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BACKGROUND AND OBJECTIVES

Different works have succeeded in using deep learning algorithms such as CNN (Convolutional Neural Networks) for ear counting and ear density estimation in RGB images. However, the use of
such techniques to estimate ear morphological traits, such as ear area, has not yet been explored. The objectives of this study are:

(i) To evaluate against field measurements a novel method that combines CNN for object detection and segmentation with a physical model to estimate automatically ear density and the
average ear size.

(ii) To analyse the variability of the estimated ear density and average ear size due to G and E over a panel of 10 wheat varieties in different environments

(iii) To investigate the possible relationship between ear density and ear size with yield and yield components
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MATERIALS & METHODS

a) Field experiments

Three fields experiments were conducted in SE France (DiaPhen phenotyping
plantform at Mauguio in 2022 and 2023; AgroPhen phenotyping platform at
Auzeville in 2023) with a panel of 10 elite bread wheat cultivars. Two
environmental factors were tested on each site: autumn/winter sowing and
rainfed (WD) / irrigated (WW) in DiaPhen; autumn/winter sowing and low (D200)
and high (D400) seedling density at AgroPhen.

Cultivar Registration Cold Precocity at Precocity at Height® Awn Genetic panel? d t t. t
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P55 Pixels counting
« Ears were counted and cut on
a subsample of 30% of total The method relies on Beer-Lambert Law inversion using ears gap fraction to solve the following model:
biomass —k(AEA,0,~)<EAI
PO,e (Qv) = © ( ’ v,h)*

EAI is the ear area index (m2/m2): the sum of the area of the vertical cross-
section of ears per ground area.

* The average ear size (vertical
cross-section, in cm?) was

measured on the 30%
subsample wnth the Li-Cor k is the extinction coefficient, computed from a geometric model where ears
3100 — are cylinders inclined following an ellipsoidal distribution defined by the AEA

(Average Ear Angle, in °). AEA is optimized to 65° at Zadocks 83 stage

RESULTS

a) Accuracy of ear density and b) Variability of estimated ear c) Relationship ear size/yield
wh 4 density and ear size due to GxE components
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CONCLUSIONS In this study, we proposed an original methodology based on deep learning algorithms and a physical model (Beer-Lambert law) to estimate ear density and ear size

from RGB images. The evaluation of this methodology against manual measurements showed satisfactory performances for ear density (relative RMSE <10%). The ear size estimation from RGB
images is more reliable than manual measurements with a reference method (Li-Cor 3100) that produces a bias the ear area of awned cultivars. The strong correlation between the estimated
ear size and grain weight per ear (all cultivars) supports the reliability of the proposed method and suggest that Ear Area Index (EAI) can be a good proxy for yield.
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