Evaluation of Hop Cone Maturation through Internet of Things (loT) and ==
" Smart Farming Technologies. A Preliminary Study
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Objective
To determine the best time for hops harvesting using l1oT and smart technologies

Introduction

* Hop chemistryis ever changing with variations also during hops ripening
* Internet of Things (loT) and smart farming technologies to be employed in agriculture to collect and process data from the field
* Verylimited applications to detect hop ripeness

Material and Methods

* Three growing season monitored: 2021, 2022, 2023 .

* Hops harvesting at different ripening times
e Chemical characterization of hop cones for each maturation

Different types of loT devices (environmental sensors, soil
sensors, leaf sensors...) sending data once a day

* Data collection platform for data analysis and calculation of

stage: iIndexes (e.g., Growing Degree Days, GDD)
= Bitter acids content (HPLC-UV) ’

= Essential oil extraction (hydro distillation)

Different Artificial Intelligence (Al) models for harvesting quality
assessment:

+ Morphological measurements of hop cones I. Forecasting: Multi-output Linear Regression

li. Classification: Decision Tree Classifier
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Fig. 3 Results of forecasting and classification using ML algorithms on 2023 data
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Conclusions and Future Works
 The optimal harvest period is highly dependent on seasonality
 Cone growth rate, and bitter acids and essential oils contents suggest the optimal ripening and harvesting period for hop cones

* The combination of a Multi-output Linear Regression algorithm and a Decision Tree Classifier can suggest, with a one—week time horizon, the optimal
harvest period and identify the overripe status

 For future developments, the importance of other parameters can be investigated, such as the evolution of hop cone size (height and length) in
relation to the parameters monitored by loT sensors
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