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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.

Severe water stress
• Reduction in berry size and yield
• Death of plant or plant part

Over watered
• Excessive shoot growth and 

canopy density
• Low berry and wine quality

Grapevine water status: significant effects 

Moderate and timely water deficit is desirable
Strategy: Deficit irrigation
• Less water than full water requirements
• Goals: limit growth, maximize quality

Water status assessment/monitoring

Irrigation regulating/scheduling

Problems:
• Environmental factors: varying leaf orientations, shadows
• Lighting nonuniformity
• Additional variations in spectral signatures
• Interference in estimating water status

VNIR Spectra Partial Least Squares
Regression Leaf water potential (𝜳𝜳𝑳𝑳)
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Hyperspectral
images under 
diffused light

Objective: Estimating soil and grapevine water status using ground-based hyperspectral imaging under diffused lighting conditions

Current Regulated Deficit Irrigation scheduling fails to:
• Maintain soil moisture at desired levels;
• Soil moisture targets: dynamic water stress thresholds. 

Objective: Incorporating dynamic soil moisture thresholds into 
irrigation scheduling

Soil moisture prediction model

Under-estimation for weeks 32-36
• Used Kc values higher than actual Kc
• Over-estimation of ETc

• Under-estimation of θv

RDI

Model was trained using data from 2017-2020 and was tested with data from 2021 growing season  

RDI scheduling model

Over-estimation
• Used Kc values higher than actual Kc
• Over-estimation of ETc

• Over-estimation of irrigation amount

RDI

Model was trained using data from 2017-2020 and was tested with data from 2021 growing season  

Objective: Grapevine water status assessment through the fusion of hyperspectral 
image and 3D point clouds

Approaches:

 Nano-Hyperspec
 400 – 1000 nm
 274 wavelengths

 ZED 2
 Stereo Camera

Leaf tagging Image capturing Leaf water potential
measurement

Date collection:

Results:

Problem:

Hyperspectral images under diffused light Stomatal conductance (𝑔𝑔𝑠𝑠) Leaf water potential (𝛹𝛹𝐿𝐿) Soil moisture (θv)
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