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What we know?
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Biological reality – integrated into
higher level cycles (hydrological, 
chemical, etc.)
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Cycles of climate, pests and disease
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Agro-ecosystem



Single yeast cell wiring diagram
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Biological reality
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Biological reality
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• Variability in field conditions:
• Plant based factors (genotypes, morphology, adaptness)

• Environmental factors (soil status, high/low temperatures, precipitation, etc...)

• The data collected by farmers underrepresents true field conditions

• Usually a single datapoint on plant side is collected once the plant is already a 
dead tissue -> harvest

The problem of data sparsity



Stress states -> modelling what counts

• Empirical optima of plant states -> often violated by deviations of 
environmental conditions

• Deviations from optimum affecting the plant status -> 
PLANT STRESS STATES

Stress intensity:

1. No stress -> no measures need to be applied (no detectable stress)

2. Mild stress -> good time for application of measures (if detectable)

3. Moderate stress -> last call for measures (easily detectable, moderately 
detrimental)

4. Severe stress -> critical measures and remedies can be applied (detrimental 
effects, sometimes lethal)

5. Plant death
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Major goal – lead transition to data-
driven decisions in agriculture

• Identification of critical moments in crop vegetation to mitigate 
effects of climate change

• Timely application of agrotechnical measures for stable 
development of plants

• Prediction of crop yield to plan storage and drying capacity and 
costs
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Strategy of choice: Remote and proximal
monitoring of crop fluorescence / 

reflectance and micro-climate
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In support to objectives: domain
knowledge and neat engineering
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• device version beta 0.01 –
April 22nd 2021 

• Testing in wheat, barley
and maize (emergence)

• Crop reflectance at 
various wavelengths

• Comparison with
commercial sensors



In support to objectives: domain
knowledge and neat engineering
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• despite the flawless
design of beta 0.01

• device version beta 0.02 
was constructed – June 
14th 2021

• compared to commercial
sensors in maize, wheat
and barley



In support to objectives: domain
knowledge and neat engineering
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• device version beta 0.021 
also included LCD display 
and 3d printed mount –
July 2021

• Tested in maize



In support to objectives: domain
knowledge and neat engineering
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• device version beta 0.03 
February 1st 2022

• Fully functional
communication (LoRa)

• Fully functional
meteorological station in 
Stevenson screen

• Retrieving data on 15-
minute basis

• Tested in several
environments in various
setups



Grain yield
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Grain moisture
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Pitfalls

• p>n type of problems – temporally collected data in field – used to 
model a single outcome -> grain yield

• design flaws -> wear and tear problems with housing – material
deterioration in the outdoor environment

• season based recalibration of the models

• Did the sensor increase the information density as expected?
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Perspectives

• Application for another grant to increase the TRL of the
technology

• Work on software solutions to make the important data as 
accessible as possible

• Improve model performance and interpretability

• MAKE THE TECHNOLOGY ACCESSIBLE AND AVAILABLE TO 
FARMERS
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https://iot-polje.fer.hr/iot-polje
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