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INTRODUCTION

Pollination is a key ecosystem service for agricultural productivity, particularly in self-pollinating yet pollinator-responsive crops such 
as Arabica coffee (Coffea arabica). Despite evidence of yield gains exceeding 15% when managed pollination is applied, the 
scalability and monitoring of this practice remain challenges in large-scale coffee production. To address these challenges, this study 
evaluates two artificial intelligence (AI) applications that optimize Applied Pollination (AP) in coffee plantations: (i) an AI-driven 
system for automated hive inspections and (ii) a machine learning model for coffee yield estimation based on fruit counts at different 
ripening stages.

METHODOLOGY
The automated hive inspection AI, developed using deep neural 
networks (DNN/CNN), analyzes hive images to assess colony 
strength, brood health, and food reserves. The AI-based coffee 
yield estimation model, trained with more than 3,500 field 
images, applies a YOLOv8 architecture to detect and classify 
coffee fruits at different maturation stages - green, ripe and 
overripe. Using a regression-based approach, the model 
estimates fruit density and subsequently the productivity of the 
area under analysis. 

RESULTS AND CONCLUSION

The automated hive inspection AI enhances decision-making in 
hive management, ensuring that pollination units remain in 
optimal conditions.
The AI-based coffee achieved a mAP50 of 0.945 in the fruit 
counting, demonstrating high accuracy in predicting potential 
yields.

These AI-driven technologies can significantly enhance 
pollination efficiency, providing farmers with actionable insights 
to optimize harvest timing, resource allocation, and pollination 
strategies. The integration of AI and AP represents a 
breakthrough in precision coffee farming, reinforcing 
sustainability and economic returns for the industry.
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Pollination is a key ecosystem service for agricultural productivity, particularly in self-pollinating yet pollinator-responsive 
crops such as Arabica coffee (Coffea arabica). Despite evidence of yield gains exceeding 15% when managed pollination 
is applied, the scalability and monitoring of this practice remain challenges in large-scale coffee production. To address 
these challenges, this study evaluates two artificial intelligence (AI) applications that optimize Applied Pollination (AP) 
in coffee plantations: (i) an AI-driven system for automated hive inspections and (ii) a machine learning model for coffee 
yield estimation based on fruit counts at different ripening stages. The automated hive inspection AI, developed using 
deep neural networks (DNN/CNN), analyzes hive images to assess colony strength, brood health, and food reserves. This 
system enhances decision-making in hive management, ensuring that pollination units remain in optimal conditions. The 
AI-based coffee yield estimation model, trained with more than 3,500 field images, applies a YOLOv8 architecture to detect 
and classify coffee fruits at different maturation stages - green, ripe and overripe. Using a regression-based approach, the 
model estimates fruit density and subsequently the productivity of the area under analysis. The model achieved a mAP50 
of 0.945 in the fruit counting, demonstrating high accuracy in predicting potential yields. These AI-driven technologies 
can significantly enhance pollination efficiency, providing farmers with actionable insights to optimize harvest timing, 
resource allocation, and pollination strategies. The integration of AI and AP represents a breakthrough in precision coffee 
farming, reinforcing sustainability and economic returns for the industry.
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Pollination is a vital ecosystem service, yet agricultural intensification continues to pose significant challenges for insect 
pollinators. Our study investigated the effects of habitat quality on the physiological stress and reproductive success 
of the buff-tailed bumblebee (Bombus terrestris), focusing on variations in body elemental composition as indicator 
of stress. We placed commercially produced bumblebee hives in two contrasting agricultural landscapes - oilseed 
rape (Brassica napus) fields and apple tree (Malus domestica) orchards, throughout the flowering season. Our results 
revealed that reproductive output was significantly higher in oilseed rape fields compared to apple orchards, which was 
accompanied by an elevated carbon-to-nitrogen (C/N) ratio, a recognized stress marker. Bumblebees inhabiting apple 
orchards exhibited higher nitrogen concentrations, indicating lower physiological stress. These findings suggest that 
while more productive habitats enable increased reproductive investment, they do so at the cost of heightened stress 
levels. Our study underscores the importance of ecological stoichiometry in understanding the trade-offs between habitat 
productivity, pollinator fitness and stress, offering new perspectives for pollinator conservation in agricultural landscapes.


