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ABSTRACT

The planthopper Pentastiridius leporinus (Hemiptera: Cixiidae) is the primary vector of two phloem-restricted prokaryotes,
which can cause the disease syndrome de basses richesses (SBR) in sugar beet (Beta vulgaris L.). Heavy infestations of this in-
sect have contributed to significant yield losses in Central Europe, but little is known about how different B. vulgaris genotypes
influence vector behaviour and performance. Understanding such interactions is critical for both pest management and the
development of sugar beet cultivars that are less favourable to the vector. We investigated oviposition decisions, nymphal devel-
opment, and belowground chemotaxis of P. leporinus using 12 B. vulgaris genotypes: eight sugar beet genotypes with contrasting
SBR tolerance, two Swiss chard, and two beetroot varieties. In no-choice assays, females oviposited at similar rates on all tested
genotypes, indicating broad host suitability. However, in three-choice tests, significant differences emerged, with several gen-
otypes receiving more egg batches than the reference variety Vasco. Despite adult host preferences, nymphal survival, growth,
and instar development did not differ among genotypes. In contrast, belowground olfactometer assays revealed that nymphs
exhibited clear chemotactic responses: several genotypes attracted significantly more individuals than others. This represents
the first documentation of chemotactic host location in P. leporinus nymphs. Our findings reveal a mismatch between adult ovi-
position preference and nymphal performance, a pattern not uncommon in other generalist herbivores. Both adult and nymphal
behaviours were nevertheless influenced by genotype-specific traits, likely linked to plant chemistry. Identifying these cues
could inform breeding strategies aimed at reducing vector attraction, thereby complementing pathogen-targeted approaches and
supporting integrated management of SBR in sugar beet.

1 | Introduction by the phloem-restricted y-3 proteobacterium Candidatus

Arsenophonus phytopathogenicus and the phytoplasma

Sugar beet (Beta vulgaris L.) is a major crop for sugar pro-
duction worldwide, but it faces serious threats from syn-
drome de basses richesses (SBR), a disease mainly caused

Candidatus Phytoplasma solani (Gatineau et al. 2002; Sémétey,
Bressan, et al. 2007; Lang et al. 2025). SBR stunts plant growth,
induces nutrient deficiencies, and leads to significant yield
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losses, posing a major economic challenge for the sugar beet in-
dustry (Agyei et al. 2025; Pfitzer et al. 2020). The spread of SBR
has been particularly noted in Germany and Switzerland, where
rapid spread of P. leporinus and the lack of effective control mea-
sures for both the pathogen and its vector have led to substantial
economic losses (Behrmann et al. 2021; Lang et al. 2025; Pfitzer
et al. 2024, 2020).

The primary vector of the pathogen in sugar beet is Pentastiridius
leporinus (Hemiptera: Cixiidae), a planthopper whose ecological
interactions with the host plant and vector competence are begin-
ning to be elucidated (Behrmann et al. 2022; Bressan et al. 2009,
2008; Pfitzer et al. 2022; Sémétey, Gatineau, et al. 2007). The
planthopper's ability to transmit the pathogen to other crops,
such as potatoes and carrots, further complicates management
strategies (Behrmann et al. 2023; Rinklef et al. 2024; Therhaag,
Schneider, et al. 2024; Witczak et al. 2025), while its occurrence
on additional hosts such as onion has been reported, although
pathogen transmission to this crop remains unconfirmed
(Therhaag, Ulrich, et al. 2024; Lang et al. 2025). Understanding
the biology and life cycle of P. leporinus is crucial for develop-
ing effective pest management strategies to mitigate the im-
pact of SBR on sugar beet production and its spread to other
susceptible crops.

Efforts to combat SBR in sugar beet have focused on breed-
ing tolerant varieties that mitigate the impact of the pathogen
(Laufer et al. 2024). Such strategies have primarily aimed at re-
ducing the severity of disease symptoms and minimizing yield
losses, with several commercial breeding programs achieving
progress in developing SBR-tolerant genotypes (KWS 2023;
Pfitzer et al. 2020; SESVanderHave 2021). However, to date, no
breeding initiatives have directly targeted resistance to the vec-
tor, P. leporinus. Developing sugar beet varieties that deter vec-
tor feeding, disrupt nymphal development, or otherwise reduce
vector preference could complement existing pathogen-targeted
approaches. Integrating resistance against both the pathogen
and its vector would provide a more comprehensive strategy to
manage SBR.

This study examines the interactions between P. leporinus
and different B. vulgaris genotypes, namely eight genotypes
of sugar beet (B. vulgaris subsp. vulgaris, cultivar group
Altissima), two genotypes of Swiss chard (B. vulgaris subsp.
vulgaris, cultivar group Flavescens), and two genotypes of
beetroot (B. vulgaris subsp. vulgaris, cultivar group Conditiva).
We focus on oviposition behaviour of adult insects, nymphal
growth, and their below-ground olfactory preference. By com-
paring these interactions, we aim to improve the understand-
ing of the chemical ecology of P. leporinus as a vector of SBR
and contribute to the development of more tolerant sugar beet
cultivars.

2 | Materials and Methods
2.1 | Insects
A rearing of Pentastiridius leporinus was established in the

laboratory of Agricultural Entomology at the Georg-August
University in Géttingen, DE, as detailed by Pfitzer et al. (2022).

Briefly, adult P. leporinus were kept in 60XxX60X60cm tents
(BugDorm, MegaView Science Co. Ltd., TW) containing one-
month-old potted sugar beet plants, where they fed, repro-
duced, and oviposited. Egg batches were collected weekly and
transferred to plastic boxes filled with a 3:1 mixture of peat
(Fruhstorfer Erde Typ P 25, Hawita, DE) and sand (0-2mm ),
together with a piece of sugar beet taproot. Nymphs fed on the
root pieces, which were replaced weekly. Fifth-instar nymphs
were moved to new pots with sugar beet plants and maintained
there until adult emergence, after which they were returned to
the oviposition tents. Newly emerged adults (4days old) were
used for no-choice and choice oviposition experiments. Second-
instar nymphs were used for nymph-performance experiments.
Third-instar nymphs were used for belowground olfactometer
assays. The nymphal stage was identified by measuring head
capsule width, while the infection status within the rearing
population was tested using nested polymerase chain reaction
(Pfitzer et al. 2022). The infection rate was confirmed to be
approximately 80% for ‘Ca. Arsenophonus phytopathogenicus’
whereas no infection was detected for ‘Ca. Phytoplasma solani’.

2.2 | Plant Material

Sugar beet of the variety “Vasco” (SESVanderHave Deutschland
GmbH, Germany) was used for rearing P. leporinus. Additionally,
four breeding companies each supplied two sugar beet gen-
otypes, one presumed tolerant and one presumed susceptible,
based on their expected response to SBR. These genotypes were
selected solely on the basis of observed variation in SBR disease
symptoms and the associated yield losses recorded in previous
field trials, with no consideration of plant-insect interactions
or any vector-related traits or responses. Thus, they represent
contrasting phenotypic responses to SBR. The genotypes were
labelled as follows: KWS SAAT SE & Co. KGaA (S1-S, S1-T),
SESVanderHave (S2-S, S2-T), Hilleshog AB (S3-S, S3-T), and
Strube D&S GmbH (S4-S, S4-T), where “S” indicates suscepti-
bility and “T” indicates tolerance. Furthermore, four commer-
cial varieties of Swiss chard and beetroot, obtained from KWS,
were included in the experiments: the red Swiss chard “Fluence”
(C1-r), the green Swiss chard “Prius” (C2-g), and red beetroot
varieties “Scarlett” (B1) and “Jolie” (B2). The inclusion of both
red and green Swiss chard varieties allowed for potential colour
preferences.

Seeds were germinated in pots with a 3:1 mixture of peat
(Fruhstorfer Erde Typ P 25, Hawita, Germany) and sand
(0-2mm 0), and 2-week-old seedlings were transferred indi-
vidually to pots with the same soil mixture. For performance
experiments, 700 mL disposable polyethylene drink cups
were used (Benail, United States), with perforations on the
bottom and filled with 2cm of sand and approximately 10cm
of soil mixture. A 5cm layer of expanded clay was placed on
top to provide a porous habitat for the nymphs. Plants used in
the belowground olfactometer assays were grown in 170mL
polystyrene cylinders (Zuchtgldschen, K-TK e.K., Retzstadst,
Germany). For the oviposition experiments, plants were
grown in 500 mL transparent cylindrical pots made of poly-
propylene (PP), allowing egg batches to be monitored without
disturbing the plants. Two-month-old plants were used for
oviposition experiments, and six-week-old plants were used
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for performance and olfactometer experiments. All plants
were grown in greenhouse conditions (18°C-24°C, 65% RH,
light: dark 16:8), watered and fertilized weekly with 1g/L
of ‘Hakaphos Blau 15-10-15(+2)" (COMPO EXPERT GmbH,
Miinster, Germany).

2.3 | Oviposition Assays

Oviposition preferences of P. leporinus were tested under
no-choice and three-choice conditions using 60X 60X 60cm
tents (BugDorm, MegaView Science Co. Ltd., TW) with potted
plants of different genotypes. In the no-choice test, each tent
contained a single genotype, while in the three-choice test,
three pots with different genotypes were placed together in
one tent. In this case, sugar beet cultivar Vasco served as the
baseline, since P. leporinus had been reared on this cultivar.
This cultivar was used as a standardized reference host, as the
laboratory colony is maintained on this plant and individuals
were therefore behaviorally adapted to it. In addition to Vasco,
each tent was supplied with a pair of genotypes from one of
the four breeding companies or a pair of Swiss chard or beet-
root varieties. For both tests, groups of 10 females and 5 males,
all 4days old, were released into the tents and kept under con-
trolled conditions (22°C+2°C, 65% RH). After 18days, the
number of egg batches per plant was recorded. For graphical
representation (Figure 2), oviposition was standardized using
the sugar beet variety Vasco (the genotype routinely used for
insect rearing) as the reference (set to 100%). Oviposition on
all other genotypes was quantified as a relative oviposition
index, calculated for each replicate as follows:

egg batches on test variety

X 100
egg batches on Vasco

Index =

2.4 | Development of P. leporinus Nymphs on
B. vulgaris Genotypes

To assess the performance of P. leporinus nymphs on different
B. vulgaris genotypes, second-instar nymphs were individually
placed on plants representing each of the 12 genotypes. Ten
nymphs were carefully transferred to a plastic cup containing
a single plant, and the cups were randomly arranged on plastic
trays. All setups were maintained in a rearing chamber at 22°C
under a 16:8 h light:dark photoperiod. Plants were watered and
fertilized weekly. To prevent the escape of emerging adults, each
plant canopy was enclosed within a perforated clear polypropyl-
ene bag secured to the pot with a rubber band. The experiment
was terminated upon the emergence of the first adult (90 days).
At this time, surviving nymphs were collected, counted, and
weighed collectively. Mean nymph weight and mortality rate per
pot were calculated for each genotype, with each pot (10 nymphs
per pot) representing one biological replicate. Each experimen-
tal setup was replicated 12 times.

2.5 | Belowground Olfactometer Tests

A four-arm belowground olfactometer (Rasmann et al. 2005;
Rostds et al. 2015) was used to assess nymphal olfactory pref-
erences. The central glass chamber (8cm ©, 11cm height)

connected to four smaller chambers (5cm @, 11 cm height) via
substrate-filled passages. Plants grown in 170 mL pots were
transferred with soil into the smaller chambers. The four test
chambers of the olfactometer contained each a (i) sugar beet
plant of Vasco, (ii) an SBR susceptible genotype, (iii) an SBR
tolerant genotype, (iv) soil without plant (“empty”). This con-
trol arm always contained the same moistened substrate as
the treatment arms, but without a plant, which ensured that
moisture conditions were equivalent across all arms and that
nymph responses were driven solely by plant-derived cues.
The contrasting sugar beet genotypes belonged to the same
breeding company. In addition, both cultivars of beetroot and
Swiss chard were tested in the same manner with Vasco as
positive and soil as negative controls. The central chamber was
filled with expanded clay granulate (2-5mm, Pflanzgranulat,
ASB Griinland Helmut Aurenz GmbH) up to a height of 6 cm,
while the connecting passages were completely filled. Ten
third instar nymphs were randomly selected from rearing
boxes and then introduced into the central chamber. To pre-
vent light entering the olfactometer arms, setups were covered
with black cloth. After 24h, their positions were recorded;
nymphs crossing into odour-containing arms were considered
responsive. Positions of odour sources were randomized daily,
and five olfactometers were run concurrently. Following each
assay, glass components were washed with water, cleaned
with acetone, dried under a fume hood, heated to 110°C for
1h, and cooled at room temperature. Room conditions were
maintained at 22°C +2°C and 50% relative humidity. For the
graphical representation (Figure 4), the genotype Vasco was
used as the baseline reference and set to 100% based on the
number of nymphs responding to it in each olfactometer assay.
The values for the other two genotypes and the “empty” arm
were then calculated relative to Vasco, to express their differ-
ences as increases or decreases in index values. A total of 20
replicates were conducted.

2.6 | Statistical Analyses

Statistical analyses were performed using R software (v.
4.2.3; R Development Core Team, 2023). Analysis of vari-
ance (ANOVA) was conducted, followed by residual analy-
sis to assess the fit of the models. Oviposition data across all
B. vulgaris genotypes and from the 3-choice oviposition test
(number of egg batches laid per treatment) were analysed
using generalized linear models (GLM) with a Poisson dis-
tribution. Nymphal weight differences were analysed with
generalized linear models (GLM) assuming a Gaussian distri-
bution. The comparisons of instar achieved by the nymphs in
the performance experiment were analysed with GLM under
Poisson distributions, and nymphal mortality across different
B. vulgaris genotypes was compared using GLM with a bi-
nomial distribution. All analyses were followed by pairwise
comparisons of estimated marginal means (emmeans) with
Tukey adjustment for multiple testing. To analyse below-
ground olfactometer test results, nymph responses to the four
different odour sources were analysed using a general linear
model (GLM) with binomial family distribution, considering
number of successes (=all nymphs that went to each odour
source) and number of failures (= all nymphs that went to the
other three odour sources) as two-vector response variables.
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To account for the grouping of nymph choices released simul-
taneously with the same set of plants, a generalized linear
mixed model (GLMM) including experimental day as a ran-
dom effect was initially fitted. As the random effect did not
significantly improve model fit, the simpler GLM without ran-
dom effects was retained for analysis.

3 | Results
3.1 | Oviposition No-Choice Test

In the no-choice test, P. leporinus females laid eggs on all tested
B. vulgaris genotypes at similar rates (Figure 1). No significant
differences were observed in the number of egg batches laid
across genotypes (p=0.081). On average, females deposited
3.0£0.5 egg batches per plant over the 18-day period.

These results indicate that, in the absence of alternative host
options, newly emerged P. leporinus adults oviposit readily and
to a comparable extent on all evaluated B. vulgaris genotypes,
including Swiss chard and beetroot.

3.2 | Oviposition Choice Test

In the three-choice test, P. leporinus females laid eggs on all
tested B. vulgaris genotypes, but significant differences were ob-
served in some genotypes (Figure 2a-f).

Females equally preferred genotypes S1-S, S1-T, and Vasco, as
well as genotypes S3-S, S3-T, and Vasco, with no significant dif-
ferences in oviposition (p> 0.05; Figure 2a,c).

In contrast, females deposited more egg batches on genotype
S2-S (3.58 +£0.52) than on genotype S2-T (1.33 £0.39) and Vasco
(p=0.0003 and p=0.002, respectively), whereas oviposition on
genotype S2-T did not differ from Vasco (p=0.73; Figure 2b).
Genotype S4-S (2.75+0.50) received more egg batches than
genotype S4-T (1.3+0.4) and Vasco (p=0.03 and p=0.01,

respectively), while genotype S4-T did not differ from Vasco
(p=0.98; Figure 2d).

Oviposition on Swiss chard genotypes Cl-r and C2-g did not
differ significantly from each other (p=0.19). However, geno-
type Cl-r (2.8 £0.6) received more eggs than Vasco (0.7+0.4;
p>0.001), whereas genotype C2-g did not differ from Vasco
(p=0.052; Figure 2e).

Similarly, oviposition on beetroot genotypes Bl and B2 did not
differ significantly (p=0.066). Yet, genotype Bl (3.8+0.8) at-
tracted more egg batches than Vasco (1.3 +0.4; p>0.001), while
genotype did not differ from Vasco (p =0.206; Figure 2f).

Taken together, these results indicate that P. leporinus females
discriminate among B. vulgaris genotypes when choosing ovi-
position sites. Specific genotypes—particularly S2-S, S4-S, C1-r,
and Bl—were more attractive for egg laying, suggesting that
genotype-specific plant traits influence adult host selection and
oviposition behaviour.

3.3 | Development of Larvae on Beta vulgaris
Genotypes

P. leporinus nymphs exhibited comparable performance across
different B. vulgaris genotypes (Figure 3). Final individual
weight (Figure 3a) did not differ significantly among genotypes,
indicating similar growth rates, with a final mean weight of
5.1+0.1mg per nymph. Similarly, over 85% of all individuals
reached the fifth instar after 90days of feeding (Figure 3b), with
no significant differences observed among sugar beet (S1-S,
S1-T, S2-S, S2-T, S3-S, S3-T, S4-S, S4-T), Swiss chard (red, C1-r;
green, C2-g) and beetroot (B1, B2). Mortality rates (Figure 3c)
were also consistent across all genotypes, with an overall aver-
age of 19.7% + 1.1% after 90 days.

Taken together, these results suggest that P. leporinus nymph de-
velopment and survival are not significantly influenced by the
B. vulgaris genotype on which they feed.
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[Colour figure can be viewed at wileyonlinelibrary.com]

3.4 | Belowground Olfactometer Tests significantly from Vasco (p=0.056 and p=0.062, respectively;
Figure 4a).

Olfactometer assays showed that P. leporinus nymphs generally

responded similarly to root volatiles of most B. vulgaris genotypes, No differences were detected between genotypes S2-S and

although some significant differences were detected (Figure 4a—f). S2-T, or when compared with Vasco (p>0.05; Figure 4b).
A similar pattern was observed for beetroot genotypes Bl

More nymphs were attracted to genotype S1-S (4.3+0.4) com- and B2, and also when compared with Vasco (p>0.05;
pared to genotype SI-T (2.0%0.2), while neither differed Figure 4f).
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mortality were measured for groups of 10s-instar nymphs after 90days of feeding on a single plant of sugar beet (S1-S, S1-T, S2-S, S2-T, S3-S, S3-T,
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jittered dots to display the full distribution. p-values are given for treatments, obtained from generalized linear models with Gaussian distribution
(final weight, instar reached) or binomial distribution (mortality). Differences among genotypes were not significant (n.s., p>0.05).

Genotypes S3-S (3.3+0.3) and S3-T (3.9+0.3) did not differ
from each other, but both attracted more nymphs than Vasco
(1.7£0.2; p=0.001 and p>0.001, respectively; Figure 4c).

Genotype S4-S (3.8 +£0.4) attracted more nymphs than geno-
type S4-T (2.3+0.3), whereas neither genotype differed sig-
nificantly from Vasco (p=0.840 and p=0.087, respectively;
Figure 4d).

Swiss chard genotypes Cl-r (3.6+0.4) and C2-g (3.4+0.2) did
not differ from each other, but both attracted significantly more
nymphs than Vasco (2.1£0.3; p=0.007 and p=0.020, respec-
tively; Figure 4e).

Across all assays, Vasco was consistently preferred over the
“empty” control arms, with the preference for Vasco.

These findings indicate that while most B. vulgaris geno-
types elicited similar olfactory responses, specific genotypes,

particularly S1-S, S3-S, S3-T, S4-S, C1-r, and C2-g, significantly
influenced host location behaviour in P. leporinus nymphs.

4 | Discussion

This study examined the interactions between Pentastiridius
leporinus and 12 Beta vulgaris genotypes, focusing on oviposi-
tion behaviour, nymphal development, and belowground che-
motaxis. Adult females laid similar numbers of egg batches
across genotypes in no-choice setups, suggesting broadly
suitable conditions for oviposition. However, in choice exper-
iments, females preferred certain genotypes, indicating sub-
tler variation in host attractiveness. Despite these behavioural
differences, nymphal performance did not vary significantly
across genotypes in terms of mortality, final weight, or devel-
opmental stage over 90days. In belowground olfactometer as-
says, however, nymphs displayed marked preferences for the
root volatiles of specific genotypes, suggesting that chemical
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FIGURE 4 | Olfactometer responses of P. leporinus nymphs to root volatiles from different B. vulgaris genotypes. Nymph olfactory preferences
were assessed using a four-arm belowground olfactometer. Third-instar nymphs were introduced into the central chamber, and their positions were
recorded after 24 h. Panels (a-f) correspond to comparisons of preference between two B. vulgaris genotypes (S1-S, S1-T, S2-S, S2-T, S3-S, S3-T, S4-S,
S4-T), Swiss chard (red, C1-r; green, C2-g), beetroot (B1, B2), an empty arm and the sugar beet variety used for the rearing (Vasco) as a control, which
is shown as a baseline. The y-axis represents the choice index (0=no choice). In the boxplots, the line inside each box shows the median, the box
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points beyond this range are also plotted as jittered dots to show all observations. Statistical comparisons are shown in black for differences between
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each pair of genotypes evaluated, and in blue for pairwise comparisons between each genotype and the baseline variety Vasco. Asterisks indicate
significant differences: ***p > 0.001; **p > 0.01; *p > 0.05; not significant (n.s., p>0.05). [Colour figure can be viewed at wileyonlinelibrary.com]

cues influence host location during development. These pref-
erences may reflect genotype-specific differences in volatile
emissions, which merit further investigation to clarify their
role in host selection.

Despite the lack of performance differences, certain genotypes
may be related to fitness-relevant traits that manifest in later

life stages or in field conditions. Importantly, the panel included
both commercial cultivars and preselected lines with contrast-
ing SBR susceptibility, indicating that nymphal performance
alone may not directly correlate with disease tolerance traits
(Clark and Messina 1998; Gripenberg et al. 2010). In addition,
the use of commercial hybrids likely reduces the level of ge-
netic and phenotypic divergence among genotypes, which may
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further contribute to the absence of significant differences in
nymphal performance observed in this study.

From a breeding perspective, additional performance parame-
ters such as adult emergence, longevity, and reproductive success
could reveal genotype-related effects not captured in our assays.
These traits may be particularly relevant given the physiological
constraints of P. leporinus as an herbivore that feeds on plants
from different families. Generalists are often less capable of me-
tabolizing plant-specific secondary compounds compared to
specialists (Gols et al. 2008; Lampert 2012; Poelman et al. 2008;
Wittstock et al. 2004). Compounds such as betaines, betalains, and
flavonoids, which are known to vary across B. vulgaris genotypes
(Hanson and Wyse 1982; Oh et al. 2022; Sokolova et al. 2024),
could subtly influence vector fitness. For instance, the red Swiss
chard (C1-r) and the two red beetroot genotypes (B1 and B2) likely
contain elevated levels of these pigments, which may affect insect
development or reproduction in ways not reflected by early-stage
performance. Identifying such long-term or sublethal effects could
inform selection of sugar beet lines that reduce vector fitness and
SBR risk (Ali and Agrawal 2012; Miiller et al. 2001).

In belowground olfactometer assays, P. leporinus nymphs
showed clear chemotactic preferences for specific B. vulgaris
genotypes. To our knowledge, this is the first report of chemo-
tactic behaviour in the nymphal stage of this species. This abil-
ity to respond to root-emitted volatiles may play a role in host
location within the rhizosphere, particularly after sugar beet
harvest when nymphs must seek alternative hosts (Bressan
et al. 2011). Similar mechanisms have been described in other
systems, such as the western corn rootworm (Diabrotica virgif-
era virgifera), which is attracted to maize genotypes emitting
(E)-B-caryophyllene (Robert et al. 2013). Although general
resource-based cues, such as CO, emissions associated with
greater root biomass, can influence belowground insect be-
haviour (Arce et al. 2021; Johnson and Gregory 2006; Johnson
and Nielsen 2012), this factor was controlled in our design by
using plants of comparable size and developmental stage. Thus,
the observed preferences likely reflect differences in volatile
profiles among the evaluated genotypes. Volatile-guided host lo-
cation is well documented in coleopteran root feeders, but it re-
mains largely unstudied in hemipteran root herbivores (Johnson
and Gregory 2006; Johnson and Nielsen 2012).

Although our olfactometer experiments used intact plants, vola-
tile emissions can change dramatically upon herbivore damage
(Holopainen and Blande 2013; War et al. 2011). Exploring how
herbivore-induced root volatiles vary among B. vulgaris geno-
types could clarify whether infested roots emit cues that attract
conspecific nymphs. For instance, during the performance as-
says we observed gregarious behaviour, with nymphs clustering
in wax-coated nests built from their abdominal secretions. These
waxes may serve antimicrobial or defensive functions (Lucchi
and Mazzoni 2004), and aggregation may provide survival ben-
efits. If nymphs are more attracted to roots already colonized by
conspecifics, volatiles emitted from infested roots might serve
as cues to locate and maintain social aggregations, which could
confer fitness benefits (Robert et al. 2012).

In parallel, plant infection status may also alter volatile sig-
nals in ways that affect vector behaviour. Prior studies have

shown that SBR-infected sugar beet plants emit altered volatile
profiles, as increased limonene, nonadecane, and an unidenti-
fied compound, and reduced toluene (Kais et al. 2023). These
changes may attract P. leporinus, facilitating bacterial disper-
sal, as has been shown in other plant-pathogen-vector systems
(Franco et al. 2021; Keesey et al. 2017; MacLean et al. 2014;
Mauck et al. 2012, 2010). Investigating how both herbivory-
and infection-induced shifts in plant chemistry shape vector
behaviour could help identify chemical traits that breeders can
select for when developing sugar beet cultivars less attractive or
suitable to P. leporinus, thereby supporting more durable SBR
resistance (Karban 2011; War et al. 2012).

While the nymphs used in our performance and olfactome-
ter experiments were not the direct offspring of ovipositing
females, our data suggest that adult female preference for
certain genotypes did not necessarily correspond to im-
proved nymphal performance. Similarly, nymphal chemo-
tactic responses did not consistently align with adult
oviposition choices. Such mismatches between preference and
performance are well documented in generalist herbivores
(Gripenberg et al. 2010; Mayhew 2001; Scheirs et al. 2003)
and underscore the complexity of host selection. This has im-
portant implications for breeding strategies, as plants that are
unattractive to adult P. leporinus may still support nymphal
development. Indeed, Pfitzer et al. (2022) demonstrated that
female adults did not lay eggs when exposed to wheat plants,
despite wheat roots providing a suitable food source for
nymphal development.

A better understanding of these behavioural and physiological
interactions is essential for developing sugar beet genotypes that
are less attractive or suitable for P. leporinus. Identifying traits
that reduce vector performance, either through direct effects
on development or via disrupted host location, can support in-
tegrated pest and disease management strategies. Future work
should focus on genotype-specific differences in both constitu-
tive and induced plant metabolites, especially in the context of
herbivory and infection.

Author Contributions

Britta Kais: conceptualization, writing — review and editing. Michael
Rostas: conceptualization, methodology, funding acquisition, writ-
ing - review and editing, project administration, supervision. Karthi
Balakrishnan: writing - review and editing, conceptualization.
Pamela Bruno: conceptualization, investigation, writing - original
draft, methodology, formal analysis, visualization. Jiirgen Gross:
conceptualization, writing - review and editing, funding acquisition.
Shahinoor Rahman: investigation, writing - review and editing, con-
ceptualization, formal analysis, methodology, visualization.

Acknowledgements

We thank Katrin Waldstein and Jutta Schaper for rearing plants and
insects. Technical support was also provided by Ruth Pilot, Jonas
Watterott, Fruzsina Ficze and Marieke Bode. Furthermore, we thank
Mirko Rakoski (Gemeinschaft zur Forderung von Pflanzeninnovation
e.V.), Kerstin Kriiger and Mario Schumann (KWS KGaA), Maria
Kohler (Strube D&S GmbH), Niels Wynant and Heinrich Reineke
(SESVanderHave), as well as Britt-Louise Lennefors (United Beet Seeds)
for providing seed material and fruitful discussions. Open Access fund-
ing enabled and organized by Projekt DEAL.

Journal of Applied Entomology, 2026



Funding

This work was supported by funds of the Federal Ministry of
Agriculture, Food and Regional Identity (BMLEH) based on a decision
of the Parliament of the Federal Republic of Germany via the Federal
Office for Agriculture and Food (BLE) under the innovation support
program (project “Penta-Resist”, 28A8707B19).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data supporting the findings of this study are available from the
data repository GRO.data: https://doi.org/10.25625/2VEPGG.

References

Agyei, K., J. Detring, R. Metzner, et al. 2025. “Syndrome “Basses
Richesses” Disease Induced Structural Deformations and Sectorial
Distribution of Photoassimilates in Sugar Beet Taproot Revealed by
Combined MRI-PET Imaging.” Plant Phenomics 100: 53. https://doi.
org/10.1016/j.plaphe.2025.100053.

Ali, J. G., and A. A. Agrawal. 2012. “Specialist Versus Generalist Insect
Herbivores and Plant Defense.” Trends in Plant Science 17, no. 5: 293—
302. https://doi.org/10.1016/j.tplants.2012.02.006.

Arce, C. C., V. Theepan, B. C. Schimmel, G. Jaffuel, M. Erb, and R. A.
Machado. 2021. “Plant-Associated CO2 Mediates Long-Distance Host
Location and Foraging Behaviour of a Root Herbivore.” eLife 10: €65575.
https://doi.org/10.7554/eLife.65575.

Behrmann, S. C., A. Rinklef, C. Lang, A. Vilcinskas, and K.-Z. Lee.
2023. “Potato (Solanum tuberosum) as a New Host for Pentastiridius
leporinus (Hemiptera: Cixiidae) and Candidatus Arsenophonus
Phytopathogenicus.” Insects 14, no. 3: 281. https://doi.org/10.3390/insec
ts14030281.

Behrmann, S. C., M. Schwind, M. Schieler, et al. 2021. “Spread of
Bacterial and Virus Yellowing Diseases of Sugar Beet in South and
Central Germany From 2017-2020.” Sugar Industry 146, no. 8: 476-485.
https://doi.org/10.36961/si27343.

Behrmann, S. C., N. Witczak, C. Lang, et al. 2022. “Biology and Rearing
of an Emerging Sugar Beet Pest: The Planthopper Pentastiridius lepori-
nus.” Insects 13, no. 7: 656. https://doi.org/10.3390/insects13070656.

Bressan, A., F. Moral Garcia, and E. Boudon-Padieu. 2011. “The
Prevalence of ‘Candidatus Arsenophonus Phytopathogenicus’ Infecting
the Planthopper Pentastiridius leporinus (Hemiptera: Cixiidae) Increase
Nonlinearly With the Population Abundance in Sugar Beet Fields.”
Environmental Entomology 40, no. 6: 1345-1352. https://doi.org/10.
1603/EN10257.

Bressan, A., O. Sémétey, J. Arneodo, J. Lherminier, and E. Boudon-
Padieu. 2009. “Vector Transmission of a Plant-Pathogenic Bacterium
in the Arsenophonus Clade Sharing Ecological Traits With Facultative
Insect Endosymbionts.” Phytopathology 99, no. 11: 1289-1296. https://
doi.org/10.1094/PHYTO-99-11-1289.

Bressan, A., O. Sémétey, B. Nusillard, D. Clair, and E. Boudon-Padieu.
2008. “Insect Vectors (Hemiptera: Cixiidae) and Pathogens Associated
With the Disease Syndrome “Basses Richesses” of Sugar Beet in
France.” Plant Disease 92, no. 1: 113-119. https://doi.org/10.1094/
PDIS-92-1-0113.

Clark, T. L., and F. J. Messina. 1998. “Plant Architecture and the
Foraging Success of Ladybird Beetles Attacking the Russian Wheat
Aphid.” Entomologia Experimentalis et Applicata 86, no. 2: 153-161.
https://doi.org/10.1046/j.1570-7458.1998.00276.X.

Franco,F.P.,A.C.Tuler, D.Z. Gallan, etal. 2021. “Fungal Phytopathogen
Modulates Plant and Insect Responses to Promote Its Dissemination.”

ISME Journal 15, no. 12: 3522-3533. https://doi.org/10.1038/s41396-
021-01010-z.

Gatineau, F., N. Jacob, S. Vautrin, et al. 2002. “Association With the
Syndrome “Basses Richesses” of Sugar Beet of a Phytoplasma and
a Bacterium-Like Organism Transmitted by a Pentastiridius sp.”
Phytopathology 92, no. 4: 384-392. https://doi.org/10.1094/PHYTO.
2002.92.4.384.

Gols, R., T. Bukovinszky, N. M. van Dam, M. Dicke, J. M. Bullock, and J.
A. Harvey. 2008. “Performance of Generalist and Specialist Herbivores
and Their Endoparasitoids Differs on Cultivated and Wild Brassica
Populations.” Journal of Chemical Ecology 34, no. 2: 132-143. https://
doi.org/10.1007/s10886-008-9429-z.

Gripenberg, S., P. J. Mayhew, M. Parnell, and T. Roslin. 2010. “A Meta-
Analysis of Preference-Performance Relationships in Phytophagous
Insects.” Ecology Letters 13, no. 3: 383-393. https://doi.org/10.1111/j.
1461-0248.2009.01433.x.

Hanson, A. D., and R. Wyse. 1982. “Biosynthesis, Translocation, and
Accumulation of Betaine in Sugar Beet and Its Progenitors in Relation
to Salinity.” Plant Physiology 70, no. 4: 1191-1198. https://doi.org/10.
1104/pp.70.4.1191.

Holopainen, J. K., and J. D. Blande. 2013. “Where Do Herbivore-Induced
Plant Volatiles Go?” Frontiers in Plant Science 4: 185. https://doi.org/10.
3389/fpls.2013.00185.

Johnson, S. N., and P. J. Gregory. 2006. “Chemically-Mediated Host-
Plant Location and Selection by Root-Feeding Insects.” Physiological
Entomology 31, no. 1: 1-13. https://doi.org/10.1111/j.1365-3032.2005.
00487.x.

Johnson, S. N., and U. N. Nielsen. 2012. “Foraging in the Dark -
Chemically Mediated Host Plant Location by Belowground Insect
Herbivores.” Journal of Chemical Ecology 38, no. 6: 604-614. https://doi.
0rg/10.1007/s10886-012-0106-x.

Kais, B., J. Kohler, P. Werner, and J. Gross. 2023. “Does the Causative
Agent of Syndrome Basses Richesses (SBR), Candidatus Arsenophonus
Phytopathogenicus, Alter Sugar Beet Phloem Composition or Plant-
Emitted Volatiles.” IOBC-WPRS Bull 166: 128-133.

Karban, R. 2011. “The Ecology and Evolution of Induced Resistance
Against Herbivores.” Functional Ecology 25, no. 2: 339-347. https://doi.
0rg/10.1111/§.1365-2435.2010.01789.x.

Keesey, I. W, S. Koerte, M. A. Khallaf, et al. 2017. “Pathogenic
Bacteria Enhance Dispersal Through Alteration of Drosophila Social
Communication.” Nature Communications 8, no. 1: 265. https://doi.org/
10.1038/s41467-017-00334-9.

KWS. 2023. “Annual Report 2022-2023: Innovation. K. S. S. C. KGaA.”
https://reports.kws.com/2023/en/innovation.html.

Lampert, E. 2012. “Influences of Plant Traits on Immune Responses of
Specialist and Generalist Herbivores.” Insects 3, no. 2: 573-592. https://
doi.org/10.3390/insects3020573.

Lang, C. D. A., S. Benaouda, D. Kreimer, et al. 2025. “Pentastiridius
leporinus as a Plant Disease Vector: The Practical State of Knowledge
and Derived Research Objectives.” Sugar Industry 150, no. 2: 105-120.
https://doi.org/10.36961/si33023.

Laufer, D., C. Kenter, C. Buhre, C. A. Rog, and S. Liebe. 2024. “Crop
Protection in Sugar Beet Cultivation in Germany—Analysis of
Opportunities and Challenges.” Sugar Industry 149, no. 7-8: 526-539.
https://doi.org/10.5555/20183397521.

Lucchi, A., and E. Mazzoni. 2004. “Wax Production in Adults of
Planthoppers (Homoptera: Fulgoroidea) With Particular Reference to
Metcalfa pruinosa (Flatidae).” Annals of the Entomological Society of
America 97, no. 6: 1294-1298. https://doi.org/10.1603/0013-8746(2004)
097[1294:WPIAOP]2.0.CO;2.

MacLean, A. M., Z. Orlovskis, K. Kowitwanich, et al. 2014. “Phytoplasma
Effector SAP54 Hijacks Plant Reproduction by Degrading MADS-Box

Journal of Applied Entomology, 2026


https://doi.org/10.25625/2VEPGG
https://doi.org/10.1016/j.plaphe.2025.100053
https://doi.org/10.1016/j.plaphe.2025.100053
https://doi.org/10.1016/j.tplants.2012.02.006
https://doi.org/10.7554/eLife.65575
https://doi.org/10.3390/insects14030281
https://doi.org/10.3390/insects14030281
https://doi.org/10.36961/si27343
https://doi.org/10.3390/insects13070656
https://doi.org/10.1603/EN10257
https://doi.org/10.1603/EN10257
https://doi.org/10.1094/PHYTO-99-11-1289
https://doi.org/10.1094/PHYTO-99-11-1289
https://doi.org/10.1094/PDIS-92-1-0113
https://doi.org/10.1094/PDIS-92-1-0113
https://doi.org/10.1046/j.1570-7458.1998.00276.x
https://doi.org/10.1038/s41396-021-01010-z
https://doi.org/10.1038/s41396-021-01010-z
https://doi.org/10.1094/PHYTO.2002.92.4.384
https://doi.org/10.1094/PHYTO.2002.92.4.384
https://doi.org/10.1007/s10886-008-9429-z
https://doi.org/10.1007/s10886-008-9429-z
https://doi.org/10.1111/j.1461-0248.2009.01433.x
https://doi.org/10.1111/j.1461-0248.2009.01433.x
https://doi.org/10.1104/pp.70.4.1191
https://doi.org/10.1104/pp.70.4.1191
https://doi.org/10.3389/fpls.2013.00185
https://doi.org/10.3389/fpls.2013.00185
https://doi.org/10.1111/j.1365-3032.2005.00487.x
https://doi.org/10.1111/j.1365-3032.2005.00487.x
https://doi.org/10.1007/s10886-012-0106-x
https://doi.org/10.1007/s10886-012-0106-x
https://doi.org/10.1111/j.1365-2435.2010.01789.x
https://doi.org/10.1111/j.1365-2435.2010.01789.x
https://doi.org/10.1038/s41467-017-00334-9
https://doi.org/10.1038/s41467-017-00334-9
https://reports.kws.com/2023/en/innovation.html
https://doi.org/10.3390/insects3020573
https://doi.org/10.3390/insects3020573
https://doi.org/10.36961/si33023
https://doi.org/10.5555/20183397521
https://doi.org/10.1603/0013-8746(2004)097%5B1294:WPIAOP%5D2.0.CO;2
https://doi.org/10.1603/0013-8746(2004)097%5B1294:WPIAOP%5D2.0.CO;2

Proteins and Promotes Insect Colonization in a RAD23-Dependent
Manner.” PLoS Biology 12, no. 4: €1001835. https://doi.org/10.1371/
journal.pbio.1001835.

Mauck, K., N. A. Bosque-Pérez, S. D. Eigenbrode, C. M. De Moraes,
and M. C. Mescher. 2012. “Transmission Mechanisms Shape Pathogen
Effects on Host-Vector Interactions: Evidence From Plant Viruses.”
Functional Ecology 26, no. 5: 1162-1175. https://doi.org/10.1111/j.1365-
2435.2012.02026.x.

Mauck, K., C. De Moraes, and M. Mescher. 2010. “Deceptive Chemical
Signals Induced by a Plant Virus Attract Insect Vectors to Inferior
Hosts.” Proceedings of the National Academy of Sciences 107, no. 8:
3600-3605. https://doi.org/10.1073/pnas.0907191107.

Mayhew, P. J. 2001. “Herbivore Host Choice and Optimal Bad
Motherhood.” Trends in Ecology & Evolution 16, no. 4: 165-167. https://
doi.org/10.1016/S0169-5347(00)02099-1.

Miiller, C., N. Agerbirk, C. E. Olsen, J.-L. Boevé, U. Schaffner, and P.
M. Brakefield. 2001. “Sequestration of Host Plant Glucosinolates in the
Defensive Hemolymph of the Sawfly Athalia rosae.” Journal of Chemical
Ecology 27, no. 12: 2505-2516. https://doi.org/10.1023/A:1013631616141.

Oh, C,, J.-E. Park, Y.-J. Son, C. W. Nho, N. I. Park, and G. Yoo. 2022.
“Light Spectrum Effects on the Ions, and Primary and Secondary
Metabolites of Red Beets (Beta vulgaris L.).” Agronomy 12, no. 7: 1699.
https://doi.org/10.3390/agronomy12071699.

Pfitzer, R., M. Rostas, P. Hiuf3ermann, et al. 2024. “Effects of Succession
Crops and Soil Tillage on Suppressing the Syndrome ‘Basses Richesses’
Vector Pentastiridius leporinus in Sugar Beet.” Pest Management Science
80, no. 7: 3379-3388. https://doi.org/10.1002/ps.8041.

Pfitzer, R., K. Schrameyer, R. T. Voegele, J. Maier, C. Lang, and M.
Varrelmann. 2020. “Causes and Effects of the Occurrence of “Syndrome
Des Basses Richesses” in German Sugar Beet Growing Areas.” Sugar
Industry 145, no. 4: 234-244. https://doi.org/10.5555/20210052793.

Pfitzer, R., M. Varrelmann, K. Schrameyer, and M. Rostas. 2022. “Life
History Traits and a Method for Continuous Mass Rearing of the
Planthopper Pentastiridius leporinus, a Vector of the Causal Agent of
Syndrome ‘Basses Richesses’ in Sugar Beet.” Pest Management Science
78, no. 11: 4700-4708. https://doi.org/10.1002/ps.7090.

Poelman, E. H.,R.J. Galiart, C. E. Raaijmakers, J.J. Van Loon, and N. M.
Van Dam. 2008. “Performance of Specialist and Generalist Herbivores
Feeding on Cabbage Cultivars Is Not Explained by Glucosinolate
Profiles.” Entomologia Experimentalis et Applicata 127, no. 3: 218-228.
https://doi.org/10.1111/j.1570-7458.2008.00700.x.

Rasmann, S., T. G. Kollner, J. Degenhardt, et al. 2005. “Recruitment
of Entomopathogenic Nematodes by Insect-Damaged Maize Roots.”
Nature 434, no. 7034: 732-737. https://doi.org/10.1038/nature03451.

Rinklef, A., S. C. Behrmann, D. Loffler, et al. 2024. “Prevalence in Potato
of ‘Candidatus Arsenophonus Phytopathogenicus’ and ‘Candidatus
Phytoplasma Solani’ and Their Transmission via Adult Pentastiridius
leporinus.” Insects 15, no. 4: 275. https://doi.org/10.3390/insects15040275.

Robert, C. A. M., M. Erb, M. Duployer, C. Zwahlen, G. R. Doyen, and
T. C. Turlings. 2012. “Herbivore-Induced Plant Volatiles Mediate Host
Selection by a Root Herbivore.” New Phytologist 194, no. 4: 1061-1069.
https://doi.org/10.1111/j.1469-8137.2012.04127.x.

Robert, C. A. M., M. Erb, I. Hiltpold, et al. 2013. “Genetically Engineered
Maize Plants Reveal Distinct Costs and Benefits of Constitutive Volatile
Emissions in the Field.” Plant Biotechnology Journal 11, no. 5: 628-639.
https://doi.org/10.1111/pbi.12053.

Rostds, M., M. G. Cripps, and P. Silcock. 2015. “Aboveground
Endophyte Affects Root Volatile Emission and Host Plant Selection of a
Belowground Insect.” Oecologia 177: 487-497. https://doi.org/10.1007/
$00442-014-3104-6.

Scheirs, J., L. D. Bruyn, and R. Verhagen. 2003. “Host Nutritive Quality
and Host Plant Choice in Two Grass Miners: Primary Roles for Primary

Compounds?” Journal of Chemical Ecology 29, no. 6: 1373-1389. https://
doi.org/10.1023/A:1024261319466.

Sémétey, O., A. Bressan, F. Gatineau, and E. Boudon-Padieu. 2007.
“Development of a Specific Assay Using RISA for Detection of the
Bacterial Agent of ‘Basses Richesses’ Syndrome of Sugar Beet and
Confirmation of a Pentastiridius sp.(Fulgoromopha, Cixiidae) as the
Economic Vector.” Plant Pathology 56, no. 5: 797-804. https://doi.org/
10.1111/§.1365-3059.2007.01693.x.

Sémétey, O., F. Gatineau, A. Bressan, and E. Boudon-Padieu. 2007.
“Characterization of a y-3 Proteobacteria Responsible for the Syndrome
“Basses Richesses” of Sugar Beet Transmitted by Pentastiridius sp.
(Hemiptera, Cixiidae).” Phytopathology 97, no. 1: 72-78. https://doi.org/
10.1094/PHYTO-97-0072.

SESVanderHave. 2021. “SESVanderHave Press Release: SBR—
Syndrome de Basse Richesse.” https://www.sesvanderhave.com/files/
News-press/SESVanderHave_Press_Release_210517_SBR_Syndr
ome_de_Basse_Richesse_ ENG.pdf.

Sokolova, D. V., N. A. Shvachko, A. S. Mikhailova, V. S. Popov, A. E.
Solovyeva, and E. K. Khlestkina. 2024. “Characterization of Betalain
Content and Antioxidant Activity Variation Dynamics in Table Beets
(Beta vulgaris L.) With Differently Colored Roots.” Agronomy 14, no. 5:
999. https://doi.org/10.3390/agronomy14050999.

Therhaag, E., B. Schneider, K. Zikeli, M. Maixner, and J. Gross. 2024.
“Pentastiridius Leporinus (Linnaeus, 1761) as a Vector of Phloem-
Restricted Pathogens on Potatoes: ‘Candidatus Arsenophonus

Phytopathogenicus’ and ‘Candidatus Phytoplasma Solani’.” Insects 15,
no. 3: 189. https://doi.org/10.3390/insects15030189.

Therhaag, E., R. Ulrich, J. Gross, and B. Schneider. 2024. “Onion (Allium
cepa) as a New Host for ‘Candidatus Arsenophonus Phytopathogenicus’
in Germany.” Plant Disease 108, no. 9: 2914. https://doi.org/10.1094/
PDIS-03-24-0526-PDN.

War, A. R., M. G. Paulraj, T. Ahmad, et al. 2012. “Mechanisms of Plant
Defense Against Insect Herbivores.” Plant Signaling & Behavior 7, no.
10: 1306-1320. https://doi.org/10.4161/psb.21663.

War, A. R., H. C. Sharma, M. G. Paulraj, M. Y. War, and S. Ignacimuthu.
2011. “Herbivore Induced Plant Volatiles: Their Role in Plant Defense
for Pest Management.” Plant Signaling & Behavior 6, no. 12: 1973-1978.
https://doi.org/10.4161/psb.6.12.18053.

Witczak, N., S. Benaouda, F. Wahl, et al. 2025. “Carrot (Daucus
carota L.) as Host for Pentastiridius Leporinus and Phloem-Restricted
Pathogens in Germany.” Biology 14, no. 9: 1152. https://www.mdpi.
com/2079-7737/14/9/1152.

Wittstock, U., N. Agerbirk, E. J. Stauber, et al. 2004. “Successful
Herbivore Attack due to Metabolic Diversion of a Plant Chemical
Defense.” Proceedings of the National Academy of Sciences 101, no. 14:
4859-4864. https://doi.org/10.1073/pnas.0308007101.

10

Journal of Applied Entomology, 2026


https://doi.org/10.1371/journal.pbio.1001835
https://doi.org/10.1371/journal.pbio.1001835
https://doi.org/10.1111/j.1365-2435.2012.02026.x
https://doi.org/10.1111/j.1365-2435.2012.02026.x
https://doi.org/10.1073/pnas.0907191107
https://doi.org/10.1016/S0169-5347(00)02099-1
https://doi.org/10.1016/S0169-5347(00)02099-1
https://doi.org/10.1023/A:1013631616141
https://doi.org/10.3390/agronomy12071699
https://doi.org/10.1002/ps.8041
https://doi.org/10.5555/20210052793
https://doi.org/10.1002/ps.7090
https://doi.org/10.1111/j.1570-7458.2008.00700.x
https://doi.org/10.1038/nature03451
https://doi.org/10.3390/insects15040275
https://doi.org/10.1111/j.1469-8137.2012.04127.x
https://doi.org/10.1111/pbi.12053
https://doi.org/10.1007/s00442-014-3104-6
https://doi.org/10.1007/s00442-014-3104-6
https://doi.org/10.1023/A:1024261319466
https://doi.org/10.1023/A:1024261319466
https://doi.org/10.1111/j.1365-3059.2007.01693.x
https://doi.org/10.1111/j.1365-3059.2007.01693.x
https://doi.org/10.1094/PHYTO-97-0072
https://doi.org/10.1094/PHYTO-97-0072
https://www.sesvanderhave.com/files/News-press/SESVanderHave_Press_Release_210517_SBR_Syndrome_de_Basse_Richesse_ENG.pdf
https://www.sesvanderhave.com/files/News-press/SESVanderHave_Press_Release_210517_SBR_Syndrome_de_Basse_Richesse_ENG.pdf
https://www.sesvanderhave.com/files/News-press/SESVanderHave_Press_Release_210517_SBR_Syndrome_de_Basse_Richesse_ENG.pdf
https://doi.org/10.3390/agronomy14050999
https://doi.org/10.3390/insects15030189
https://doi.org/10.1094/PDIS-03-24-0526-PDN
https://doi.org/10.1094/PDIS-03-24-0526-PDN
https://doi.org/10.4161/psb.21663
https://doi.org/10.4161/psb.6.12.18053
https://www.mdpi.com/2079-7737/14/9/1152
https://www.mdpi.com/2079-7737/14/9/1152
https://doi.org/10.1073/pnas.0308007101

	Oviposition Behaviour, Nymphal Development and Below-Ground Olfactory Preference of Pentastiridius leporinus on 12 Beta vulgaris Genotypes
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Insects
	2.2   |   Plant Material
	2.3   |   Oviposition Assays
	2.4   |   Development of P. leporinus Nymphs on B. vulgaris Genotypes
	2.5   |   Belowground Olfactometer Tests
	2.6   |   Statistical Analyses

	3   |   Results
	3.1   |   Oviposition No-Choice Test
	3.2   |   Oviposition Choice Test
	3.3   |   Development of Larvae on Beta vulgaris Genotypes
	3.4   |   Belowground Olfactometer Tests

	4   |   Discussion
	Author Contributions
	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


