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EFFICACY OF SPINOSAD AND Bacillusthuringiensis
var. kurstaki IN BIOLOGICAL CONTROL
OF THE EUROPEAN CORN BORER ON SWEET CORN

Pawet K. Bergé

Institute of Plant Protection — National Researddtitute,
Regional Experimental Station in Rzeszow

Abstract. The European corn boreédgtrinia nubilalis Hbn.) is one of the most dangerous
pests of sweet corn in Poland. As indicated inghiglelines for integrated pest manage-
ment (IPM), harmful organisms on plants shoulditst e controlled by non-chemical
methods and, if these are ineffective, the uséhefrical methods is allowed. The aim of
this study was to assess the effectiveness of siigmes containing spinosad aBécil-

lus thuringiensis var. kurstaki to reduce the population and harmfulnes®ofubilalis
caterpillars The study was carried out in 2013-2015 in souteeas’oland, on ‘Candle’
sweet corn. Corn plants were sprayed either ond¢eioe in July, wherQ. nubilalis lar-
vae hatched on a mass scale. The pest was codtvatle Spintor 240 SC (spinosad A +
spinosad D) at doses of 0.2 and Oh&l, Dipel WG @. thuringiensis var. kurstaki) at
doses of 1.0 and 2.0 kg, Karate Zeon 050 CS (lambda-cyhalothrin) at a dufse
0.2 tha', and Proteus 110 OD (thiacloprid + deltamethrin)aadose of 0.5-ha'.

All products reduced the number and harmfulnedarefie, especially on cobs which are
a commercial crop. The best effects were achietfted tavo treatments with biopesticides
at higher doses. This reduced nearly by half thmber of cobs damaged by the pest. Spi-
nosad was more effective th&h thuringiensis. The effectiveness of biopesticides de-
pended on weather conditions. Chemical pest comaelfound most effective.
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INTRODUCTION

Sweet corn {ea mays L. var saccharata) is a popular vegetable grown in many
countries worldwide. Cobs are harvested when theeke are at the milk or milk-wax
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20 P.K. Beres

stage of ripening, and processed to produce cammniedzen corn, or used for consump-
tion without processing [Waligora 1992, Borowiakl3(.

The leading producers of sweet corn are the UrBtatles, with an acreage of about
200.000 ha, and China, with an acreage of over 100.008 haEurope, sweet corn is
grown mostly in Hungary and France, and the acrdagghese countries is about
30.000-35.000 Ka[Borowiak 2015]. In Poland sweet corn is grownaosmall scale on
about 8.000 HA[Warzecha and Malinowski 2015].

The successful cultivation of sweet corn is re@écin a high yield of cobs free of
any damage caused by harmful organisms, espeqays [Hazzard et al. 2003].
In many countries one of the major hazards forvibkeme and quality of sweet corn
yield is posed by the feeding European corn boEH, Ostrinia nubilalis Hbn.),
whose larvae damage cobs and stems [Capinera 2eldsco et al. 2004, Changying
2011, Bunn 2014]. In Poland ECB also poses a setlmeat to sweet corn yield, and its
harmfulness continues to increase, because sir@® ths pest has been reported from
all regions of the country [Kunicki 2003, Waligéeaal. 2008, Bere2012 a, Bereand
Konefat 2015].

Because of its great harmfulness to sweet corn E&Bto be controlled directly on
an increasingly larger number of fields. In Polathe, current recommendations regard-
ing pest management on sweet corn list insecticaggsoved for the control of ECB
containing lambda-cyhalothrin, indoxacarb, and atané of thiacloprid and deltame-
thrin [Zalecenia 2016]. However, due to consumetceons about pesticide residues in
food, researchers are looking for nonchemical nigho control ECB [Ben-Yakir et al.
1998].

Large-scale studies are being conducted worldwid¢he suitability of natural en-
emies in limiting populations dd. nubilalis. In addition, GMO corn varieties and tradi-
tional corn varieties more resistant to the pestgaown, and a variety of biopesticides
containing, e.g. spinosadacillus thuringiensis and Beauveria bassiana are used
[Schnepf et al. 1998, Burkness et al. 2001, Bourgti@l. 2002, Hazzard et al. 2003,
Musser and Shelton 2003, Musser et al. 2006, AbMa&jeed and Elgohary 2007,
Moghanlou et al. 2014].

Studies carried out on corn fields in Poland tcestigate the biological control of
the European corn borer used only foliar biopadtisicontaininddacillus thuringiensis
var. kurstaki and insecticidal fundisaria fumosorosea [Mazurek et al. 2005, Nawrocka
et al. 2011, Kaniar et al. 2012].

In recent years, much hope in the biological pritecof plants against pests, espe-
cially on organic farms, is placed in the use dhepad obtained frorSaccharopoly-
spora spinosa [Kowalska and Dredzynski 2009]. Biopesticides containing spinosad
have a relatively broad spectrum of insecticidalvdyg, especially on Lepidopterans
and Coleopterans, and are relatively safe for Usgflwmofauna [Kowalska 2008 a].

The aim of the study was to assess the effectigeoBiopesticides containing spi-
nosad andB. thuringiensis var. kurstaki in the biological control ofD. nubilalis on
sweet corn grown in southeastern Poland.
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MATERIALS AND METHODS

The study was carried out in 2013—-2015 in Nienado(@0°11'N; 22°06'E), south-
eastern Poland, on a 1*héield of ‘Candle’ variety sweet corn. From the beting of
the study corn was grown in a 3-year monocultutee &ffects of the biological control
of O. nubilalis were tested in a field experiment on 4-row plotshie randomized block
system in 4 replicates. The size of each plot vbmsig50 n (3.0 m x 16.5 m; width x
length). Sweet corn was sown in the last ten dayspdl.

ECB larvae were controlled with two biopesticid&gintor 240 SC (spinosad A +
spinosad D) at doses of 0.2 and Oh&l, and Dipel WG Bacillus thuringiensis var.
kurstaki) at doses of 1.0 and 2.0 -kg'. For comparative purposes, we also used
the standard chemical control of larvae with Kaizé®n 050 CS (lambda-cyhalothrin)
at a doie of 0.2Ha', and Proteus 110 OD (thiacloprid + deltamethrinpalose of
0.5 tha™.

The optimum date for the control ©f nubilalis larvae hatching on a mass scale was
established based on observation of moth flightgight traps, and direct observations
of plants for the presence of eggs and young laf&ts were sprayed once or twice
with either biopesticides or chemical insecticidegwo dates:

| —on 8 July (2013), 9 July (2014) and 11 Julyl®)) when corn plants were at
stage BBCH 51 (beginning of tassel development ginoéng of larvae hatching on
a mass scale),

Il —on 18 July (2013), 19 July (2014) and 17 J@915), when plants were at stage
BBCH 63 (beginning of pollen shedding — peak oV hatching on a mass scale).

Both foliar biopesticides were used once or twigkile chemical insecticides were
rotated with respect to the active substanceKiagate Zeon 050 CS was used for the
first treatment (date I) and Proteus 110 OD forgbeond treatment (date Il). The rea-
son for this was that Proteus 110 OD is labellely éor a single use during the corn
growing season.

Corn was sprayed using an experimental backpackyespr model AP 1/p, with
a compressed air tank of constant working prestutée experiment we used a 3 m-wide
boom with three nozzles spaced every 50 cm, positiabove the plant tops. Medium-
droplet spraying was applied using Tee Jet 110@2las. 300 litres of water were used
per hectare.

The effectiveness of treatments against ECB wassasd in mid-August, when ker-
nels were at the milk-wax stage of ripening (BBC5-83). On each plot randomly
selected plants in two central rows, 100 plantspbat; were inspected, and the percent-
age of damaged plants and cobs was calculatedelassithe percentage of stems bro-
ken above and below the cob. In addition, 25 rargamlected plants from each plot
were cut lengthwise to calculate the mean numbdambe feeding inside the corn
stems and cobs, the mean number of holes in plantsithe mean length of feeding
tunnels in plants.

Weather data were acquired from a weather statidheolnstitute of Meteorology
and Water Management — National Research InstiM&W — PIB), located in Ja-
sionka, near Rzesz6w, 10 km from the experimerghd in Nienadowka.
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Results were statistically analysed using Sta#is1i6.0 PL software from StatSoft.
One-way analysis of variance in a random blockgtesias used. The significance of
differences between means was verified with thel&it:Newman-Keuls test at a sig-
nificance level of p = 0.05. The analysis of resuliom study years was based on
a mixed variance analysis design which assumechataot effect for an experimental
plot and a random effect for study year. The sigaifce of interaction between the
experimental plot and study year was also calcdlatad it was interpreted as a signifi-
cant effect of weather conditions during the gros#fason on the effect of the experi-
mental factor.

RESULTS

Changes in the most important weather parametefeistudy years during the oc-
currence and control of European corn borer aregmted in table 1. In the analysed
3-year period weather conditions were favourabtetie growth of corn plants and the
feeding ofO. nubilalis larvae on them. In 2013 and 2015 a low amount ioffath be-
tween July and August, and also high temperatunetufling strong insolation) caused
a periodic loss of turgor in plant tissues, mangddy wilting leaves. Strong insolation
combined with high temperature had a potentiaugrfice on the effects of the biologi-
cal control of the pest.

Table 1. Weather conditions in Nienadéwka in 2003582

Mean daily air temperature Mean daily rainfall Mean daily air humidity
Month ~ Ten-day (°C) (mm) (%)

eriod
P 2013 2014 2015 2013 2014 2015 2013 2014 2015

| 16.8 17.6 19.5 78.6 3.3 0.0 80.8 70.2 53.5

I 20.1 16.1 17.9 25.3 125 8.0 73.7 64.3 60.5

June I 18.6 16.0 16.4 39.5 32.3 11 79.6 66.1 64.4
monthly

mean/sum 18.5 16.5 179 1434 48.1 9.1 78.0 66.8 59.4

| 19.6 19.3 21.1 0.1 36.8 13.1 63.9 69.2 50.4

I 175 20.2 19.9 19.1 43.4 25.7 77.1 73.2 62.8

July 1} 20.8 21.6 20.6 0.0 48.4 26.5 63.5 72.4 62.0

monthly 19.3 20.3 20.5 19.2 128.6 65.3 68.1 71.6 58.4
mean/sum

| 23.2 21.7 235 0.0 12.2 7.2 59.5 76.6 57.5
I 19.4 18.3 22.8 3.0 20.5 6.1 61.8 76.9 49.4
August 1} 15.8 14.7 20.7 8.0 31.8 8.8 75.9 79.5 55.0

monthly 19.4 18.2 22.3 11.0 64.5 22.1 65.7 77.6 53.9
mean/sum

Results of the biological and chemical controOofubilalis are presented separate-
ly for each year in tables 2—4. Table 5 shows ansam for the 3-year study.

In 2013-2015 the European corn borer posed a \aigus threat to sweet corn,
which can also be attributed to the fact that ttog avas grown in a monoculture. In the
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analysed period, ECB damaged 81.0 to 91.7% of plant 54.5 to 70.2% of cobs on
the untreated plot. On average, 3.5 to 4.3 larvae ieeding on a single cob, and 1.5 to
2.2 larvae inside the stem. The pest gnawed oragee?.1 to 3.1 holes in a single plant,
and the mean length of a feeding tunnel was 12117t8 cm. Broken stems as a result
of tissue damage were noted. On the untreatedlfglét to 36.2% of plants had stems
broken above the cob; and 9.2 to 14.7% of plaritaibthe cob (tab. 2—4).

Spinosad used for the control of ECB larvae hatghin a mass scale significantly
reduced the population and harmfulnes©ohfubilalis in all study years compared to
the untreated plot. On the plots treated once aretwvith spinosad larvae during the
study years damaged 39.0 (2014) to 67.2% of pl@tis5). The number of damaged
cobs was also lower, and their protection agaiastafe is a priority in pest manage-
ment on corn, as cobs are a commercial crop. Opltte treated with spinosad the pest
damaged 27.7 (2013) to 60.5% (2015) of cobs. Thmfugness of ECB to cobs was
lower as fewer larvae fed on them compared to tteeated plot, which was particular-
ly clear in 2013-2014. Regardless of the produdedand number of treatments, on
average 2.0 to 3.2 larvae fed on cobs protectduspinosad (tab. 2—-4).

No significant reduction in the population and harnmess ofO. nubilalis was ob-
tained with respect to the number of larvae insigens, the number of holes gnawed by
them, and the length of feeding tunnels and braitems in individual years on any plot
treated with spinosad compared to the untreated ple best effects of the biological
control of ECB were achieved with spinosad at aedof0.4 tha', especially when
plants were sprayed twice. The weakest insecticffalcts were found after a single
treatment of plants with spinosad at a dose of-B&? (tab. 2—4).

Slightly weaker insecticidal effects compared tinspad were obtained on plots
protected with a biopesticide containiBgcillus thuringiensis. On plots treated with
this bacterial product larvae damaged 47.5 (2044)1t2% of plants (2013B. thurin-
gienss, slightly less than spinosad, also reduced thegpéage of damaged cobs, which
in 2013-2015 was in the range of 33.2 (2013) t® §2015). However, another bioin-
secticide, Dipel WG, significantly reduced the neminf damaged plants and cobs
compared to the untreated plot. The percentagewmiaded cobs on plots treated once
with crystal Cry protein did not differ significdptfrom the untreated plot only in 2015.

The analysis demonstrated that on the cobs of plaeated with Dipel WG 2.1
(2013) to 3.7 (2014) larvae fed on average durirgggtudy years. The number of the
pest in 2013-2014 was significantly lower compate@the untreated plot, and in 2015
a significant difference was found only for the tpteeated twice with Dipel WG at
a dose of 2.0 kpa™.

Treatments withB. thuringiensis did not effectively protect plants against stems
breaking below cobs, but in some years (espedialB013-2014) significantly reduced
the number of stems broken above the cob comparéuketuntreated plot. The use of
this biopesticide did not significantly reduce thember of larvae inside the stem, the
number of holes gnawed by them (except for 2018Yhe length of feeding tunnels
(except for 2013) compared to the untreated pédit. (2—4).

Similar to experiments with spinosdsl,thuringiensis produced the best insecticidal
effects when plants were treated twice with thénéiglose of the product.
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Table 2. Results of biological and chemical contfaDstrinia nubilalisin 2013

Treatment date Damaged (%) Stems broken (%) Mean number of lafvpe Mean Mean length
Experimental o | 1% ks por  tunel pe
' | Il plants cobs above the cobelow the cob on the cob  inside stem plant (n)  plant (cm)
Untreated plot - - - 81.2 a 54.5 a 175 a 9.2 a 3.2 1.7 a 2.3 a 13.7 a
Spintor 240 SC 0.2 - + 63.7 bc 415 b 15.5 a 8.0 ap.7 b 15 ab 15 b 87 b
Spintor 240 SC 0.2 + + 54.2 c 39.5 b 10.7 b 7.2 al.2 b 1.3 ab 15 b 6.5 cd
Spintor 240 SC 0.4 - + 56.2 c 35.2 bc 10.2 b 5.7 aB.5 b 1.2 ab 1.4 b 6.2 cd
Spintor 240 SC 0.4 + + 41.2 d 27.7 c 8.5 b 45 b425b 10 b 12 b 55 d
Dipel WG 1.0 - + 71.2 b 40.5 b 15.2 a 8.5 ab 29 b5 ab 1.7 b 7.8 bc
Dipel WG 1.0 + + 61.7 bc 38.0 b 10.2 b 6.2 ab 2.7 bl.4 ab 1.5 b 7.2 bed
Dipel WG 2.0 - + 625 bc 397 b 9.2 b 55 ab 25 b1.3 ab 16 b 69 bcd
Dipel WG 2.0 + + 54.2 c 33.2 bc 7.7 b 52 ab 2.1 bl.1 ab 1.3 b 6.2 cd
Proteus 110 OD 0.5 - + 10.2 e 6.5 d 2.2 [ 1.0 c 0.8 0.2 c 0.5 [ 15 e
Karate Zeon 050C 55,05 +  + 65 e 47 d 07 ¢ 02 ¢ 02 ¢ 00 c20c 12 e

+ Proteus 110 OD

Treatment date: | — 08 July, Il — 18 July
Means in columns followed by the same letter dodiffer at 5% level of significance in the Studé&egwman-Keuls test



Table 3. Results of biological and chemical contfaDstrinia nubilalisin 2014

Treatment date Damaged (%) Stems broken (%) Mean number of larvae (n) Mean Mean length
Experimental plot E;Sheal) - nhuoTebse;;:: ?Jr:ﬁzldgle%
' | 1l plants cobs above the cobbelow the cob on the cob inside stem plant (n)  plant (cm)
Untreated plot - - - 91.7 a 63.5 a 36.2 a 147 a 3 4a 22 a 31 a 173 a
Spintor 240 SC 0.2 - + 59.7 c 58.0 ab 245 bcd 11& 3.2 b 15 ab 2.5 a 13.7 ab
Spintor 240 SC 0.2 + + 542 cd 52.7 bc 15.7 cde 8. A 27 b 12 ab 21 a 105 bc
Spintor 240 SC 0.4 - + 44.2 e 43.7 de 215 bcd 8.2 29 b 14 ab 2.2 a 10.2 bc
Spintor 240 SC 0.4 + + 39.0 e 30.5 f 13.7 de 8.5 a2.5 b 11 ab 1.9 a 6.5 «cd
Dipel WG 1.0 - + 70.5 b 472 cd 28.2 b 135 a 37b al7 a 27 a 151 ab
Dipel WG 1.0 + + 56.2 cd 395 de 25.7 bc 105 a 3.b 13 ab 25 a 11.7 abc
Dipel WG 2.0 - + 69.7 b 425 de 23.5 bcd 117 a 3. 15 ab 2.4 a 12.2 abc
Dipel WG 2.0 + + 475 de 36.7 ef 15.2 cde 9.2 a 2.b 13 ab 23 a 10.7 bc
Proteus 110 OD 0.5 - + 17.2 f 13.7 g 7.2 ef 1.2 b.7 0c 0.5 bc 10 b 2.2 d
Karate Zeon 050 €Sy, 5 , g5 4 + 85 g 82 g 25 f 02 b 05 ¢ 02 ¢ 50b 17 d

+ Proteus 110 OD

Treatment date: 1 — 09 July, Il — 19 July
Means in columns followed by the same letter dodiffér at 5% level of significance in the Stud&gwman-Keuls test



Table 4. Results of biological and chemical contfaDstrinia nubilalisin 2015

Mean number of larvae  Mean Mean length

Experimental plo Dose,l Treatment date Damaged (%) Stems broken (%) M) number of  of feeding

(I, kg-ha’) holes per  tunnel per

Il plants cobs above the cobbelow the cob on the cob inside stem plant (n) plant (cm)

Untreated plot - - - 81.0 a 702 a 207 a 112 ab 3a 15 a 2.1 a 121 a
Spintor 240 SC 0.2 - + 672 b 60.5 ab 16.2 abc 10.5a 31 ab 13 a 19 a 10.6ab
Spintor 240 SC 0.2 + + 58.7 bc 51.2 bc 127 bc 87 a 28 abc 1.2 a 17 a 10.2ab
Spintor 240 SC 0.4 - + 527 «cd 50.2 bc 130 bc 75 a 24 bc 11 a 1.6 a 85 ab
Spintor 240 SC 0.4 + + 40.5 e 387 ¢ 105 ¢ 6.2 a.0 2c 0.9 a 1.4 a 6.2 b
Dipel WG 1.0 - + 65.2 b 62.0 ab 185 ab 9.7 a 32 als3 a 1.7 a 11.2 ab
Dipel WG 1.0 + + 51.7 «cd 49.2 bc 142 abc 8.2 a 2dbc 11 a 15 a 95 ab
Dipel WG 2.0 - + 635 b 61.7 ab 127 bc 87 a 2%c a 1.2 a 1.6 a 83 ab
Dipel WG 2.0 + + 48.2 d 450 ¢ 9.5 c 7.2 a 23 bc.l1la 15 a 71 ab
Proteus 110 OD 0.5 - + 10.5 f 9.7 d 1.2 d 0.7 b 1.2 0.2 b 0.7 b 1.6 c
Karate Zeon 050
CS + Proteus 110 0.2 +0.5 + + 7.7 f 6.5 d 1.2 d 0.5 b 07 d 0.2 b 50 b 0.7 c

oD

Treatment date: | — 11 July, Il — 17 July
Means in columns followed by the same letter dodiff¢r at 5% level of significance in the Studé&gwman-Keuls test
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The standard chemical control used for comparisas most effective in limiting
the population and harmfulness of ECB comparechéountreated plot, as well as to
both tested biopesticides. The effects of spinasadiB. thuringiensis on limiting the
population and harmfulness Of nubilalis were significantly weaker with compared to
chemical pest control.

The summary of results from individual study yedesnonstrated that biopesticides,
especially at higher doses and used twice durirgctiin growth season, significantly
reduced the population and harmfulness of ECB. Neekess, spinosad ami thurin-
giensis did not reduce the hazard posedMynubilalis to the level offered by chemical
pest control (tab. 5).

The analysis focused on the interaction betweereMperimental factor and study
year revealed significant differences with resgecthe analysed three parameters, i.e.
percentage of damaged plants and cobs, and pegeestatems broken above the cob.
Weather conditions in the study years had a sicamti impact on the effectiveness of
the tested pesticides.

DISCUSSION

The study revealed the great harmfulness of thefaan corn borer to sweet corn
grown in the climate and soil conditions in sousiieen Poland. Of all the analysed
types of damage caused by feeding ECB, damageb®ismf most concern to farmers
growing this plant, because it makes the crop walslg for sale on the fresh produce
market, and for processing, which generates aftodarmers [Borowiak 2015].

In the study years ECB damaged 54.5 to 70.2% of amb the untreated plot.
As demonstrated by our previous research, ECB,nigasccess to fodder corn, sweet
corn and sorghum, causes most severe damage tosweewhich is most likely asso-
ciated with the high sugar content in the tissuethis plant [Beré 2012a]. Studies
carried out by other authors in Poland also replttte great harmfulness @ nubila-
listo sweet corn cobs, and it often fluctuated yeayear. In 2003—2006 Waligéra et al.
[2008] investigated the susceptibility of variousegt corn cultivars to ECB, and re-
ported that the pest damaged from a few to 69.8%ob$ in central Poland. This great
harmfulness of ECB is comparable to that notedunstudy, and justifies the need for
pest control. Lower harmfulness of ECB in centrala®d, but varying depending on
the date of corn sowing, was reported by Kruczéld ]3. On the other hand Mazurek et
al. [2005], who carried out research in 1998-200%duthwestern Poland, demonstrat-
ed that ECB larvae damaged up to 45.3% of cobdaia pot treated with pesticides.

Spinosad (Spintor 240 SC), used in our study duttregabundant pest occurrence,
significantly reduced the population and harmfutneSECB compared to the untreated
plot. Although the effectiveness of spinosad in tioatrol of O. nubilalis was much
lower compared to chemical insecticides, it stiibwed for a reduction in the number
of damaged cobs. The best effects of control (an&@% reduction in the number of
damagelzd cobs) were achieved after two treatmerni$aafs with spinosad at a dose of
0.4 tha™.
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The high suitability of spinosad in the control@fnubilalis on corn was also found
in the USA by Tembo and Pavuk [2011]. The reseascimglicated spinosad as a useful
product for integrated pest management, also oanicgfarms. Similar conclusions
were reached by BaZok et al. [2009], who testedosaid on sweet corn in Croatia, and
found it very useful for the control @. nubilalis. Experiments carried out by Bailey et
al. [2005] in Canada on sweet corn demonstratedttieaeffectiveness of spinosad in
the control of ECB was comparable to carbofuranlambda-cyhalothrin.

Apart from ECB, spinosad has also been tested loer dtepidoptera pests. Studies
carried out in Mexico by Méndez et al. [2002] dewstoated the suitability of spinosad
in the control ofSpodoptera frugiperda (Lepidoptera: Noctuidae) on corn. The insecti-
cidal effect of spinosad on Lepidoptera pests wss eonfirmed in laboratory studies
carried out by Pineda et al. [2004], who used shisstance for the control &bodop-
tera littoralis. Spinosad also successfully controlled this speciecotton in a study by
Abouelghar et al. [2013]. The broad insecticidatctpum of spinosad, as well as the
low risk of developing resistance to it and itsesaffor useful entomofauna, were re-
ported by Downard [2001].

The second biopesticide (Dipel WG) containing aly$€lry protein extracted from
Bacillus thuringiensis var. kurstaki provided weaker insecticidal effects than spinpsad
but in the majority of experimental combinationstitl significantly reduced the num-
ber of cobs damaged by larvae compared to theatatielot. As with spinosad, better
results in limiting the number of cobs damaged dryde were obtained after a double
treatment of plants with Dipel WG at a dose of Rytha’. Such treatment reduced the
number of damaged cobs by nearly 50% comparedetaritreated plot.

Foliar biopesticides formulated usirg) thuringiensis for the control of pests in
many crops have been used for several decadese Digesticides have become the
cornerstone for the development of green bioteadygywhssociated with growing GMO
plants, including sweet corn synthesizing CrylAbtein, a hybrid resistant to the Eu-
ropean corn borer [Betz et al. 2000, Burkness e2@01]. In Poland, genetically-
modified sweet corn has never been grown, and 820 ban on the cultivation of
GMO plants was instituted [Dz. U. z 2013 r. poz.Z89zm.]. Facing such circumstanc-
es, crystal Cry protein can only be used for thetrad of pests in the form of foliar
biopesticides formulated witB. thuringiensis.

Studies on the protection of sweet corn agdnstubilalis using foliar biopesticides
containingB. thuringiensis var. kurstaki have already been carried out in Poland. For
example, a one-year comparative study investigatiegeffects of Biobit 3,2 WP and
chemical products containing, e.g. lambda-cyhaiottvas carried out in 1998 by Ma-
zurek and Hurej [1999] in southwestern Poland. Tdeearchers reported that larvae
damaged on average 23.7% of cobs on the untre&dedapd only slightly less, 19.2%
of cobs, on a plot sprayed once in July with Bidh WP. The best insecticidal effects
(5.5% of damaged cobs) were produced by lambdalatyinan.

In another study carried out in 1998—-2000 Mazuttedd.§2005] tested two biopesti-
cides: Biobit 3,2 WP and Lepinox WDG for the cohtwd O. nubilalis. They reported
that on the control plot ECB damaged 13.3 to 27ad8%obs, which is nearly 50% less
than in our study. Mazurek et al. [2005] found thaibne year (2000) the tested bi-
opesticides protected up to 95% of cobs againspéisé feeding, and in two other years
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(1998-1999) their effectiveness was lower, 19.08%6.The researchers attributed the
differences in the insecticidal effect Bf thuringiensis to the impact of unfavourable
weather conditions.

The insecticidal effect of Dipel WG in the protectiof sweet corn again§. nu-
bilalis was also investigated in 2010-2011 by Nawrockal.ef2011]. Experimental
plots were located near Warsaw. The plants werayspr twice between 30 July and
24 August, and then the effectiveness of biopeiieias assesses twice: two and four
weeks after the treatment. The study by Nawrockal.etevealed considerable differ-
ences in the effectiveness®&fthuringiensis in the control ofO. nubilalis depending on
observation date. The number of larvae recordetth@first date on plants sprayed with
biopesticide and on the untreated plot was comparétowever, on the second date of
observation the number of larvae on the plot tcbatéh Dipel WG was significantly
lower compared to the untreated plot. A similaatiehship was reported for the num-
ber of damaged cobs. Despite the considerablereliftes in the effectiveness of
Dipel WG, the researchers indicated its suitabifity the protection of sweet corn
against ECB.

It should be pointed out, however, that Nawrockale{2011] applied insecticidal
treatments against ECB a few weeks later than instudy, and established that date
using pheromone traps. This date is questionablgsidering the fact that the biology
of O. nubilalis is well-investigated and clearly shows that thetgetches on a mass
scale in July [Mazurek and Hurej 1999, Mazurek 1et2803, Lisowicz and Tekiela
2004], while pheromone traps for capturing ECB maee very imprecise and should
not be used for establishing dates of pest coiffroilan and Girolami 2001, Befe
2012h].

Studies carried out outside Poland demonstratddreifces in the effectiveness of
biopesticides containing. thuringiensis for the control of ECB. For example, in the
USA, Hudon [1962] reported the low effectivenesdiopesticides, and emphasized the
need to use high doses Bf thuringiensis. In a study by Tembo and Pavuk [2011]
B. thuringiensis was also less effective than spinosad or othedymts.

BaZok et al. [2009] investigated the effectBothuringiensis var. kurstaki at doses
of 0.75 and 1.0 kga* on the control oD. nubilalis on sweet corn in Croatia in 2002—
2003.Depending on the treatment date and location oEXperimental plotB. thurin-
giensisreduced the number of cobs damaged by the pest By 21.3%. In their analy-
sis of this wide range of effectiveness of the bgijTide the researchers emphasized the
need for establishing a precise date of its appdicaln their study, high insecticidal
effectiveness was achieved when plants were spijagedbefore the hatching of larvae
on a mass scale.

The insecticidal effectiveness of biopesticidestaiing B. thuringiensis is influ-
enced by many factors. The most important of theen precise dispersal of prepared
fluid on leaves, droplet sedimentation, depositibbioinsecticide on the leaves, intake
of lethal dose by insects, effectiveness of thedsticide inside insects, and weather
conditions [Sierpiska 2000]. The most important weather conditiorrstamperature,
UV radiation, air humidity and rainfall [Raun et 4B66, Morris 1982, Salama and Zaki
1985, Sundaram and Sundaram 1991]. For examples sesearchers point out the fact
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that the degradation of spinosad is enhanced bgsexp to natural light [Kowalska and
Drozdzynski 2009].

In our study the insecticidal effect of spinosad Bnthuringiensis was also poten-
tially influenced by weather conditions, particlyatemperature and strong insolation
accelerating the degradation of biopesticides on Eaves. Studies conducted by other
authors have indicated the diverse reaction ofspasttrolled using spinosad depending
on changes in temperature and humidity and thelexpplose. Laboratory tests carried
out by Musser and Shelton [2005] on the controthef European corn borer showed
that the insecticidal effect of spinosad and tweepyoids (lambda-cyhalothrin and
bifenthrin) was reduced at temperatures of 24 taC3%nd the reduction for spinosad
was significantly lower than for pyrethroids. Steslion the control of Coleoptera pests,
e.g. Leptinotarsa decemlineata, Tribolium confusum and Tribolium castaneum, also
demonstrated great differences in the insecticdfeict of spinosad for different doses
and temperatures [Yousefnezhad-Irani and PournZéf¥, Kowalska 2008b, Thomp-
son and Reddy 2016].

Weather conditions also had an impact on the éfweéss of the biopesticide Dipel
WG. The insecticidal effect of biopesticides conitag B. thuringiensis sprayed on
plants is strongly influenced by UV radiation, tesrgture and rainfall [Griego and
Spence 1978, Moxtarnejad et al. 2014]. For exanmgplstudy by Sleem Rasha et al.
[2012] demonstrated that longer exposure to higipgratures and natural light reduced
the effectiveness of Dipel 2X WP containiBg thuringiensis used for the control of
Soodoptera littoralis larvae. Exposure to UV light without photo proteetmaterials
also limited the effective control #fieris brassicae larvae.

Conventional chemical treatments used for the cbiofr ECB larvae on sweet corn
were highly effective and comparable with rateoregrl by other authors [Mazurek and
Hurej 1999, Mazurek et al. 2005, Be29010].

CONCLUSIONS

1. The study demonstrated the great harmfulne§stoinia nubilalis to sweet corn
grown in southeastern Poland and justified the rieedirect control of this pest.

2. Spinosad (Spintor 240 SC) reduced the populatiah harmfulness of the Euro-
pean corn borer compared to the untreated plotcésjy on cobs. Two treatments of
plants with spinosad at a dose of 0.4 peovided the best results.

3. Dipel WG, containindBacillus thuringiensis var. kurstaki, reduced the population
and harmfulness oD. nubilalis compared to the untreated pl&. thuringiensis was
slightly less effective in limiting the number ofamhaged cobs compared to spi-
nosad. The best insecticidal effects were achiaftt two treatments using a dose of
2.0 kg-hd.

4. The significantly lower insecticidal effectivesseof spinosad ar. thuringiensis
compared to conventional chemical products cantbéwaed to weather conditions
during the study years, which accelerated the diadien of biopesticides on corn
leaves.
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5. The tested biopesticides are suitable for tlodogical protection of sweet corn
against the European corn borer, especially whed twgice and at higher doses.
6. Standard chemical control ©f nubilalis was highly effective.
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PRZYDATNO SC SPINOSADU | Bacillusthuringiensis var. kurstaki
W BIOLOGICZNEJ OCHRONIE KUKURYDZY CUKROWEJ
PRZED OMACNIC A PROSOWIANK A

Streszczenie Omacnica prosowiankaOétrinia nubilalis Hbn.) zaliczana jest do
najgrazniejszych szkodnikéw kukurydzy cukrowej w Polsce zéfeceniach integrowanej
ochrony rdlin (IPM) przed organizmami szkodliwymi preferujg stosowanie wpierw
metod niechemicznych, a dopiero w ostateézna@astosowanie chemicznej ochrony.
Celem wykonanych badabyta ocena przydatdoi biopreparatow zawierggych spi-
nosad oraBacillus thuringiensis var. kurstaki do ograniczania liczebga i szkodliwdci
gasienicO. nubilalis. Badania wykonano w latach 2013-2015 w potudniovgchedniej
Polsce na kukurydzy cukrowej odmiany Candle. Jedmaz dwukrotne opryskiwanie
roslin kukurydzy wykonano w lipcu, w okresie licznegylegu gasienicOstrinia nubila-

lis (Hbn.). Do zwalczania szkodnika wykorzystano prapa Spintor 240 SC (spinozyn
A + spinozyn D) w dawce 0,2 i 0,44?, Dipel WG @acillus thuringiensis var. kurstaki)

w dawce 1,0 i 2,0 kha®; Karate Zeon 050 CS (lambda-cyhalotryna) w dawgel-Ba*
oraz Proteus 110 OD (tiachlopryd + deltametrynajawce 0,5-ha’. Wszystkie zasto-
sowane preparaty pozwolity oligé liczebnad¢ oraz szkodliwéé gasienic, zwtaszcza
w odniesieniu do kolb, ktoreg plonem handlowym. Przy stosowaniu biopreparatow na
lepsze efekty uzyskano, stogujdwa zabiegi opryskiwania §lin z zastosowaniem
maksymalnych dawek. Pozwolity one niemal o pat@mlnizy¢ liczbe kolb uszkodzonych
przez szkodnika. Lepgakutecznéciag odznaczat si spinosad w poréwnaniul. thurin-
giensis. Na skuteczni biopreparatow wptyw miaty warunki meteorologiczidajsku-
teczniejsza byta ochrona chemiczna.

Stowa kluczowe Zea mays var. saccharata, Ostrinia nubilalis, biopreparaty, skuteczgo
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