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€) Hyperspectral imaging under diffused lighting conditions

Grapevine water status: significant effects Problems:
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- Death of plant or plant part canopy density * Additional variations in spectral signatures g

 Low berry and wine quality * Interference in estimating water status
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Objective: Estimating soil and grapevine water status using ground-based hyperspectral imaging under diffused lighting conditions

Moderate and timely water deficit is desirable
Strategy: Deficit irrigation

e Less water than full water requirements

* @Goals: limit growth, maximize quality
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Irrigation regulating/scheduling
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.. : . Problem:
Objective: Grapevine water status assessment through the fusion of hyperspectral

_ ) Current Regulated Deficit Irrigation scheduling fails to:
image and 3D point clouds

 Maintain soil moisture at desired levels;
* Soil moisture targets: dynamic water stress thresholds.

Approaches:
Objective: Incorporating dynamic soil moisture thresholds into
HSI ~ . VNIR Spectra irrigation scheduling
Multiblock PLS
Regression v, Soil moisture prediction model
Model
Leaf orientation S ————

3D point clouds —
parameters

i i
H Irrigation volume i ___________________ - e ———— | irigation volume —————————————————
E " i i Soil mois:;::lrediction E E-Soil n:t:-isat:re at E | " o Solmoistureinweskntt )
. : er parameters 1 e ————— il ‘ Weather parameters }—b .
Date collection: | eather paramets | Y
1 Crop coefficient :
lmmmmmmmme————————————————— J
................................................................................................................................................................................................................................ Input layer Hidden layer Output layer
= Nano-Hyperspec Model was trained using data from 2017-2020 and was tested with data from 2021 growing season
= 400 - 1000 nm j e
= 274 wavelengths RMSE = 0.86 %
: 551 MAE = 0.66 %
R2 = 0.93 P —Jlrrigation —#—Groundtruth --©---Prediction
= 7ED?2 20 . o . 20, ~ 240 RDI
= Stereo Camera < 18- o £ 64 s Under-estimation for weeks 32-36
o) 0e® ® § - 160 = )
Q16 o4, o s 29 L, £ * Used Kc values higher than actual Kc
© @ % R g
Eu % g’ H 80 = * Over-estimation of ET,
0n o () = a4 4
Wl 12 ° 3 - 40 R _octi :
" o o HHHH HHH HI_I 0 Under-estimation of 8,
» y = 0.94x + 0.77 23 24 25 26 27 ZBWB::Of th?»eOYearSI 32 33 34 35 36
8

8 10 12 14 16 18 20 22 24
Measured 6, (%)

RDI scheduling model

Leaf water potential P i
t [ Soil moistureatt+at |
measurement ! i
i I i j R — Soil moisture target o
: Weather parameters :_: rrigation scheduling :—= rrigation : in week n+1 : rrigation volume 'i
' ) . B : I E————/_ & e 7 G 2 e
i : At
Results: : — |
i Soil moisture target at t ! Weather parameters
L : Crop coefficient

VNIR Spectra
ry,T2 ..T274

Input layer Hidden layer Output layer

Leaf orlentation T1,T2 - T274 Model was trained using data from 2017-2020 and was tested with data from 2021 growing season
parameters -
a, ba c = RMSE = 8.85 L —&— Groundtruth --©--Prediction
£ 1501 MAE=5841 150 -

~0-4 TRMSE = 0.12 MPa ~0-4 TRMSE = 0.14 MPa 3 R®=0.94 160 4 RDI

~0.6 { MAE = 0.09 MPa o -0.6{ MAE = 0.11 MPa o ® e 125- 74 140 - _ _
_ R? = 0.89 o ® _ R? = 0.87 o © = Over-estimation
© 081 © 081 ® c 100 - °, ° < 120 1 -
S _10. o S _10. 2 o 2 1091 * Used Kc values higher than actual Kc
S ’ S ’ ° © 751 °® 2 B0 -
S 121 S pfe o S 1.2 o 2o 2 . ° ° = 60 - * Over-estimation of ET,
o o e 1 40 4
D 141 o @ 144 & . . C
o 14 o 14 5 20 - * Over-estimation of irrigation amount
§ _1-5' g _15' 4(-6 251 0 T T T T T T T T T T T T T 1
E 1s o/ ° E 18 ° * E - y = 0.93x + 3.61 23 24 25 26 27 28 29 30 31 32 33 34 35 36

% +J Week of the Year
2.0 ® y = 1.03x + 0.03 —2.0- ° y =1.12x + 0.11 A
® 0 25 50 75 100 125 150 175
-212 T T T T T T T T -2-2 T F T T T T T T . . .
-2.2-2.0-1.8-1.6-1.4-1.2-1.0-0.8-0.6-0.4 -2.2-2.0-1.8-1.6-1.4-1.2-1.0-0.8-0.6-0.4 Measured irrigation amount (L)
Measured y; (MPa) Measured y; (MPa)

Kang, C., Diverres, G., Karkee, M., Zhang, Q., & Keller, M. (2023). Decision-support system for precision regulated deficit irrigation management for wine grapes.

Kang, C., Diverres, G., Karkee, M., Zhang, Q., & Keller, M. (2024). Assessing Grapevine Water Status through Fusion of Hyperspectral Imaging Computers and Electronics in Agriculture, 208, 107777. https://doi.org/10.1016/i.compag.2023.107777

and 3D Point Clouds. Computers and Electronics in Agriculture. (under review).

@ Final Remark(s)

This research aimed at developing and validating a comprehensive decision-support system for precision RDI management in vineyards. The proposed system employed ground-based
hyperspectral imaging (HSI) to accurately assess soil and plant water status. Concurrently, a RDI scheduling model was developed which forecasted the ideal weekly irrigation volumes
needed to maintain soil water content within predefined thresholds. Collectively, these subsystems comprise a comprehensive decision-support framework, aiding human decision-
making in vineyards. This framework is suitable for developing a practically adoptable system for automated, site-specific irrigation and balancing of yield and quality in wine grape
production. When commercially adopted, this technology has a potential to substantially minimize water use while maximizing crop yield and quality in vineyards.
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