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Abstract

Ostrinia nubilalis Hiib. and Helicoverpa armigera Hiib. represent one of
the most important maize pests in Serbia and Europe. Due to the pronounced
polyphagy and the increasing number of generations per year, their control has
been challenging. In addition to integrated pest management, insecticides
application is usually inevitable. During 2023, efficacy experiments of the
chlorantraniliprole insecticide (200 g/l a.s., SC) were conducted in order to
control O. nubilalis and H. armigera in the DKC4098 and Pioneer 9911 maize
varieties at two localities in Vojvodina according to EPPO methods. The
insecticide was applied in a rate of 0.15 I/ha when the maize was in the BBCH
65-67. Foliar treatment was performed during moth flight, egg-laying of the
second generation, when larvae are present and active. Three evaluations were
performed. The first evaluation was conducted immediately before the treatment
when the number of eggs and larvae was determined (25 plants per repetition).
In the second evaluation 15 days after the treatment, the number of damaged
plants and cobs was determined. The third evaluation, slightly before harvest,
determined the number of stem-broken plants above/below the cob and the
number of damaged cobs (20 plants per repetition). The results obtained were
analyzed using the one-way ANOVA and LSD tests, and the efficacy was
calculated according to Abbott. Immediately before the treatment, the average
number of O. nubilalis egg litters ranged from 4.25 to 8.5 per repetition, while
the H. armigera eggs were not found in any of the localities. The borer larvae of
O. nubilalis before the treatment amounted to 1.25-3.25, and 1.0-1.75.0 for H.
armigera. After 15 days, the efficacy of chlorantraniliprole was 80-85.3%. This
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insecticide significantly reduced the number of broken plants and damaged cobs
compared to the control, based on the assessment right before the harvest. The
efficacy ranged from 82% to 95.4%, indicating significant sensitivity of the pest
populations to chlorantraniliprole.

Key words: Maize, O. nubilalis, H. armigera, Chlorantraniliprole,
Efficacy.

Introduction

The European corn borer (Ostrinia nubilalis Hiib.), along with the cotton
bollworm (Helicoverpa armigera Hiib.), represents one of the most significant
maize pests, both in Serbia and in Europe (Saladini et al., 2008; Mencarelli et al.,
2013), causing a significant yield reduction. The larvae are highly polyphagous,
feeding on about 250 cultivated and wild plant species, mainly damaging
generative organs. Young larvae can make small holes in the leaves or remain in
the leaf for 15-20 days, boring through the leaf vein or stem, where they create
long tunnels, cutting through the vascular bundles, reaching the tassel and the
cob (Keresi et al., 2018). Infested plants break easily, causing the greatest losses
to seed crops. In addition to direct, insects can also cause indirect damage, which
contributes to the occurrence of phytopathogenic fungi that produce mycotoxins
hazardous to human and animal health. Thus, their control is difficult due to the
high polyphagy, the formation of multiple generations per year, and the opening
pathways for various disease-causing agents. To reduce the population of these
harmful insect species and to enable higher yields, it is necessary to apply
different agrotechnical, chemical, biotechnical, and biological measures
(Popovi¢ et al., 2015). The application of insecticides is inevitable for successful
protection. However, intensive use of pesticides leads to negative consequences,
such as the development of resistant pest populations, the occurrence of
phytotoxicity, and persistence. To avoid and minimize negative consequences,
efforts are made to optimize the selection and application of current pesticides,
combining appropriate active substances and researching new compounds to
achieve high efficacy. Recently, chlorantraniliprole, an insecticide from the
anthranilic diamide group, has been used to control various insect pests.
Chlorantraniliprole exhibits contact, digestive, ovicidal, and larvicidal activity
on all larval stages, as well as adulticidal, being low in toxicity to vertebrates and
non-target organisms. It is a neuro-muscular toxin (Enviromental Protection
Agency, 2009). Paralysis occurs after a few hours, and death after a few days. It
causes the activation of ryanodine receptors in insects, stimulating the release of
calcium from the internal depot of smooth and striated muscles, leading to
weakened muscle control, paralysis, and eventually death, and it is a limited
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systemic insecticide with pronounced translaminar movement (MacBean, 2012).
This study evaluated the effects of a plant protection product based on
chlorantraniliprole in controlling the European corn borer and the cotton
bollworm in maize.

Material and Methods

To determine the efficacy of chlorantraniliprole in controlling O. nubilalis
and H. armigera in maize crops (DKC4098, Pioneer 9898, Pioneer 9911), the
trial was set up according to the standard OEPP methods for the efficacy [PP
1/13 (3)] (European and Mediterranean Plant Protection Organization [EPPO],
2004), experimental design and data analysis [PP 1/152 (4)] (EPPO, 2012), and
for phytotoxicity [PP 1/135 (4)] (EPPO, 2014). The field trials were set up at two
localities (Kovilj and Stejanovci) at the territory of Serbia during 2023. The
application was foliar using a "Solo" backpack sprayer with a water consumption
of 400 I/ha. The type of experiment was a randomized block design. The
insecticide based on chlorantraniliprole (200 g a.i./l, SC) was applied at a rate of
0.15 I/ha. The treatment at the Kovilj locality was conducted on 27 July 2023,
and at the Stejanovci site on 01 August 2023. Maize was predominantly in the
BBCH 65-67 stage (silk fully developed to silk drying). Three evaluations were
performed. Slightly before the treatment, the number of eggs and caterpillars
were determined (25 plants per repetition). The second evaluation was conducted
15 days after the treatment, determining the number of damaged plants and cobs,
and the third evaluation was realized shortly before the harvest, determining the
number of broken plants above/below the cob and the number of damaged cobs
(20 plants per repetition). The results obtained were analyzed using the one-way
ANOVA and LSD test, while the efficacy was calculated according to Abbott.

Results and Discussion

The results of the efficacy of chlorantraniliprole used in the O. nubilalis
and H. armigera control in maize are presented in the following tables.

Evaluation |

The assessment immediately before the treatment found only the presence
of O. nubilalis, at the Kovilj locality, while at the Stejanovci locality, both pests
were present. Based on the assessment before the trial, the average number of
egg litters of O. nubilalis ranged from 5.25 to 8.5 and 4.25 to 6.25, respectively
(Table 1).
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Tab. 1 - The number of O. nubilalis egg litters on maize immediately before the treatment
(Kovilj and Stejanovci, 2023)

O. nubilalis
Treatment Kovilj Stejanovci
X+Sd X +Sd

Chlorantraniliprole (0.15 I/ha) 5.25+0.6 a 4.25+0.8 a
Control 8.50+1.7 a 6.25£1.4 a
LSD, 5% 7.52 5.25
F value 0.57 0.25
p 0.47 0.63

X- average number; Sd+ - standard deviation.

The number of borer larvae of O. nubilalis before the treatment was 1.25-

3.25, and 1.0-1.75 for H. armigera (Table 2).

Tab. 2 - The number of borer larvae of O. nubilalis and H. armigera immediately before the

treatment (Kovilj and Stejanovci, 2023)

O. nubilalis H. armigera
Treatment Kovilj Stejanovci Stejanovci
; +Sd } +Sd )_( +Sd

Chlorantraniliprole (0.15 I/ha) 1.7540.5 a 1.25¢1.7 a 1.00+0.25 a
Control 3.25+0.8 a 3.00£2.4 a 1.75+0.9 ab

LSD 5% 2.41 2.24 0.89

F value 0.27 0.84 2.25

p 0.62 0.58 0.23

X- average number; Sd+ - standard deviation.

Evaluation Il

The number of plants damaged by O. nubilalis, 15 days after the
application of the insecticide, was significantly lower compared to the control
with the efficacy of 82.6%. The number of plants damaged by O. nubilalis and
H. armigera at the Stejanovci locality, 15 days after the application of
chlorantraniliprole-based product, was significantly lower compared to the
control. The efficacy of the chlorantraniliprole, applied in the recommended
amount, was 85.3% (Table 3). At the Kovilj locality, the number of maize cobs
damaged by O. nubilalis larvae 15 days after the treatment was significantly
lower compared to the number of damaged cobs in the control, with an efficacy
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of 82.9%. The number of maize cobs damaged by O. nubilalis and H. armigera
larvae at the Stejanovci locality after 15 days was significantly lower compared
to the control, while the efficacy was 80.0% (Table 4).

Tab. 3 - The number of maize plants damaged by O. nubilalis and H. armigera larvae 15
days after the treatment and insecticide efficacy (Kovilj and Stejanovci, 2023)

Kovilj Stejanovci
X+Sd | X% | E% | xxsd | X% | E%

Treatment

Chlorantraniliprole 2.00:08b | 10.0 | 826 | 1.25:05b | 6.2 | 853

(0.151/ha)
Control 11.5+1.7a | 575 / 8.50+1.9a | 425 /
LSD 5% 1.83 2.02
F value 46.09 53.68
p <0.01 <0.01

X- average value; Sd+ - standard deviation; X% - percentage of damaged
plants; E- efficacy.

Tab. 4 - The number of maize cobs damaged by O. nubilalis and H. armigera larvae 15 days
after the treatment and insecticide efficacy (Kovilj and Stejanovci)

Kovilj Stejanovci
Treatment = —

X+Sd X% | E% X +Sd X% | E%
Chlorantraniliprole  (0.15 | 1.75+0.5 87 | 829 2.2542.2 113 | 80.0
I/ha) b b
Control 10.25+2.7a | 51.2 / 11.25+0.5a | 56.2 /
LSD 5% 1.63 1.94
F value 36.89 277.71
p <0.01 <0.01

X- average value; Sd+ - standard deviation; X% - percentage of damaged
cobs; E- efficacy.

Evaluation 111

The number of broken maize plants immediately before the harvest in the
variants where the chlorantraniliprole was applied was significantly lower
compared to the control. The efficacy of the insecticide ranged from 86 to 95.4%,
depending on the locality (Table 5).

Tab. 5 - The number of broken maize plants above/below the cob, shortly before the harvest,
and insecticide efficacy (Kovilj and Stejanovci, 2023)
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Kovilj Stejanovci
Treatment ;iSd E% )_(iSd E%
Chlorantraniliprole (0.15 I/ha) 1.75¢0.5 b 86.0 0.50+£1.3 b 95.4
Control 12.542.9 a / 11.0+29a /
LSD 5% 1.42 1.02
F value 53.85 49.0
p <0.01 <0.01

X- average value; Sd+ - standard deviation; E - efficacy.

At the Kovilj locality, immediately before the harvest in the variant where
the insecticide was applied, the number of maize cobs damaged by O. nubilalis
larvae was significantly lower compared to the control. The efficacy of the tested
plant protection product was 82.0%. The number of maize cobs damaged by O.
nubilalis and H. armigera larvae before the harvest at the Stejanovci locality, in
the variant where chlorantraniliprole was applied, was significantly lower
compared to the control, with efficacy of 86.8% (Table 6).

Tab. 6 - The number of maize cobs damaged by O. nubilalis and H. armigera larvae shortly
before the harvest and insecticide efficacy (Kovilj and Stejanovci, 2023)

Kovilj Stejanovci
Treatment iﬂ:Sd E% iﬂ:Sd E%
Chlorantraniliprole (0.15 I/ha) 1.7540.5 b 82.0 1.75¢1.2 b 86.8
Control 9.75£1.9 a / 13.25+2.1a /
LSD 5% 2.25 2.56
F value 115.0 26.83
p <0.01 <0.01

X - average value; Sd+ - standard deviation; E - efficacy.

Based on the study by Schmidt-Jeffris et al. (2016), the foliar application
of chlorantraniliprole and as a seed treatment significantly reduced the damage
to maize crops by O. nubilalis. Chlorantraniliprole showed greater efficacy as a
seed treatment (protection was effective for 44 days after the application). High
efficacy (97.0%) in controlling O. nubilalis larvae in 2016 at a locality in
Vojvodina was demonstrated by a chlorantraniliprole-based insecticide (Franeta,
2018). It does not exhibit genotoxic, neurotoxic, carcinogenic, or teratogenic
effects in mammals and birds and has shown minimal toxicity to these classes of
animals, mainly through chronic effects. It exhibits high toxicity to freshwater
invertebrates (MacBean, 2012). Chlorantraniliprole is very toxic to aquatic
organisms with long-lasting effects and is toxic to bees (contact toxicity),
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although risk assessment results indicate no risk from the application of
preparations based on this active substance (Aleksi¢ et al., 2024).

Conclusion

Based on the results related to the effect the of chlorantraniliprole
insecticide on O. nubilalis and H. armigera in maize at the Kovilj and Stejanovci
localities, it can be concluded that slightly before the treatment, the average
number of O. nubilalis egg litters ranged from 4.25 to 8.5 per repetition, while
the H. armigera egg litters were not recorded at any location. The number of O.
nubilalis larvae before the trial ranged from 1.25 to 3.25, and H. armigera from
1.0 to 1.75 while 15 days after the treatment, the efficacy of chlorantraniliprole
ranged from 80 to 85.3%, depending on the observation characteristics and
locality. The tested plant protection product significantly reduced the number of
broken plants and damaged cobs compared to the control, based on the
assessment shortly before the harvest, indicating significant sensitivity of the
mentioned pest populations to chlorantraniliprole and allowing for its continued
use in protecting maize from these pests.
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Cysowujame Ostrinia nubilalis Hiib. u Helicoverpa armigera Hiib.
Y KYKypy3y OpUMCHOM MHCECKTHIIM/IA XJIOPAHTPAHUIIMIIPOJI

Cnasuna Bykosuh , Antonuje XXynuh , [Iparana Illymka , Cama Jlasuh , Mumom
[erposuh , Hukona Jlahapau , Anekcanapa lllymmap , Jenena Ehumosnh?

Y Vuusepsumem y Hosom Caoy, Ilowonpuspeonu gpaxynmem, Hoeu Cao, Cpbuja

Caxeraxk

Ostrinia nubialis u Helicoverpa armigera mpencraBibajy jemHe o7 Haj3HAYajHHjUX
IITETOYMHA KYKypy3a, Kako y Hamoj 3eMJbd, Tako u y EBpomm. 30or wuspaxene
nonugarHocTu 1 obpazoBama Beher Opoja reHepauuja y TOKY TOJMHE, HAUYUH HHUXOBOT
cy30mjama je komIiekcaH. [lopex MHTETpaIHUX Mepa 3alTuTe, IPUMEHAa MHCEKTHINAA je
Bpio decto Hem3OexkHa. Tokxom 2023. romuHe, y OWJby HWCIHTHBama CSPUKACHOCTH
nHcekTHuaa xiopantpanmwumnpoina (200 g/l a.s., SC), cipoBeaenu cy orienu cyzoujama O.
nubialis u H. armigera na asa nokanutera y Bojsoaunu (KoBiwb u CTejaHOBIN) Y CKIAY
ca craagapaanM EPPO metomama, y yceBy kykypy3sa (xudpug DKC4098 u Pioneer 9911).
HcnutrBanu mpemnapar npuMemeH je y kommauad 0,15 n/xa, kama je Kykypy3 0uo y ¢asu
BBCH 65-67. Tperupame je u3BeacHo (GoJHjapHO y BpeMe JieTa JICNTUPa, Tojlarama jaja
Jpyre TeHepallije OBHX IITETOYMHA, Kao M MPHCyCTBa ryceHuna. VzseneHe cy Tpu oleHe,
HETOCPEIHO Mpe TPEeTUpama, oapehrBameM Opoja jajHUX jeraia u yoymnieHux rycexuna (25
Owbaka MO MOHABJbAKY); JApPYyra OlleHa 15 maHa HAKOH TpeTHpama, oapehuBameM Opoja
omrehennx Onspaka M KIKMIOBA; Tpeha oleHa HemoCpeaHo pea 6epOy oapehuBamem Opoja
cloMJbeHUX OwWibaka u3Ham/ucroj kiauna W owrehenux kimmnosa (20 Owbaka 1o
MoHaBJkawkY). Pesynratu cy ananmusupanu npumMeHoM ANOVA u NZR Tecra, a epukacHOCT
npema Abbott-y. HenocpeHo npe tpetupara npoceyna opojHocT jajuux neraia O. nubilalis
ce kperana o1 4,25 10 8,5 no NoHaBJbaky, JOK MPUCYCTBO jajHuX Jierana H. armigera uuje
3a0ee)eH0 HU Ha jeJHoM Jokanutety. bpoj yOymenux rycenuiia O. nubilalis mpe
MoCTaBJbama oriena m3Hocuo je 1,25-3,25, a H. armigera 1,0-1,75. Hakon 15 nana oxn
TpeTupama ehuKacHOCT IpernapaTa Ha 6a3u XJopaHTpaHUIUIposa u3Hocuia je 80-85,3% y
OJIHOCY Ha KOHTpOIy, 3aBHUCHO O] oOOemnexja mocMmarpama W Jiokanurera. McnuruBanu
npemapaTr 00e30ero je 3HauajHO CMameme Opoja CIOMJbEHHX OMJbaka Kao u omreheHux
kiumnosa ox O. nubialis u H. armigera y ogHocy Ha KOHTPOJTY, Ha OCHOBY OIIEHE HEMIOCPEIHO
npen 6epOy. EdukacHOCT XmopaHTpanunumnposa ce kpetana ox 82% mo 95,4%, 3aBUCHO oJ1
obenexja mocMaTpama U JOKAINTETA, IMTO YKa3yje Ha 3Ha4ajHy OCETJHMBOCT TOITyJIallrja
MOMEHYTHUX IITETOYMHA Ha XJIOPAHTPAHUIIMUIIPOJL.

Kwyune pujeuu: Kyxypys, O. nubialis, H. armigera, Xnopantpanumumnpod,
Edukacnocr.
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