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Introduction Materials and Methods

This study evaluates machine learning models (a type of artificial intelligence) to predict honey yield

1nChile, droughts per hive and the flowering o_f native spec@s o
have been From Putre o The data supported by the literature for this application are:

reported for more Puerto Montt + Meteorological data.

than 10 years. + Historical records of honey production.

« Historical records of plant phenological stages (budburst, flower bud, flowering).

« It may also include beekeeper management, internal hive conditions, and botanical information.

« In this first approach, only variables dependent on temperature, radiation, and humidity were
considered, calculating monthly mean, standard deviation, minimum, maximum, and total values.
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Studies have established a relationship between climatic variables such as temperature and i g
rainfall, flowering, and honey production. ) .
Currently, predlctlve models are belng proposed to support decisi king and adapt Climat
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General Model Flowering Model

This study focused on native species of high importance for beekeeping in Chile: Avellano, Corontillo,
Litre, Peumo, Quillay, Tevo, and Tralhuén.

Input: Machine learning model . Output: At present, a validated predictive model is available for different flowering stages of Quillay: initial
flowering (10%), peak flowering (10 - 50%), and terminal flowering (10% in decline).
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The model predicts the different flowering stages starting from the moment the beekeeper reports the
‘ )_ |, \ J flower bud stage. The machine learning algorithm used is a multilayer neural network.

. ) Results: The flowering models show an error of about one week, allowing the prediction of different
flowering stages approximately one month in advance. These predictive model results will provide
beekeepers with a reliable tool to improve their hive management and production planning.

Machine learning models: neural networks, random forests, support vector machines (SVM),
logistic regression.

Honey Yield Model

This study used historical harvest records and their corresponding climate data. The *« The main studies suggest a relationship between temperature and rainfall with flowering and

classification considered three categories: poor year (below 20 kg), moderate year (20 - 40 honey yield per hive.
kg), and good year (over 40 kg). « This work supports the possibility of predicting phenological flowering stages of native Chilean
Machine learning algorithms called Bagging (Bootstrap Aggregating) were used, a technique trees using climatic variables such as temperature, radiation, and humidity.
that combines multiple models trained on random subsets of the original data. « These results indicate that using machine learning algorithms together with meteorological data
Results Clasification makes it possible to predict honey yleld
oo o v e Data from Australia +  These results can be applied in d king and in adapting beekeeping to cli change.
o o X were used (Campbell et
Fandar Foret T al., 2020). The model
A I g T 7T was validated with 5-
7| Logitic Regression with Bagging 55T fold cross-validation
e e e et Future Work
S iques. « The authors’ goal is to strengthen collaboration between universities and beekeepers in order to
7555 gather information for the development of predictive models, with a focus on Chilean, Latin American,
e and global beekeeping.
5 Serss « This study will promote the evaluation of different machine learning methods and datasets on
e flowering and hive yields.
ol fooe — Similarly, the use of deep learning models (the foundation of ChatGPT) is being explored for these

Results: The models show an accuracy of over 80% (correctly classified yields) up to :
three months before the main flowering period.
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Honey production per hive in countries such as Chile has been irregular and has decreased to values below 20 kg per hive,
mainly attributable to climate change. These conditions are largely associated with changes in the regularity and timing
of temperatures, precipitation, and the phenological stages of native species. Therefore, this study develops predictive
models for the flowering of Chilean native species of apicultural interest (Avellano, Corontillo, Litre, Peumo, Quillay, Tevo,
and Tralhuen) and estimates hive honey yield weeks or even months before the main flowering events. To achieve this,
climatic data such as temperature, precipitation, and humidity from the nearest station are used to predict flowering stages
of native Chilean trees and honey vyield per hive. This research employs machine learning algorithms including Random
Forest, SVM, Logistic Regression, together with Bagging techniques and Neural Networks. Current flowering models have
shown an error of about one week, with predictions made roughly one month in advance. This has been corroborated
with phenological state models for the Quillaja Saponaria species (Quillay), predicting the timing of flowering transitions
from the floral bud stage to the onset of flowering, peak flowering, and final flowering. Following the same approach, the
method has been used to predict hive honey yield, with prediction errors of less than 10 kg and accuracy exceeding 80%.
These findings demonstrate the feasibility of using climatic variables to forecast the flowering of Chilean native trees,
as well as to predict apicultural yield. This technology is essential for developing information systems that help reduce
uncertainty in beekeeping operations. The above information is now being used to build an expert system that beekeepers
can utilize to optimize production decisions, such as controlling hive development and diseases during specific periods.



