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Abstract
This study explores the food plant spectrum of the sugar beet weevil (Asproparthenis punctiventris Germar; Coleoptera: 
Curculionidae), one of the most important pests of sugar beet (Beta vulgaris subsp. vulgaris Altissima group). It examines 
the potential of various weeds and other plants to maintain populations of A. punctiventris adults and larvae outside sugar 
beet fields. To this end, leaf consumption of females and males on twelve Amaranthaceae and six Polygonaceae species was 
compared over a 24-h period in a laboratory environment. Both sexes consumed the greatest amount of leaf mass from Beta 
spp. and on average about a third less from Atriplex spp., indicating that these plants have the highest nutritional value for A. 
punctiventris. Weevils consumed between 30 and 60% of the amount of A. retroflexus and Chenopodium spp. than they fed 
on sugar beet leaves. Like Spinacia oleracea (Amaranthaceae), plant species of the Polygonaceae family were hardly or not 
at all fed on. Mated females generally consumed more leaf mass than unmated, especially from Chenopodium spp. and A. 
retroflexus, i.e. plants with low feeding value. Experiments with potted plants revealed that the most and heaviest 4th instar 
larvae developed on sugar beet, while fewer individuals with lesser weight were found on B. vulgaris subsp. maritima and A. 
hortensis. Very few larvae were able to develop on C. album, and none on A. retroflexus. To prevent promotion of pest popu-
lation, special attention should be paid to the control of weeds from the Amaranthaceae family in sugar beet growing areas.
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Introduction

The sugar beet weevil (Asproparthenis punctiventris Ger-
mar; Coleoptera: Curculionidae) is a pest of sugar beet 
(Beta vulgaris subsp. vulgaris Altissima group). It is widely 
distributed in Eurasia (EPPO Global Database 2022), in 

south-eastern Europe and in Turkey (Eckstein 1936; Sivcev 
et al. 2006; Drmic 2016).

The main damage to sugar beet is caused by adult wee-
vils, shortly after leaving their overwintering sites in the 
soil. During maturation feeding they feed on sugar beet 
seedlings or young plants, destroying them in the process. 
The economic threshold is 0.1–0.3 individuals/m2 for seed-
lings (Camprag et al. 2006). Periodical outbreaks of this 
pest species have been described in Saxony-Anhalt in central 
Germany in the middle of the twentieth century (Eichler 
and Schrödter 1951; Tielecke 1952). In the sugar beet grow-
ing areas of eastern Austria, mass occurrences of the sugar 
beet weevil have been recorded between 2002 and 2005 
(Haluschan and Bindreiter 2006) and again between 2017 
and 2020, causing severe damage to sugar beet crops (Wech-
selberger 2020). In 2018, about a quarter of the total Aus-
trian area under sugar beet was lost to this pest (Anonymus 
2019). The region´s climate shows a marked trend towards 
perennial dry phases and high spring temperatures (Eitz-
inger et al. 2009), which favours the development of large 
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populations of this pest (Haluschan and Bindreiter 2006) and 
its spread to Central Europe (Klukowski and Piszcek 2021).

At the same time, a lack of effective insecticides makes 
the control exceptionally difficult. Seed treatments with 
neonicotinoids used to give satisfactory protection due to 
their systemic activity during the most sensitive stages of 
sugar beet plant development, at least in years with low wee-
vil population densities. Lately their use in the field was 
banned by the European Commission because of their risk 
to bees (Wechselberger 2020; Viric Gasparic et al. 2021). 
Drmic et al. (2017) tested the practicability of mass trap-
ping with a pheromone-based attractant in traps. Although 
this approach succeeded in reducing pest populations, the 
authors concluded that trapping as an isolated measure is 
not efficient enough to replace chemical control of the sugar 
beet weevil. Other alternative measures such as the use of 
entomopathogenic nematodes as natural enemies for biologi-
cal control of A. punctiventris have not yet been investigated 
sufficiently and are not available in practice (Sursuluk 2008; 
Drmic et al. 2020).

The sugar beet weevil is described as an insect with an oli-
gophagous feeding pattern (Drmic 2016). Almost all plants 
on which, according to the literature, adult weevils feed, 
belong to the families Amaranthaceae and Polygonaceae. 
The list includes plant species closely related to sugar beet, 
but also many common weeds in sugar beet crops and vari-
ous other species from related plant genera (Tielecke 1952; 
Müller 1957; Auersch 1961a; Brendler et al. 2008). The 
available information is partly contradictory, mainly based 
on observations and—with the exception of sugar beet—
does not provide quantifying data on the feeding of the sugar 
beet weevil on these plants. The same applies to informa-
tion about plants on which larval development is possible. 
There are reports of larvae found on roots of various weeds 
in sugar beet crops (Camprag 1984; Klapal et al. 2004; Bin-
dreiter 2005), but no results from detailed investigations are 
available yet.

In this context, it is particularly important to identify 
plants and, especially weeds that can serve as an alternative 
food source for the sugar beet weevil. These plants could 
contribute to maintaining the pest population, especially 
during periods when sugar beet is not cultivated. Further-
more, according to Auersch (1961a), the availability of suit-
able plants as food sources from the very beginning of the 
maturation feeding has a crucial influence on the oviposi-
tion rate of A. punctiventris females. If feeding is delayed, 
the maturation period is prolonged and the total number of 
eggs laid decreases, leading to a reduction in the population. 
However, it is not known how much leaf mass the weevils 
consume from potential food plants during maturation feed-
ing, and how much the females consume after mating during 
oviposition.

Therefore, the aim of the present study was (1) to directly 
compare the leaf consumption of A. punctiventris females 
and males on sugar beet with other potential food plants 
from the Amaranthaceae and Polygonaceae families, (2) to 
compare leaf consumption of unmated and mated females 
and (3) to investigate larval development on selected plants 
that are fed on by adults.

Materials and methods

Insects

In April and May 2020 and 2021, A. punctiventris 
adults were collected shortly after emergence from their 
overwintering sites in the soil of winter wheat fields (previ-
ous year´s sugar beet fields that had been infested with sugar 
beet weevils) from different locations in the Tullnerfeld 
region in Lower Austria. The insects were captured using 
pitfall traps (Csalomon®, Plant Protection Institute, Centre 
for Agricultural Research, HAS, Budapest, Hungary) baited 
with the aggregation attractant Grandlure III-IV (Bedoukian 
Research Inc., Danbury, CT, USA).

In the laboratory, the weevils were kept under artificial 
hibernation conditions at 5 ± 1 °C and of 80 ± 5% relative 
humidity in the dark. Twenty-four to 72 h prior to the experi-
ments the individuals were sexed and females and males 
of mixed sizes were kept separately in plastic boxes with a 
bottom layer of coarse quartz sand in a climate chamber at 
15 ± 1 °C, 78 ± 5% relative humidity and a 14:10 h (L:D) 
photoperiod. The weevils were fed with sugar beet leaves.

Plants

The plant species tested as food plants and for larval devel-
opment of A. punctiventris are shown in Table 1.

All plants were raised from seeds and grown in pots of 
6.5 × 6.5 × 9 cm in a substrate mixture of peat: quartz sand: 
expanded clay in a proportion of 2:1:1. They were cultivated 
in a walk-in climate chamber or in the greenhouse, depend-
ing on their temperature requirements, and regularly watered 
with tap water without fertilizer.

Plants for testing the leaf consumption of the weevils were 
grown in groups to a weight (0.05–0.18 g, depending on the 
species) corresponding to a sugar beet leaf at BBCH 12-14. 
Beta vulgaris subsp. vulgaris Altissima group, B. subsp. marit-
ima, Atriplex hortensis, Chenopodium album and Amaranthus 
retroflexus plants for the experiments on the larval develop-
ment of A. punctiventris were pricked after germination and 
initial growth and potted singly in pots of 6.5 × 6.5 × 9 cm filled 
with the substrate described above. Depending on the different 
germination times of the individual species, they were grown 
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for 10 to 24 weeks after sowing to develop sufficient leaf and 
root mass.

Leaf consumption of unmated sugar beet weevils

A leaf of a test plant was weighed and placed on slightly mois-
tened filter paper in a glass Petri dish (9 cm diameter). A single 
unmated A. punctiventris male or female that had not previ-
ously starved was added. Petri dishes with leaves but without 
weevils served as controls. The Petri dishes were stored in 
a climate chamber at 20 ± 1 °C, 83,5 ± 5% relative humidity 
and a 14:10 h (L:D) photoperiod. After 24 h, the weevils were 
taken out and the leaves were weighed again. In order to take 
the water loss of the leaves into account, leaves of the respec-
tive test plant without weevils were placed in Petri dishes on 
moist filter paper for 24 h as a control. The bioassay was repli-
cated with 31–55 females and males and with as many controls 
per test plant species. Leaf consumption was calculated using 
the formula according to Nagasawa and Matsuda (2005):

E = T − T
�
C∕C�

E = leaf consumption, T = weight of the leaf in the 
beginning, T′ = weight of the leaf after 24 h, C = average 
weight of the control leaves in the beginning, C′ = average 
weight of the control leaves after 24 h.

Leaf consumption of mated females

About 200 female and male weevils were kept together in 
plastic boxes filled with a 2 cm layer of peat substrate in 
a climate chamber at 28 ± 2 °C, 58 ± 3% relative humidity 
and a photoperiod of 14:10 h (L: D). According to Steiner 
(1936), the pre-oviposition period of the females at about 
28 °C lasts approximately 40 days. Therefore, the beetles 
were fed daily with sugar beet leaves for 5 to 6 weeks to 
ensure that all females had mated and were in the ovi-
position period. Leaf consumption of mated females on 
selected test plants was determined in the same way as 
described above. The bioassay was replicated with 33–50 
mated females and with as many controls per plant species.

Table 1   Amaranthaceae and Polygonaceae species tested as food plants of A. punctiventris 

Plant family/species Common name(s)/cultivar Source/origin

Amaranthaceae
 Amaranthus retroflexus L Common amaranth, redroot pigweed Staphyt Austria GmbH, Austria
 Atriplex hortensis L Garden orache Magic Garden Seeds GmbH, Germany
 Atriplex patula L Common orache Field collection (Essling), Institute of Plant Protec-

tion, BOKU Vienna, Austria
 Beta vulgaris L. subsp. vulgaris Altissima group Sugar beet cv. Blandina KWS Austria Saat GmbH, Austria
 Beta vulgaris L. subsp. vulgaris Cicla group Chard cv. Lucullus Floraself, Hornbach Baumarkt AG, Germany
 Beta vulgaris L. subsp. vulgaris Conditiva group Red beetroot cv. Rote Kugel 2 Austrosaat, Österreichische Samenzucht- u. Handels-

Aktiengesellschaft, Austria
 Beta vulgaris L. subsp. maritima Sea beet Magic Garden Seeds GmbH, Germany
 Chenopodium album L Fat hen Staphyt Austria GmbH, Austria
 Chenopodium bonus-henricus L Good king henry Magic Garden Seeds GmbH, Germany
 Chenopodium foliosum Asch Strawberry blite Austrosaat, Österreichische Samenzucht- u. Handels-

Aktiengesellschaft, Austria
Chenopodium hybridum L Maple-leaved goosefoot Arbiotech, France
Spinacia oleracea L Spinach Austrosaat, Österreichische Samenzucht- u. Handels-

Aktiengesellschaft, Austria
Polygonaceae
 Fagopyrum esculentum M Buckwheat Reinsaat KG, Austria
 Fallopia convolvulus L Black bindweed Arbiotech, France
 Persicaria lapathifolia L Pale smartweed Arbiotech, France
 Persicaria maculosa Gray Redshank Appels wilde Samen GmbH, Germany
 Polygonum aviculare L Knotgrass Arbiotech, France
 Rumex obtusifolius L Broad-leaved dock Field collection (Irdning), Institut für Pflanzen-

bau und Kulturlandschaft, HBLFA Raumberg-
Gumpenstein, Austria
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Larval development on potted plants

The mated A. punctiventris females laid their eggs in the 
peat substrate in the plastic boxes. They were transferred 
together with males into fresh plastic boxes with substrate 
1 to 2 times a week and the substrate with the eggs was 
placed on wire mesh sieves (hole size 1.9 mm). The sieves 
were stored at room temperature for 2 weeks to allow the 
larvae to hatch. Due to their positive geotaxis (Auersch 
1961b), the first instar larvae (L1) migrated downwards 
with the gravity stimulus, and could be collected from a 
tray below the sieves. Three L1 were placed with a brush 
on the substrate surface of each potted B. vulgaris subsp. 
vulgaris Altissima group, B. vulgaris subsp. maritima, A. 
hortensis, C. album or A. retroflexus plant. After the lar-
vae had burrowed into the substrate, the plants were kept 
at 21 ± 2 °C, 46 ± 5% relative humidity and a 14:10 h (L: 
D) photoperiod in a climate chamber. All plants were reg-
ularly watered from above as needed. After 42 days, the 
roots were searched for larvae and all larvae found alive 
were weighed. According to Tielecke (1952) and prelimi-
nary experiments, the larvae on sugar beet roots are in the 
4th instar after 42 days but have not yet pupated, which 
allows a comparison with the development of larvae on 
other plants. The bioassay was replicated with 20–25 
plants per species. Plants that had died before the 42-day 
period had ended and all larvae found in the soil of these 
plants were excluded from the experiment.

Statistical analysis

Statistical analyses were conducted using the statistical soft-
ware R (R Development Core Team 2021). The effects of 
weevil sex and plant species as well as the effects of mating 
status and plant species on leaf consumption were analysed 
separately for Amaranthaceae and Polygonaceae. Linear 
models containing main effects and interactions were ana-
lysed using the package for general factorial designs (GFD) 
(Friedrich et al. 2017) due to non-normal error terms and/or 
heteroscedastic variances, and the p-values generated from 
the permuted version of the Wald-type statistics (WTPS) 
were used. To detail plant species effects, the data were 
pairwise compared by Tukey contrast tests, where needed. 
These tests were performed using the nparcomp package 
(Konietschke et al. 2015). The figures were either created 
using SigmaPlot 14.0 (Systat Software GmbH, Palo Alto, 
California) or the R package lattice (Sarkar 2008).

Results

Overall analysis of the leaf consumption of A. punctiven-
tris adults on Amaranthaceae species indicated significant 
main effects for plant species (nonparametric ANOVA, 
test statistic = 955,90, df = 11, p-value WTPS < 0.0001) 
and sex of the weevils (test statistic = 22,55, df = 1, p-value 
WTPS < 0.0001), and a significant interaction between plant 
species and sex of the weevils (test statistic = 37,32, df = 11, 
p-value WTPS < 0.0001) (Fig. 1).

Fig. 1   Boxplots comparing 
the leaf consumption (in g) of 
unmated female and male sugar 
beet weevils of different plant 
species from the Amaranthaceae 
family in 24 h. In all panels 
the line within the box shows 
the median, while the boxes 
and the whiskers represent the 
percentiles 10, 25, 75 and 90 of 
the data



71Journal of Plant Diseases and Protection (2023) 130:67–75	

1 3

In general, both females and males consumed the greatest 
amount of leaf mass from sugar beet (B. vulgaris subsp. vul-
garis Altissima group) compared to all other plants tested. 
Irrespective of sex, the consumption of leaves of Beta and 
Atriplex species was higher than that of Chenopodium spe-
cies, A. retroflexus or S. oleracea.

In all Beta and Atriplex species, females consumed 
greater amounts of leaf tissue than males, while the pattern 
was inconsistent in Chenopodium species, A. retroflexus 
and S. oleracea. Consumption of leaves of C. foliosum, C. 
hybridum, and A. retroflexus tended to be slightly higher in 
males than in females.

The Polygonaceae species, but not the sex influenced the 
leaf consumption of the weevils (nonparametric ANOVA; 
factor plant species: test statistic = 24,09, df = 5, p-value 
WTPS = 0.0007; factor sex: test statistic = 0,63, df = 1, 
p-value WTPS = 0,43; interaction: test statistic = 1,73, 
df = 5, p-value WTPS = 0,89) (Fig. 2). Pooled over sex, a 
Tukey post-hoc analysis revealed that adult weevils fed sig-
nificantly more on the leaves of F. convolvulus, R. obtusifo-
lius, P. lapathifolia and P. aviculare than on the leaves of P. 
maculosa. There was no significant difference in leaf mass 
fed between F. esculentum and P. maculosa.

The plant species, the mating status and their interaction 
influenced the leaf consumption of female weevils (nonpara-
metric ANOVA; factor plant species: test statistic = 1669,84, 
df = 8, p-value WTPS < 0.0001; factor mating status: test 
statistic = 57,29, df = 1, p-value WTPS < 0.0001; interac-
tion: test statistic = 69,88, df = 8, p-value WTPS < 0.0001) 
(Fig. 3). Mated females tended to consume more leaf mass 
from Amaranthaceae species than unmated females (Figs. 1, 
3). Irrespective of mating status, female weevils fed least on 
P. maculosa.

The plant species on which the A. punctiventris larvae 
had developed to the 4th instar significantly affected their 
weight (one-way ANOVA; F = 4,69, df = 3, 58, p = 0,0054) 
(Fig. 4). While not a single larva had developed to the 
4th instar on A. retroflexus, 27 larvae developed on sugar 
beet, 16 on B. vulgaris subsp. maritima, 12 on A. hortensis 
and 7 on C. album. The larvae on sugar beet and B. vul-
garis subsp. maritima had significantly more weight than 
those that developed on C. album. There was no significant 

Fig. 2   Boxplots comparing 
the leaf consumption (in g) of 
unmated female and male sugar 
beet weevil of different plant 
species from the Polygonaceae 
family in 24 h. In all panels 
the line within the box shows 
the median, while the boxes 
and the whiskers represent the 
percentiles 10, 25, 75 and 90 of 
the data

Fig. 3   Boxplots comparing the leaf consumption (in g) of mated 
female sugar beet weevils on different plant species in 24 h. The line 
within the box shows the median, while the boxes and the whiskers 
represent the percentiles 10, 25, 75 and 90 of the data
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difference in weight between the larvae of A. hortensis and 
all other plants tested.

Discussion

This study focuses on the leaf consumption and larval devel-
opment of A. punctiventris on sugar beet, drawing for the 
first time direct comparisons with plant species from the 
Amaranthaceae and the Polygonaceae family that have been 
described as food sources in the literature. We found that the 
adult weevils consumed the largest amounts of leaf mass 
from B. vulgaris subsp. vulgaris, with no difference between 
sugar beet, chard, and beetroot. Sea beet (B. vulgaris subsp. 
maritima) is very closely related to these plant species but 
was fed on somewhat less, confirming Auersch’s (1961a) 
observations. Atriplex species are described as plants with 
a high feeding value (Auersch 1961a). This is largely con-
sistent with our findings that sugar beet weevils consumed 
on average about 30% less leaf mass from A. hortensis or A. 
patula than from sugar beet. Similarly, the most and heavi-
est 4th instar larvae developed on sugar beet, while fewer 
and somewhat lighter individuals were found on B. vulgaris 
subsp. maritima and A. hortensis. To our knowledge, this is 
the first report that the sugar beet weevil can also develop on 
B. vulgaris subsp. maritima and A. hortensis.

Atriplex patula, but also C. album, C. hybridum as well 
as A. retroflexus are among the most widespread weeds in 
sugar beet cultivation. These weeds are difficult to control, 
occurring in high densities, not only in sugar beet but also 
in other crops (e.g. Holzner 1981; Holzner and Glauninger 
2005; Brendler 2008; Cioni und Maines 2010; Leithner and 
Glauninger 2013; Stöckl 2018; Bhadra 2020). Chenopodium 
spp. and A. retroflexus have been described as food plants for 
A. punctiventris (e.g. Tielecke 1952; Auersch 1961a). In the 
present study, a leaf consumption comparison revealed that 
both sexes of unmated sugar beet weevils consume between 
30 and 60% of the amount of Chenopodium spp. and A. 
retroflexus than they feed on sugar beet leaves. Even though 
these plants have a lower feeding value (Auersch 1961a), 
they could be part of a mixed diet. Drmic (2016) suggested 
that a diet of sugar beet and Chenopodium species leads to 
higher oviposition rate in females than a diet of sugar beet 
leaves only. Taranuha (1956) observed that female sugar 
beet weevils laid about the same amount of eggs when fed 
with sugar beet or C. album, but fewer eggs when fed only 
A. retroflexus. According to observations made by Klapal 
et al. (2004) and Bindreiter (2005) larvae feed on the roots of 
A. retroflexus in sugar beet fields. While a few light-weight 
larvae had developed on C. album, not a single larva devel-
oped to the 4th instar on our potted A. retroflexus plants. In 
the field, larvae of Curculionid species on plant roots can 
be difficult to distinguish, as Klapal et al. (2004) also noted 
that the larvae found could not be identified more precisely. 
Identifying the immature stages of soil-living Curculioni-
dae requires knowledge and experience (Gosik et al. 2016; 
Skuhrovec et al. 2019). However, sugar beet weevil larvae 
can orientate themselves by chemotactic stimuli of the root 
exudates and actively migrate to the plant roots (Auersch 
1961b). In a weed-infested sugar beet field, the larvae could 
therefore also be found on the roots of weeds.

Spinacia oleracea is described as another food plant for 
A. punctiventris (Tielecke 1952), and was suggested to be 
utilized as trap crop in the field (Bindreiter 2005). In our 
experiments, adult weevils did hardly accept spinach for 
feeding, which could be due to phytoecdysteroids contained 
in spinach leaves. Spinach is among the plants with the high-
est content of these substances (Grebenok et al. 1994; Al 
Naggar et al. 2017), which have previously been found to 
deter feeding of several Coleopteran species (Jurenka et al. 
2017).

The present study found other plants on which female and 
male weevils fed little or not at all in the Polygonaceae plant 
family. This contradicts descriptions of Tielecke (1952) and 
Müller (1957), which mentioned P. aviculare as a food plant 
of A. punctiventris. Also Auersch (1961a) did not observe 
any feeding on this plant in the laboratory and suggested 
that the information on the suitability of Polyonaceae and 
S. oleracea as food plants might be due to confusion with 

Fig. 4   Boxplots comparing the larval weight of A. punctiventris lar-
vae (in g) after 42 days development on different plant species. Num-
ber of larvae found on B. vulgaris subsp. vulgaris, n = 27; number of 
larvae found on B. vulgaris subsp. maritima, n = 16; number of larvae 
found on A. hortensis, n = 12; number of larvae found on C. album, 
n = 7. The line within the box shows the median, while the boxes and 
the whiskers represent the percentiles 10, 25, 75 and 90 of the data. 
The small letters indicate the differences in the plant species
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related weevil species (e.g. Cleonis pigra or Tanymecus pal-
liatus). However, Polygonaceous plants such as F. convol-
vulus, P. lapathifolia, P. maculosa and P. aviculare often 
occur as competitive weeds in sugar beet, requiring imme-
diate control measures (e.g. Brendler et al. 2008; Cioni und 
Maines 2010; Bhadra 2020). Recently, also Rumex spp. 
and F. esculentum were found in weedy sugar beet fields 
(Geyer and Kempl 2019). Since unmated female or male A. 
punctiventris did not accept one of these plants as food, it 
seems unlikely that larvae can develop on their roots. Our 
experiments with mated females and P. maculosa further 
contribute to this assumption.

We investigated for the first time differences in leaf con-
sumption patterns between unmated females during matu-
ration feeding and mated females during their egg-laying 
period. Mated females generally consumed more leaf mass 
than unmated, especially from Chenopodium species and A. 
retroflexus, i.e. plants with a lower feeding value than Beta 
spp. and Atriplex species (Auersch 1961a), especially when 
no alternative was available. Berner et al. (2005) discussed 
this phenomenon for the grasshopper species Omocestus 
viridulus L. that consume more leaf mass from low qual-
ity grass to compensate their needs for water and nutrition. 
Another explanation might be that a mixed diet could lead 
to higher egg production, as described in Drmic (2016) for 
the sugar beet weevil, in Mody et al. (2007) for the specialist 
herbivorous caterpillar of the moth Chrysopsyche imparilis 
Aurivillius and in Unsicker et al. (2008) for the generalist 
grasshopper Chorthippus parallelus Zetterstedt. In any case, 
the energy requirements of females during oviposition may 
be increased, as has been shown for Callosobruchus chin-
ensis L. (Yanagi and Miyatake 2003).

A comparison of leaf consumption of unmated females 
and unmated males during maturation feeding shows that 
females consumed more than males only of Beta and Atri-
plex species, but not of low nutritional value plants such as 
P. maculosa. Gromova (1965) also found that A. punctiven-
tris females consume 25% more sugar beet leaf mass than 
males.

In summary, the present study shows that widespread 
weeds such as A. patula and C. album, which occur in high 
densities in sugar beet and other crops, can serve as alterna-
tive food source for A. punctiventris in the absence of sugar 
beet. Whether, and to what extent, they promote female fer-
tility and reproduction as a sole food source or in a mixed 
diet—as Camprag (1984) and Drmic (2016) suggested—pre-
sents a topic for further research. Larvae can also develop 
on some weeds of the plant family Amaranthaceae, although 
to a lesser extent than on sugar beet. Therefore, as they can 
contribute to the maintenance of A. punctiventris popula-
tions outside sugar beet fields, special attention should be 
paid to the control of these weeds in sugar beet growing 
areas.

Acknowledgements  We thank DI Martina Mayrhofer (ARIC, Agrana 
Research & Innovation Center, Tulln) for providing sugar beet weevils 
from pitfall traps, Dr. Bernhard Krautzer (HBLFA Raumberg-Gumpen-
stein) for providing seeds of Rumex obtusifolius, Estera Czyszczon, 
B.Sc., DI Katharina Neubacher and Ing. Ulrike Tauer (University of 
Natural Resources and Life Sciences, Vienna) for assistance in the 
laboratory and Dr. Silvia Winter (University of Natural Resources and 
Life Sciences, Vienna) for plant identification.

Funding  Open access funding provided by University of Natural 
Resources and Life Sciences Vienna (BOKU). This study was funded 
by the Austrian Federal Ministry of Agriculture, Regions and Tourism 
(BMLRT). Open access funding was provided by the University of 
Natural Resources and Life Sciences, Vienna (BOKU).

Declarations 

Conflict of interest  The authors declare that they disclose financial or 
non-financial interests that are directly or indirectly related to the work 
submitted for publication.

Ethics approval  All applicable international, national and/or institu-
tional guidelines for the care and use of animals were followed.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Al Naggar Y, Ghorab M, Mohamed K (2017) Phytoecdysteroids: isola-
tion and biological applications. Am J Life Sci 5:7–10. https://​doi.​
org/​10.​11648/j.​ajls.​20170​501.​12

Anonymus (2019) Integrierter Geschäftsbericht 2018/19. AGRANA 
Beteiligungs-AG. https://​www.​agrana.​com/​ir/​publi​katio​nen/​alle-​
publi​katio​nen?​tx_​thagr​anado​wnloa​dcent​er_​downl​oadce​nter%​
5B%​40wid​get_0%​5D%​5Bcur​rentP​age%​5D=​9&​cHash=​f252f​
54e4d​56931​1926e​58260​3a0c4​c1#​wowbo​ok2153/. Accessed 9 
Oct 2022

Auersch O (1961a) Zur Kenntnis des Rübenderbrüsslers (Bothynoderes 
punctiventris Germ.). Teil I J Appl Entomol 49:242–264. https://​
doi.​org/​10.​1111/j.​1439-​0418.​1961.​tb028​55.x

Auersch O (1961b) Zur Kenntnis des Rübenderbrüsslers (Bothynoderes 
punctiventris Germ.). Teil II J Appl Entomol 49:50–77. https://​
doi.​org/​10.​1111/j.​1439-​0418.​1961.​tb028​55.x

Berner D, Blanckenhorn WU, Körner C (2005) Grasshoppers cope 
with low host plant quality by compensatory feeding and food 
selection: N limitation challenged. Oikos 111:525–533. https://​
doi.​org/​10.​1111/j.​1600-​0706.​2005.​14144.x

Bhadra T, Mahapatra CK, Paul SK (2020) Weed management in sugar 
beet: a review. Fundam Appl Agric 5(2):147–156. https://​doi.​org/​
10.​5455/​faa.​83758

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.11648/j.ajls.20170501.12
https://doi.org/10.11648/j.ajls.20170501.12
https://www.agrana.com/ir/publikationen/alle-publikationen?tx_thagranadownloadcenter_downloadcenter%5B%40widget_0%5D%5BcurrentPage%5D=9&cHash=f252f54e4d569311926e582603a0c4c1#wowbook2153/
https://www.agrana.com/ir/publikationen/alle-publikationen?tx_thagranadownloadcenter_downloadcenter%5B%40widget_0%5D%5BcurrentPage%5D=9&cHash=f252f54e4d569311926e582603a0c4c1#wowbook2153/
https://www.agrana.com/ir/publikationen/alle-publikationen?tx_thagranadownloadcenter_downloadcenter%5B%40widget_0%5D%5BcurrentPage%5D=9&cHash=f252f54e4d569311926e582603a0c4c1#wowbook2153/
https://www.agrana.com/ir/publikationen/alle-publikationen?tx_thagranadownloadcenter_downloadcenter%5B%40widget_0%5D%5BcurrentPage%5D=9&cHash=f252f54e4d569311926e582603a0c4c1#wowbook2153/
https://doi.org/10.1111/j.1439-0418.1961.tb02855.x
https://doi.org/10.1111/j.1439-0418.1961.tb02855.x
https://doi.org/10.1111/j.1439-0418.1961.tb02855.x
https://doi.org/10.1111/j.1439-0418.1961.tb02855.x
https://doi.org/10.1111/j.1600-0706.2005.14144.x
https://doi.org/10.1111/j.1600-0706.2005.14144.x
https://doi.org/10.5455/faa.83758
https://doi.org/10.5455/faa.83758


74	 Journal of Plant Diseases and Protection (2023) 130:67–75

1 3

Bindreiter B (2005) Untersuchungen zur Rüsselkäferproblematik bei 
Zuckerrübe in Österreich. Master’s thesis, University of Natural 
Resources and Life Sciences, Vienna

Brendler F, Holtschulte B, Rieckmann W (2008) Käfer, Rübender-
brüssler Bothynoderes punctiventris Germ. In: Zuckerrübe. 
Krankheiten, Schädlinge, Unkräuter, 2nd edn. AgroConcept 
GmbH, Bonn, pp 124–125

Camprag D (1984) Repina pipa (Bothynoderes punctiventris Germ.) I 
njeno suzbijanje. Nolit, Belgrade

Camprag D, Sekulic RR, Keresi TB (2006) Forecasting of major sugar 
beet pest occurrence in Serbia during the period 1961–2004. Mat-
ica Srpska J Nat Sci 110:187–194

Cioni F, Maines G (2010) Weed control in sugarbeet. Sugar Tech 
12(3):243–255. https://​doi.​org/​10.​1007/​s12355-​010-​0036-2

Drmic Z, Toth M, Lemic D, Grubisic D, Pospisil M, Bazok R (2017) 
Area-wide mass trapping by pheromone-based attractants for the 
control of sugar beet weevil (Bothynoderes punctiventris Germar, 
Coleoptera: Curculionidae). Pest Manag Sci 73(10):2174–2183. 
https://​doi.​org/​10.​1002/​ps.​4601

Drmic Z, Bazok R, Satvar M, Viric Gasparic H, Lemic D, Grubisic D, 
Cacija M (2020) Efficacy of the EPNs (Heterorhabditis bacterio-
phora Poinar, 1976) on sugar beet larvae (Bothynoderes punctiven-
tris Germar 1824; Coleoptera: Curculionidae) in field conditions. J 
Cent Eur Agric 21:649–656. https://​doi.​org/​10.​5513/​JCEA01/​21.3.​
2376

Drmic Z (2016) The sugar-beet weevil (Bothynoderes punctiventris Ger-
mar 1824., Col.: Curculionidae): life cycle, ecology and area wide 
control by mass trapping. Dissertation, University of Zagreb

Eckstein F (1936) Zur Kenntnis des Rübenderbrüsslers (Bothynoderes 
punctiventris Germ.) in der Türkei. Z Angew Entomol 22:463–507

Eichler W, Schrödter H (1951) Witterungsfaktoren als Urheber der Mas-
senvermehrung des Rübenderbrüsslers (Bothynoderes punctiventris) 
1947–1949 in Mitteldeutschland. Aus dem Parasitologischen Insti-
tut der Universität Leipzig und der Argarentomologischen Station 
Aschersleben, pp 568–575

Eitzinger J, Kersebaum CK, Glauninger J, Bauer K, Grummer B, Lexer 
M, Freyer B, Friedel KJ (2009) Auswirkungen auf die Land- und 
Forstwirtschaft. In: Eitzinger J, Kersebaum KC, Formayer H (eds) 
Landwirtschaft im Klimawandel. Auswirkungen und Anpas-
sungsstrategien für die Land- und Fortwirtschaft in Mitteleuropa, 
1st edn. BLV Verlagsgesellschaft, München, pp 83–258

EPPO Global Database (2022) Bothynoderes punctiventris (CLEOPU) 
Distribution. https://​gd.​eppo.​int/​taxon/​CLEOPU/​distr​ibuti​on. 
Accessed 24 Mar 2022

Friedrich S, Konietschke F, Pauly M (2017) GFD: an R package for the 
analysis of general factorial designs. J Stat Softw 79(1):1–18. https://​
doi.​org/​10.​18637/​jss.​v079.​c01

Geyer S, Kemps F (2019) In umfangreichen Versuchen werden neue 
Wege der Beikrautregulierung erkundet. Agrozucker-Agrostärke 
3:17–19

Gosik R, Sprick P, Skuhrovec J, Derus M, Hommes M (2016) Morphol-
ogy and identification of the mature larvae of several species of the 
genus Otiorhynchus (Coleoptera, Curculionidae, Entiminae) from 
Central Europe with an update of the life history traits. Zootaxa 
4108(1):1–67. https://​doi.​org/​10.​11646/​zoota​xa.​4108.1.1

Grebenok RJ, Venkatachari S, Adler JH (1994) Biosynthesis of ecdysone 
and ecdysone phosphates in spinach. Phytochemistry 36:1399–1408. 
https://​doi.​org/​10.​1016/​S0031-​9422(00)​89731-9

Gromova GA (1965) K ekologii obicnavo sveklovicnavo dolgnosika. 
Zakhist Roslin Kiev 2:42–50

Haluschan M, Bindreiter B (2006) Zwischenergebnisse von Untersuchun-
gen der Rüsselkäferprobleme in Zuckerrüben und mögliche Gegen-
maßnahmen. In: ALVA Tagungsbericht, ALVA-Jahrestagung, St. 
Pölten, Austria, 22.-23.05.2006, ALVA, Vienna, pp 49–52

Holzner W (1981) Ackerunkräuter—Bestimmung, Verbreitung, Biologie 
und Ökologie. Leopold Stocker Verlag, Graz

Holzner W, Glauninger J (2005) Ackerunkräuter—Bestimmung, Biolo-
gie, landwirtschaftliche Bedeutung. Leopold Stocker Verlag, Graz

Jurenka R, Russell K, O’Neal M (2017) Phytoecdysteroids as antifeedants 
towards several beetles that include polyphagous and monophagous 
feeding guilds. Pest Manag Sci 73:1633–1637. https://​doi.​org/​10.​
1002/​ps.​4500

Klapal H, Cate P, Schlagenhaufen J (2004) Witterung begünstigt den 
Rübenderbrüssler: Akute Gefahr im Rübenbau. Der Pflanzenarzt 
57(3):11–12

Klukowski Z, Piszcek J (2021) Distribution of damages in Poland caused 
by the sugar beet weevil (Asproparthenis punctiventris Germ. 
Coleoptera: Curculionidae). J Plant Prot Res 61(3):311–313. https://​
doi.​org/​10.​24425/​jppr.​2021.​137946

Konietschke F, Placzek M, Schaarschmidt F, Hothorn LA (2015) npar-
comp: an R software package for nonparametric multiple compari-
sons and simultaneous confidence intervals. J Stat Softw 64(9):1–17. 
https://​doi.​org/​10.​18637/​jss.​v064.​i09

Leithner A, Glauninger J (2013) Burgenland: Die wichtigsten Unkrau-
tprobleme in Zuckerrüben 2012. Der Pflanzenarzt 66(04):22–24

Mody K, Unsicker SB, Linsenmair KE (2007) Fitness related diet-mixing 
by intraspecific host-plant-switching of specialist insect herbivores. 
Ecology 88(4):1012–1020. https://​doi.​org/​10.​1890/​06-​1338

Müller KR (1957) Der Rübenderbrüssler Bothynoderes punctiventris 
Germ. In: Flugblatt der Biologischen Zentralanstalt der Deutschen 
Akademie der Landwirtschaftswissenschaften zu Berlin Nr. 23, 1st 
edn. Deutsche Akademie der Landwirtschaftswissenschaften, Ber-
lin, pp 1–16

Nagasawa A, Matsuda K (2005) Effects of feeding experience on feeding 
responses to spinach in Cassida nebulosa L. (Coleoptera: Crysomel-
idae). Appl Entomol Zool 40(1):83–89. https://​doi.​org/​10.​1303/​aez.​
2005.​83

R Development Core Team (2021) R: a language and environment for sta-
tistical computing. R Foundation for Statistical Computing, Vienna, 
Austria. http://​www.R-​proje​ct.​org/

Sarkar D (2008) Lattice: multivariate data visualization with R. Springer, 
New York

Sivcev I, Toth M, Tomasev I, Ujvary I (2006) Effectiveness of different 
trap design in mass trapping of Bothynoderes punctiventris Germar. 
Matica Srpska J Nat Sci 110:205–212

Skuhrovec J, Volovnik S, Gosik R, Stejskal R, Trnka F (2019) Cleonis 
pigra (Scopoli, 1763) (Coleoptera: Curculionidae: Lixinae): mor-
phological re-description of the immature stages, keys, tribal com-
parisons and biology. Insects 10:325. https://​doi.​org/​10.​3390/​insec​
ts101​00325

Steiner P (1936) Bothynoderes punctiventris Germ. als Zuckerrüben-
schädling in der Türkei. Z Angew Entomol 29:339–369

Stöckl C (2018) Die Ackerbegleitflora bei konventioneller Bewirtschaf-
tung im Weinviertel. Master`s thesis, University of Natural 
Resources and Life Sciences, Vienna

Susurluk A (2008) Potential of the entomopathogenic nematodes Stein-
ernema feltiae, S. weiseri and Heterorhabditis bacteriophora for the 
biological control of the sugar beet weevil Bothynoderes punctiven-
tris (Coleoptera: Curculionidae). J Pest Sci 81:221–225. https://​doi.​
org/​10.​1007/​s10340-​08-​0209-x

Taranuha MD (1956) Plodovitost fiziologiceskaja harakteristika svek-
lovincavo dolgonostika v zavismosti ok pitanija. Naucnie Trudi Inst 
Entomologii I Fitop 7:193–206

Tielecke H (1952) Biologie, Epidemiologie und Bekämpfung des 
Rübenderbrüsslers (Bothynoderes punctiventris Germ.). Beitr Ento-
mol 2(2–3):256–315

Unsicker SB, Oswald A, Köhler G, Weisser WW (2008) Complementary 
effects through dietary mixing enhance the performance of a gen-
eralist herbivore. Oecologia 156:313–324. https://​doi.​org/​10.​1007/​
s00442-​008-​0973-6

Viric Gasparic H, Lemic D, Drmic Z, Cacija M, Bazok R (2021) The 
efficacy of seed treatments on major sugar beet pests: possible 

https://doi.org/10.1007/s12355-010-0036-2
https://doi.org/10.1002/ps.4601
https://doi.org/10.5513/JCEA01/21.3.2376
https://doi.org/10.5513/JCEA01/21.3.2376
https://gd.eppo.int/taxon/CLEOPU/distribution
https://doi.org/10.18637/jss.v079.c01
https://doi.org/10.18637/jss.v079.c01
https://doi.org/10.11646/zootaxa.4108.1.1
https://doi.org/10.1016/S0031-9422(00)89731-9
https://doi.org/10.1002/ps.4500
https://doi.org/10.1002/ps.4500
https://doi.org/10.24425/jppr.2021.137946
https://doi.org/10.24425/jppr.2021.137946
https://doi.org/10.18637/jss.v064.i09
https://doi.org/10.1890/06-1338
https://doi.org/10.1303/aez.2005.83
https://doi.org/10.1303/aez.2005.83
http://www.R-project.org/
https://doi.org/10.3390/insects10100325
https://doi.org/10.3390/insects10100325
https://doi.org/10.1007/s10340-08-0209-x
https://doi.org/10.1007/s10340-08-0209-x
https://doi.org/10.1007/s00442-008-0973-6
https://doi.org/10.1007/s00442-008-0973-6


75Journal of Plant Diseases and Protection (2023) 130:67–75	

1 3

consequences of the recent neonicotinoid ban. Agronomy 11:1277. 
https://​doi.​org/​10.​3390/​agron​omy11​071277

Wechselberger K (2020) Schädlinge der Zuckerrübe: Neue Lösungen 
gesucht. Der Pflanzenarzt 73(03):8–10

Yanagi S, Miyatake T (2003) Costs of mating and egg production in 
female Callosobruchus chinensis. J Insect Physiol 49(9):823–827. 
https://​doi.​org/​10.​1016/​S0022-​1910(03)​00119-7

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/agronomy11071277
https://doi.org/10.1016/S0022-1910(03)00119-7

	Suitability of Amaranthaceae and Polygonaceae species as food source for the sugar beet weevil Asproparthenis punctiventris Germar
	Abstract
	Introduction
	Materials and methods
	Insects
	Plants
	Leaf consumption of unmated sugar beet weevils
	Leaf consumption of mated females
	Larval development on potted plants
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




