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Table S1. Fertilization trial (F) in 2020, 2021 and 2022.

Nitrogen inputs (kgN/ha) at:
Tillering Stem elongation Flag leaf

Total nitrogen inputs (kg.ha-1) Destructive measurements Train/Val

0 0 0 0 v Train
30 30 30 90 v Val
40 40 40 120

50 40 55 145

60 60 60 180 ve Train
80 40 60 180 v Train
90 30 60 180

105 105 105 315 e Train

Table S2. Fertilization trial (F) in 2019.

Nitrogen inputs (kgN/ha) at:
Tillering Stem elongation Flag leaf

Total nitrogen inputs (kg.ha-1) Destructive measurements Train/Val

0 0 0 0 v Train
30 30 30 90 v Train
0 60 60 120

60 60 0 120

90 30 60 180

60 60 60 180 v Train
80 40 60 180 v Val
105 105 105 315 v Train
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Table S3. Trials composed of different fertilization fractioning combined with different fungicide
application programs (FP) in 2020, 2021 and 2022.

Nitrogen inputs (kgN/ha) at:
Tillering Stem elongation Flag leaf

Total nitrogen inputs (kg.ha-1) Fungicide at BBCH stages Destructive measurements Train/Val

40 40 40 120 / v Train
60 60 60 180 /
80 60 60 200 /
100 80 80 260 / v Train
40 40 40 120 39 v Val
60 60 60 180 39 v Train
80 60 60 200 39
100 80 80 260 39 v Val
40 40 40 120 32-55
60 60 60 180 32-55
100 80 80 260 32-55
40 40 40 120 32-39-65 v Train
60 60 60 180 32-39-65
80 60 60 200 32-39-65
100 80 80 260 32-39-65 v Train
1.00 4 b
0.75 4 1
0.50 A b
0.25 4 b
i
0.00 A b
—0.25 A E
—0.50 A b
—0.75 A 9
2!5 5!0 7j5 10I.0 12I.5 15I.0 17I.5 20I.0 2!5 5.I0 7.I5 10I.0 12I.5 15I.0 17I.5 26.0

Number of features

Figure S1. Backward feature selection with PLSr for DM Estimation: On the left, selected features for
estimating DM from Ytrue include Plant Ratio, 95th Percentile of Height, MCARI, and BRF 490. On the
right, the selected features for estimating DM from Ypseu comprise Plant Ratio, 95th Percentile of Height,
MCARI, and BRF 550.
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Table S4. Dry matter, LAI, nitrogen concentration and nitrogen uptake of the whole plant used in this
study. Data are means +/- the standard deviation (n=3 or 4 repetitions). Significance of treatment effects
were analyzed using a one-way ANOVA (*: P < 0.05; **: P < 0.01; **:, P < 0.001).

Trial year stage Dry matter (T/ha) LAI N concentration (%) N uptake (kg N/ha)
30 1.36 +/- 0.31 1.65 +/- 0.40 3.37 +/- 0.76%%* 46.58 +/- 16.34%**
32 3.39 +/- 0.80%**  3.68 4+/- 1.15%** 2.74 +/- 0.81*** 96.18 +/- 39.63***
2019 2 6.77 +/- 1.30%** 441 +/- 1.43%*%*  1.73 +/- 0.50%** 121.04 +/- 48.83%%*
65 9.37 +/- 2.03** 4.06 +/- 1.75%%*  1.40 +/- 0.41%%* 137.75 +/- 62.79%%*
75 13.75 +/- 3.05%* 212 +/- 0.86%** 1.15 +/- 0.30%** 162.94 +/- 64.29%**
89 17.73 +/- 4.01**  0.00 +/- 0.00 1.01 +/- 0.22%** 184.44 +/- 69.08%**
32 5.01 +/- 0.91* 3.97 +/- 1.12%*%  2.49 +/- 0.60%*** 127.52 +/- 46.34%%*
39 8.11 +/- 1.36%** 572 4+/- 1.75%**% 1.89 +/- 0.51*** 157.23 +/- 55.55%%%*
2020 65 12.75 +/- 1.54% 3.50 4+/- 0.92%**  1.32 4/- 0.29%** 170.03 +/- 51.86%**
F 75 16.46 +/- 2.65%**% 322 +/- 0.98*** 1.18 +/- 0.22%** 197.95 +/- 58.29%%**
89 18.91 +/- 2.49*** (.00 +/- 0.00 1.10 +/- 0.17%** 210.40 +/- 51.27%%*
30 1.19 +/- 0.21* 1.48 +/- 0.35%*%  3.66 +/- 0.55%*%* 44.25 +/- 12.29%*%*
32 3.98 +/- 0.73%**  4.01 4/- 1.03***  2.40 +/- 0.47*** 9747 +/- 32.25%*%
2021 39 7.33 +/- 1.44%% 5.00 +/- 1.78%%* 1.75 +/- 0.52%** 131.98 +/- 54.17%**
65 10.85 +/- 1.63** 431 +/- 1.33%** 1.48 +/- 0.37* 164.44 +/- 57.74%%*
75 17.55 +/-2.02%* 2,46 +/- 0.80%** 1.13 +/- 0.28*** 201.83 +/- 67.94%**
89 17.03 +/- 3.23*%** (0.00 +/- 0.00 1.27 +/- 0.21%%* 218.50 +/- 60.96***
30 0.71 +/- 0.14* 1.09 +/- 0.24 3.57 +/- 0.42%%%* 25.76 +/- 6.81%*
2022 65 9.02 +/- 1.71%%* 3.20 +/- 0.88*** 1.37 +/- 0.24 123.89 +/- 32.43%*
89 16.88 +/- 3.22*** (.00 +/- 0.00 1.34 +/- 0.23%** 232.29 +/- 72.87%**
38 8.20 +/- 1.50 3.53 +/-0.92 1.89 +/- 0.32%%* 155.39 +/- 41.15%
2020 65 12.82 +/- 1.78 4.16 +/- 0.89 1.42 +/- 0.18%** 183.78 +/- 42.32%*
89 19.35 +/- 1.55 0.00 +/- 0.00 1.19 +/- 0.14%** 230.71 +/- 39.91**
39 8.70 +/- 2.48 5.44 +/-1.70 1.67 +/- 0.29%** 145.61 +/- 49.44
2021 65 13.33 +/- 1.74 4.61 +/- 1.04 1.56 +/- 0.25%%* 209.37 +/- 47.45
FP 89 17.93 +/- 1.91 0.00 +/- 0.00 1.33 +/- 0.21%%* 238.06 +/- 38.81
30 0.78 +/- 0.10 1.13 +/- 0.16 3.49 +/- 0.26 27.09 +/- 3.90
32 3.34 +/- 0.48 3.12 +/-0.52 2.32 +/- 0.28* 77.95 +/- 17.35%
2022 9 6.31 +/- 1.05 3.10 +/- 0.63**  1.63 +/- 0.14%* 103.78 +/- 22.94%**
65 9.01 +/- 1.48* 297 +/- 0.70%*  1.53 +/- 0.17*% 137.53 +/- 27.01%*%*
73 12.89 +/- 2.29%** 217 +/- 0.76*%**  1.44 +/- 0.29 185.99 +/- 52.06**
89 15.19 +/- 3.24*** 0.00 +/- 0.00 1.42 +/- 0.16 214.95 +/- 51.72%*
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Table S5. R? of the different models to predict DM and Nupt proportion of each organ.

Nuptake DM
Model Data  Dataset Stem Linf L1 Ear | Stem Linf L1 Ear

EfficienNetBO Ypseu train 095 099 0.75 091059 087 -0.14 0.95
EfficienNetBO Ytrue train 082 093 061 088|091 096 -0.02 0093
EfficienNetB4 Ypseu train 049 0.68 0.65 062|058 087 -0.37 093
EfficienNetB4 Ytrue train 0.66 0.83 -1.38 0.55]093 098 0.5 0.95
ResNet50 Ypseu train 081 095 073 092052 0.85 004 0.86
ResNet50 Ytrue train 097 099 084 099|098 099 0.71 0.98
EfficienNetBO Ypseu val 083 097 075 087]058 087 -0.17 094
EfficienNetBO Ytrue val 077 091 049 085]084 095 -031 092
EfficienNetB4 Ypseu val 0.4 07 049 0511062 088 -0.24 0.93
EfficienNetB4 Ytrue val 055 083 -1.8 044|087 096 0.2 0.94
ResNet50 Ypseu val 063 092 073 088059 0.86 0.12 0.87
ResNet50 Ytrue val 078 096 066 09 091 098 046 0.96

Table S6. Pearson correlation table of the agronomic data

Variables | Dry matter (T/ha) LAI N concentration (%) N uptake (kg N/ha)

Dry matter (T/ha) 1.00 -0.27 -0.71 0.87

LAI -0.27 1.00 0.16 0.03

N concentration (%) | -0.71 0.16 1.00 -0.44

N uptake (kg N/ha) | 0.87 0.03 -0.44 1.00

Table S7. Vegetation indices selected in this study.

Name VI formulation Reference
NDRE gggggggggggg Barnes et al.| (2000)
mNDb BREI0T BRES00 Jay et al.| (2017))
Clrede gggigg — Gitelson et al.| (2006)
—BRF680
NDVI BRFR00TBRFGR0 Rouse et al.|(1974)
PSRI BEF 68}%}5013F 490 Devadas et al. (2009)
SR BRFS00
a7 4
BEFSE- BRrEs50
GNDVI % EE%% 53 iR BF}%E})70680 Rouse et al.|(1974)
OSAVI 55750 S BREGR0-L0T6 Haboudane et al.[(2002)
. _ /. 2.3 _
MSAV] 2- BRF800+1—+/(2 BRF8002+1) +8-(BRF800—BRF680) Qi et al, (1994)
(BRF'720— BRF680)—0.2-(BRF720— BRF550)
MCARI BRF720] BRF6S0 Daughtry et al.| (2000)
Clgreen PHRESIS Gitelson et al.{(2006)

agriculture. Remote Sensing of Environment 81, 416—426. doi:10.1016/S0034-4257(02)00018-4
Jay, S., Gorretta, N., Morel, J., Maupas, F., Bendoula, R., Rabatel, G., et al. (2017). Estimating leaf
chlorophyll content in sugar beet canopies using millimeter- to centimeter-scale reflectance imagery.
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Figure S2. Backward feature selection with PLSr for LAI Estimation: On the left, selected features for
estimating LAI from Ytrue include SR, GNDVI, MCARI, Clgree, BRF 900 and BRF 720. On the right, the
selected features for estimating LAI from Ypseu comprise NDRE, SR, GNDVI, Clgreen, Clrede and BRF
550

Rouse, J. W., Haas, R. H., Schell, J. A., and Deering, D. W. (1974). Monitoring vegetation systems in the
Great Plains with ERTS
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Figure S3. Backward feature selection with PLSr for Nuptake Estimation: On the left, selected features
for estimating Nuptake from Ytrue include Plant Ratio, 95th percentile of height and MCARI. On the right,
the selected features for estimating Nuptake from Ypseu comprise Plant Ratio, 95th percentile of height,
GR, MCARI, mNDB and BRF 550.

Frontiers 6



Sample et al.

0.6 .

0.2 A a

RZ

—0.2 1 4

—0.4 4

—0.6 4

2.5 5.0 7.5 10.0 125 15.0 175 20.0 2.5 5.0 7.5 10.0 125 15.0 175 20.0

Number of features

Figure S4. Backward feature selection with PLSr for Nrate Estimation: On the left, selected features for
estimating Nrate from Ytrue include 95th percentile of height and MCARI.. On the right, the selected
features for estimating Nrate from Ypseu comprise 95th percentile of height, GR and mNDB.
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