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Abstract

Western corn rootworm (WCR) (Diabrotica virgifera virgifera LeConte) is one of the most
important and potentially most dangerous pests of maize. Since its occurrence in Serbia in 1992,
it has been present in almost all areas under maize cultivation. Alongside with all preventive
measures, first of all, the crop rotation, which is considered the most economic one, a great
attention has been paid to the forecast of the pest occurrence based on the flight dynamics
and the population level. The flight dynamics, sex dominance, variations in the population
level depending on the trap types and climate factors were observed on two locations: Crepaja
in three-year continuous cropping (2005-2007) and in the experimental field of the Maize
Research Institute, Zemun Polje in the duration of five years (2005-2009). According to the flight
dynamics of WCR adults, the highest population level of this pest was observed in 2005, while
the comparison of the number of adults over locations showed greater abundance of the pest in
Crepaja than in Zemun Polje, which was attributed to extreme favourability of agro-ecological
conditions on this location for the WCR development. The 2008-2009 period was characterised
by the reduced number of WCR, which coincided with the extremely arid conditions that do not
favour the development of this pest.
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Introduction

Western corn rootworm (D. virgifera
virgifera LeConte) is the most destructive insect
species in all regions under maize cultivation
worldwide. It is believed that D. virgifera
virgifera and the plant host have been evolved
together in subtropical regions of Mexico and
Central and Northern America (Meinke et al.,
2009). The rapid distribution of WCR and the
formation of the continuous population have
resulted in intensive attacks, which affected
the maize production throughout Europe. The
WCR was probably introduced in the second
half of the 1970s (Edwards et al., 1994; 1998).

Since the moment of its appearance in
Serbia (1992), this polyphagous pest has been
populating the main production regions of maize
cultivated in continuous cropping and its
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territorial expansion was faster than the spread
of areas of harmfulness/destruction. In a short
period of time, this pest has spread in as many
as 13 European countries, including Austria,
Bosnia and Herzegovina, Bulgaria, Czech
Republic, France, Hungary, Italy, Romania,
Slovak Republic, Switzerland and Ukraine.
This insect species has one generation per
year and overwinters as eggs in soil (diapausing
eggs). Larva hatching varies over years, but it is
usually performed at the end of May and the
beginning of June. Their presence is observable
up to the beginning of August, and maximum
of their emergence occurs at the end of July
and the beginning of August (Komaromi and
Kiss, 2004; Pierce and Gray, 2007; Baca et
al., 2002; Borzykh et al., 2013; Voineac et al.,
2015; Igrc-Bal¢i¢ et al., 2004). Male adults
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occur a bit earlier than female adults, because
the development of males is faster than the
development of females, while the population
peak of males (50%) occurs before a cumulative
occurrence of females.

It is generally accepted that the presence
of one or more adults per plant at the time
of their maximum abundance, can result in
economically significant damages by larvae
during the following year in fields under
maize continuous cultivation. In order to
avoid further spread and development of
the population, as well as a possibility of
economic and ecological impacts, a timely
forecast is necessary to regulate the level of the
abundance of the insect population of both
sexes. The forecast of the intensity of a WCR
attack is based on the number of hatched
larvae after sowing, the number of captured
individuals on yellow and green sticky and
pheromone traps. The effectiveness of different
trap types is based on their attractiveness for
adults, which is reflected in deviations of the
population abundance and the sexual index
as main parameters of dynamic changes.
The differences in the population abundance
over years were present on all locations. The
maximum number of the population and
oviposition did not overlap in all years. The
comparison of the total number of adults
overall years, locations and trap types showed
that the pheromone Pal Csalomon trap, then
green Multigard and yellow Pherocon AM
sticky traps were the most efficient.

Environmental factors significantly affect
the occurrence, development and reproductive
ability of WCR. A precipitation sum must be
taken into account when forecasting the WCR
occurrence. The more frequent precipitation
during overwintering of eggs the lower
percentage of their destruction. The lack of
moisture in the soil significantly reduces the
number of WCRs and, consequently, damage
to corn is lower (Manole et al., 2017).

The aim of this study was to monitor
and manage the WCR population to prevent
invasion of this economically damaging insect
species. Monitoring requires comprehensive
knowledge of biological traits of the pest,
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its life cycle and the economic threshold of
harmfulness so that the response could well-
timed and efficient plant protection could be
implemented.

Material and Methods

The WCR flight dynamics was visually
monitored by the application of pheromone
Csalomon, yellow (Pherocon AM®) and green
sticky traps (Multigard) in the period from the
beginning of July to the end of September.

Visual inspection of plants was based on
the determination of the density of insect
abundance by counting and expressing the
average number per plant. A hundred plants
were examined (10 plants sampled in 10 ran-
domly selected spots) during silking (June 25"
- July 2™, depending on the location and the
year) for 2-3 days. The presence of adults was
established on leaves, stalks and ears of maize
in early morning hours (7°°-8*°), when the ac-
tivity of adults is greatest since high temper-
atures do not suit them. The total number of
insects was determined in 100 plants in Zemun
Polje and Crepaja during the three-year period
(2005-2007) in the field crops on corn hybrid
ZP 434.

The presence of WCR adults was moni-
tored by yellow (Pherocon AM®) and green
(Multigard) rectangle traps (28 x 22.5 cm),
with a sticky surface facing outward when it
was wrapped around the maize plant at the ear
height. These traps were made of waterproofed
cardboard, and applied glue was of exception-
al thermal and hydrostatic properties. Traps
were set up in early July, and replaced every
two weeks, while the trap inspection was done
every third day.

At the same time, Pheromone panel Csa-
lomon traps were randomly set at the ear
height. These traps had a sexual pheromone as
an attractant, stored within the small capsule
hanged in the middle of the trap. Individuals
attracted by pheromone were glued to a col-
ourless external sticky surface (36 x 23 cm) of
the trap. Capsules and sticky panels were re-
placed every 28 and 15 days, respectively. The
number of captured females and males was
regularly recorded.
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Figure 1. Monitoring adults of western corn rootworm (D. virgifera virgifera) on pheromone, yellow and green

sticky traps

Grafikon 1. Monitoring imaga kukuruzne zlatice (D. virgifera virgifera) na feromonskim, Zutim i zelenim lep-

ljivim klopkama

A total of 45 traps, 15 of each type, were
placed during the monitoring season of flight
dynamics of WCR adults. In Zemun Polje,
traps were inspected 11 times during the five-
year investigation (from July 10 to August 18).
On the other hand, the three-year investigation
(2005-2007) was carried out in Crepaja and
inspections were performed on the following
dates: July 10, 13, 17, 20 and 27 and August 3.

Results and Discussion

In the investigated period (2005-2007), on
two locations, variations in the abundance and
density of the adult population of D. virgifera
virgifera were established by the application of
the absolute sampling method. During the stat-
ed period, in July, in the period of maize silking,
adult insects were detected in analysed loca-
tions. Similar results have been recorded in oth-
er European countries. WCR adults have been
present in the maize growing regions of Poland,
Bulgaria, Ukraine and Croatia form the second
half of July to the end of September and the be-
ginning of October (Bere$ and Sionek, 2010,
2012; Toshova et. al.,, 2017; Borzykh et al., 2013;
Voineac et al., 2015; Igrc -Bal¢i¢ et al., 2004).

The differences between locations were de-
termined by monitoring the WCR distribution
by the application of the visual methods. Out
of total 1.007 registered adults, 591 (58.68 %)
and 416 (41.31%) were detected on the loca-
tions of Crepaja and the experimental field of
the Maize Research Institute, Zemun Polje, re-

spectively. Based on 100 examined plants, the
average number of adults ranged from 1 to 9.
On the location Crepaja, the number of adult
insects per plant was 10-12 individuals, or 7-9
insects, on average.

The WCR flight dynamics was monitored
using the pheromone, yellow Pherocon AM
and green Multigard sticky traps in the period
from July 7" to August 18" In Zemun Polje,
the maximum abundance of adults was record-
ed on yellow and pheromone traps in 2005. The
drastic drop in the number of adults was noted
in 2006, while only pheromone traps were ef-
ficient enough to register WCR individuals in
2007. In the succeeding period (2008-2009),
the reduction in the abundance of this harmful
species was recorded in all three trap types.

Monitoring the abundance of WCR adults
in the three-year continuous maize cropping,
started by setting traps in Crepaja on July 5,
2005. The high population level of adults in
this location was recorded in all three years,
particularly in 2005. In the 2005-2007 period,
the total of 8,550, 12,101 and 24,028 adults
were registered on yellow, green sticky traps
and pheromone trap, respectively (Figure 1).

The beginning of the WCR flight was regis-
tered in Zemun Polje on July 17th 2005 (Table
1). Out of the total number of registered indi-
viduals, there were 240 males and 42 females
on pheromone traps, 363 males and 35 females
on yellow traps, while only 12 males were cap-
tured on the green traps (Figure 2).

41



THE POPULATION LEVEL OF WESTERN CORN ROOTWORM ADULTS IN THE PERIOD 2005-2009

Zemun Polje 2005

| male mfemale
I h
pheromone  yellow green

Zemun Polje 2006

H mala Ofemale

yvellow

pheromone

green

Zemun Polje 2007

mmale Cfemale
pheromone  yellow green

Zemun Polje 2008

mmale Cfemale

pheromone  yellow areen

Zemun Polje 2009

mmale Dfemale
pheromone  yellow green

The abundance and dynamics of the WCR
population were completely altered in Zemun
Polje during 2006 when a low number of adults
was recorded in all trap types: only 19 males
and two females on yellow traps and two males
with no females on pheromone and green traps
(Figure 2).

Favourable climatic conditions during
2007, the beginning of the summer on July
10", as well as the presence of adults until the
end of the growing season, affected the flight
duration. Comparing to the previous year,
in Zemun Polje, a significant increase in the
number of males and females were observed
on pheromone traps.
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Figure 2. The abundance of adults of both sexes

over years and trap types in Zemun Polje

Grafikon 2. Brojnost imaga oba pola po godinama
i tipovima klopki u Zemun Polju

The tendency of the decline in the number
of adults was observed during 2008 and 2009.
Extremely high temperatures during the grow-
ing season and low air humidity, alongside with
the shortage of high-quality food, resulted in ei-
ther sporadic catches in August or an absolute
absence of flights. The confirmation of our re-
sults of an extremely strong impact of climatic
conditions on stoppage of the distribution and
the reduction in the adult abundance has been
provided by the results obtained in other coun-
tries infested by this pest. The dry period with
a shortened maize growing season can directly
affect the population’s dynamics (Mahmoud et
al., 2017; Manole et al., 2017). According to the
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Table 1. The average number of WCR adults registered on pheromone, yellow and green sticky traps over dates
and years in Zemun Polje
Tabela 1. Prosean broj imaga kukuruzne Zzlatice registrovan na feromonskim, Zutim i zelenim lepljivim
klopkama po datumima i godinama ocitavanja u Zemun Polju

Pheromone Pal Yellow Pherocon AM Green Multigard
Reading.
date Average number of adults

2005 2006 2007 X 2005 2006 2007 X 2005 2006 2007 X XX

July 10 0.00 0.00 1.87 28 0.07 0.07 0.00 2 0.00 0.00 0.07 1 31
July 13 0.00 0.00 0.73 11 1.0 0.00 020 27 040 0.00 0.00 6 44
July 17 1.20 0.00 1.33 38 327 007 007 51 0.07 0.00 0.00 1 90
July 20 1.73 000 127 45 167 033 0.00 30 0.00 0.00 0.07 1 76
July 23 287 000 213 75 273 013 040 49 000 0.00 0.13 2 126
July 27 1.73 0.00 0.00 26 420 007 0.00 64 000 0.00 0.00 0 90
August 3 0.67 0.13 020 15 260 053 067 57 033 0.13 0.00 7 79
August 7 413 0.00 053 70 3.07 020 020 52 0.00 0.00 0.00 0 122
August 11~ 2.60 0.00 0.07 40 393 0.00 0.00 59 0.00 0.00 0.00 0 99
August14 1.33 0.00 0.00 17 147 0.00 0.00 22 0.00 0.00 0.00 0 39
August18  2.73 0.00 0.00 41 220 0.00 007 30 0.00 0.00 0.00 0 71
2 282 2 122 406* 398 21 24 443 12 2 4 18° 867

Serbian authors (Sivéev and Galo, 2002; Sivcev,
2004; Siv¢ev and Tomasev, 1999), an exception-
ally dry spell can cause the great mortality of
adults. Unfavourable climatic conditions identi-
cally affected the distribution and the abundance
of WCR in Croatia (Igrc-Bar¢i¢ and Bazok,
2004). Long-term studies of this phenomenon,
distribution and abundance of this pest confirm
dominant effects of climatic changes on the re-
duction of levels of WCR populations (Kari¢ et
al., 2010; Grozeet al., 2011; Keresi et al., 2005;
Cean, 2005; Borzykh et al., 2013). The oscilla-
tion in the number of adults of both sexes was
recorded in 2008 and 2009 when their number
was enormously low (Figure 2).

In the five-year studies in Zemun Polje, trap
readings were done in the period from July 10 to
August 18. Out of the total number of registered
adults (978), there were 467 or 47.8% on phero-

mone traps, 444 or 45.4% on yellow sticky traps
and just 67 or 6.8% on green Multigard sticky
traps (Tables 1 and 3). The maximum number
of insects captured on pheromone traps was
recorded on July 23™. Out of the total number
of registered adults (467) on this trap type, 4.13
adults per trap were recorded on average, which
was a maximum value for the stated period. As
far as 2006 is concerned, the flight of adult in-
sects almost completely failed, except on August
3", where there were 0.13 adults per trap. The
average number of adults per plant amounted to
0.739in 2007.

The total number of captured WCR adults
on the Pherocon AM vyellow sticky traps varied
over years and the maximum abundance was on
July 27. The highest number of 4.20 adults per
trap on average was observed on the same date
in 2005 (Table 1).

Table 2. Average values of registered adults over traps and years
Tabela 2. Prosecne vrednosti registrovanih imaga po klopkama i godinama

Year x trap 2005 2006 2007
Pheromone 18.8° 0.133¢ 8.133¢
Yellow 26.8° 1.400¢ 1.600¢
Green 0.800¢ 0.133¢ 0.667¢

* Values designated with the same letter are not statistically different at the 0.05 probability level
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Table 3. Average number of WCR adults registered on pheromone, yellow and green sticky traps over dates
and years of reading (2008-2009) in Zemun Polje

Tabela 3. Prosean broj imaga kukuruzne zlatice registrovan na feromonskim, Zutim i zelenim lepljivim
klopkama po datumima i godinama ocitavanja (2008-2009) u Zemun Polju

Date of Pheromone Pal Yellow Pherocon AM Green Multigard
reading. Average number of adults
2008 2009 ) 2008 2009 X 2008 2009 ) XX
July 10 0.00 0.00 0 0.00 0.00 0 0.00 1.07 16 16
July 13 0.00 0.00 0 0.00 0.00 0 0.00 0.67 10 10
July 17 0.53 0.00 8 0.00 0.00 0 0.07 0.33 6 14
July 20 0.33 0.60 14 0.00 0.00 0 0.07 0.13 3 17
July 23 0.40 0.60 15 0.00 0.00 0 0.00 0.47 7 22
July 27 0.27 0.47 11 0.07 0.00 1 0.07 0.40 7 19
August 3 0.13 0.13 4 0.00 0.00 0 0.00 0.00 0 4
August 7 0.13 0.27 6 0.00 0.00 0 0.00 0.00 0 6
August 11 0.00 0.20 3 0.00 0.00 0 0.00 0.00 0 3
August 14 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0
August 18 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0
> 27 34 61 1 0 1 3 46 49 111

The drop in the number of adults in 2008
and 2009 resulted in a very low presence of the
population (111 adults or 11.3%) in relation
to the total number of adults registered in the
five-year period on all trap types. It is impor-
tant to emphasise that the efficiency of yellow
traps was low in the years with the lowest num-
ber of WCR population (Table 3).

The analysis of variance for the total num-
ber of adults in 2008 and 2009 pointed out to
highly significant values for years, trap types
and their interactions (Table 4).

Results obtained on the monitoring of
WCR flight dynamics in Crepaja are presented
in Figure 3. Data obtained on the total num-
ber of registered individuals of both sexes on
all three trap types in Crepaja in the 2005-2007

period indicate the high abundance and mi-
gration of WCR adults during July and August.
During the 25-day trap reading in the stated
period, a total of 4,679 adults were registered
out of which 24,028 or 53.8% were detected
on pheromone traps, 8,550 or 19.1 % on yel-
low traps and 12,101 or 27.1 % on green sticky
traps. The maximum abundance, 9,746 cap-
tured adults of both sexes, was registered on
the Pheromone Pal trap in 2005, with the av-
erage number of 16.7 adults per day. The maxi-
mum, daily recorded number of adults per trap
in Crepaja was detected on both yellow (4.8)
and green (8.1) sticky traps, which was above
the critical number limit of 6 to 7 adults per
trap for the climatic conditions of the USA
(Tollefson, 2007). Kari¢ et al. (2010) monitored

Table 4. Analysis of variance for the total number of adults

Tabela 4. Analiza varijanse ukupnog broja imaga

Analysis of variance

Sum of squares

Year
Trap

Year x trap

26.678 **
33.600 **

18.311 **
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Figure 3. The number of WCR adults over years and trap types in Crepaja
Grafikon 3. Brojnost imaga kukuruzne zlatice po godinama i tipovima klopki u Crepaji

the dynamics of WCR flight in 30 locations in
Bosnia and Herzegovina in 2003 and deter-
mined the maximum activity of adult insects in
the second half of July. In the succeeding years,
the highest abundance of captured adults of
both sexes was recorded on pheromone traps,
but the numbers were lower than in the previ-
ous year.

The first reading was performed on July 10
in all three years and the following numbers
were recorded: 5,346 (22.2%), 2,235 (26.1%)
and 1,967 (16.3%) on pheromone, yellow and
green traps, respectively. Based on the obtained
number it is observable that the highest number
of captured adults was detected on pheromone

and yellow traps. The total number of captured
adults in this period varied over reading dates
from 2,324 to 5,346 on pheromone traps, from
732 to 2,235 on yellow traps and from 1,340 to
2,558 on green traps. In the three-year period of
investigation, the abundance of adults on phero-
mone traps was higher by 2.81 and 1.98 than on
yellow and green traps, respectively (Table 5).

The analysis of variance of the sum of
captured adults showed significance for the
following factors: Trap (T), and year (Y), and
their interaction (YXT), at almost all reading
dates. Significant impact on the total number
of adults was established for both factors and
their interaction (Table 6).

Table 5. WCR flight dynamics and their average number in Crepaja over trap types, reading dates

and years

Tabela 5. Dinamika leta imaga kukuruzne zlatice i njihov prosecan broj u Crepaji po tipovima klop-

ki, datumima i godinama ocitavanja

Pheromone Csalomon trap  Yellow Pherocon AM trap Green Multigard trap
Average number of adults
2005 2006 2007 > 2005 2006 2007 ) 2005 2006 2007 X
July 10 14120 122.33 91.87 5346 56.87 51.68 40.47 2235 50.53 4847 3213 1967
July 13 111.27 93.47 59.73 3967 2593 29.40 3553 1383 54.00 48.60 32.53 2028
July 17 128.00 108.07 87.80 4863 36.13 34.73 3247 1536 63.40 56.73 50.40 2558
July 20 66.00 57.47 31.27 2324 10.80 22.60 15.40 732 37.67 33.60 18.07 1340
July27 118.00 99.00 84.20 4519 41.93 40.30 41.80 1861 61.80 55.13 39.20 2342
August3  85.00 70.00 4593 3009 1593 20.20 17.40 803 49.73 4540 29.27 1866
X 649.73 551.33 400.80 187.60 198.93 183.07 317.13 287.93 201.60
2 9746 8270 6012 24028* 2814 2984 2752 8550 4758 4319 3024 12101°
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Table 6. Analysis of variance of the sum of the registered number of adults in Crepaja over reading dates

Tabela 6. Analiza varijanse pribelezenog broja jedinki u

Srepaji po datumima ocitavanja

MS
DF 10.07 13.07 17.07 20.07 27.07 03.08 Sum
Year 2 9325.9° 5263.1 4089.9 4074.0" 4006.0° 4499.3" 177960.9°
Trap 2 78399.2" 40686.3" 64092.8" 14342.2" 44576.5" 27047.6" 1461765.1"
YXT 4 1304.8 3618.9° 1378.2 1509.6™ 1176.2 1526.2" 56476.3"
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2005;

the number of adults dropped in the suc-
ceeding period (2006-2007) and it con-
tinued dropping in 2008 and 2009;

the beginning of adult flight varied in de-
pendence on the year and the location;
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over locations show a significantly high-
er abundance in Crepaja than in Ze-
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agro-ecological conditions in this loca-
tion that were extremely favourable for
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monitoring of the total number of adults
in all years and locations, overall trap
types, indicates that pheromone Pal Csa-
lomon traps were most efficient and fol-
lowed by green Multigard sticky traps,
and the yellow Pherocon AM sticky traps.
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POPULACIONI NIVO IMAGA
KUKURUZNE ZLATICE U PERIODU
OD 2005-2009 GODINE

Snezana Gosi¢-Dondo, Jelena Srdi¢, Zeljko Popovié, Jan Tancik

Sazetak

Pojava Diabrotica virgifera virgifera LeConte na teritoriji Srbije od 1992. godine, rezultirala je
masovnim razmnozavanjem i brzim teritorijalnim Sirenjem. Brojnost populacije je povecavana
iz godine u godinu, narocito u podrué¢jima gde je kukuruz gajen u monokulturi i dostizala je
kriti¢ne vrednosti pri kojima nastaju ekonomske $tete. Plodored i variranje klimatskih faktora
znacajno su uticali na pad brojnosti i ostale parametre dinamike populacije.

Cilj istrazivanja je bio da se formuliSe strategija kojom bi se ostvarila ekoloski racionalna
kontrola kukuruzne zlatice, zasnovana na prognozi pojave i pracenju brojnosti imaga oba pola,
u korelaciji sa klimatskim uslovima i sistemom gajenja kukuruza. Dinamika leta kukuruzne zla-
tice pracena je vizuelnom metodom, primenom feromonskih Csalomon, zutih (Pherocon AM®)
i zelenih lepljivih klopki tipa Multigard, u periodu od pocetka jula do kraja septembra. Klopke
su postavljane pocetkom jula, na biljke kukuruza iznad klipa, menjane su svake dve nedelje, a
pregled klopki vrden je svaki treci dan.

Dobijeni rezultati su ukazali na dominantan uticaj klimatskih prilika na ispitivane parametre.
Razlike u brojnosti populacije uocene su na razlic¢itim tipovima klopki, godinama posmatranja i
lokalitetima.

Vizuelnim pregledom biljaka uo¢ena su variranja u brojnosti imaga izmedu lokaliteta i godi-
na. Od ukupno 1.007 registrovanih imaga, 58,68% konstatovano je na podrucju Crepaje i 41,33%
u oglednom polju Instituta za kukuruz Zemun Polje.

Od ukupno registrovanih 867 imaga u Zemun Polju u periodu od 2005-2007godine, na fero-
monskim klopkama bilo je 406 ili 46,8%, na zutim lepljivim 443 ili 51,09% i na zelenim lepljivim,
Multigard klopkama, svega 18 ili 2,07%. Visok nivo populacije imaga za period od tri godine
zabelezen je u Crepaji. Na Zutoj lepljivoj klopci registrovano je 8.550 imaga, na zelenoj 12.101, a
maksimum brojnosti po godini od 24.028 jedinki detektovan je na feromonskoj klopki. U nared-
nom periodu, tokom 2008-2009 godine, ekstremno visoke temperature tokom vegetacije i niska
relativna vlaznost vazduha, zajedno sa nedostatkom kvalitetne hrane, rezultirali su sporadi¢nim
ulovima tokom avgusta do potpunog izostanka leta.

Kljucne rijeci: zlatica kukuruza, dinamika populacije, klimatske prilike
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