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Prediction of the Flowering of Chilean Native Species and Honey Yield Using Machine Learning 
An Approach to Climate Change Adaptation

Studies have established a relationship between climatic variables such as temperature and 
rainfall, flowering, and honey production.
Currently, predictive models are being proposed to support decision-making and adaptation 
to climate change in beekeeping.
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This study used historical harvest records and their corresponding climate data. The 
classification considered three categories: poor year (below 20 kg), moderate year (20 - 40 
kg), and good year (over 40 kg).
Machine learning algorithms called Bagging (Bootstrap Aggregating) were used, a technique 
that combines multiple models trained on random subsets of the original data. 

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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Introduction Materials and Methods

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

The model predicts the different flowering stages starting from the moment the beekeeper reports the 
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.
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General Model

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

Data from Australia 
were used (Campbell et 
al., 2020). The model 
was validated with 5-
fold cross-validation 
using statistical 
techniques. 
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This study evaluates machine learning models (a type of artificial intelligence) to predict honey yield 
per hive and the flowering of native species. 
The data supported by the literature for this application are:
•  Meteorological data.
• 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.

• The main studies suggest a relationship between temperature and rainfall with flowering and 
honey yield per hive.

• This work supports the possibility of predicting phenological flowering stages of native Chilean 
trees using climatic variables such as temperature, radiation, and humidity.

• These results indicate that using machine learning algorithms together with meteorological data 
makes it possible to predict honey yield.

•  These results can be applied in decision-making and in adapting beekeeping to climate change.

• The authors’ goal is to strengthen collaboration between universities and beekeepers in order to 
gather information for the development of predictive models, with a focus on Chilean, Latin American, 
and global beekeeping.

• This study will promote the evaluation of different machine learning methods and datasets on 
flowering and hive yields.

• Similarly, the use of deep learning models (the foundation of ChatGPT) is being explored for these 
applications.
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Invasive plant species are increasingly altering ecosystems, leading to biodiversity loss, disruption of native plant 
communities, competition for light, water, nutrients, and habitat, as well as hybridization with native species. Additionally, 
specific biochemicals released by invasive plants can negatively impact native species, threatening not only ecological 
balance but also agricultural productivity, forestry, and beekeeping. One of the most notable examples is black locust 
(Robinia pseudoacacia), a species that presents both benefits and challenges. While it provides valuable nectar for 
pollinators, it also poses a serious risk to ecosystems and beekeepers by aggressively spreading and outcompeting 
native vegetation. Understanding the characteristics of invasive plants is essential for both conservation efforts and 
agricultural strategies. Beekeepers and farmers must weigh the short-term benefits of nectar availability against the long-
term ecological risks associated with the spread of invasive species. Effective management requires a balanced approach 
that supports pollinators while preserving biodiversity, ensuring that control measures do not inadvertently contribute to 
further invasion. Due to their high fertility, productivity, and rapid reproduction, invasive plant species can quickly establish 
monocultural stands, further exacerbating ecological imbalances. For beekeepers, these changes can result in significant 
losses, including reduced availability of diverse and high-quality forage, leading to lower honey yields and compromised 
nutritional value. The dominance of certain invasive plants may also disrupt traditional flowering cycles, causing nectar 
shortages at critical times. Furthermore, some invasive species produce nectar with altered chemical compositions, 
potentially affecting honey quality or even posing toxicity risks to bees. Over time, these factors can weaken bee colonies, 
reduce pollination efficiency, and negatively impact honey production and beekeeping sustainability. To address these 
challenges, this research focuses on developing sustainable strategies for invasive plant management that integrate 
their potential within the bioeconomy. By exploring their use in bioenergy production and functional applications, such as 
biomaterials and bioactive compounds, the goal is to control these species while minimizing losses for beekeepers. This 
approach ensures that invasive plants are managed effectively without disrupting pollinator forage availability, ultimately 
transforming them from a threat into an economic opportunity that supports biodiversity, beekeeping sustainability, and 
agricultural resilience.
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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 yield 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.


