June, whereas it is about 17 days later than in
Sokolce and Cilizska Radvari. The adults were not observed on 27 June in Rybany,
but 3.25 of pupae and 2.75 adults were recorded on 07 July in Rybany (Table 4). At
the coldest locality Velké Chlievany the adults were not monitored in maize root
cores on 04 July 2007.

It was found that the first adults and pupae of the WCR were recorded at the
localities Sokolce and Cilizska Radvar (warm and dry climatic region) on 20 June in
2007 in Slovakia (Table 3). At the coldest observed locality (Rybany), the adults were
not found in the maize cores until on 07 July (Table 4).

The first adult of the WCR was ascertained on 07 July 2006 at the locality Cilizska
Radvan. In comparison to 2007, it was about 17 days later.
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Table 3. Number of the western corn rootworm (WCR) larvae, pupae and adults in
maize root cores (cubic shape with diameter of 15 cm) at different dates in 2007;
Localities Sokolce and Cilizska Radvan (Slovakia)

Tabulka 3. Pocet lariev, kukiel a imag kukuriCiara korenového v korefioch kukurice
(tvar kocky s priemerom 15 cm) v réznych terminoch v roku 2007;
Lokality Sokolce a Cilizska Radvan (Slovensko)

Sokolce* Cilizska Radvarn*
Stage 20 June 04 July 20 June 07 July
X s X s X s X s

The first

. 0.00 +0.00 0.00 =*0.00 0.75 +150 0.00 +0.00
instar larvae

The second

. 24.00 +6.22 0.00 +0.00 1325 +3.40 0.00 +0.00
instar larvae

The third

. 63.75 +1473 0.00 +0.00 2450 +580 1.00 +0.82
instar larvae

Sum of
larvae

87.75 +1420 0.00 +0.00 3850 +940 1.00 +0.82
Pupae 1400 *+294 125 +096 125 +096 0.00 +0.00
Adults 8.00 294 125 +£150 200 141 3.00 141

Total 109.75 +£11.00 250 +238 4175 =754 400 141

* Together 40 maize root cores (four repetitions each with 10 cores) were collected and analysed for
the WCR larvae, pupae or adults on each date; x = average from four repetitions, s = standard
deviation

* Spolu 40 korenovych balov kukurice (Styri opakovania po 10) bolo zhromazdenych a analyzovanych
na pritomnost lariev, kukiel a imag kukuriciara korenoveho v kazdom termine; x = priemer zo Styroch
opakovani, s = smerodajna odchylka
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Table 4. Number of the western corn rootworm (WCR) larvae, pupae and adults in
maize root cores (cubic shape with diameter of 15 cm) at different dates in 2007,
Localities Velké Chlievany and Rybany (Slovakia)

Tabulka 4. PocCet lariev, kukiel a imag kukuriCiara koreniového v korefioch kukurice
(tvar kocky s priemerom 15 cm) v réznych terminoch v roku 2007;
Lokality Velké Chlievany a Rybany (Slovensko)

Velké Chlievany* Rybany*

Stage 27 June 04 July 27 June 07 July

X S X S X S X S
The first
instar 0.00 +0.00 0.00 +0.00 0.00 + 0.00 0.00 + 0.00
larvae
The
second  g.5 1403 125 £0096 075 +096 275 +1.71
Instar
larvae
The third
instar 1850 +480 475 +1.71 2250 +420 1525 +544
larvae
?“m‘)f 2775 +6.60 6.00 +1.41 2325 +450 18.00 +6.98
arvae

Pupae 4.00 +183 125 +1.26 0.75 + 0.96 3.25 +1.26
Adults 0.00 +0.00 0.00 +0.00 0.00 +0.00 2.75 + 0.96

Total 31.75 £822 725 +171 2400 +455 2400 +6.78

* Together 40 maize root cores (four repetitions each with 10 cores) were collected and analysed for
the WCR larvae, pupae or adults on each date; x = average from four repetitions, s = standard
deviation

* Spolu 40 korenovych balov kukurice (Styri opakovania po 10) bolo zhromazdenych a analyzovanych
na pritomnost lariev, kukiel a imag kukuriiara korefiového v kazdom termine; x = priemer zo Styroch
opakovani, s = smerodajna odchylka

Tables 5 and 6 show the numbers of the WCR larvae, pupae and adults in maize root
cores at the locality Komoc¢a. The largest number of larvae was found on July 2 and
the first larvae were observed on 12. June 2008. In 2009 and 2010, the highest
numbers of larvae were found on 27. June.

Together 12.00, 13.25, 24.00 and 6.50 individuals in 40 maize root cores were
recorded on 12 June, 19 June, 02 July and 10 July 2008 in Komoc¢a, respectively

JOURNAL

Central European Agriculture 1058
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1810

Cagan et al.: Development Of The Western Corn Rootworm, Diabrotica Virgifera Virgifera In Soil

(Table 5). The first appearance of adults was ascertained on 2 July 2008, whereas in
2009 and 2010 it was on 27 June (Table 6), which was about 5 days earlier. The
largest number of pupae was monitored on 27 June 2009. The pupae were not found
in 40 maize root cores on 12 June 2008 (Table 5). At the locality Komoc&a on 27 June
2009, 0.75 larvae were watched in the first, 5.25 larvae in the second and 27.25
larvae in the third instar in 40 maize root cores. This ratio was changed on 04 July
2009. Together no larvae were found both in the first and second instar, and 2.25
larvae in the third instar. On the other hand, only larvae of third instar were recorded
on 04 July 2009. The similar course of development of larval instars was monitored in
the next year (Table 6). The years 2009 and 2010 were warm, but 2010 was the
rainiest for the last 140 years.

The rainfall and temperature contributed to the earlier development of larvae in 2010,
because on 27 June 2010 were situated together 12.75 larvae and on 7 July 2010
only 1.50 larvae at the locality Komoca (Table 6). In this table is possible to see the
changes in the development of the larvae and the decrease of the number of younger
instars larvae over the time. The same development of larvae over the time is
possible to see in Table 5.
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Table 5. Number of the western corn rootworm (WCR) larvae, pupae and adults in
maize root cores (cubic shape with diameter of 15 cm) at different dates in 2008;
Locality Komoca (Slovakia)

Tabulka 5. Pocet lariev, kukiel a imag kukuriCiara korenoveého v korenoch kukurice
(tvar kocky s priemerom 15 cm) v réznych terminoch v roku 2008;
Lokalita Komoca (Slovensko)

Komoc¢a*
Stage 12 June 19 June 02 July 10 July

X S X S X S X S

The first 000 +000 000 =+000 000 +0.00 0.00 =*0.00
instar larvae

Thesecond 400 +183 225 +150 100 +1.41 100 +0.82
instar larvae

The third 800 +258 700 +327 1500 +535 450 +252
instar larvae

Sum of larvae 12:00 +2.71 925 +457 1600 *6.68 550 +2.38

000 +0.00 400 +141 500 +183 0.00 +0.00

Pupae
Adults 000 000 000 +000 3.00 +141 100 +£1.41
Total 1200 +£2.71 1325 +350 2400 +535 650 +3.32

* Together 40 maize root cores (four repetitions each with 10 cores) were collected and analysed for
the WCR larvae, pupae or adults on each date; x = average from four repetitions, s = standard
deviation

* Spolu 40 koreriovych balov kukurice (Styri opakovania po 10) bolo zhromazZdenych a analyzovanych
na pritomnost lariev, kukiel a imag kukuri€iara korefiového v kazdom termine; x = priemer zo Styroch
opakovani, s = smerodajna odchylka
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Table 6. Number of the western corn rootworm (WCR) larvae, pupae and adults in
maize root cores (cubic shape with diameter of 15 cm) at different dates in 2009 and
2010; Locality Komoca (Slovakia)

Tabulka 6. Pocet lariev, kukiel a imag kukuriCiara korenoveého v korenoch kukurice
(tvar kocky s priemerom 15 cm) v réznych terminoch v roku 2009 a 2010;
Lokalita Komoca (Slovensko)

Komoca 2009* Komoca 2010*

Stage 27 June 04 July 27 June 07 July

X S X s X s X S
The first
instar 075 09 0.00 +000 0.00 +£0.00 0.00 £0.00
larvae
The
Sii‘;‘t’;‘rd 525 £263 000 $0.00 125 +0.96 000 +0.00
larvae
The third
instar 2725 +960 225 +£126 1150 +351 150 £1.00
larvae
?umof 3325 +862 225 +£126 1275 +395 150 £1.00
arvae

Pupae 5.75 263 100 141 3.00 +0.82 100 +0.82
Adults 2.50 129 175 +0.96 0.25 +050 125 +£1.90

Total 4150 +£7.23 500 +216 16.00 +490 3.75 +222

* Together 40 maize root cores (four repetitions each with 10 cores) were collected and analysed for
the WCR larvae, pupae or adults on each dat; x = average from four repetitions, s = standard
deviation

* Spolu 40 korenovych balov kukurice (Styri opakovania po 10) bolo zhromazdenych a analyzovanych
na pritomnost lariev, kukiel a imag kukuri€iara korefiového v kazdom termine; x = priemer zo Styroch
opakovani, s = smerodajna odchylka

Table 7 reveals the number of WCR larvae, pupae and adults in maize root cores at
the locality Mojmirovce. The results of observation reflect the development of WCR
on roots cores.

In average 22.00 and 3.25 individuals were found in 40 maize root cores on 27 June
and on 04 July 2014 in Mojmirovce, respectively. At the same locality, together 37.50
and 2.75 individuals in root cores were found on 26 June and on 3 July 2015. As it
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possible to see the largest number of larvae was recorded on 26 June 2015 (Table
7). There were observed 4.75 pupae and 3.25 adults of WCR on 27 June 2014. In
the next year were watched 6.00 pupae and 3.00 adults of WCR at the same date.
The ratio of all three larval instars was decreased in both of year. The number of
young larvae drops away over the time. The most of WCR individuals were recorded
in 2015 compared to 2014.

Table 7. Number of the western corn rootworm (WCR) larvae, pupae and adults in
maize root cores (cubic shape with diameter of 15 cm) at different dates in 2014 and
2015; Locality Mojmirovce (Slovakia)

Tabulka 7. Pocet lariev, kukiel a imag kukuriCiara korefioveho v korenoch kukurice
(tvar kocky s priemerom 15 cm) v réznych terminoch v roku 2014 a 2015;
Lokalita Mojmirovce (Slovensko)

Mojmirovce 2014* Mojmirovce 2015*
Stage 27 June 04 July 26 June 03 July

X S X S X S X S

The first

. 0.00 +0.00 0.00 #0.00 0.00 +0.00 0.00 +0.00
instar larvae

The second

) 0.50 +058 0.00 +0.00 1.25 +0.96 0.00 #0.00
instar larvae

The third

) 1350 +592 025 +050 2725 +759 100 +1.15
instar larvae

Sum of

1400 +6.06 025 +050 2850 +819 100 +1.15
larvae

Pupae 4.75 +096 100 £0.82 6.00 *£392 125 +1.50
Adults 3.25 125 200 +1.83 300 *+141 050 +0.58

Total 2200 *648 325 +£150 3750 £940 2.7/5 222

* Together 40 maize root cores (four repetitions each with 10 cores) were collected and analysed for
the WCR larvae, pupae or adults on each date; x = average from four repetitions, s = standard
deviation

* Spolu 40 korenovych balov kukurice (Styri opakovania po 10) bolo zhromazdenych a analyzovanych
na pritomnost lariev, kukiel a imag kukuriCiara korefiového v kazdom termine; x = priemer zo Styroch
opakovani, s = smerodajna odchylka
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Discussion

There was a long period of ice days in winter 2005/2006 (SHMU, 2006). According to
Chiang (2011) exposure of eggs of the western corn rootworm to winter
temperatures, especially if they are below freezing point, reduce their viability. Cooler
soil temperatures, especially during the egg-larval periods, caused by insulating soil
surface debris may contribute to adult emergence delays observed in reduced tillage
fields (Liebhold and Tobin, 2008). During 2006 was found smaller numbers of the
WCR individuals at the locality Rybany, compared to the locality Cilizska Radvani. It
was with high probability caused by climatic conditions at both localities. It could be
caused also by later sowing date of maize, because Meinke et al. (2009) reported,
that delayed planting of maize delays initial adult emergence and reduces total
emergence. High rainfall in December 2005 also may affect the frequency of pest
during 2006. Seasonality of adult is influenced by availability of moisture, which in
turn can be influenced by agricultural practises (Krysan and Miller, 2012). Therefore it
can be assumed that winter reduces overwintering eggs at locality Rybany resulted in
less number of the WCR larvae in soil.

The results obtained in 2007 showed relation between warm weather and number of
WCR found in the soil. The year 2007 was very hot and several temperature records
were monitored in Slovakia in this year (SHMU, 2007). It is known that dry and warm
conditions generally lead to increasing of insect’s number, but there are limits from
which these become negative (Grozea et al., 2009). This statement confirms results
of 2007, because there were recorded high number of WCR individuals at all
watched localities studied in this year. It was probably the reason of the earlier
hatching of the WCR larvae which was followed by earlier development of the other
pest stages. Thus, in 2007, maximum of the WCR individuals were found in the
second and in the third decade of June. The first emerged adults were recorded on
20 June 2007. The similar situation of earlier development of WCR was recorded in
western Romania, where the emergence of Diabrotica virgifera adults was observed
during second decade of June. There the pupal stage can be observed from the end
May and larval stage can be found from beginning of May (Grozea, 2010). In the U.S.
Corn Belt, WCR adult emergence may begin in late June to early July with peak
emergence often occurring during July (Darnell et al., 2000). In Croatia, initial adult
emergence was recorded from 17 June to 02 July during 1998 — 2000 (Bazok, 2001).
Peak (50%) emergence has occurred during the first to third weeks of July in Croatia
and Hungary (Bayar et al., 2003).

The year 2008 was also extremely warm, but with sufficient of rainfall. In almost all
months the average temperatures were above the normal (SHMU, 2008). In fact,
during 2008 number of factors could lead to later development WCR, for example,
the date of sowing corn, pH and soil type, foregoing crop, the soil floatation during
winter, etc. Meinke et al. (2009) also claim, that various factors can affect adult
emergence timing, total adult emergence, and size of emerged adults. As shown in
results, maximum of individuals and first adult were found on the 02. July 2008. The
warm climate, low altitude and soil conditions allow for the complete adult WCR
development since the initial decade of July — before the 190™ day (09. July) of the
year (Stfeda et al., 2013). Winter 2008/2009 was the coldest of the last three winters.
The weather in 2009 was changeable. Spring started later and it was rainy (SHMU,
2009).
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In 2009 and 2010, maximum of individuals were found by the end of June and
emergence of adults started on 27 June. In Romania, in 2008 the first larvae
appeared in the second decade of June, and in 2009 in the first decade, in 2010
appeared probably in late May, beginning of June (Goga and Rosca, 2011). Western
corn rootworm larvae were found on 04 June in West Central Indiana (Bledsoe and
Obermeyer, 2008).

The year 2010 was warm, but not as warm as the years 2007 and 2008, but it was
the rainiest for the last 140 years (SHMU, 2010). When soil is very wet or dry,
increasing mortality or decreasing movement can reduce larval establishment
(Macdonald and Ellis, 1990). First instars (newly hatch larvae) are particularly
susceptible to saturated soil and will die after being denied air for a less than a day
(Bledsoe and Obermeyer, 2008).The temperature and rainfall has a very serious
influence on WCR flight dynamics in adults. Excessive rainfall leads to decreasing of
adult numbers (Grozea et al., 2009). Based on the Stevo and Cagari (2010)
observation, no larvae were monitored where soil with eggs was flooded for 28 days.
The percentage of larvae collected from the soil decreased with time of duration of
soil flooding. Based on these arguments can be said, that rainfall could be
responsible for the limited development of the WCR larvae, which could lead to their
death for not being able to transport to the roots of corn and feed. This results
showed decreasing numbers of WCR individuals on 07 July 2010 in Komoca, thus
the lowest during all monitored years at this locality. The presence of the WCR adults
is average from beginning June to early September in south Hungary (Komaromi et
al., 2010). The first adult flight was registered on 25 June in Serbia (Galo and Sivcec,
2003).

The weather during the vegetation season of 2014 and also of 2015 can be
characterised as extremely warm with dry periods (Meteoroldgia a klimatoldgia,
2016). Winter 2014 was very warm, which was positive for WCR eggs, because they
needs mild winter to survive. The beginnig of larval development depends on the
temperature. Warmer temperatures generally lead to higher survival and more rapid
development of insects (Haridas et al., 2016). The development of larvae began in
both of years earlier, whereas the first pupae and adults appeared at the end of June.
The average date that larvae have been first detected in roots during the last 27
years was 31 May in Indiana USA (Bledsoe and Obermeyer, 2008). The adults
began to emerge in the second half of July in Ontario and Quebec, Canada (Meloche
and Hermans, 2004). Davis et al. (1996) had predicted the presence of pupae and
the first adults on 26 June in New York, USA. Every-year occurrence and intensive
propagation of WCR can be expected in Danubian lowlands. These climatic regions
allow the development and survival of WCR in Slovakia.

Conclusion

All studied years were characterized by abnormal warm weather. This phenomenon
could be attributed to global warming, thereby according to this findings can be
impute to earlier appearance of WCR, earlier maize seeding, earlier hatching and
development of larvae, passing through instars and change to adult. On the basis of
the observations of this study, it can be awaited the WCR adult emergence in the last
decade of June and in the first decade of July in Slovakia. This research made it
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possible to identify the date of emergence of adults. It can be between 27 June and 7
July according to the weather (temperature) in a given year. This information is
important for agronomists, whereby they are able to intervene just in time for the
WCR. To sum up it could be said, that warm weather, or year has positive effect on
development (it speed abundance) of pest, independent of location, respectively.
Generally it can be assessed, that warm years and overall global warming is
favourable for the western corn rootworm in our country.

References

Baca, F. (1994) New member of the harmful entomofauna of Yugoslavia Diabrotica
virgifera virgifera LeConte (Coleoptera, Chrysomelidae). Zastita Bilja, 45(2),
125-131.

Bayar, K. , Komaromi, J. , Kiss, J. , Edwards, C.R. , Hatala-Zsellér, I., Széll , E .
(2003) Az amerikai kukoricabogar (Diabrotica virgifera virgifera LeConte)
population of western corn rootworm (Diabrotica virgifera virgifera LeConte)
in continuous maize). Névénytermelés, 52, 185-202.

Bazok, R . (2001) Istrazivanje biologije i ekologije Diabrotica virgifera virgifera
LeConte-Novog clana entomofaune Hrvatske (Research on the biology and
ecology of Diabrotica virgifera virgifera LeConte-new member of
entomofauna in Croatia). PhD Dissertation, University of Zagreb, Croatia.

Bledsoe, L., Obermeyer, J. (2008) Corn rootworm larvae and stormy weather appear
in West Central Indiana. Lafayette: Purdum University Press.

Cagan, L., Prasli¢ka, J., Huszar, J., Srobarova, A., Rohagik, T., Hudec, K., Tancik, J.,
Bokor, P., Téth, P., Téthova, M., Barta, M., EliaSova M. (2010) Choroby a
Skodcovia polnych plodin. Nitra: Academic Press.

Capinera, J. L. (2001) Hanbook of Vegetable pests. San Diego: Academic Press.

Chiang, H. C. (2011) Temperature effects on hatching of eggs of the western corn
rootworm, Diabrotica virgifera: factual and theoretical interpretations.
Entomologia Experimentalis et Applicata, 17 (2), 149-156.

DOI: 10.1111/}.1570-7458.1974.tb00330.X

Colombo, M., Rigamonti, 1., Jucker, C. (2005) Preliminary observations on the
biology and management of western corn rootworm (Diabrotica virgifera
virgifera) in Italy. BCPC Syposium Proceedings, 81, 219-221.

Darnell, S. J., Meinke, L. J., Young, L. J. (2000) Influence of corn phenology on adult
western corn rootworm (Coleoptera: Chrysomelidae) distribution.
Environmental Entomology, 29, 587-595.

Davis, P. M., Brenes, N., Allee, L. L. (1996) Temperature dependent models to
predict regional differences in corn rootworm (Coleoptera: Chrysomelidae)
phenology. Environmental Entomology, 26, 767-775.

JOURNAL

Central European Agriculture 1065
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1810

Cagan et al.: Development Of The Western Corn Rootworm, Diabrotica Virgifera Virgifera In Soil

Deitloff, J., Dunbar, M. W., Ingber, D. A., Hibbard, B. E., Gassmann, A. J. (2016)
Effects of refuges on the evolution of resistance to transgenic corn by the
western corn rootworm, Diabrotica virgifera virgifera LeConte. Pest
Management Science, 72 (1), 190-198. DOI: 10,1002/ps.3988

Estes, R. E., Tinsley, N. A., Gray, M. E. (2015) Evaluation of soil-applied insecticides
with Bt maize for managing corn rootworm larval injury. Journal of Applied
Enmomology, 140 (1 - 2), 19-27. DOI: 10.1111/jen.12233

European Commission (2004) Diabrotica report summary. [online] Community
Research and Development Information Service. Available at:
http://cordis.europa.eu/result/rcn/33631 en.html [Accessed 25 May 2016].

Galo, A. J., Sivcec, I. (2003) Notes on wcr biology in South Banat in 2002. Iwgo-
Newsletter, 24 (1-2), 5.

Goga, N., Rosca, |. (2011) Research regarding biology of western maize rootworm
(Diabrotica virgifera virgifera LeConte) in Satu Mare County. Scientific
Papers, UASVM Bucharest, Series A, vol. LIV, 382-385.

Grozea, |., Stef, R., Carabet, A., Virteiu, A. M., Dinnsen, S., Chis, C., Molnar, L.
(2009) The influence of weather and geographical conditions on flight
dynamics of WCR adults. Communication in Agricultural and Applied
Biological Science, 75 (3), 315-322.

Grozea, |. (2010) Western Corn Rootworm (WCR), Diabrotica virgifera virgifera Le

Conte-Several years of research in western part of Romania. Bulletin
USAMV Agriculture, 67(1), 122-129.

Haridas, V. C., Meinke, L. J., Hibbard, B. E., Siegfried, B. D., Tenhumberg, B. (2016)
Effects of temporal variation in temperature and density dependence on
insect population dynamics. Ecosphere, 7 (5). DOI: 10.1002/ecs2.1287

Komaromi, J., Khosbayar, B., Kiss, J., Edwards, R., Szél, E. (2003). Is the
development of western corn rootworm possible in corn/soybean and
corn/alfalfa rotation systems? Iwgo-Newsletter, 24 (1-2), 3-4.

Komaromi, J. P., Kiss, J., Palinkas, Z., Toepfer, S. (2010) Western corn rootworm in
europe: Integrated pest management is the only sustainable solution.
[online] ENDURE Maize Case Study-Guide Number 2. Available at:
http://www.endure-
network.eu/content/download/5289/42186/file/Maize%20Case%20Study%?2
0Guide%20Number%202.pdf [Accessed 25 May 2016].

Krysan, J. L., Miller, T. A. (2012) Methods for the study of pest Diabrotica. New York:
Springer Science & Bussines Media.

JOURNAL

Central European Agriculture 1066
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1810

Cagan et al.: Development Of The Western Corn Rootworm, Diabrotica Virgifera Virgifera In Soil

Lammers, W. (2006) Report of pest risk analysis. [online] Netherlands Plant
Protection Service. Available at: https://www.nvwa.nl/documenten-
nvwa/risicobeoordelingen-plantenziekten-pest-risk-
analyses/bestand/2000886/pest-risk-analysis-diabrotica-virgifera-virgifera
[Accessed 25 May 2016].

Lemic, D., Mikac, K. M., Kozina, A., Benitez, H. A., Mclean, C. M., Bazok, R. (2016)
Monitoring techniques of the western corn rootworm are the precursor to
effective IPM strategies. Pest Management Science, 72 (2), 405-417. DOI:
10.1002/ps.4072

Liebhold, A. M., Tobin, P. C . (2008) Population ecology of insect invasions and their
management. Annual Review of Entomology, 53, 387-408.

Macdonald, P. J., Ellis, C. R. (1990) Survival time of unfed, first-instar western corn
rootworm (Coleoptera: Chrysomelidae) and the effects of soil type,
moisture, and compaction on their mobility in soil. In: Environmental
Entomology, 19 (3), 666-671. DOI: http://dx.doi.org/10.1093/ee/19.3.666

Macleod, A., Baker, R. H. A., Cheek, S., Eyre, D., Cannon, R. J. C. (2007) Pest risk
analysis for Diabrotica virgifera virgifera. Department for Environment.
[online] Sand Hutton: Central Science Laboratory. Available at:
https://secure.fera.defra.gov.uk/phiw/riskRegister/downloadExternalPra.cfm
?1d=3862 [Accessed 25 May 2016].

Mahmoud, M. A. B., Sharp, R. E., Oliver, M. J., Finke, D. L., Ellersieck, M. R.,
Hibbard, B. E. (2016) The effect of western corn rootworm (Coleoptera:
Chrysomelidae) and water deficit on maize performance under controlled
conditions. Journal of Economic Entomology, 109 (2), 648-698.

Meinke, L., Sappington, T. W., Onstad, D. W., Guillemaud, T., Miller, N. (2009)
Western corn rootworm (Diabrotica virgifera virgifera LeConte) population
dynamics. Agricultural and Forest Entomology, 11, 29-46.

Meloche, F., Hermans, P. (2004) Eastward expansion and discovery of the soybean
biotype of western corn rootworm (Diabrotica virgifera virgifera LeConte) in
Canada. Canadian Journal of Plant Science, 84, 305-309.

Meteorolégia a Klimatolégia (2016) PocCasie v kalendarnych dekadach roka na
Slovensku. [online]. Bratislava: Milan Lapin, Univerzita Komenského.
Available at: http://www.milanlapin.estranky.sk/clanky/pocasie-v-
kalendarnych-dekadach-roka-na-slovensku.html [Accessed 1 June 2016].

Pereira, A. E., Wang, H., Zukoff, S. N., Minke, L. J., French, W. B., Siegfried, B. D.
(2015) Evidence of field-evolved resistance to bifenthrin in western corn
rootworm (Diabrotica virgifera virgifera LeConte) populations in western
Nebraska and Kansas. Plos One, 10 (2). DOI:
10.1371/journal.pone.0142299

Rasovsky, V., Vahala, O. (2002) Monitoring and first record of Diabrotica virgifera
virgifera LeConte (Coleoptera: Chrysomelidae) from the Czech Republic.
Iwgo-Newsletter, 23 (2), 13-14.

JOURNAL

Central European Agriculture 1067
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1810

Cagan et al.: Development Of The Western Corn Rootworm, Diabrotica Virgifera Virgifera In Soil

Reynaud, P. (2002) First occurence of Diabrotica virgifera in France. Iwgo-
Newsletter, 23 (2), 20-21.

Schaafsma, A. W., Whitfield, G. H., Elis, C. R. (1991) A temperature-dependent
model of egg development of the western corn rootworm, Diabrotica
virgifera virgifera LeConte (Coleoptera: Chrysomelidae). Canadian
Entomologist, 123 (6),1183-1197.

Schroeder, J. B., Ratcliffe, S. T., Gray, M. E. (2005) Effect of four cropping systems
on variant western corn rootworm (Coleoptera: Chrysomelidae) adult and
egg densities and subsequent larval injury in rotated maize. Journal of
Economic Entomology, 98 (5), 1587-1593.

Shaw, J. T., Hummel, H. E. (2003) Diabrotica egg separation from soil: an efficient
and fast procedure for monitoring egg stages of corn rootworm populations.
Communications in Agricultural and Applied Biological Sciences, 68 (4), 73-
77.

Siv€ev, |., Tomasey, |. (2002) Distribution of Diabrotica virgifera virgifera LeConte in
Serbia in 1998. Acta Phytopathologica et Entomologica Hungarica, 37, 145-
153.

SivCeyv, L., Kljaji¢, P., Kosti¢, M., Siv€eyv, L., Stankovi¢, S. (2012) Management of
western corn rootworm (Diabrotica virgifera virgifera). Pesticidi i
fitomedicina, 27 (3), 189-201. DOI: 10.2298/PIF1203189S

Sivicek, P. (2001) Diabrotica virgifera virgifera LeConte, kukuriCiar korefiovy, novy
Skodca kukurice na Slovensku. Bratislava: Ustredny kontrolny a skusobny
ustav pofnohospodarsky.

Slovensky Hydrometeorologicky Ustav (SHMU) (2006) Pog&asie v roku 2006 [online]
Bratislava: SHMU. Available at: http://www.shmu.sk/sk/?page=1074
[Accessed 1 June 2016].

Slovensky Hydrometeorologicky Ustav (SHMU) (2007) Pog&asie v roku 2007. [online]
Bratislava: SHMU. Available at: http://www.shmu.sk/sk/?page=1074
[Accessed 1 June 2016].

Slovensky Hydrometeorologicky Ustav (SHMU) (2008) Pog&asie v roku 2008. [online]
Bratislava: SHMU. Available at: http://www.shmu.sk/sk/?page=1074
[Accessed 1 June 2016].

Slovensky Hydrometeorologicky Ustav (SHMU) (2009) Pog&asie v roku 2009. [online]
Bratislava: SHMU. Available at: http://www.shmu.sk/sk/?page=1074
[Accessed 1 June 2016].

Slovensky Hydrometeorologicky Ustav (SHMU) (2010) December 2010 bol na
Slovensku studeny, rok 2010 naopak teplotne nadnormalny. [online]
Bratislava: SHMU. Available at:
http://www.shmu.sk/sk/?page=2049&id=160 [Accessed 1 June 2016].

Stevo, J., Cagan, L. (2010) Influence of flooding to the viability of the western corn
rootworm (Diabrotica virgifera virgifera) eggs. Acta fytotechnica et
zootechnica, 2, 29-32.

JOURNAL

Central European Agriculture 1068
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1810

Cagan et al.: Development Of The Western Corn Rootworm, Diabrotica Virgifera Virgifera In Soil

Stfeda, T., Vahala, O., Stfedova, H. (2013) Prediction of adult western corn rootworm
(Diabrotica virgifera virgifera LeConte) emergence. Plant Protection
Science, 49 (2), 89-97.

Tinsley, N. A., Estes, R. E., Gray, M. E. (2012) Validation of a nested error
component model to estimate damage caused by corn rootworm larvae.
Journal of Applied Entomology, 137 (3), 161-169. DOI: 10.1111/].1439-
0418.2012.01736.x

Vidal, S., Kuhlman, U., Edwards, C. (2005) Western corn rootworm: Ecology and
management. London: CABI Publish Series.

Whitworth, R. J., Wilde, G. E., Shufran, R. A., Milliken, G. A. (2002) Comparison of
adult corn rootworm (Coleoptera: Chrysomelidae) sampling methods.
Journal of Economic Entomology, 95 (1), 96-105.

JOURNAL

Central European Agriculture 1069
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1810

