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Abstract: This study focused on evaluating the effectiveness of seed treatments and different sugar beet varieties in con-
trolling flea beetles (Chaetocnema tibialis) and sugar beet weevils (Asproparthenis punctiventris) in Croatia. The field
trials were conducted in Vukovar-Sirmia County and targeted the developmental stages of sugar beet from BBCH 12
to BBCH 31. Although the sowing was done within the optimal period, no clear pattern between germination of the
seeds and susceptibility was identified as the results showed different responses at different development stages and
among the three variants. The experimental design comprised no insecticide, thiamethoxam + tefluthrin, cyantrani-
liprole, flupyradifurone and Beauveria bassiana + Metarhizium anisopliae. The results show that the treatments with
thiamethoxam + tefluthrin effectively reduced pest damage only at the critical stages of development. The current
findings suggest that While some of these alternative methods offer good control, they may prove insufficient when
applied individually. Hence, integrating them into a comprehensive pest management approach could be necessary for
effectively safeguarding sugar beet yields. Further studies should explore potential additive or synergistic benefits to
enhance these strategies.
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In 2021, sugar beet cultivation in Croatia spanned
10 000 ha, on which 717 000 t of raw material was
grown, corresponding to an average of 70 t per hectare
(CBS 2022). Due to the complicated production tech-
nology and the long vegetation period (~ 180 days),
sugar beet is widely recognised as one of the most
demanding agricultural crops (Pospisil 2013; Kristek

2015). Throughout the growing cycle, sugar beet faces
a variety of pests that significantly affect yield, sugar
content and root quality. The main pests that cause
damage in the early stages of leaf development or in the
juvenile phase include flea beetles (Chaetocnema tibi-
alis 111.) and sugar beet weevils (Asproparthenis punc-
tiventris Germ.) (Camprag 1983; Bazok et al. 2014).
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Over the past two decades, the protection of sugar
beet crops has relied on applying neonicotinoid in-
secticides for seed treatment. Neonicotinoid seed
treatments effectively suppress flea beetles on sugar
beet (Dobrinci¢ 2002; Bazok 2010), limiting the need
for foliar insecticide applications during growth,
which mainly target sugar beet weevils (Bazok et al.
2012). Effective protection against insect pests is
achieved with concentrations 0.005-0.01 mg/kg in
plant tissue (Castle et al. 2005; Byrne & Toscano
2006). The plants take up about 16—20% of the neo-
nicotinoid active ingredients during germination
from hulled seeds (Sur & Stork 2003). Alternatively,
seed treatment uses lower doses of active ingredi-
ents per unit area, minimising the environmental
impact and conferring an ecotoxicological and eco-
nomic advantage (Vojvodi¢ & Bazok 2021).

Insect pest control in the European Union re-
cently changed significantly with the neonicoti-
noid ban because of their harmful effects on Eu-
ropean honeybee (Apis mellifera carnica) colonies
(Vojvodi¢ & Bazok 2021). The European Commis-
sion Regulation (EU, 485/2013 of May 24, 2013),
which provides for a temporary ban on thiameth-
oxam, imidacloprid and clothianidin for most ag-
ricultural crops (EC 2013), changed course. Sugar
beet was originally exempted from this ban due to
its limited attractiveness to bees and delayed flow-
ering, which minimises the potential for beet pol-
len insecticide residues (Vojvodi¢ & Bazok 2021).
Finally, the European Commission decided to ban
the use of imidacloprid, thiamethoxam and clo-
thianidin completely, except in permanent green-
houses, on the recommendation of The European
Food Safety Authority (EFSA) (EFSA 2018a, 2018b,
2018c¢). The decision has been applied in most EU
Member States since 2019. However, with special
authorisations, neonicotinoids can still be used for
plant protection in the EU (Harrison-Dunn 2021).
Nevertheless, there is an urgent need to test for al-
ternative plant protection agents.

A promising candidate for replacing neonicoti-
noids should ideally be a systemic insecticide that
can protect young plants from insect pest infestation.
However, tefluthrin, the only insecticide currently
available on the market, has no systemic properties
(Vojvodi¢ & Bazok 2021), which makes it unsuitable
as a direct replacement for neonicotinoids.

Given the ongoing reduction in the use of pes-
ticides and the frequent withdrawal of pesticide
products from the market, coupled with the emer-
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gence of insect pest resistance, the area of biologi-
cal control is gaining importance in an integrated
production approach (Bari¢ & Paja¢ Zivkovi¢
2020). In this context, organic seed treatment is
rapidly emerging and likely to be crucial in promot-
ing sustainable crop production. Also, its popular-
ity is further enhanced by its biological active in-
gredients, which are often easier to register due to
their lower toxicity (Sharma et al. 2015).

The selection of suitable sugar beet genotypes
(or varieties) plays a central role in effective inte-
grated pest management (IPM). Different sugar
beet genotypes have different levels of resistance or
tolerance to common sugar beet diseases (Francis
& Luterbacher 2003; Grimmer et al. 2008; James
et al. 2012; Francis et al. 2022). Sugar beet genetic
lines resistant to nematodes, aphids and root mag-
gots have been identified and integrated into sugar
beet breeding programmes (Zhang et al. 2008). By
choosing genotypes that naturally possess traits
that are resistant to pests, farmers can significantly
reduce the need for chemical control measures.
Some sugar beet varieties may have traits that de-
ter insect pests through altered leaf chemistry or
physical characteristics. Integrating pest-resistant
genotypes into cultivation practices reduces de-
pendence on pesticides and contributes to sus-
tainable and environmentally friendly agricultural
systems (Francis et al. 2022). Therefore, a compre-
hensive understanding of sugar beet genotypes and
their interaction(s) with insect pests is essential for
developing IPM strategies that promote crop pro-
ductivity and ecological balance in an agricultural
ecosystem (Francis et al. 2022).

In addition to their direct resistance to pests, sug-
ar beet genotypes with differences in germination
time could also influence the dynamics of insect
pest control. The most common pests that attack
sugar beet are in the early stages of leaf develop-
ment or the youth stage (BBCH 10-19) and cause
major damage (Maceljski 2002; Bazok 2006). Geno-
types with different germination times may be ex-
posed to different pest pressures due to shifts in the
time of susceptibility to pests. For example, geno-
types with early germination may have increased
exposure to certain pests during their susceptible
seedling stage. In contrast, genotypes with delayed
germination may encounter pests at different stag-
es of development (Reed et al. 2022). This temporal
variability in pest interactions could potentially in-
fluence the effectiveness of pest control strategies.
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Farmers could use such differences in germination
time to implement targeted pest control measures,
such as adjusting planting dates or optimising the
timing of pesticide applications. Understanding the
nexus of sugar beet genotypes, germination timing,
and pest dynamics can help develop precise and ef-
ficient IPM strategies that improve crop health and
overall yield (Zhang et al. 2008).

This study aimed to evaluate the efficacy of differ-
ent sugar beet varieties and insecticidal seed treat-
ments against Croatia's two main sugar beet pests
(flea beetles and weevils).

MATERIAL AND METHODS

Location. The experimental fields were located
in Vukovar-Sirmium County, which included two
different but geographically proximate sites char-
acterised by similar climatic conditions: Bogda-
novci (45.3440798°N, 18.9598707°E) and Ovcara
(45.2992350°N, 19.0357410°E). Historically, Bog-
danovci is known for its high population of flea
beetles, while Ovc¢ara is known for its occurrence
of weevils (producer's historical data).

Trial experiment. Three non-commercially
available sugar beet varieties [from KWS SAAT SE
& Co. KGaA (KWS)] were sown in four replicates.
The varieties in the trial comprised three different
genotypes, which differed in the type of germina-
tion after sowing (1 — fast, 2 — medium, 3 — slow).
The experimental design included the following
variants: (i) control without insecticides, seed treat-
ed with (i) thiamethoxam + tefluthrin, (iii) cyan-
traniliprole, (iv) flupyradifurone and (v) Beauveria
bassiana + Metarhizium anisopliae. The quantity
and formulation of the active ingredients in the
seed-treated variant are listed in Table 1, and the
details of the variants are described in the following
section. These variants were systematically grown
in four replicates, each occupying a 20 m? plot

Table 1. Details of seed treatments/variants

https://doi.org/10.17221/8/2024-PPS

(consisting of four 10 m rows spaced 0.5 m apart)
at an appropriate plant density. A total of 60 plots
were sown at each of the two sites (with 3 variet-
ies, 5 variants and 4 replicates). Throughout the trial
period, herbicides and fungicides were applied uni-
formly according to standard production practice.
Insecticide variants. Thiamethoxam (TMX), is
a second-generation neonicotinoid insecticide de-
veloped for both foliar/soil and seed applications
and is widely used on agricultural crops worldwide.
Tefluthrin, referred to by its ISO Common Name
(BCPC 2023), is an organic pesticide. Tefluthrin be-
longs to the class of pyrethroids, a group of synthet-
ic insecticides that mimic the structure and proper-
ties of the naturally occurring insecticide pyrethrin.
Due to its cost-effectiveness and long-lasting ef-
ficacy, tefluthrin is a popular active ingredient for
insecticides in agriculture (McDonald et al. 1986).
Cyantraniliprole belongs to the class of ryanoid in-
secticides and is specifically categorised as a diamide
insecticide (IRAC MoA Group 28). Its registration
covers the United States, Canada, China and India.
Cyantraniliprole, a ryanoid, has efficacy against suck-
ing insect pests that show resistance to alternative in-
secticide classes (Vojvodi¢ & Bazok 2021).
Flupyradifurone is an organic heterocyclic com-
pound that is a breakthrough butenolide insec-
ticide (PRI 2015). Its application provides robust
crop protection and has the notable advantage of
being much gentler on non-target organisms than
other commercial insecticides. The EU approved
this organic compound in 2015, highlighting its
safety and efficacy. As an agonist of insect nicotinic
acetylcholine receptors (nAChRs), flupyradifurone
shows commendable efficacy in curbing the prolif-
eration of sucking insects (Bass et al. 2014) while
showing positive results in toxicological and eco-
toxicological assessments.
Beauveria bassiana and Metarhizium anisopliae,
two prominent entomopathogenic fungi (EPFs), are
key active ingredients in pest control (Liu et al. 2022).

Variant Concentration of active ingredient (a.i.) Formulation of a.i.
Control untreated -
Thiamethoxam + tefluthrin 45g/U + 6 g/U liquid (WG)
Cyantraniliprole 60 g/U liquid (WG)
Flupiradifurone 20g/U liquid (WG)
Bauveria bassiana + Metarhizium anisopliae 20 g/U powder (SP)

U — unit = 100 000 seeds of sugar beet; WG — water dispersible granules; SP — soluble powder
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Recent studies have highlighted their role in stimu-
lating plant growth following targeted inoculation.
B. bassiana and M. anisopliae can colonise various
plants, including wheat, soybean, rice, beans, onion,
tomato, palm, grape, potato and cotton (Vega 2018).
Their colonisation can be local or systemic, mainly in
plants' roots, stems, leaves and internal tissues (Behie
et al. 2015). Endophytic colonisation by these fungi
has been shown to increase plant growth through seed
treatment, foliar spraying, and soil irrigation (Jaber &
Enkerli 2016; Jaber 2018; Jaber & Ownley 2018).

Data collection and analysis. In the two experi-
mental fields in Ov¢ara and Bogdanovci, an assess-
ment of pest infestation and damage to sugar beet
was carried out during a single growing season. This
assessment focused on weevils and flea beetles and
was limited to the two inner rows of each plot (to
mitigate edge effects), spanning a length of 10 m.
Weekly observations were made, synchronised
with the developmental stage of the plants accord-
ing to the BBCH scale (Bleiholder et al. 2001).

Flea beetle damage was assessed by direct visual
inspection. The observed plants were divided into
six classes, labelled as follows: 0 (no holes); 1 (dam-
age up to 3% of leaf area); 2 (damage 4-10%);
3 (damage 11-20%); 4 (damage 21-40%); 5 (more
than 40 % leaf area damaged) (Camprag 1973).

https://doi.org/10.17221/8/2024-PPS

Damage caused by the weevil was assessed us-
ing 1 m? plots that were randomly assigned (us-
ing a random number generator) four times within
each treatment plot. Within each 1 m? plot, all
plants are visually assessed into one of five dam-
age categories: 0 (no damage); 1 (up to 25% of plant
parts damaged); 2 (26-50% of plant parts dam-
aged); 3 (51-75% of plant parts damaged); 4 (more
than 75% plant parts damaged) (Camprag 1973).

The percentage of damage (%) of flea beetles and
sugar beet weevil was calculated based on the frequen-
cy distribution of plants within each pest category:

D(%) = (%) x100 W

where: D (%) — percentage of damage; f — number of
plants in particular class; n — class value; a — number
of classes; N — number of assessed plants (Townsend &
Heuberger 1943).

Damage caused by flea beetles and sugar beet wee-
vils was investigated via analysis of variance (ANO-
VA) using the statistical program ARM 9 (GDM
2019). Where appropriate, data were arc. sin Vx
transformed, this transformation was used to stabi-
lise variances and meet the assumptions of paramet-

Table 2. Sugar beet flea beetle damage on sugar beet plants in different developmental stages (BBCH) at Bogdanovci

) ) Damage (%)
Variety Variant

BBCH 12 BBCH 14 BBCH 16 BBCH 19 BBCH 31
no insecticide 30.2+£0.3%  20.1+0.1% 21.0 + 3.5%¢ 15.6 + 8.5™ 3.4+ 12"
thiamethoxam + tefluthrin 0.3 +0.1¢ 1.2 £0.1% 1.4+ 0.6° 1.9 £ 0.7 1.3 +£0.3™
1 cyantraniliprole 352 +8.9% 28.1 +0.1* 32.6 + 8.5 83 +22"™ 3.1+04"
flupyradifurone 102 £7.3%¢ 188+ 0.3 36.5 + 15.8° 32.1+17.7" 12.1+9.3™
Af;‘;‘;;fg: yﬁ‘i:fli:’:;h;e 16.6 + 7.7% 4.5+ 0.2% 8.4 + 5.8 129 £ 85" 49 +2.9%
no insecticide 18.0 + 1.0 15.2 + 0.1% 19.2 + 6.7%¢ 65+17"  39+0.8"
thiamethoxam + tefluthrin 3.5 +0.3%¢ 2.0 +0.0° 2.1+0.3° 0.3 +0.2" 0.9 + 0.4"
2 cyantraniliprole 235+13.3" 153 +04% 36.4 + 19.7° 31.7 £21.3" 7.1 +3.0™
flupyradifurone 6.8 +0.3% 33+0.3" 7.6 + 5.4°° 287 +23.1™  9.1+7.0™
B. bassiana + M. anisopliae 34.3 + 8.6% 16.1 + 0.3% 32.7 + 16.5% 263 +11.3" 84 +3.0™
no insecticide 22.8 + 04 13.8 + 0.3% 34.5 + 18.4* 14.1 +82™  6.5+3.3™
thiamethoxam + tefluthrin 0.9 + 0.25¢ 0.5+0.1° 0.6 +0.2° 0.7 +0.3" 0.7 +0.3"
3 cyantraniliprole 2.4 +0.1%¢ 9.3+0.1% 11.0 + 3.4%°¢ 59+45"  28+1.1"
flupyradifurone 12.5 + 0.3%¢ 9.2 +0.2% 15.1 + 7.8%¢ 11.6 + 6.8™ 4.7 + 14"
B. bassiana + M. anisopliae 37.1+0.3% 19.0 + 0.2% 28.1 + 11.5%¢ 16.7 + 8.4™ 4.8 +3.1™

HSD P = 0.05 7.0 23.8 23.1

*Means followed by the same letter do not significantly differ (P = 0.05, Tukey's HSD)
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Table 3. Sugar beet flea beetle damage on sugar beet plants
in different developmental stages (BBCH) at Ovcara

Damage (%)

Variety Variant
BBCH 19 BBCH 31
no insecticide 127+36*  72+31%
thiamethoxam + c b
tefluthrin 0.3+1.3 1.1+£3.1
1 cyantraniliprole 5.4+ 4.4%¢ 184 +9.5%
flupyradifurone 4.8 £2.5% 169 + 2.6
Beauveria bassiana + 3 0, 3 gabe 1084 12,6
Metarhizium anisopliae
no insecticide 51+4.7% 293 6.8
thiamethoxam + be ab
tefluthrin 04+0.2 3.7+1.6
2 cyantraniliprole 4.9 +2.4%° 107 £2.2%
flupyradifurone 23+1.6% 38+19®
B. bassiana + 45+32% 227 +6.6%
M. anisopliae
no insecticide 7.7 +3.6%¢ 403t 8.6°
thiamethoxam + be b
tefluthrin 0.8+ 0.4 0.7+1.7
3 cyantraniliprole 3.0 £3.6°° 12.1+9.8%
flupyradifurone 53+2.3% 11.4+43®
B. bassiana + 103+26% 18.1+13.0%
M. anisopliae
HSD P = 0.05 9.2 36.8

*Means followed by the same letter do not significantly
differ (P = 0.05, Tukey's HSD)

ric statistical tests (which require data to be normally
distributed). The interpretation was based on the
transformed data. After achieving significant results
in the test procedure (P < 0.05), a Tukey post hoc test
was applied to identify specific mean variant values
that showed statistically significant differences.

RESULTS

Efficacy on flea beetles. In most variants, the
flea beetle infestation was more pronounced in the
early stages of vegetation (BBCH 12—16) (Table 2).
In the early stages of development, when sugar beet
plants are most susceptible to flea beetle infestation
(BBCH 2—14), the least damage occurred in all vari-
ants treated with thiamethoxam + tefluthrin (0.3-1.2).
As expected, the untreated variants showed consid-
erable damage (up to 30%). In this context (BBCH
stages 12 and 14), no statistically significant differ-
ences existed between the untreated variants and the
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variants of variety 1 treated with other alternative
active ingredients (Table 2). Efficacy was observed
in varieties 2 and 3 among the variants treated with
flupyradifurone, resulting in low damage (3—-12%). In
addition, some variants of 2 and 3 and all variants of
1 displayed significantly higher damage levels. No-
tably, B. bassiana + M. anisopliae seed treatment
showed the lowest efficacy against flea beetles in all
three varieties, with no differences between the con-
trol variants. At BBCH 19—31, all varieties showed
varying degrees of damage, although no statistically
significant differences were found. Variety 1, treated
with flupyradifurone (32%) and variety 2, treated
with cyantraniliprole (32%), showed the highest
damage. The incidence of damage at BBCH 31 re-
mained negligible throughout the trial, with no sig-
nificant differences between varieties and variants
(Table 2). It is important to note that sugar beet at
this stage of development is naturally resistant to flea
beetle infestation.

At the Ovcara site, the flea beetle population was
observed towards the end of May, when the sug-
ar beet had already reached the BBCH 19 growth
stage (Table 3). Their presence was noted until the
beginning of June, which coincided with the devel-
opment stage of BBCH 31. During this period, the
impact of flea beetles on sugar beet leaves was rela-
tively benign. The BBCH 31 stage, which occurs ten
weeks after sowing, is characterised by a decrease
in the efficacy of most seed insecticides. Neverthe-
less, nuanced differences were recognised. Similar
to the Bogdanovci site, variants treated with thia-
methoxam + tefluthrin seed treatment showed the
highest efficacy at the Ovcara site.

Variety 1 showed particularly low damage due to
this treatment. Conversely, variants treated with
different active ingredients showed similar damage
values, ranging 2—-18 %. However, this damage is
only of minor importance at this stage of sugar beet
development. The greatest damage, which reached
40 %, was found in variety 3 on an untreated va-
riety. Similar to Bogdanovci, variants 2 and 3 also
showed a low effectiveness of seed treatment with
B. bassiana + M. anisopliae.

Efficacy on weevils. At Bogdanovci during the
susceptible BBCH 12 phase, weevil infestation re-
mained minimal and ranged from 1.5% (thiamethox-
am + tefluthrin in variety 2) to the highest recorded
damage of 8.3% (Bauveria bassiana + Metarhizium
anisopliae variant in variety 3) (Table 4). Plants of
variety 1 showed the highest damage, which was at-
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Table 4. Sugar beet weevil damage (according to Towsend-Heuberger) on sugar beet plants in different developmen-
tal stages (BBCH) at location Bogdanovci

. . Damage (%)
Variety Variant
BBCH 12 BBCH 14 BBCH 16
no insecticide 81.2 + 11.1°* 88.7 + 6.5 4.6 + 0.8
thiamethoxam + tefluthrin 78.1 + 2.4 7.8 + 1.79¢f 9.6 + 0.19¢f
1 cyantraniliprole 100 + 0.0 17.1+1.84 21.1 + 3.1
flupyradifurone 87.6 + 7.2 69.4 + 5.3% 13.7 + 1.6%¢
Beauveria bassiana + Metarhizium anisopliae 98.1 + 1.1%® 33.6 + 7.5 6.3 + 1.5
no insecticide 100 + 0.0% 16.7 + 1.5 100 + 0.0?
thiamethoxam+ tefluthrin 50.3 + 2.8¢ 1.5 + 0.58" 14.2 + 2.9
2 cyantraniliprole 98.4 + 0.0 5.8 + 0.8°f 16.3 + 0.9
flupyradifurone 72.5 + 0.0° 4.8 +1.7% 22.2 + 1.1%¢
B. bassiana + M. anisopliae 100 + 0.0* 9.0 + 2,14 62.5+7.2%
no insecticide 98.9 + 1.0 54.2 + 16.5% 21.3 + 1.4
thiamethoxam + tefluthrin 47.8 +0.04 0.5+0.5" 23.1 +1.1%
3 cyantraniliprole 100 + 0.0* 95.8 + 2.4 47.3 £ 2.6%
flupyradifurone 73.2 £ 0.0° 7.4 + 2.0%f 17.9 + 1.2«
B. bassiana + M. anisopliae 97.3 + 0.0 54.0 + 10.7% 23.0 + 2.8>
HSD P = 0.05 18.2 2.2 6.3

*Means followed by the same letter do not significantly differ (P = 0.05, Tukey's HSD)

tributed to the activity of the weevils, though this At BBCH 14, an intense weevil infestation led to
was not statistically significant (Table 4). pronounced leaf damage. As expected, the highest

Table 5. Sugar beet weevil damage (according to Towsend-Heuberger) on sugar beet plants in different developmen-
tal stages (BBCH) at location Ovcara

Damage (%)

Variety Variant
BBCH 12 BBCH 14 BBCH 16
no insecticide 4.5 + 0.1%> 59.6 + 2.8° 10.2 + 0.6><
thiamethoxam+tefluthrin 4.5+ 0.1% 2.5+0.3° 1.1+0.6¢
1 cyantraniliprole 1.6 + 0.2 3.6 + 0.8% 6.8 + 0.5
flupyradifurone 8.1+0.1° 56.3 + 2.2% 8.5 + 3.3>
Beauveria bassiana + Metarhizium anisopliae 3.5+ 0.1%¢ 37.8+5.8° 6.9 + 1.9>«
no insecticide 0.8+ 0.1 114+ 1.7¢ 1.6 + 0.5
thiamethoxam +tefluthrin 1.5 +0.2¢ 1.1+ 2.0° 3.7 £ 1.5¢¢
2 cyantraniliprole 3.5 +0.1%¢ 41.9 £ 2.7 6.2+ 1.7
flupyradifurone 2.9 +0.2%¢ 46.5 + 1.2%¢ 8.9 + 2.4bd
B. bassiana + M. anisopliae 4.9 +0.1% 334 +1.1°¢ 39.8 £ 242
no insecticide 1.8 £ 0.1 46.5 + 3.3%¢ 16.5 + 1.5°
thiamethoxam+tefluthrin 1.9 + 0.25 2.1 + 094 11.3 + 2.9
3 cyantraniliprole 1.9 + 0.25 3.4+ 1.14 3.6 £ 1.1¢¢
flupyradifurone 1.7 £ 0.1 6.5+ 0.2° 10.9 + 3.8
B. bassiana + M. anisopliae 83+0.1° 1.7 £1.2¢ 9.8 + 2.1Pd
HSD P = 0.05 7.4 6.0 9.8

*Means followed by the same letter do not significantly differ (P > 0.05, Tukey's HSD)
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damage occurred in non-treated variants of variety 1
(60%) and variety 3 (47%). Notably, variety 1 showed
considerable damage in the flupyradifurone-treated
variant (56%). Conversely, in variety 2, the highest
damage was observed in the variants treated with
cyantraniliprole (42%) and flupyradifurone (46%).
As vegetation progressed, a reduction in leaf dam-
age caused by weevils was observed in all variants
of each variety at the BBCH 16 development stage.

Table 5 shows the percentage of weevil damage
to the sugar beet plants at the Ovcara site, which
in some cases led to extensive destruction of the
plants. A low percentage of plant recovery or subse-
quent emergence was observed in selected variants.
Nevertheless, the results underline the presence of
a weevil population at the Ovcara site that has the
potential to decimate sugar beet crops. Weevil in-
festation was severe in all variants, especially dur-
ing the BBCH 12 stage when the plants were at their
most susceptible stage of development.

In this phase, the damage ranged from 48% (thia-
methoxam + tefluthrin variant in variety 3) to total
damage of 100% (cyantraniliprol in varieties 1 and 3,
B. bassiana + M. anisopliae and the control variant in
variety 2). All varieties showed damage that persisted
throughout the season. During the sustained weevil at-
tack, variety 3 and the thiamethoxam + tefluthrin vari-
ant provided some protection, allowing the sugar beet
plants to recover from the initial attack during this trial
period. However, most plants in the other variants and
varieties continued to suffer significant damage, and
despite some recovery, overall damage levels remained
high after BBCH 16. Throughout the trial period,
treatments with thiamethoxam + tefluthrin provided
the most effective sugar beet protection, regardless of
the variant (Table 5).

DISCUSSION

The focus of this research was to evaluate the
efficacy of seed treatments in combination with
different sugar beet varieties in the control of two
important sugar beet pests in Croatia: the flea
beetle and the sugar beet weevil. Field trials were
conducted at two locations in Vukovar-Sirmia
County and covered the developmental stages of
sugar beet from BBCH 12 to BBCH 31. As expect-
ed, no pests were observed before BBCH 12, which
is consistent with the early leaf development stage
(the first pair of leaves unfolded). Accordingly, the
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lower susceptibility of sugar beet to flea beetle and
weevil infestation after reaching BBCH 31 was at-
tributed to the growth of a significant leaf mass
(Viri¢ Gaspari¢ et al. 2021).

The optimal agrotechnical period for sowing
sugar beet is from March 15 to April 10 (Tot 2008),
and our experiments were conducted within this
time frame. Bazok et al. (2015) emphasised the
usefulness of early sowing, preferably at the begin-
ning of the optimal period. Early sowing leads to
the rapid development of the cotyledon stage in
sugar beet and makes it more resistant to attack
by various insect pests, especially flea beetles and
weevils (Viri¢ Gasparic 2022).

No clear pattern between germination and sus-
ceptibility was identified, and the data showed dif-
ferent responses at different stages of development
and among the three variants.

In 2022, the emergence of sugar beet coincided
with a pest infestation, which had a pronounced
impact on damage in the early stages of develop-
ment (BBCH 12-16). This illustrates the complex-
ity of effective plant protection in which factors
such as the overwintering of pests, the duration
of winter and soil temperatures in Spring and
time of sowing influence the speed of germina-
tion (Maceljski 2002; Bazok et al. 2012; Poggi et al.
2018; Viric Gasparic et al. 2021).

Between 1965 and the early 2000s, the sugar beet
weevil was of little concern in Croatia, in contrast
to its importance in the Serbian region of Vojvodi-
na, which borders eastern Croatia (Camprag et al.
2006). The escalation in the sugar beet weevil as
a serious pest in Croatia after 2008 is attributed
to climate change (Bazok et al. 2012; Vukovic et al.
2014). This trend is further seen in Poland, Austria,
Hungary and other Eastern European countries,
causing considerable economic damage due to the
weevil’s reappearance (Holy & Skuhrovec 2020).
The increase in pest abundance can be linked to
favourable climatic conditions and restrictions on
effective insecticides (Holy & Skuhrovec 2020),
such as the neonicotinoid ban in the EU (Viric
Gasparic 2022).

Our study found that treatment with neonicoti-
noids effectively protected crops and curbed flea
beetles and weevil incursion and damage. However,
the extent of the damage varied between locations
due to different climatic conditions and the pests'
preference for certain cropping practices (i.e. crop
rotation). In particular, seed treatment with thia-
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methoxam + tefluthrin mitigated flea beetle dam-
age, with observed damage at the Bogdanovci site
reaching almost 40% at the BBCH 14 and BBCH
16 stages. This underlines the severity of flea beetle
infestation in Croatia and corroborates the data of
other published studies (Keresi et al. 2006; Bazok
et al. 2012). Similarly, this treatment reduced wee-
vil damage at the Ovcara site, often reaching 100%
in most variants. The insecticide treatments had an
impact on plant damage at all three stages of early
plant development (BBCH 12-19), emphasising
the protective role of neonicotinoid and pyrethroid
seed treatments against flea beetle and weevil in-
festations.

The effectiveness of the seed treatment with
neonicotinoids and pyrethroids was particularly
evident, as it reduced flea beetle damage, which ex-
ceeded 30% in untreated plots during BBCH 12-16.

Notably, the average percentage of damage at the
Bogdanovci site, at 11.4% and 35%, was significantly
higher than at the Ovcara site, where no damage
occurred at the same stages of sugar beet develop-
ment. Plant damage at the Bogdanovci site was in-
fluenced by insecticide treatments at all three stages
of plant development (BBCH 12-16). They are con-
firming that neonicotinoid seed treatments provide
optimal plant protection against flea beetle infesta-
tion. Non-chemical alternatives for flea beetle con-
trol in sugar beet remain difficult to find, with py-
rethroid-based foliar spraying remaining the main
control agent; its use has intensified following the
2018 neonicotinoid ban (Bazok et al. 2022).

Seed coating with neonicotinoids and pyrethroids
effectively controlled weevils at the most susceptible
developmental stages of sugar beet at low popula-
tion pressure, resulting in significantly less damage
to untreated control plants. During the study, the
trial at the Ovcara site showed significantly higher
weevil infestation rates. However, the damage on the
plots treated with neonicotinoids was significantly
lower than on the other variants. These results un-
derline the success of seed treatment in protecting
sugar beet at critical stages of development. How-
ever, the efficacy of neonicotinoids and pyrethroids
against higher weevil populations remains limited,
indicating the need for testing alternative strategies.

Even with varying population pressure, the recur-
rence of pests necessitates diversifying pest control
approaches. With the ban on neonicotinoids and
emerging reports of resistance, researching and test-
ing alternative insecticides is becoming increasingly
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important (Furlan & Kreutzweiser 2015; Hauer et al.
2017; Veres et al. 2020). Researching and validating
the efficacy of these alternatives under field condi-
tions is imperative, given their potential to replace
neonicotinoid treatments. This study highlights the
need for a multipronged pest control approach that
integrates established and innovative strategies to
protect sugar beet crops effectively.

In light of the data presented in this study, a re-
evaluation of neonicotinoid seed treatment as a safe
and effective crop protection measure is warranted.
While synthetic insecticides should be allowed, they
must be accompanied by strict application regulations
and regular ecotoxicological assessments to minimise
environmental risks and beneficial insects. In light of
recent EU decisions to ban the use of neonicotinoids
in the field, the development of alternative approach-
es to seed dressing has become essential. Current re-
search suggests numerous alternatives have already
been formulated, some showing promising efficacy
values. However, many of these alternatives provide
important but potentially inadequate control when
used alone. Future strategies may, therefore, require
their combined integration as part of an integrated
pest management approach to protect sugar beet
yields while preserving human health, pollinators
and other ecosystems. To further advance these ap-
proaches, trials should be conducted to investigate
possible additive or synergistic effects.

CONCLUSION

This comprehensive field study highlights the role
of both neonicotinoid (+ pyrethroid) seed treatments
and alternative active ingredients in protecting sugar
beet crops against the significant threat of flea beetles
and weevils. The reduction in damage at different
stages of development underlines the effectiveness of
these treatments, especially in the critical early stages.
The promising results of thiamethoxam + tefluthrin
and other alternative active ingredients suggest their
potential as valuable components in integrated pest
management strategies. As the prevalence of these
insect pests continues to increase in certain regions
and resistance to traditional control measures grows,
these results underscore the need for sustainable and
diversified approaches to pest control. Furthermore,
the changes in pest dynamics caused by climate change
emphasise the need for adaptive methods to ensure the
resilience and viability of sugar beet cultivation.
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