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Abstract 
This proof-of-concept study explores the potenƟal of hyperspectral imaging (HSI) for non-
destrucƟve characterizaƟon of feeding damage by two invasive sƟnk bug species on bean pods 
under controlled laboratory condiƟons. We compared spectral signatures of feeding sites 
caused by Halyomorpha halys and Nezara viridula on Phaseolus vulgaris seven days post-
infestaƟon. Using a limited dataset of 45 observaƟons from 20 pods (12 individual plants), we 
idenƟĮed disƟnct spectral modiĮcaƟons induced by both species. H. halys feeding increased 
visible spectrum reŇectance (450-700 nm) with reduced near-infrared (NIR) reŇectance, while 
N. viridula caused more severe spectral changes with substanƟal NIR decreases (up to 31% at 
800 nm). Diīerence spectra revealed species-speciĮc sensiƟvity paƩerns with maximum 
responses at 540 nm (green) and 740 nm (NIR) for both species, though N. viridula showed 
consistently larger deviaƟons from healthy Ɵssue. Key wavelengths for damage 
characterizaƟon were idenƟĮed at 660-680 nm and 730-780 nm for both species. While these 
iniƟal Įndings suggest potenƟal spectral discriminaƟon between sƟnk bug feeding damage 
and healthy Ɵssue, we emphasize that this preliminary study requires extensive validaƟon with 
larger sample sizes, mulƟple culƟvars, comparison with other herbivores, and Įeld condiƟons 
before any pracƟcal applicaƟon. The results provide Įrst insights into spectral responses to 
sƟnk bug feeding that warrant comprehensive follow-up invesƟgaƟon pracƟcal hyperspectral-
based pest symptom monitoring tools that could enable more targeted management 
strategies against these economically signiĮcant pests. 

Keywords: SƟnk bugs, invasive species, symptom detecƟon, hyperspectral imaging, spectral 
signature, machine learning, Pentatomidae 

IntroducƟon  

The invasive sƟnk bugs Halyomorpha halys (Stål) and Nezara viridula (Linnaeus) represent 
signiĮcant economic threats to agricultural producƟon worldwide. In Europe, both species 
have established populaƟons causing substanƟal crop losses. For instance, in North Rhine-
Westphalia, Germany, a single bell pepper producer suīered losses of € 300.000 due to sƟnk 
bug infestaƟons in 2021. These pentatomid species feed through piercing-sucking mouthparts, 
injecƟng digesƟve enzymes that cause mechanical and biochemical damage to plant Ɵssues 
(Liu & Bonning, 2019; Serteyn et al., 2020). Typical symptoms of infestaƟon include localized 
wilƟng, malformaƟons, necrosis, fruit abscission, morphological deformiƟes, and Ɵssue 
malformaƟon (Panizzi, 1997; Corrêa-Ferreira & De Azevedo, 2002; Wiman et al., 2015; Haye et 
al., 2015) and are oŌen visually similar between species, making diīerenƟaƟon challenging 
(Haag & Dieckhoī, 2024). Current detecƟon relies on visual scouƟng, which oŌen idenƟĮes 
damage too late for eīecƟve intervenƟon. 

HSI has proven valuable for detecƟng various plant stresses by capturing subtle changes in 
Ɵssue opƟcal properƟes across narrow spectral bands (Kuska & Mahlein, 2018). While HSI 
applicaƟons exist for detecƟng sƟnk bug individuals in Įeld monitoring (Sorbelli et al., 2023), 
spectral characterizaƟon of species-speciĮc feeding damage remains unexplored. This study 

https://link.springer.com/search?query=Disease%20detection&facet-discipline=%22Life%20Sciences%22


aimed to: (1) characterize spectral signatures of sƟnk bug feeding damage, (2) idenƟfy species-
speciĮc paƩerns, and (3) determine key detecƟon wavelengths. 

Materials and Methods 

Plant culƟvaƟon  
Bean plants (Phaseolus vulgaris L. cv. 'Cerdon') were grown under controlled condiƟons 
(22±1°C, 65±5% RH, 16:8 h light:dark photoperiod) unƟl pod development stage BBCH 75. 
Laboratory colonies of H. halys and N. viridula were kept at 21±1°C, 65±5% RH in in venƟlated, 
transparent BugDorms breeding cages (L 30 x W 30 x H 30 cm) (Veldshop.nl B.V, Groningen, 
Netherlands) and fed with hazelnuts and fresh beans. For controlled infestaƟon, individual 
adult sƟnk bugs (both sexes) were starved for 48 hours, then caged on single pods using 
transparent organza bags for two days. Control treatments included non-infested pods and 
mechanical injury (5 µm needle puncture). We examined 20 pods total: 5 non-infested, 5 
mechanically injured, 5 exposed to H. halys, and 5 to N. viridula (Fig. 1). All measurements 
were performed seven days post-infestaƟon, a Ɵmepoint determined through preliminary 
trials. 

HSI data processing 

Spectral reŇectance (400-1000 nm, 2.73 nm resoluƟon) was measured using a line scanner 
(ImSpector V10E line scanner, Specim, Finland) mounted on a microscope mounted on a stereo 
microscope foreopƟc (Z6 APO, Leica, Wetzlar, Germany) with a magniĮcaƟon up to 7.3x. Bean 
pods were scanned using an XY-moving stage in a darkened room with standardized dual linear 
illuminaƟon (SchoƩ, Germany). ReŇectance was calculated from white reference and dark 
current measurements using ENVI 5.1 soŌware and smoothed with a Savitzky-Golay Įlter 
(Savitzky and Golay, 1964). 
Regions of interest (ROIs) were selected visually by a single observer based on symptom 
appearance, without independent validaƟon. This subjecƟve approach introduces observer 
bias and limits reproducibility. Equal-sized rectangular ROIs were extracted for: healthy Ɵssue 
(n=15), mechanical injury (n=5), marginal symptoms (n=10), and severe symptoms (n=10) from 
both species. The Įnal dataset comprised 45 observaƟons (Fig. 1). 
StaƟsƟcal analyses were performed in R (R Core Team, 2023) included diīerence spectra (Diīλ 
= μsymptomaƟc - μhealthy) and spectral raƟos (Spectral raƟoλ = μhealthyμsymptomatic) at each wavelength λ, 

where λ = 450 to 850 nm, in order to idenƟfy the wavelength or wavelengths appropriate for 
disƟnguishing between infestaƟon and symptom severiƟes. The data was prepared for ML as 
a dichotomous classiĮcaƟon was performed to disƟnguish between “healthy” and “sƟnk bug 
feeding sites”. The feature importance was calculated according to Kuhn (2020) based on the 
trained random forest model (Breiman et al., 2022). 



Results 
This study examined the potenƟal of HSI sensors for the detecƟon, idenƟĮcaƟon, and 
diīerenƟaƟon of the feeding sites of two invasive sƟnk bug species – Halyomorpha halys and 
Nezara viridula – on common bean pods under controlled condiƟons.  

Hyperspectral signatures of feeding sites of H. halys and N. viridula 

Control ROIs from non-infested pods showed typical vegetaƟon reŇectance: low visible 
reŇectance, green peak (550 nm), red edge transiƟon (700 nm), and high NIR plateau (Fig. 2A). 
Mechanical injury caused minimal deviaƟon (4-10% NIR reducƟon) while maintaining the 
overall spectral paƩern (Fig. 2B). 
H. halys feeding modiĮed spectra diīerenƟally by damage severity (Fig. 2C). Marginal 
symptoms showed minor changes, while severe damage increased visual reŇectance (500-700 
nm) and reduced NIR by up to 15% at 800 nm. N. viridula produced stronger modiĮcaƟons (Fig. 
2D): marginal symptoms already showed measurable changes, and severe damage caused 31% 
NIR reducƟon at 800 nm with consistently elevated visible reŇectance. 
Both species maintained characterisƟc vegetaƟon features (green peak, red edge) but with 
altered intensiƟes. Standard deviaƟons were notably larger for biological damage than 
mechanical injury, suggesƟng heterogeneous Ɵssue responses. 
Despite controlled condiƟons and starvaƟon pretreatment, only 5 of 20 exposed pods (25%) 
developed visible symptoms suitable for analysis—highlighƟng the unpredictability of sƟnk 
bug feeding behaviour. 
Diīerence spectra and spectral raƟos for sƟnk bug feeding sites 

Diīerence spectra revealed wavelength-speciĮc responses. H. halys marginal damage showed 
minimal deviaƟon (±0.01%), while severe damage increased visible reŇectance up to 0.08% 
(450-700 nm) with maximum sensiƟvity at 540 nm and 740 nm. N. viridula severe symptoms 
produced dramaƟc NIR decreases (-0.16% at 750-800 nm). 
Spectral raƟos conĮrmed stronger N. viridula impacts, reaching 1.44 (540 nm) and 1.59 (740 
nm) for severe symptoms versus maximum 1.35 and 1.40 for H. halys. Both species showed 
severity-dependent changes, but absolute magnitudes diīered substanƟally. 
Feature importance idenƟĮes relevant wavelengths  
Random Forest analysis (n=35) idenƟĮed two diagnosƟc regions: primary importance at 660-
680 nm (importance value ~100%) and secondary at 730-780 nm (45-52%). Visible spectrum 
(450-650 nm) and far-NIR (>800 nm) showed consistently lower importance (~20%).  

Discussion 
This proof-of-concept study demonstrates that HSI can detect feeding damage by H. halys and 
N. viridula on bean pods, revealing disƟnct spectral modiĮcaƟons between species under 
controlled condiƟons. However, substanƟal methodological challenges limit immediate 
pracƟcal applicaƟon.  

The more pronounced spectral alteraƟons from N. viridula feeding—parƟcularly the 31% NIR 
reducƟon versus 15% for H. halys at 800 nm—align with known salivary composiƟon 
diīerences. The higher protein count in N. viridula saliva (305 versus 238 proteins; Serteyn & 
Francis, 2019) could likely explain the more severe Ɵssue damage and stronger spectral 



responses. Increased visible reŇectance (450-700 nm) coupled with decreased NIR reŇectance 
indicates chlorophyll degradaƟon and cellular disrupƟon, consistent with enzymaƟc digesƟon 
paƩerns (Peiīer & Felton, 2014). The sensiƟvity peak at 540 nm corresponds to anthocyanin 
accumulaƟon, a typical stress response (Merzlyak et al., 2008). Anthocyanins funcƟon as a 
plant defence mechanism in response to various stressors including defence against herbivores 
and pathogens (Lee & Gould, 2002). According to sensiƟvity analyses for a spectral range from 
400 to 2500 nm, elevated reŇectance around 700 nm is a widespread indicator of stress 
situaƟons (Cibula & Carter, 1991).  

Currently, HSI is applied for the detecƟon of H. halys and N. viridula individuals in Įeld 
monitoring for integrated pest management, not for the diīerenƟaƟon of the feeding site of 
the sƟnk bug species (Sorbelli et al., 2023; Kargar et al., 2024; TeƟla et al., 2024). Gadalla & 
Öztekin (2023) have dealt with image processing and the classiĮcaƟon of hazelnuts damaged 
by H. halys using machine learning (ML), while Almstedt et al. (2024) dealt with the detecƟon 
of H. halys punctures on apple fruits. Unlike these previous studies we uniquely characterized 
feeding site spectral properƟes. The wavelength regions idenƟĮed parallel those for other 
arthropod damage; Herrmann et al. (2012) documented similar but lower-amplitude changes 
from spider mite feeding on beans. The greater spectral modiĮcaƟons from sƟnk bugs likely 
reŇect their more destrucƟve piercing-sucking mechanism versus cellular content removal by 
mites. The high within-class variability corroborates Zeilinger et al. (2015), who found no 
correlaƟon between salivary sheath counts and Ɵssue damage. This variability reŇects sƟnk 
bugs complex feeding behaviour—probing mulƟple sites, injecƟng variable saliva amounts, 
and feeding for diīerent duraƟons—creaƟng a mosaic of damage states that challenges 
classiĮcaƟon schemes. The 25% success rate for visible damage despite controlled condiƟons 
and starvaƟon pretreatment highlights unpredictable feeding behaviour, consistent with 
Schweiger et al. (2024). This fundamental challenge suggests that generaƟng standardized 
spectral libraries for Įeld applicaƟon will be exponenƟally more diĸcult than anƟcipated.  

The subjecƟve ROI selecƟon based on visual symptoms introduces observer bias and limits 
reproducibility. Future studies must incorporate objecƟve validaƟon through chlorophyll 
Ňuorescence, biochemical markers, or histological analysis. Our limited dataset (45 
observaƟons, single culƟvar) severely restricts generalizability. Bean culƟvars vary in thickness, 
pigmentaƟon, and defensive chemistry—all inŇuencing spectral properƟes. Without 
comparing other herbivores or abioƟc stresses, claims of species-speciĮcity remain premature.  

The idenƟĮed wavelengths (660-680 nm, 730-780 nm) suggest potenƟal for simpliĮed 
mulƟspectral systems, reducing costs versus full hyperspectral sensors. However, substanƟal 
damage class overlap indicates that species discriminaƟon remains problemaƟc. Developing 
operaƟonal spectral libraries requires standardized protocols and collaboraƟve eīorts similar 
to plant disease libraries (Bohnenkamp et al., 2021). Advanced ML, parƟcularly deep learning 
incorporaƟng spaƟal paƩerns (Chakhvashvili et al., 2024), shows promise but requires 
substanƟally larger datasets than currently available. 



 
Figure 1: ClassiĮcaƟon scheme for the assessment of damage to bean pods (Phaseolus vulgaris). Reference images are shown 
for non-infested beans, mechanical injury and feeding damage caused by the invasive marmorated sƟnk bug 
(Halyomorpha halys) and the green sƟnk bug (Nezara viridula). Damage is classiĮed in the categories “Healthy”, “Mechanical 
injury”, “Marginal” and “Severe” based on the respecƟve appearance of the region of interest (ROI). 



 

Figure 2: Spectral signatures of diīerent Ɵssue areas of bean pods in the wavelength range of 450-850 nm; (B) inŇuence of 
mechanical puncture compared to healthy Ɵssue; (C) inŇuence of infestaƟon with H. halys; (D) inŇuence of infestaƟon with 
N. viridula. The spectra represent mean values (lines) and standard deviaƟon (hatched areas) of reŇecƟon as a funcƟon of 
wavelength 7 days aŌer colonizaƟon (n=5). 



 

Figure 3: DiīerenƟal spectra of feeding sites (A) of the sƟnk bug species H. halys (brown) and N. viridula (green) on bean 
pods depending on symptom severity. The dimensionless spectral raƟos (B) were calculated by subtracƟng the reŇecƟon of 
healthy beans from the reŇecƟon of symptomaƟc bean pods. RaƟo value of beans infested by H. halys and N. viridula at 
diīerent symptom severity levels. The reŇecƟon for all measurements was measured 7 days aŌer colonizaƟon (n=5). 

 

Figure 4: Feature importance spectra used for machine learning classiĮcaƟon. Spectral feature importance for disƟnguishing 
between healthy and symptomaƟc bean pod samples, with a prominent peak at approximately 680 nm and elevated 
importance in the 720-800 nm region.  



Data availability 
The data that support the Įndings of this study are available from the corresponding author upon 

reasonable request. 

References  
Almstedt, L., F.B. Sorbelli, B. Boom, R. Calvini, E. CosƟ, A. Dinca, V. Ferrari, D. Gianneƫ, L. Ichim, A. 
Kargar, C. Lazar, L. Maistrello, A. Navarra, D. Niederprüm, P. Oīermans, B. O'Flynn, L. Palazzeƫ, N. 
Patelli, C.M. Pinoƫ, D. Popescu et al. (2024) Beyond the naked eye: Computer vision for detecƟng 
brown marmorated sƟnk bug and its punctures. IEEE TransacƟons on AgriFood Electronics, DOI: 
hƩps://doi.org/10.1109/TAFE.2024.3429537. 
 
Bohnenkamp, D., J. Behmann, S. Paulus, U. Steiner, A.K. Mahlein (2021) A hyperspectral library of 
foliar diseases of wheat. Phytopathology 111 (9), 1583-1593, DOI: hƩps://doi.org/10.1094/PHYTO-
09-19-0335-R. 
 
Chakhvashvili, E., M. Machwitz, M. Antala, O. Rozenstein, E. Prikaziuk, M. Schlerf, P. Naethe, Q. 
Wan, J. Komárek, T. Klouek, S. Wieneke, B. Siegmann, S. Kefauver, M. Kycko, H. Balde, V.S. Paz, J.A. 
Jimenez-Berni, H. Buddenbaum, L. Hänchen, N. Wang et al. (2024) Crop stress detecƟon from UAVs: 
best pracƟces and lessons learned for exploiƟng sensor synergies. Precision Agriculture 25 (5), 2614-
2642, DOI: hƩps://doi.org/10.1007/s11119-024-10168-3. 
 
Cibula, W.G., G.A. Carter (1991) IdenƟĮcaƟon of a far-red reŇectance response to ectomycorrhizae in 
slash pine. Remote Sensing 13 (5), 925-932, DOI: hƩps://doi.org/10.1080/01431169208904165. 
 
Corrêa-Ferreira, B.S., J. De Azevedo (2002) Soybean seed damage by diīerent species of sƟnk bugs. 
Agricultural and Forest Entomology 4 (2), 145-150, DOI: hƩps://doi.org/10.1046/j.1461-
9563.2002.00136.x. 
 
Gadalla, O.A.A., Y.B. Öztekin (2023) Image processing and tradiƟonal machine learning based 
classiĮcaƟon of brown marmorated sƟnk bug (Halyomorpha halys) defected hazelnut. Journal of 
Tekirdag Agricultural Faculty 20 (4), 784-798, DOI: hƩps://doi.org/10.33462/jotaf.1165105. 
 
Haag, N., C. Dieckhoī (2024) Invasive sƟnk bug damages in fruit crops - Damage occurrence and 
development during storage. Proceedings of the 21st InternaƟonal Conference on Organic Fruit-
Growing, Filderstadt 2024.02.19-21. Ed. FOEKO e.V. 2024: 102-106 URL: hƩps://www.ecofruit.net/wp-
content/uploads/2024/02/102-106-JK18-Short-contribuƟon-Haag-Invasive-sƟnk-bug-damages-in-
fruit-crops.pdf. 
 
Haye, T., T. Gariepy, K. Hoelmer, J.-P. Rossi, J.-C. Streito, X. Tassus, N. Desneux (2015) Range 
expansion of the invasive brown marmorated sƟnkbug, Halyomorpha halys: an increasing threat to 
Įeld, fruit and vegetable crops worldwide. Journal of Pest Science 88, 665-673, DOI: 
hƩps://doi.org/10.1007/s10340-015-0670-2. 
 
Herrmann, I., M. Bernstein, A. Sade, A. Karnieli, D. J. BonĮl, V. AlchanaƟs (2012) Spectral monitoring 
of two-spoƩed spider mite damage to pepper leaves. Remote Sensing LeƩers 3 (4), 277-283, DOI: 
hƩps://doi.org/10.1080/01431161.2011.576709. 
 
Kargar, A., D. Zorbas, M. Gaīney, B. O'Flynn, S. Tedesco (2024) Y-Net: Insect counƟng and 
segmentaƟon using deep learning on embedded devices. IEEE InternaƟonal InstrumentaƟon and 
Measurement Technology Conference, Glasgow, United Kingdom, 20-23.05, DOI: 
hƩps://doi.org/10.1109/I2MTC60896.2024.10561007. 

https://doi.org/10.1109/TAFE.2024.3429537
https://doi.org/10.1094/PHYTO-09-19-0335-R
https://doi.org/10.1094/PHYTO-09-19-0335-R
https://doi.org/10.1007/s11119-024-10168-3
https://doi.org/10.1080/01431169208904165
https://doi.org/10.1046/j.1461-9563.2002.00136.x
https://doi.org/10.1046/j.1461-9563.2002.00136.x
https://doi.org/10.33462/jotaf.1165105
https://www.ecofruit.net/wp-content/uploads/2024/02/102-106-JK18-Short-contribution-Haag-Invasive-stink-bug-damages-in-fruit-crops.pdf
https://www.ecofruit.net/wp-content/uploads/2024/02/102-106-JK18-Short-contribution-Haag-Invasive-stink-bug-damages-in-fruit-crops.pdf
https://www.ecofruit.net/wp-content/uploads/2024/02/102-106-JK18-Short-contribution-Haag-Invasive-stink-bug-damages-in-fruit-crops.pdf
https://doi.org/10.1007/s10340-015-0670-2
https://doi.org/10.1080/01431161.2011.576709
https://doi.org/10.1109/I2MTC60896.2024.10561007


 
Kuska, M.T., A.K. Mahlein (2018) Aiming at decision making in plant disease protecƟon and 
phenotyping by the use of opƟcal sensors. European Journal of Plant Pathology 152 (4), 987-992, DOI: 
hƩps://doi.org/10.1007/s10658-018-1464-1. 
 
Lee, D., K. Gould (2002) Anthocyanins in leaves and other vegetaƟve organs: An introducƟon. 
Advances in Botanical Research 37, 1-16, DOI: hƩps://doi.org/10.1016/S0065-2296(02)37040-X. 
 
Liu, S., B.C. Bonning (2019) The principal salivary gland is the primary source of digesƟve enzymes in 
the saliva of the brown marmorated sƟnk bug, Halyomorpha halys. FronƟers in Physiology 10, DOI: 
hƩps://doi.org/10.3389/fphys.2019.01255. 
 
Merzlyak, M.N., O.B. Chivkunova, A.E. Solovchenko, T.V. Naqvi (2008) Light absorpƟon by 
anthocyanins in juvenile, stressed, and senescing leaves. Journal of Experimental Botany 59 (14), 
3903-3911, DOI: hƩps://doi.org/10.1093/jxb/ern230. 
 
Panizzi, A.R. (1997) Wild hosts of pentatomids: ecological signiĮcance and role in their pest status on 
crops. Annual Review of Entomology 42 (1), 99-122, DOI: 
hƩps://doi.org/10.1146/annurev.ento.42.1.99. 
 
Peiīer, M., G.W. Felton (2014) Insights into the saliva of the brown marmorated sƟnk bug 
Halyomorpha halys (Hemiptera: Pentatomidae). PLOS ONE 9 (2), e88483, DOI: 
hƩps://doi.org/10.1371/journal.pone.0088483. 
Schweiger, F., S. Probst, E. Satzl, S. Gellan, S. Orzek (2024) Schadbilder an Gemüse durch die 
Marmorierte Baumwanze (Halyomorpha halys). Angewandte Forschung und Entwicklung für den 
ökologischen Landbau in Bayern, Bayern, 24.10.2024, URL: 
hƩps://www.lŇ.bayern.de/mam/cms07/publikaƟonen/daten/schriŌenreihe/tagungsband_oekolandb
autag_2024.pdf. 
 
Savitzky, A., M.J.E. Golay (1964) Smoothing and diīerenƟaƟon of data by simpliĮed least squares 
procedures. AnalyƟcal Chemistry 36, 1627-1639, DOI: hƩps://doi.org/10.1021/ac60214a047. 
 
Serteyn, L., F. Francis (2019) Insight into salivary gland proteomes of two polyphagous sƟnk bugs: 
Nezara viridula L. and Halyomorpha halys Stål. Proteomics 19 (7), 1800436, DOI: 
hƩps://doi.org/10.1002/pmic.201800436. 
 
Serteyn, L., L. Ponnet, E.A. Backus, F. Francis (2020) CharacterizaƟon of electropenetrography 
waveforms for the invasive heteropteran pest, Halyomorpha halys, on Vicia faba leaves. Arthropod-
Plant InteracƟons 14 (1), 113-126, DOI: hƩps://doi.org/10.1007/s11829-019-09722-y. 
 
Sorbelli, F.B., L. Palazzeƫ, C.M. Pinoƫ (2023) YOLO-based detecƟon of Halyomorpha halys in 
orchards using RGB cameras and drones. Computers and Electronics in Agriculture 213, 108228, DOI: 
hƩps://doi.org/10.1016/j.compag.2023.108228. 
 
TeƟla, E.C., F.A. G. da Silveira, A.B. da Costa, W.P. Amorim, G. AstolĮ, H. Pistori, J.G.A. Barbedo 
(2024) YOLO performance analysis for real-Ɵme detecƟon of soybean pests. Smart Agricultural 
Technology 7, 100405, DOI: hƩps://doi.org/10.1016/j.atech.2024.100405 

Wiman, N.G., J.E. Parker, C. Rodriguez-Saona, V.M. Walton (2015) Characterizing damage of brown 
marmorated sƟnk bug (Hemiptera: Pentatomidae) in blueberries. Journal of Economic Entomology 
108 (3), 1156-1163, DOI: hƩps://doi.org/10.1093/jee/tov036.  
 

https://doi.org/10.1007/s10658-018-1464-1
https://doi.org/10.1016/S0065-2296(02)37040-X
https://doi.org/10.3389/fphys.2019.01255
https://doi.org/10.1093/jxb/ern230
https://doi.org/10.1146/annurev.ento.42.1.99
https://doi.org/10.1371/journal.pone.0088483
https://www.lfl.bayern.de/mam/cms07/publikationen/daten/schriftenreihe/tagungsband_oekolandbautag_2024.pdf
https://www.lfl.bayern.de/mam/cms07/publikationen/daten/schriftenreihe/tagungsband_oekolandbautag_2024.pdf
https://doi.org/10.1021/ac60214a047
https://doi.org/10.1002/pmic.201800436
https://doi.org/10.1007/s11829-019-09722-y
https://doi.org/10.1016/j.compag.2023.108228
https://doi.org/10.1016/j.atech.2024.100405
https://doi.org/10.1093/jee/tov036


Zeilinger, A.R., D.M. Olson, T. Raygoza, D.A. Andow (2015) Do counts of salivary sheath Ňanges 
predict food consumpƟon in herbivorous sƟnk bugs (Hemiptera: Pentatomidae)? Annals of the 
Entomological Society of America 108 (2), 109-116, DOI: hƩps://doi.org/10.1093/aesa/sau011. 
 

Acknowledgements 

This study was kindly sponsored by the Plant ProtecƟon Service, LandwirtschaŌskammer North 
Rhine-Westphal, Köln and by the Plant Pathology, Faculty of Agricultural, University of Bonn, Bonn, 
Germany.  
 

Funding 

The authors received no Įnancial support for the research, authorship, and/or publicaƟon of this 
arƟcle. 
 

Author informaƟon 
InsƟtute of Sugar Beet Research (IfZ), Holtenser Landstraße 77, 37079 Göƫngen, Germany 

Julia Müller, Stefan Paulus  

Plant ProtecƟon Service, LandwirtschaŌskammer North Rhine-Westphalia, Gartenstraße 11, 50765 

Cologne, Germany  

Ellen Richter 

INRES – Plant Pathology, Faculty of Agricultural, NutriƟonal and Engineering Sciences, University of 
Bonn, Nussallee 9, 53115 Bonn, Germany 

Erich-ChrisƟan Oerke 
 

ContribuƟons 
Julia Müller (ConceptualizaƟon, InvesƟgaƟon, Methodology, VisualizaƟon, WriƟng—original 
draŌ, WriƟng—review & ediƟng), Stefan Paulus (WriƟng—original draŌ, WriƟng—review & 
ediƟng), Ellen Richter (WriƟng—review & ediƟng) Erich-ChrisƟan Oerke (ConceptualizaƟon, 
Methodology, Supervision, WriƟng—original draŌ, WriƟng—review & ediƟng). All authors 
read and approved of the Įnal manuscript. 
 

Corresponding author 

Correspondence to Julia Müller 
 

Ethics declaraƟons 
ConŇict of interest 
The authors declare that they have no conŇicts of interest. 
 

Consent for publicaƟon 
All authors of the manuscript have read and agreed to the publicaƟon. All authors have agreed to the 
submission to the journal. 

https://doi.org/10.1093/aesa/sau011

