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Abb. 2: Schwarz.holl.symptome Blaltvergllbungen,
Traubenwelke und unvollstindige Holzreife.
(Foro: Paur GuGerLl, ACW)
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SmartGrape: toward systematic and early detection
of invasive cicada-borne grapevine diseases

Seconds-
Hours

Plant volatiles

Volatiles can be remotely
detected. Function as early
defense responses, indicate
stress, and plant identity.

Imageable symptoms Yield differentials
Bulk changes in plant Damage leading to crop
chemistry and morphology underperformance

detectable by spectroscopy
or visible features
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Classification of disease state via plant volatiles
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a Plant volatile sampling and analytical measurement
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a Plant volatile biomarker discovery (open pipeline)

GC-EI-MS workflow Main step
1. Data import 2. Mass detection

Optional step

3. EIC building Z4. Smoothing

5. Resolving 6. Spectral deconvolution
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MZmine, Heuckeroth S et al. (2024) doi:10.1038/s41596-024-00996-y https://www.metaboanalyst.ca/

https://mzmine.github.io/mzmine documentation/workflows/gcmsworkflow/gcms-workflow.html
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@ Classification of bois noir disease in Zweigelt
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K Classification of bois noir disease in Zweigelt

(Riitihof)

VIP scores

sPLSDA = sparse partial least squares regression-discriminant analysis
141 samples from one vineyard, 2024 large-scale pilot
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Q Classification of bois noir disease in pinot noir

=Y

(Weinmanufaktur, Weinbauzentrum)

Onthogonal T score [1] ( 16.2 %)

oPLSDA = orthogonal partial least squares regression-discriminant analysis
ca. 45 samples from two vineyards, 2024 small-scale pilot
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Q Classification of flavescence dorée in chardonnay
(Cully)
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sPLSDA = sparse partial least squares regression-discriminant analysis
37 samples from one vineyard, 2024 small-scale pilot
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o
ﬂ Classification of disease state via plant volatiles

Some overlap in volatiles indicative of bois noir in Zweigelt, pinot noir
Approach looks transferable to flavescence dorée

More data yield better results: Currently analyzing a larger dataset across
multiple varieties and vineyards from 2025

Early detection requires more data: Testing in 2025 full-season dataset

Results indicate that we can derive biomarkers (a few indicative molecules)

12






‘ Jeremiah Huggel
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UAV: https://ag.dji.com/mavic-3-m, photos: J. Huggel, M.C. Schuman; spectra: J. Huggel

14


https://ag.dji.com/mavic-3-m
https://ag.dji.com/mavic-3-m
https://ag.dji.com/mavic-3-m
https://ag.dji.com/mavic-3-m
https://ag.dji.com/mavic-3-m

H Image analysis and spectroscopy to detect symptoms
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" Image analysis and spectroscopy to detect symptoms

Wavelengths: Close-up — RGB
—Green — 550nm ‘
—Red - 650nm

—Red Edge (RE) — 740nm
—Near Infrared (NIR) — 860nm \ ;
—RGB




Image analysis and spectroscopy to detect symptoms

Falschfarbenbild (R: RE, G: 4*Rot, B: 3*Griin)
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1 Image analysis

DJ1_20240911100645
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ML with wavelengths
Test_image_ml
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55% symptomatic vines 32.4% symptomatic pixels
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