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impact on sugar accumulation
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Context and objective

Controlling sugar levels in grapes is a major challenge for adapting grapevine cultivation to climate change. Sugar levels, which vary widely
between varieties, are influenced by factors such as the onset of riepening and the leaf-to-fruit ratio. While operational methods for leaf area
guantification already exist, they are limited by their low throughput. The aim of this project is to develop high-throughput methods to
characterize grapevine foliage and photosynthetic capacity, enabling an objective analysis of the "sugar accumulation” trait. To achieve this, we
utilize phenotyping tools under natural conditions, including LiDAR sensors and high-resolution RGB cameras.

Methods

Data Acquisition Automated image processing chain

v Image preprocessing (white balance, distortion, and vigneting correction)

Ripening monitoring Regular data acquisition with PhenoVine

v Extraction of the foreground using Midas?, a depth estimation model

v"We monitored the following genotypes weekly: Riesling, v Estimation of exposed leaf area (ELA%3) in square meters per plant
v Calculation of leaf-to-fruit ratio in square centimeters per berry

Midas mask >

Gewurztraminer, Chardonnay, and Artaban

v For Gewurztraminer, three treatments were applied:
Leaf Removal (LR), Cluster Removal (CR), and Control (C) &=
on three microplots of five plants per treatment.

Unit Plot LCin % Number of | ELA in
4| (PU) berries m?/plant

33594 1464

Figure 3 : Steps of image processing

Automated LIiDAR processing chain

Raw point cloud Cropped point cloud Voxelized point cloud >
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Unit Plot Number of | Number of | Leaf-to-fruit
q (PU) Voxels berries ratio
) (cm¥/berry)

33594 443 218 1464 3,325

Ficure 1 : Before and after leaf removal 33604 462105 | 1615 3512

Figure 4 : Steps of LiDAR processing

Results

Sugar accumulation monitoring Leaf-to-fruit estimation Relationship between leaf-to-fruit and

v’ The slopes of the lines represent the rates of sugar v’ Riesling exhibits the highest leaf-to-fruit ratio from RGB and sugar accumulation

accumulation LiDAR data, while Artaban shows the lowest v’ The relationship is more significant with imaging data
v Riesling accumulates sugars the fastest, while Artaban is v The correlation between RGB and LiDAR data is stronger than with LiDAR data

the slowest. with sensors observing the upper part of the canopy v’ This relationship is particularly strong for the three

treatment modalities of Gewurztraminer

Relationship between sugar accumulation rate and leaf-to-fruit ratio as estimated by the upper RGB Relationship between sugar accumulation rate and leaf-to-fruit ratio as estimated by the upper LIDAR

Sigmoid fitting for Total Soluble Solids (TSS) by genotype Sigmoid fitting for dry matter per berry by genctype Average leaf-to-fruit ratio as estimated by the RGB cameras per genotype Average leaf-to-fruit ratio as estimated by the LIDAR sensors per genotype
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. . . Relationship between sugar accumulation rate and leaf-to-fruit ratio (LiDAR) for GW modalities
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Figure 6 : Sugar accumulation rates Figure 8 : Relationships between RGB and LiDAR data Figure 10 : For Gewurztraminer treatment modalities

Conclusions and perspectives

Conclusions Perspectives

v Improvement of leaf segmentation in RGB images and optimization of LiDAR data
processing

v'Integration of additional genotypes and additional photosynthesis indicators
(multispectral indices, Konica-Minolta SPAD502, and LiCOR600)

v'Study of the kinetics of canopy development

v’ A significant relationship has been established between leaf-to-fruit ratio and sugar
accumulation rate in the berries

v Estimation of leaf-to-fruit ratio is more accurate with RGB imaging than LiDAR with the
current data processing
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