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An Exploratory Study of Work-Related Musculoskeletal
Disorders Among Livestock Workers in Friuli Venezia Giulia,
Italy

Carvajal Suarez Marcela!, Bietresato Marco?, Gubiani Rino? and Ramos Athena K. !

! University of Nebraska Medical Center, Omaha NE 68198, USA
2 University of Udine, Udine FVG 33100, IT
b.carvajalsuarez@unmc.edu

Abstract. Occupational health and safety concerns in livestock production remain a
significant public health issue worldwide. Livestock workers are exposed to multiple
occupational hazards that can adversely affect their health and well-being. However, limited
research has examined work-related health characteristics among livestock workers in
northeastern Italy, particularly those employed in small, family-owned livestock operations.
This study draws on data from a cross-sectional study conducted in July 2024 among
livestock workers in the Friuli-Venezia Giulia (FVG) region, where most participating farms
were family owned. The study aimed to (1) examine self-reported musculoskeletal health,
including work-related musculoskeletal exposures, pain and discomfort, and the use of
preventive practices, and (2) assess biometric health indicators, including body mass index
and blood pressure, among dairy and swine farmworkers (n = 50, mean age = 27 years). A
high prevalence of musculoskeletal pain and discomfort was observed (80%). Although
lower back and knee pain were the most frequently reported symptoms, work-related
exposures (e.g., performing repetitive tasks and using heavy machinery) were most strongly
associated with lower back and neck pain. Biometric assessments indicated variability in
cardiometabolic health, with average values generally falling within normal or borderline
ranges. This presentation will discuss the implications of these findings for occupational
health practice including possible prevention and intervention strategies, emphasizing the
need to address musculoskeletal disorder risks and to monitor biometric health indicators
among livestock workers. Particular attention will be given to small and family-owned
farms, where targeted ergonomic and preventive interventions may offer substantial health
benefits.

Keywords: Farmworkers, Musculoskeletal disorders, Occupational diseases, Working
conditions, Northeast Italy, International collaboration
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Analysis of Cognitive Mechanisms for the Operational Safety of
Agricultural Tractor Drivers

Cutini Maurizio', Fornaciari Laura', Pagano Mauro', Tomasone Roberto!, Bisaglia Carlo!,
Facchinetti Davide?, De Paolis Giulia® and Caffaro Federica’

! CREA Research Centre for Engineering and Agro-Food Processing, Treviglio BG 24047, Italy
2Dept. of Agricultural and Environmental Sciences, University of Milan Via Celoria, 2 — 120133 Milan,
Italy
3Roma Tre University, Department of Education, 00185, Rome, Italy
maurizio.cutini@crea.gov.it

Abstract. In the field of safety, the likelihood of an accident occurring is rarely the result of
a single error. It is usually the result of a series of events involving technical factors and
human errors, which can be influenced by cognitive biases, attentional lapses and
suboptimal decision-making processes.

Cognitive biases are distortions of rational judgement, i.e., mental shortcuts that our brain
uses to quickly process information, but which can lead to distorted perceptions. On the
other hand, cognitive errors are failures in reasoning or judgement that occur in a particular
situation. These errors are influenced by factors such as fatigue, monotony, operational
urgency, multitasking, mental load and unexpected environmental conditions.

Biases and cognitive errors develop over time as individuals recalibrate their perception of
risk based on personal experience. This adaptive process may lead to the normalization of
unsafe practices, particularly in routine and familiar tasks.

In the agricultural sector, and especially in tractor operations, these cognitive mechanisms
may significantly contribute to accident dynamics. Analyzing them requires an integrated
approach that combines accident case analysis with qualitative data from operator
interviews, allowing for the identification of recurring patterns and sector-specific cognitive
distortions.

The aim of this study is therefore to investigate the cognitive biases and errors involved in
agricultural tractor accidents through the analysis of accident cases and semi-structured
interviews with operators. The results could inform the development of new training and
prevention programs aimed at reducing human-factor-related risks in agriculture.

Keywords: Mental workload, Situation awareness, Risk perception
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Applying Enterprise Modelling to Support the Implementation
of Passive Exoskeletons in Agricultural Work Systems

Jakob Martina

Leibniz Institute for Agricultural Engineering and Bioeconomy e.V., Technology Assessment, Potsdam,
Germany
mjakob@atb-potsdam.de

Abstract. Agricultural work is characterized by high physical demands, seasonal variability,
and an elevated risk of musculoskeletal disorders due to prolonged trunk flexion, repetitive
movements, and manual material handling. While passive exoskeletons have demonstrated
biomechanical benefits in laboratory and short-term field studies, their sustainable
implementation in agricultural enterprises remains insufficiently understood. This study
applies an enterprise modelling approach to analyse the organizational integration of passive
exoskeletons in horticultural work systems, shifting the focus from device-level
performance to system-level feasibility.

The enterprise was modelled in its current (“as-is”) configuration and compared to a
prospective (“to-be”) configuration in which passive exoskeletons were introduced as
additional organizational resources. Organizational actors, activities, and resources were
mapped to identify strain-intensive task clusters and structural constraints. The modelling
process was informed by interviews, on-site observations, and operational data, and
complemented by a 30-day field case study in which four participants tested passive lumbar-
support exoskeletons during typical horticultural tasks.

Results indicate that exoskeletons can reduce perceived strain in tasks involving sustained
trunk flexion and lifting. However, their introduction also generates new organizational
requirements, including training, equipment allocation, hygiene management, and workflow
coordination. Although moderate acceptance and reduced perceived fatigue were reported,
no long-term adoption followed the trial.

The findings suggest that ergonomic effectiveness alone is insufficient for sustainable
implementation. Enterprise modelling provides a structured framework to evaluate task—
technology alignment, organizational readiness, and the systemic conditions necessary for
integrating assistive technologies into agricultural work systems.

Keywords: Passive exoskeletons, Agricultural ergonomics, Enterprise modelling,
Technology adoption, Work system design, Musculoskeletal disorders
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Research and Education with Agricultural Producers
in Colorado, USA

Pennington Whitney, Rosecrance John and Valley Morgan

Colorado State University, Fort Collins CO 80523, USA
whitney.pennington@colostate.edu

Abstract. In 2021, the state of Colorado in the US established rules to abolish the use of
short-handled tools in agriculture and limit the amount of time work can be conducted in
stooping, squatting, and kneeling postures. Building on established relationships with
agricultural producers, researchers and educators at the High Plains Intermountain Center
for Agricultural Health and Safety supported agricultural producers in their efforts to comply
with these new regulations. Over the last five years, the study team responded to increased
producer interest in ergonomics by conducting a series of projects on ergonomic risks in
agriculture, agricultural work design, and worker attitudes of work-related pain and pain
prevention practices. Through these projects, the study team has developed evidence-
informed practices for conducting community-based ergonomics research and education.
Specific practices shared across projects included: understanding the motivators and
pressures of regulatory compliance, establishing clear and bidirectional communication
practices, seeking and integrating worker input throughout the projects, providing a menu
of options with multiple levels of engagement and investments involve, and framing health
and safety practices as critical for producers’ business financial health as well as for worker
health and safety. These practices were applied in a variety of agricultural community
contexts including small and large-scale farms across Colorado. On-going requests for
partnership, resources, and consultation suggest that these practices have been successful at
building trust between the study team and agricultural producers and workers. Future
evaluation efforts will focus on producer and worker implementation of ergonomic best
practices co-developed during these projects.

Keywords: Ergonomics, Community-based programs, Regulatory compliance

Community and Evidence Informed Practices for Ergonomics
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Connection into Workers Comfort and Quality of Production:
A Winery Case in Friuli Venezia Giulia

Gubiani Rino'!, Zironi Alessandro®, Zironi Roberto!, Ciotti Gellio', Bietresato Marco!,
Comuzzo Piergiorgio!, Venturi Francesca?, Ascrizzi Roberta?, Sanmartin Chiara?, Taglieri
Isabella?, Palai Giacomo?, Tonacci Alessandro*, Marangoni Roberto*, Sansone Francesco®,

Cont Raffaele’, Pala Anna Paola® and Tarabella Angela®

lDepartment of Agricultural, Food, Environmental and Animal Sciences (Di4A),
University of Udine, Via delle Scienze 206, 1-33100 Udine, Italy
2Department of Agriculture, Food and Environment, University of Pisa, Via del
Borghetto 80, I-56124 Pisa, Italy
3Institute of Clinical Physiology, National Research Council of Italy (IFC-CNR), I-
56124 Pisa, Italy
“Department of Pharmacy, University of Pisa, Via Bonanno Pisano 6, -56126 Pisa,
Italy
SDepartment of Economics and Management, University of Pisa, Via Cosimo Ridolfi
10, I-56124 Pisa, Italy
®Polytechnic Department of Engineering and Architecture (DPIA), University of Udine,
Via delle Scienze 206, 1-33100 Udine, Italy
gubiani.rino@uniud.it

Abstract. The wine production value chain represents a highly promising field for the
practical application of Industry 5.0 principles. The idea is to place the human workforce at
the centre of the production process, thereby promoting and assessing their well-being in the
workplace, whilst making environmental and socio-economic sustainability a priority. To
achieve this, four pillars were utilised: monitoring employees’ quality of life via wearable
sensors, environmental monitoring based on sensors in the winery, environmental and social
sustainability through questionnaires aimed at workers at the participating companies, and
wine quality assessment. Twelve companies located in Friuli Venezia Giulia, involving
around 200 employees, took part in the study. With regard to the wearable sensors, it was
noted that the task performed was the main factor influencing physical exertion and heart
rate: workers carrying out manual tasks experienced greater physical exertion compared to
tractor drivers, whilst cellar workers recorded a lower heart rate. Age, gender, smoking and
even climatic variables did not influence the variation in these values.

As for the questionnaire, it emerged that women recognise more clearly the positive impact
of environmental technologies and policies on well-being. With regard to sustainability, the
responses indicate a growing awareness of its link to environmental policies, which are
perceived as opportunities to improve the quality of work.

Keywords: Well-being, Sustainability, Quality of wine, Quality of workplace, Comfort of
workers
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Integration of Al tools in Ergonomic Risk Assessments

Rosecrance John, Gonzales Frank and Pennington Whitney

Colorado State University, Fort Collins CO 80523, USA
john.rosecrance@colostate.edu

Abstract: Agricultural workers globally experience musculoskeletal disorder (MSD) rates
30-40% higher than general industry, with back injuries representing a leading cause of
occupational disability across Europe, North America, and developing agricultural
economies. The International Labour Organization estimates MSDs account for over 40%
of compensation costs in agriculture worldwide. Traditional ergonomic assessment methods
of human movement in occupational settings have been based on observational techniques,
manual video analysis, and direct measurement with accelerometers and inertial
measurement units (IMU). These customary methods have critical limitations in agricultural
settings including time-intensive protocols, high costs, inter-rater variability, and inability
to capture the distributed and variable nature of agricultural work tasks across seasons,
regions, and production systems. A new generation of artificial intelligence tools is offering
transformative solutions for assessing ergonomic risk in these settings. Al-based pose
estimation using standard smartphones, for example, can process real-time algorithms that
automatically detect and track 33+ body landmarks in video footage, achieving 85-95%
detection accuracy in field conditions, with trunk angle measurement errors of 3-7°
compared to gold-standard IMU-based systems. Beyond pose estimation, large language
models and dedicated Al ergonomic platforms are increasingly being applied to interpret
movement data, generate risk narratives, and support documentation and decision-making.
This presentation examines the strengths, limitations, and practical implementation of these
Al-based approaches across diverse agricultural contexts. Key advantages include
significantly faster analysis than traditional methods, reduced inter-rater variability,
comprehensive workforce coverage, and less costs. This accessible technology
democratizes sophisticated ergonomic assessments globally, while also raising important
questions about accuracy, validation, and the appropriate role of deterministic versus
inferential Al tools in occupational risk assessment.

Keywords: Ergonomic Risk Assessment, Artificial Intelligence, Agricultural Tasks, Manual
Harvesting
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Task Pattern Analysis and Exoskeleton Assessment
to Reduce Musculoskeletal Risks in Watermelon Harvesting

Gorucu Serap, Zhang Peigeng, Burks Tom, Chowdhury Suman and Nichols Jennifer

University of Florida, Gainesville, FL 32611, United States
serapgorucuufl.edu

Abstract. Watermelon harvesting involves repetitive lifting and tossing motions that are
associated with high risk of musculoskeletal disorders (MSDs) and result in injury among
workers. While exoskeletons have shown potential to reduce physical strain, their
effectiveness in agricultural harvesting remains understudied, and field-based evidence on
harvesting cycle dynamics is limited. This study integrates (1) watermelon harvesting
pattern analysis and (2) laboratory evaluations of a back-support exoskeleton to better
understand both task structure and physiological demands.

Field data were collected at a commercial farm in Florida using video recordings of two
harvesting teams. Ground-based work activities were categorized into three task classes:
Pick-and-Toss, Receive-and-Toss to a worker on the ground, and Receive-and-Toss to a
worker on an elevated truck. Cycles were segmented into bending, lifting/receiving, tossing,
and recovery phases using a custom timestamping tool. After excluding irregular cycles, 412
valid cycles were analyzed. Lognormal distributions best described most phase durations.
Total cycle times averaged 2.22-2.46 s, corresponding to approximately 1,800 repetitions
per hour, highlighting the highly repetitive nature of the task. A laboratory study evaluated
a back-support exoskeleton (SuitX Back Air) during representative tasks. Eight participants
performed Pick-and-Toss and Receive-and-Toss tasks under three load conditions with and
without the exoskeleton. Surface electromyography and motion capture were used to assess
muscle activation and movement patterns, analyzed using a three-way repeated-measures
ANOVA. Together, these results provide task-informed evidence for ergonomic
interventions and exoskeleton deployment in agricultural harvesting.

Keywords: Ergonomics, Exoskeletons, Task Analysis, Watermelon Harvesting
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Abstract. Research on occupational safety and health (OSH) in agriculture and forestry has
expanded substantially in recent years, leading to a marked increase in scientific
publications. Despite this growth, a comprehensive and structured analysis of the existing
literature remains limited. Therefore, this study aims to examine global scientific production
in the field over the period 2006-2025. A science mapping approach was adopted, primarily
based on bibliometric network analysis. This methodology enabled the exploration of key
dimensions of the research domain, including publication trends, major thematic areas,
geographical distribution of research output, leading journals, and the most influential
authors. A total of 14’632 publications were retrieved from the Scopus database. United
States, India, China and Italy emerged as the most productive countries, accounting for
approximately 50% of total publications. The dataset was analyzed using VOSviewer, which
facilitated the development of bibliometric maps covering the two decades under
investigation. The analysis identified clusters of the principal topic research characterizing
the field of OSH in agriculture and forestry. Overall, the findings provide valuable insights
for researchers, practitioners, and policy-makers, and contribute to a clearer understanding
of the intellectual structure and evolution of this research area.

Keywords: Terms mapping, Scopus, Scientific publications, Bibliometrics, VOSviewer
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An Al-Driven Theta (®) Engine for Predicting Airborne
Zoonotic Transmission Risk in Agricultural Systems

Roy Chad J.

Center for Airborne Infection & Transmission Science, Tulane School of Medicine, New Orleans,

Louisiana, 70112 USA
croy@tulane.edu

Abstract. Airborne infectious diseases in agriculture frequently emerge at the wildlife—
livestock—human interface, where environmental exposure and occupational activity create
complex transmission pathways. Highly pathogenic avian influenza (HS) illustrates this
challenge, as viral exchange between migratory birds, poultry production systems, and
agricultural workers can produce cascading impacts on animal health, food security, and
rural communities.

The Theta (®) Index is a logarithmic refractory index designed to characterize airborne
transmissibility of pathogens across complex agricultural environments. ® integrates
biological source contributions (pathogen shedding and aerosol generation during
husbandry activities such as feeding, manure handling, animal movement, and mechanical
ventilation), environmental transport parameters (temperature, humidity, particulate
dynamics, ultraviolet radiation, and airflow conditions within poultry barns, dairy barns, and
concentrated animal feeding operations), and host response variables including livestock
susceptibility, vaccination status, worker exposure behaviors, and adaptive viral evolution.
To operationalize this framework, the ® Engine applies machine-learning models to
integrate environmental sensing data, outbreak surveillance, and farm operational
parameters to generate dynamic @ risk estimates. Using ensemble approaches including
temporal neural networks and tree-based models, the system identifies complex interactions
among aerosol physics, pathogen biology, agricultural practices, and worker exposure
patterns relevant to occupational safety systems. Application of the ® Engine to modeled
H5 influenza scenarios demonstrates the potential for real-time prediction of airborne
transmission risk across agricultural systems within a One Health framework linking
wildlife, livestock, and human occupational exposure. The approach supports targeted farm
biosecurity policies, risk-informed worker protection strategies, and earlier intervention
during zoonotic spillover events.

Keywords: Airborne Transmission, Agricultural Health, Avian Influenza, Zoonotic
Disease, Machine Learning, Occupational Safety
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Assessment of an IoT System for Air quality Monitoring
in Livestock Buildings

D’Urso Provvidenza Rita, Cinardi Grazia, Santoro Luciano Manuel, Pennanech Hugo,

Arcidiacono Claudia and Cascone Giovanni

Department of Agriculture, Food and Environment, University of Catania,
Via Santa Sofia n. 100, 95123 Catania, Italy
provvidenza.durso@unict.it

Abstract. The livestock sector is a significant contributor to atmospheric pollution,
particularly through emissions of ammonia (NHs) and fine particulate matter (PMo..s).
Continuous and reliable monitoring of these pollutants is the first step to reduce negative
effects on the environment. However, monitoring campaigns are often limited by high
acquisition and maintenance costs.

This study investigates the performance of low-cost sensors integrated into an Internet of
Things (IoT) monitoring system for the simultaneous measurement of NHs, PM..s, and
environmental variables in livestock buildings. Experimental activities were carried out in a
dairy barn located in Southern Italy. Data collected by the low-cost sensors were validated
against reference instruments. Sampling points of low-cost and reference systems were
located at the same inlet to ensure comparability measurement and reduce systematic errors.
The results indicated that the IoT system sensor performance was significantly influenced
by air temperature and relative humidity. Consequently, correction models based on climatic
variables were developed to enhance measurement performance. The results showed that
correction models based on multiple linear regression produced correlation index between
the reference measurements and the corrected values ranked from 0.64 to 0.79. The
application of machine learning models (i.e., decision tree-based algorithms) increased the
correlation index between the reference measurements and the corrected values exceeded
0.90.

Overall, the correction models allowed good agreement with reference measurements,
confirming the suitability of low-cost IoT devices for monitoring NHs; and PMo:.s
concentrations in livestock housing.

Keywords: Gaseous measurements, Correction models, Air quality, Environmental
monitoring, Dairy barn
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Assessment of Driver Exposure to Gaseous Pollutants
on an Open-Station Agricultural Tractor Across Different
Working Conditions

Galli Lavinia Eleonora and Pessina Domenico

Dipartimento di Scienze agrarie e ambientali — Universita di Milano, via Celoria, 2 1-20133 Milan
lavinia.galli@unimi.it

Abstract. Agricultural tractors are recognized as a significant source of gaseous pollutant
emissions, with potential implications for both environmental quality and operator health.
Older tractors are frequently equipped with an open-station driving place, in which the
operator is directly exposed to exhaust gases. This exposure may vary, depending on
operating conditions which involve different engine loads and speeds. The present study
aims to investigate the dispersion of pollutants emitted by an open-station agricultural tractor
under a range of operational scenarios representative of typical field activities. Experimental
tests will be conducted under stationary conditions, with field operations simulated by means
of an electromagnetic brake connected to the tractor PTO. This configuration enables the
reproduction of different engine loads and speeds under controlled and repeatable
conditions. Pollutant concentrations are measured at the operator’s breathing zone and at
several other locations around the exhaust outlet, to assess the spatial distribution of gaseous
pollutants in the vicinity of the tractor. The analysis will focus on the principal gaseous
pollutants associated with diesel engine operation. The airflow induced by the tractor’s
forward motion will be reproduced using a properly controlled and oriented fan. The adopted
methodology is intended to elucidate the influence of operational scenarios and engine
working conditions on local pollutant dispersion and potential operator exposure, rather than
providing a definitive quantification of total emissions or inhaled doses. The expected
outcomes may contribute to a better understanding of how tractor operating conditions affect
driver exposure in open-station configurations and may support future research and
mitigation strategies aimed at improving occupational health.

Keywords: Agricultural tractor, Open-station driving place, Operator exposure, Gaseous
emissions, Occupational health, Working scenarios.
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Assessment of Vibration and Noise Risks in Agricultural

Activities: A Case Study

Cecchini Massimo, Coltrinari Gianluca and Riccioni Simone

University of Tuscia, via S. Camillo De Lellis, 01100 Viterbo, Italy
gcoltrinari@unitus.it

Abstract. The agricultural sector has historically been characterized by a high incidence of
occupational risks related to physical agents, with particular emphasis on exposure to noise
and vibrations. The intensive use of mechanical equipment and tractors, often indispensable
for crop processing, exposes operators to physical stresses that can compromise long-term
health, potentially leading to noise-induced hearing loss or osteoarticular pathologies. This
study analyzes professional exposure levels through an experimental measurement
campaign conducted at a farm located in the Tuscia region of Italy. The research involved
monitoring various agricultural vehicles during standard field operations to quantify the
magnitude of risk in real world contexts. The collected data were processed and subjected
to a comparative analysis, evaluating different types of machinery and the technologies
employed. The results obtained were subsequently compared with the exposure limit values
and action values defined by current health and safety legislation. The findings of this work
offer insights into specific risk management within the local context, highlighting the vital
importance of equipment maintenance and personnel training to ensure high safety standards
in a sector that remains fundamental to the economy of the Lazio region.

Keywords: Risk Assessment, Vibration, Noise
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Atmospheric Microplastics and Their Interactions
with Terrestrial Systems: Sources, Monitoring
and Health Implications

Onori Riccardo and Laterza Francesco

University of Tuscia, Viterbo VT 01100, Italy
francesco.laterza@unitus.it

Abstract. Plastic pollution currently represents one of the major environmental challenges
on a global scale. In particular, microplastics (MPs) constitute an emerging compartment of
plastic contamination, with relevant implications for climate processes, terrestrial
ecosystems, and human health. In recent years, scientific attention has progressively shifted
toward their presence in the atmospheric matrix, highlighting air as a significant pathway
for local and long-range transport and dispersion.

The aim of this work is to provide a narrative review of the most recent studies concerning
atmospheric microplastics, focusing on sampling and analytical methodologies, primary
emission sources, and potential toxicological impacts. Particular attention is given to the
interactions between atmospheric and terrestrial compartments, including resuspension
processes from soil surfaces.

Despite substantial methodological variability among studies, particularly regarding
sampling techniques, detection limits, and identification criteria, available evidence suggests
that synthetic fibers, tire abrasion, degradation of plastic materials, and resuspension
processes significantly contribute to atmospheric MP concentrations.

Furthermore, the need for standardized protocols for measurement, quantification, and data
interpretation clearly emerges, in order to enhance comparability across studies and improve
risk assessment frameworks. Current gaps in analytical techniques and atmospheric
dispersion modelling are discussed, with the aim of proposing directions for future
interdisciplinary research integrating environmental monitoring, modeling approaches, and
evaluation of biological effects on both human health and ecosystems.

Keywords: Microplastics, Atmospheric transport, Airborne particulates, Environmental
monitoring, Human exposure, Risk assessment
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Coupling Environmental to Individual Temperature Monitoring
for an Optimal Cooling Strategy to Mitigate Heat Stress
in Dairy Cows

Inverni Matteo, Buoio Eleonora and Costa Annamaria

Universita degli Studi di Milano, Department of Veterinary Medicine and Animal Science, Lodi, Italy
annamaria.costa@unimi.it

Abstract. The present study deals with the effects of the dynamic cooling strategy, based
on the use of environmental monitoring coupled to individual vaginal sensors, to alleviate
heat stress in dairy cows. In the Po Valley, in recent decades, the increasingly high
temperatures, associated with considerable humidity, have led to the need to create
environmental mitigation techniques to counteract thermal distress of the animal. The
experimental study was performed on a dairy farm, equipped with a cooling system (fan and
sprinklers), rearing 480 Italian Friesian cows in the Province of Pavia. Fifty-four cows were
equipped with a vaginal sensor (T-SENS, wiCow, DE) for individual temperature
monitoring, and observed for 77 days, in Summer 2024. The wiCow system activates the
cooling system when cows are detected with an individual temperature above 39.2°C,
despite THI index threshold set at 68. From the data analyzed, in the summer period, more
specifically in July, the THI always exceeded the threshold value of 68, with the cooling
system working 92% of the time. These combined technologies contained temperature of
79.5% of the animals, with the temperature dropping below the threshold value of 39.2 °C
(20.5% of cases) in the following hour after the peak, ensuring an average milk production
0f 40.08 kg. Events of high hyperthermia, lasting up to 6 hours to restore body temperature
below 39.2°C, involved mostly the postpartum and the high-production groups (10%,
p<0.05), although the cooling system working, indicating that individual temperature of
cows after calving are not strictly dependent on environment.

Keywords: Dairy cows, Heat stress, THI, Cooling system, Individual temperature sensor
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Field Assessment of Bystander Exposure from a Modern FSDS
in Espalier-Trained Vineyard

Mozzanini Eric, Astengo Corinna, Resecco Marco, Oggero Gianluca, Bozzer Claudio, Messina
Chiara, Marucco Paolo, Gioelli Fabrizio and Grella Marco

Department of Agricultural, Forest and Food Sciences (DiSAFA) — University of Turin (UNITO), Largo
Paolo Braccini 2, 10095 Grugliasco (TO), Italy
eric.mozzanini@unito.it

Abstract. Non-occupational exposure to plant protection products is a growing concern in
viticulture areas where treated plots may border homes, schools and recreational spaces.
Fixed spray delivery systems (FSDS) apply spray mixtures through permanently installed
pipelines along the row and emitters positioned within and above the canopy, potentially
limiting off-target transport and bystander contact at the field edge. This study assessed
bystander dermal exposure associated with a modern hydraulic FSDS in a commercial
espalier-trained vineyard (~1000 m?) at two highly different canopy density conditions,
namely early and late season, to account for differences in canopy spray interception
(trapping effect). For comparison, a conventional airblast sprayer was used. In all cases,
activities were carried out by applying as spray mixture a water-based solution of tartrazine
dye tracer (10 g/L). Bystander exposure was quantified using mannequins, dressed with
disposable coveralls, positioned downwind at 5 m and 10 m from the treated area. Dermal
deposits were quantified on the coveralls through spectrophotometric analysis after field
trials. Overall, across both stages, body exposure from FSDS remained consistently low
compared with the sprayer, and average values below 0.010 uL/cm? were observed.
Regarding the results obtained by the FSDS between the early and late growth stages,
exposure levels were comparable. These data represent one of the first field datasets on
bystander dermal exposure associated with a FSDS in vineyards and may support regulatory
bodies by providing experimental evidence of its potential to reduce off-target exposure
compared with conventional air-assisted sprayers.

Keywords: SSCDS, Solid Set Canopy Delivery System, Fixed Spray Method, Bystander
exposure, Vineyard, Dermal deposition, Pesticide application technology
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Innovative Green Wall Design for Air Quality Improvement in
Naturally Ventilated Livestock Housing

D’Urso Provvidenza Rita, Cinardi Grazia, Santoro Luciano Manuel, Vitaliano Serena,
Arcidiacono Claudia and Cascone Giovanni

Department of Agriculture, Food and Environment, University of Catania,
Via Santa Sofia n. 100, 95123 Catania, Italy
provvidenza.durso@unict.it

Abstract. Housing design and barn management play a key role in reducing environmental
impacts from livestock buildings. Among mitigation strategies, green wall systems have
demonstrated air filtration potential in civil engineering applications, but their use in
livestock buildings remains limited.

This study presents the design, implementation, and in-field evaluation of a modular and
mobile green wall system to function as a biofilter for reducing fine particulate matter
(PMa2.5) concentrations in livestock buildings. The system was specifically designed for
application in an open free-stall dairy barn located in the Mediterranean area. The green wall
design included a modular and mobile structure with steel frame and 5 shelves. Nephrolepis
exaltata was selected as the plant species, and the system was equipped with an automated
drip irrigation system connected to on-site water storage.

PM..s concentrations and microclimatic parameters were acquired before and after the
implementation of the system. The results showed that PM..s concentrations measured
before and after the application of the green walls were significantly different (p < 0.001),
with an overall mitigation efficiency of approximately 44%.

The results demonstrate that modular green wall systems represent a promising and
sustainable solution to improve air quality in livestock housing. In addition, the green wall
can improve the aesthetic of livestock buildings.

Keywords: Mitigation strategy, Biofilter design, Livestock emissions, Air pollution
reduction, Fine Particulate Matter, Green Wall.
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Integrated Assessment of Occupational Exposure
to Biological and Chemical Agents in Reclaimed Wastewater
for Agricultural Irrigation: Preliminary Outputs
of the ACQUAIR Project

Brambilla Massimo', Filisetti Alex', Bisaglia Carlo!, Cutini Maurizio', La Rosa Giuseppina,
Taconelli Marcello?, Bonanno Ferraro Giusy?, Mancini Pamela?, Veneri Carolina?, Franco
Agata?, Congiu Daniele?, Brandtner David?, Briancesco Rosella?, Vitanza Luca?, Della Libera
Simonetta?, Coccia Anna Maria, Peluso Alessia?, Veschetti Enrico?, Murtas Susanna?, Mattei
Giorgia?, Nigro di Gregorio Federica?, Spica Vincenzo Romano® Valeriani Federica®,
Gianfranceschi Gianluca®, Robert Pietro’, Proietto Anna Rita*, Chiominto Alessandra* and
Mansi Antonella*

I CREA — Research Centre for Engineering and Agro-food processing, Via Milano, 43, 24047 Treviglio
(BG), Ttaly
2 ISS- Centro Nazionale per la Sicurezza delle Acque (CeNSiA)
3 Universita degli Studi di Roma “Foro Italico”
4 INAIL Dipartimento di Medicina Epidemiologia, Igiene del Lavoro e Ambientale
massimo.brambilla@crea.gov.it

Abstract. Reusing water in agriculture is critically important, however, it must also consider
operators' exposure during sprinkler irrigation. Especially in enclosed environments (i.e.,
greenhouses), aerosols containing waterborne pathogens pose direct respiratory risks to
workers. Additionally, workers may be exposed to emerging chemical contaminants (PFAS,
pesticides, heavy metals, pharmaceutical residues) that standard regulatory monitoring often
does not cover. The ACQUAIR project employs an innovative, multidisciplinary approach
aligned with the One Health concept to assess occupational exposure to biological and
chemical agents, combining traditional microbiological techniques with advanced molecular
methods and high-sensitivity analytical chemistry. Initial results focus on transforming
analytical and environmental data into structured risk management tools to protect operators.
Key outputs include Integrated Safety Frameworks (e.g., Water Reuse Risk Management
Plans and Sanitation Safety Plans), Occupational Risk Matrices (to evaluate the likelihood
and severity of chemical and microbiological hazards), Evidence-Based Preventive
Measures (developing initial operational guidelines to reduce worker exposure, including
safe re-entry times after sprinkler irrigation, and recommendations for personal protective
equipment).

Ultimately, ACQUAIR aims to produce robust, site-specific data to support prevention
strategies that safeguard agricultural workers and promote sustainable water reuse.

Keywords: Water reuse, Occupational exposure, Sprinkler irrigation, Biological
contaminants, Risk Assessment
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LiDAR Application for Environmental and Operator Risk

Assessment in a Dairy Facility: A Preliminary Study

Catania Pietro, Alleri Maria, Orlando Santo and Vallone Mariangela
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Abstract. LiIDAR is a key tool in the agri-food sector for high-precision mapping of
production environments, infrastructure monitoring and optimization of logistics and quality
control through high-resolution 3D surveys and spatial analysis. Equally important is
operator safety in dairy plants to prevent injuries, ensure safe working conditions and
maintain production continuity by identifying ergonomic hazards, hot surfaces and high-risk
pathways.

This preliminary study presents a LiDAR- and thermal-imaging-based approach for
environmental and operator-safety assessment in an industrial dairy facility, focusing on the
pasteurizer area and the maturation room. Multi-station LiDAR surveys generate
high-resolution 3D reconstructions of the production layout, equipment placement and
circulation corridors, enabling precise geometric characterization of potential collision
zones, access restrictions and workflow bottlenecks. Synchronized thermal imaging
captures surface temperature distributions and microclimatic variations that are critical for
product quality and for detecting thermal hazards affecting personnel. A multimodal
data-integration pipeline co-registers geometric and thermal datasets with operational
metadata (process timing, personnel movement logs and equipment status) and applies
spatial data assimilation to produce georeferenced, spatially resolved criticality indicators.
These indicators support quantitative estimation of logistical and microbiological risks, such
as dwell times in temperature-sensitive zones, operator proximity to hot surfaces, and
constrained ventilation patterns that may influence spoilage or contamination. Preliminary
results show the method’s ability to convert heterogeneous measurements into actionable
operational assessments that inform preventive interventions, layout and routing
optimization, and enhanced quality control and worker safety. Future work will pursue
extended temporal monitoring and real-time alert integration.

Keywords: LiDAR, Operator Safety, Thermal Analysis
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Linear Regressions Vs Non-Linear Regressions for Ammonia
Emission Factor Calculation from Animal Wastes

Costa Annamaria and Buoio Eleonora
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Abstract. This study evaluated the use of linear regressions (L) vs non-linear regressions
(NL) to quantify the ammonia emission factors (AEF) from dairy raw manure and digestate
samples, using a steady state chamber. For the purpose, ammonia released by 54 samples,
half fresh manure (FM) and half digestate (D), were measured using the static chamber
method at two different temperatures in controlled laboratory environment. The chamber
(0.24 ratio volume/area) was connected via Teflon tubing to a multi-gas photoacoustic
analyzer (INNOVA 1512, Lumasense Technologies, Fort Collins, CO, USA, 7% error,
detection limit of 0.1 ppb, and accuracy of 0.25 ppb). Each measurement session lasted 40
min. The downloaded data of each sample were submitted to L (Proc Reg, SAS 9.4) to obtain
EAF, using the equation F = 8C/6t x V/A, where 6C = variation in the concentration of the
monitored gas in the time interval (mg m ™), 3t = time interval (h), V = chamber inner volume
(m?), A = chamber base area (m?), or the emitting area (Buoio et al., 2025). The dataset was
then used to model the AEF of each sample using a modified Gompertz model (NL), selected
for its ability to fit biological events. The model is AEF= (a)(b) exp(t logc) (Costa et al.,
2025), with (a)(b) for the initial value of ammonia concentration measured at time 0, (a) is
the asymptotic concentration, or the saturation point, (c) indicates the emission rate increase
over time, t is the time. L gave modest R2 (0.65 for FM and D at 18°C and 28°C, 0.71-0.77
for FM and D), with AEF values of 2.67 gm2h'! and 6.19 g m? h'! for FM and 5.61 g m™
h'and 9.61 gm? h!' for D at 18 and 28 °C. NL produced values of 3 gm?h'and 9.1 g
m> h'! for FM, and 5.1 gm? h! and 16.06 g m? h"' for D at 18 and 28 °C, with high R2
(0.92-0.99), with the important indications for the asymptotic concentration value of
ammonia in the chamber, occurring at 40 minutes for FM at 30 °C and at 56 minutes for D
at 28°C. The saturation points for wastes at 18°C is predicted by NL during 5 hours of the
measuring session, demonstrating a higher reliability in describing and predicting ammonia
emission when compared to L regressions.

Keywords: Ammonia emission, Dairy manure, Digestate, Linear regressions, Non-linear
regressions, Emission factor calculation
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Mapping Farmworker Heat Hazard Windows in California

Using a Machine-Learning WBGT Model and CIMIS
Observations

Hong Minyoung and Khorsandi Farzaneh

! University of California, Davis CA, USA
myohong@ucdavis.edu, fkhorsandi@ucdavis.edu

Abstract. Heat exposure is a major occupational hazard for agricultural workers, yet direct
Wet Bulb Globe Temperature (WBGT) monitoring is sparse relative to standard
meteorological networks. We developed a machine-learning framework to estimate WBGT
from routinely measured station variables, trained on paired in-field measurements of
natural wet-bulb and globe temperatures collected at agricultural sites across diverse
California climates. Among baseline linear regression and tree-based approaches, an
extreme gradient boosting (XGBoost) model was selected for accuracy and deployability.
On an independent test set (n=1,639), XGBoost reproduced observed WBGT with
RMSE=0.52°C and R?*=0.993. We then applied the trained model to 2025 California
Irrigation Management Information System (CIMIS) data to generate hourly WBGT
estimates and summarize heat hazard windows using exceedance-based metrics (total
critical hours, critical-day counts, and peak WBGT). Across 127 CIMIS stations, predicted
maximum WBGT ranged from 23.7 to 37.9°C, total critical hours from 0 to 1,329 h (up to
~15% of annual hours), and critical days from 0 to 163 d. Peak WBGT timing was strongly
seasonal and diurnal, with most maxima in August—September and between 13:00-16:00
local time. Spatially, the cumulative heat burden clustered in the Imperial/low-desert region,
while the highest WBGT peak occurred farther inland. This scalable WBGT mapping
approach can support operational planning and decision-support tools for agricultural heat
safety.

Keywords: WBGT, Heat stress, Agricultural workers, XGBoost, CIMIS, Hazard windows
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Abstract. Non-exhaust emissions, specifically particulate matter generated by the wear of
tyres, clutches and braking systems, are increasingly recognized as a significant component
of vehicle-related pollution. To date, most available studies have focused primarily on road
transport, while the agricultural sector remains largely under-investigated. Agricultural
tractors and self-propelled machinery operate under distinct mechanical and environmental
conditions, including high loads, variable traction demands, continuous soil-tyre
interaction, and frequent use of friction-based components. These operational characteristics
may substantially influence the generation and release of wear-related particles within
agricultural environments, with potential implications for both environmental quality and
occupational exposure. Assessment parameters for wear, particularly agricultural tyre wear,
differ considerably from those typically adopted in the automotive sector. In fact, they are
significantly larger than those used on passenger cars, trucks and buses, resulting in a greater
mass of material subject to wear. Furthermore, wear consumption must be expressed in
relation to operating working time rather than distance travelled, as agricultural machinery
performance is primarily time-based. It is also essential to account for the specific type of
field operation, since activities requiring high traction pull, especially when performed on
highly abrasive surfaces, can markedly increase tyre wear and, consequently, the generation
of non-exhaust particulate matter. The aim of this study is to evaluate the relevance of non-
exhaust emissions from tractors and self-propelled agricultural machinery over their service
life, with particular emphasis on particulate matter generated by the wear of tyres, clutches
and braking systems. The study also seeks to support the potential future inclusion of wear-
related emissions in the environmental assessment frameworks for agricultural machinery.

Keywords: Agricultural tractors, Tyre wear particles, Brake and clutch wear, Operator
exposure, Off-road agricultural machinery

Non-Exhaust Particulate Emissions from Agricultural Tractors
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The VIBES Project: A New Paradigm for Vibration Risk
Assessment and Mitigation
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Abstract. The VIBES project, funded by INAIL under the BRIC programme, aims to
overcome the limitations of the current ISO 2631-1 standard through a probabilistic,
individualised and biologically informed approach. The research involves collaboration
between UNITS, POLIMI, UNIVAQ, UNIROMA1 and CNR-STEMS, and is structured
around three interconnected specific objectives, with particular focus on operators of
agricultural and earthmoving machinery.

The first objective concerns the development of probabilistic risk models through systematic
literature review on cervico-dorsal and shoulder disorders, analysis of historical
epidemiological datasets, and perturbed walking tests in the laboratory (Hexalab) to define
optimal measurement chains supported by wearable sensors and structured collection of
clinical and exposure data. The second objective focuses on non-linear biomechanical
modelling to estimate physiological stress on critical tissues, encompassing the development
and validation of an instrumented dynamic dummy compliant with ISO/DIS 10326-3,
designed for repeatable testing on agricultural and earthmoving machine seats. The third
objective translates the acquired knowledge into active and semi-active prototypes for the
attenuation of vertical and roll-induced vibrations, integrating interface-to-damage transfer
functions within the control system to directly minimize internal biomechanical loading.
Experimental validation targets a documented stress reduction of 15-25% relative to
standard systems, providing a scientific basis for the revision of international standards.

Keywords: Whole-Body Vibration, Biomechanical modelling, Risk assessment, Active
protection, Occupational health, Musculoskeletal disorders
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Vibration Analysis on Tractor Operators During Ploughing
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Abstract. Directive 2002/44/EC establishes minimum requirements for protecting workers
from risks related to vibration exposure. Since ploughing is among the most demanding
agricultural operations in terms of working time, this study focuses on the vibrations
transmitted to the tractor operator during this task. Field tests were carried out to measure
vibration levels at the driver’s seat during in-furrow and out-of-furrow ploughing on a silty-
clay soil. Measurements followed the ISO 2631-1:1997/Amd 1:2010 standard for
whole-body vibration assessment. The instrumentation included a seat-mounted triaxial
accelerometer, a multichannel acquisition system for real-time vibration recording, and a
triaxial gyroscope to monitor tractor inclination. The accelerometer was oriented according
to the standard and simultaneously recorded awx, awy and aw. in the 0.5-80 Hz frequency
range. Each acquisition lasted 120 s, which was sufficient to characterize the vibration levels
generated during ploughing. Six replications were performed for each of the two operating
modes. Tests were conducted using a three-furrow reversible mouldboard plough coupled
to a 205 kW 4WD tractor. A hydraulic control system allowed adjustment of the alignment
between the tractor and the plough’s first body, enabling both traditional in-furrow and out-
of-furrow configurations. Based on soil and implement characteristics, the working depth
was set to 0.40 m and the forward speed to 6.0 km h'. During in-furrow ploughing, the
average vector sum acceleration (Av) was 0.936 m s2. Among the axial components, the
highest values occurred along the Y-axis (transverse to the tractor’s direction of travel),
which corresponded to an average lateral inclination of 4° relative to the horizontal plane.
In out-of-furrow ploughing, Ay decreased markedly, with an average of 0.656 m s2. Axial
accelerations were more homogeneous in this configuration, with higher values along the
X-axis. Gyroscope data confirmed that the tractor-plough system operated without
significant inclination.

Keywords: Accelerations, Reversible Plough, Exposure Time, Operator Health
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Abstract. The rapid deployment of fully autonomous agricultural vehicles in California has
exposed a significant regulatory gap. Under Title 8, §3441(b), an operator must be seated in
the tractor or remain within 10 feet of slow-moving equipment (less than 2 mph). This
requirement is incompatible with fully autonomous tractors that operate without onboard
operators. As a result, a Cal/OSHA inspector may issue an “Order Prohibiting Use” if such
equipment does not comply with the current regulation, creating uncertainty for
manufacturers and growers.

In response, the California Occupational Safety and Health Standards Board convened an
Autonomous Agricultural Tractors/Vehicles Advisory Committee in late 2024. Extensive
discussions have addressed safety, reliability, cybersecurity, and operational oversight,
while Temporary Experimental Variances remain the only pathway for limited deployment.
This paper provides an update on the current regulatory status in California, summarizes key
outcomes of Advisory Committee meetings, outlines proposed regulatory modifications,
and discusses potential final solutions. The findings highlight the urgent need for regulatory
and legislative action to align California’s agricultural safety rules with emerging
autonomous technologies.

Keywords: Autonomous agricultural vehicles, California OSHA (Cal/OSHA), Regulatory
gap, Title 8 §3441(b), Agricultural safety regulation

Addressing California’s Regulatory Gap for Fully Autonomous
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Participation and Inclusion for People with Disabilities
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Abstract. The USDA/NIFA National AgrAbility program’s vision is to enhance quality of
life for farmers, ranchers, and other agricultural workers with disabilities so they, their
families, and their communities can continue to succeed in rural America. The Florida
AgrAbility Project supports this vision by helping farmers overcome barriers created by
disabilities and chronic health conditions so they can remain active in agriculture. Florida
AgrAbility  provides individualized services including on-site  assessments,
recommendations for assistive technologies, modified work practices, educational
resources, and referrals to financial, rehabilitative, and educational partners based on client
needs. Two education and training initiatives, Roots to Work and Barnyard Challengers,
further expand access to agriculture for individuals with disabilities. These programs address
employment disparities, as people with disabilities experience unemployment at twice the
rate of those without disabilities and face lower educational attainment, highlighting the
importance of targeted vocational programming. Roots to Work is a three-month, work-
based learning program for adults with disabilities delivered at a local Extension office with
an industry-standard nursery and garden. Participants gain hands-on experience in plant
anatomy, care, pest identification, irrigation, and horticulture practices, followed by
community engagement through volunteering and continued education. Barnyard
Challengers serves youth ages five and older with disabilities by introducing poultry care,
safety, and life skills through mentor-supported livestock projects. Youth without
disabilities serve as mentors, building leadership and awareness while promoting inclusion.
Together, these programs strengthen skills, confidence, and community connections for
individuals with disabilities.

Keywords: Disability, Agriculture, Employment, Community, Engagement, Pathways
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Abstract. Digital technologies are reshaping agricultural systems worldwide, yet adoption
remains profoundly uneven across territories. Southern Italy offers a particularly revealing
case: a region with substantial agricultural heritage, limited average farm capitalization, and
persistent gaps in digital infrastructure. This paper draws on a cross-sectional national
survey (n = 117, Consumers = 40, Farmers = 38, Experts/Consultants = 39) — with farm
respondents concentrated in the Mezzogiorno — to examine how different categories of
actors perceive, trust, and adopt Agriculture 4.0 technologies. Three findings stand out. First,
k-means clustering of farmer data identified two distinct groups — Innovators (37%) and
Traditionalists (63%) — differing markedly in knowledge scores, Al trust, equipment
modernity, and investment intent, with the segmentation capturing 100% of discriminant
variance in LDA. Second, education level emerged as a significant predictor of technology
adoption among farmers (Kruskal-Wallis: H=11.13, df=3, p=10.011), with degree holders
recording systematically higher adoption scores. Third, despite high declared willingness-
to-pay for sustainable produce (85% for pesticide reduction, 77.5% for water saving),
consumer trust in precision agriculture products remained elevated (mean = 3.58/4),
pointing to a receptive market context that supply-side actors have yet to fully exploit.
Investment planning was significantly predicted by the existing technology adoption score
(OR = 248, p = 0.011) and negatively by owner age (OR = 0.91, p = 0.034). Expert
consultants reported that inadequate training (59%) and regulatory constraints (49%) were
the primary barriers limiting drone diffusion. These results converge on the conclusion that
digital transformation in Southern Italian agriculture is not inhibited by attitudinal resistance
but by structural deficits — in training, infrastructure, and policy support — that policy
interventions could realistically address.

Keywords: Precision Farming, Southern Italy, Technology adoption, Consumer
Willingness-To-Pay, K-Means Clustering
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Abstract. According to the 2022 United States Department of Agriculture Census, 3.4
million agricultural producers work in the United States. Among them, approximately 2.4
million are farmworkers, many of whom are immigrants or migrants and experience distinct
health and safety disparities. Agriculture, along with fishing, forestry, and logging, remains
among the occupational sectors with the highest rates of injury, hazardous exposures, and
death. AgriSafe addresses these persistent threats through a national nonprofit mission
focused on improving the health and safety of agricultural communities by training both the
agricultural workforce and healthcare professionals. Through its trainings, resources, and
programs, AgriSafe equips rural clinicians and safety professionals to serve as a critical
“boots on the ground” force multiplier.

As an affiliate of the Centers for Disease Control and Prevention Total Worker Health
initiative, AgriSafe developed the Total Farmer Health model in response to the complex
and overlapping risks faced by agricultural populations. One Health and environmental
health threats continue to intensify across rural communities, increasing in both frequency
and severity. Drought, historic flooding, hurricanes, wildfires, zoonotic disease, and suicide
have created profound and evolving challenges for agricultural workers and their families.
These threats also destabilize rural economies and place the nation’s food system at risk.
AgriSafe’s response to these emerging threats represents a practical and scalable model for
public health innovation.

Keywords: One Health, Mental Health, Emerging Issues, Total Worker Health

AgriSafe’s Total Farmer Health Model: Addressing Emerging
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Abstract. Artificial intelligence is rapidly reshaping agricultural and agri-food systems
through applications ranging from crop management and predictive analytics to agricultural
robotics, automated decision-making and food-chain traceability. This paper explores the
European legal framework applicable to Al in agriculture, with particular attention to the
interaction between the Al Act, data protection rules and broader EU requirements
concerning food safety, transparency and accountability. The paper argues that the legal
governance of agricultural Al must be understood through a risk-based and multi-level
approach. In this perspective, the Al Act provides an essential starting point by classifying
Al systems according to different levels of risk and by imposing requirements related to risk
management, transparency, human oversight and post-market monitoring. However, the
deployment of Al in agriculture also raises broader legal and policy issues concerning data
quality and access, discriminatory or flawed decision-making, liability for economic or
environmental harm, and the need to avoid technological lock-in in closed digital
ecosystems. Against this background, the paper examines the main compliance challenges
for developers, providers and agricultural operators, and reflects on possible policy
directions to ensure that Al supports efficiency and sustainability without undermining
safety, fairness and trust. It concludes that a coherent governance model for agricultural Al
in the EU requires not only regulatory compliance, but also stronger attention to
interoperability, accessibility and responsible innovation.

Keywords: Agricultural AL, EU Al Act, Risk-based regulation, Liability, Digital agriculture
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Critical Mental Health Support for Agricultural Communities:
AgriSafe’s FarmResponse training, the AgriStress Helpline
and the AgriStress Provider Directory

Roy Natalie
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Abstract. Launched in February 2022, AgriSafe’s FarmResponse is an on-demand,
interactive course offered through AgriSafe’s Learning Lab. The course is designed to build
cultural competency among healthcare providers and allied specialists serving farm and
ranch communities. FarmResponse examines how financial stress, land ownership and
legacy concerns, substance use, suicide, and the demands of agricultural work affect mental
well-being. Its curriculum is grounded in the Total Farmer Health model and emphasizes
the unique factors shaping mental health in agricultural settings.

The program is intended to prepare those who currently serve, or aspire to serve, agricultural
communities to better understand how farming culture influences mental health and health-
seeking behaviors. FarmResponse was also intentionally integrated with the AgriStress
Helpline and the AgriStress Provider Directory to strengthen connections to care and
improve service delivery. To date, AgriSafe has trained more than 2,200 healthcare
providers across 45 states through FarmResponse. It remains the only agriculture-specific
mental health training included in the Suicide Prevention Resource Center’s Best Practices
Registry.

Keywords: Farm Response, Mental Health, Crisis, Training Support
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Abstract. The EU Horizon project RENOVATE (RENOVATE -Training experiences and
networking for farmers in the field of sustainable crop management, 2024-2028, funded by
the European Union under Grant Agreement 101134024) aims to provide farmers and farm
advisors with a complete digital platform for improving their knowledge and practices about
the correct and sustainable management of Plant Protection Products (PPPs) application,
with special regards to arboreal crops. In order to exploit the availability of innovative digital
tools, smarter and more attractive also for end-users, a specific training platform is under
development including serious games and simulators. Through exercises made in a virtual
reproduction of the farm context, the end-users will learn the most adequate practices to
follow and the more advanced techniques for achieving a full sustainable management of
crop protection activities, including aspects related to operator safety. Besides, a digital
library of conventional training materials will be available as well for further consultation.
To identify the key topics, practical information and guidance of greatest interest for end
users, ad hoc Focus Groups were established in the different EU countries involved in the
project. These groups gathered suggestions and recommendations from stakeholders (e.g.
representatives of farmers, farmer’s unions, technical support services, PPP industries,
public authorities) and provided feedbacks on the training paths and tools developed. Results
of the activities carried out and outcomes from the focus groups will be presented at the
conference.

Keywords: Crop Protection, Sustainability, Training Platform, Serious Games
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Abstract: Farming in Slovenia is characterised by persistent uncertainty and structural
pressures that affect daily life. Farmers must manage weather, climate change, volatile
markets, policy requirements, a continuous workload, and responsibilities towards animals,
land, and family. Multigenerational cohabitation and farm succession further complicate
these dynamics. These conditions contribute to increased risks of mental health difficulties,
including stress, anxiety, depression, and burnout. Farmers often face barriers to help-
seeking such as stigma, strong cultural expectations of self-reliance and limited
geographical and symbolic access to specialised services. In response, we developed the
PoljaMoci project, an educational initiative aimed at strengthening mental health awareness
and reducing stigma in rural areas. The programme is based on empirical research,
including a survey on burnout (N=574, 233 farmers, 341 non-farmers), 20 semi-structured
interviews, and four focus groups with farmers and professionals who work with them.
Findings highlight, among other issues, the normalisation of overwork, reluctance to seek
support, and reliance on informal coping strategies, with a major concern being the use of
psychoactive substances. These findings underscore the need for accessible, context-
dependent mental health interventions that challenge stigma, account for farmers’ structural
realities, and integrate support into trusted, locally embedded formats. This has been
achieved through the involvement of farmers and farmers association throughout the project
and through field-based workshops.

Keywords: Mental health, Farmers, Stigma, Educational Tools, Field-Based Workshops
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Abstract. The Italian regulatory framework for fire prevention has undergone a profound
transformation in recent years, marking the transition from a traditional approach to an
innovative performance-based methodology. This shift aligns national legislation with
international standards, introducing greater flexibility through the analytical assessment of
specific risks. This paper analyzes the application of this new method within agricultural
activities, a sector characterized by heterogeneous fire loads and often unconventional or
isolated structures.

The performance-based approach allows for the evaluation of various elements within a
farm, such as forage-storage facilities, machinery sheds and pesticide-storage areas, by
applying regulations on a case by case basis. Instead of imposing rigid, standardized
measures, the new framework enables designers to define tailored fire strategies based on
the actual configuration of spaces and work processes.

Through the examination of specific case studies, this work illustrates how the integration
of performance-based standards promotes more effective and rational protection, optimizing
safety investments without compromising operational efficiency. In conclusion, the study
highlights that tailor-made fire prevention represents not only a legal obligation but a
strategic opportunity to ensure the resilience and continuity of Italian agricultural
enterprises.

Keywords: Fire Assessment, Risks, Fire Prevention
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Abstract. The EU-Regulation 2023/1230, will come into force on January 20, 2027,
replacing Directive 2006/42/EC and establishing safety requirements for some key
innovations in agricultural machinery. As the industry is increasingly proposing autonomous
mobile machinery, Al-based safety components, connected equipment introducing the need
of cybersecurity requirements - where automation increasingly relies on machine learning,
sensor fusion, and remote connectivity — the legislation must cover all these aspects. This
will introduce also new tasks and new risks for the sector, these last can be, in some cases,
easily foreseen and predictable, but in some cases, they could emerge only from real
practices. Among the new tasks, the innovative role of the supervisor, his classification and
training will be strategic as well as the relationship with human operators possibly still
present in the work area. The Regulation will also address the new risks associated with the
use of machine learning algorithms with self-evolving behavior, even if those systems are
still under evaluation also considering the different conformity procedure required.
Moreover, the level of technological maturity of many autonomous applications in
agriculture (for example, the harvesting robots for fruit and vegetables) is still far from the
state-of-the-art due to the fast pace of technological evolution, which also implies possible
new or unforeseen risks. The paper will analyze what will change: i) at the technological
level, ii) at the risk analysis level and iii) at the safety level in some scenarios relating to
autonomous machinery introduction in agricultural crops and livestock farming.

Keywords: Automation, Operator Safety, Intelligent Machines, Supervisor
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Abstract. Food preservation education plays a critical role in reconnecting consumers with
agriculture by extending the value of fresh, seasonal foods beyond the harvest period. As
modern food systems grow increasingly distant from the farm, many consumers lack
awareness of where food comes from and how it is produced. This program uses hands-on
food preservation training—including freezing, drying, and canning—to strengthen the
relationship between consumers and agricultural production. Over three years, more than
550 individuals participated in experiential classes that emphasized safe practices, proper
equipment use, and approved recipes. Outcomes indicate increased confidence and skill
development, with participants demonstrating improved understanding of preservation
processes and greater adoption of safe methods. Beyond individual household benefits,
food preservation encourages consumers to purchase local and seasonal produce with the
intention of extending its use, thereby supporting farmers, reducing post-harvest losses, and
decreasing food waste. Participants also reported a stronger appreciation for the effort and
resources required to grow food, fostering respect for agricultural systems and promoting
farm-to-table awareness. These findings suggest that food preservation education is an
effective strategy for linking consumers to agriculture while promoting sustainability, food
security, and economic resilience within local food systems. The program model
demonstrates how applied education can enhance both individual food practices and
broader agricultural engagement.

Keywords: Food Preservation, Agriculture Education, Local Food Systems, Sustainability,
Consumer Engagement, Food Security
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Abstract. Digital and precision agriculture are transforming contemporary farming
through decision support systems, sensor networks, artificial intelligence, and large-scale
data processing. While these technologies promise improved efficiency, productivity, and
responsiveness, they also raise critical ethical questions concerning data ownership, access
asymmetries, transparency, accountability, and the social consequences of algorithm-driven
decision making. This paper examines the ethical implications of digital agriculture by
framing technological innovation not only as a technical or economic opportunity, but also
as a normative and political issue. The analysis highlights how the adoption of big data and
predictive systems may reshape agricultural decision processes, gradually shifting authority
from the farmer's experiential judgement toward opaque computational models based on
correlation rather than explanation. This transition may generate new forms of dependence,
especially where the control of sensors, platforms, storage capacity, and processing power
is concentrated in the hands of a limited number of actors. In such contexts, data extracted
from agricultural activity risk becoming a source of private value without adequate ethical
oversight, informed consent, or fair redistribution of benefits. The paper also discusses the
broader tension between productivity-oriented innovation and sustainability-oriented
governance. It argues that digital agriculture must be evaluated not only according to its
capacity to increase yields or optimize operations, but also according to its effects on human
wellbeing, environmental stewardship, rural autonomy, and democratic access to
knowledge. Responsible innovation in agriculture therefore requires ethical safeguards,
transparent data governance frameworks, and a stronger reflection on who collects data, who
can interpret them, and who ultimately benefits from their use. By connecting agricultural
ethics, digital governance, and emerging data infrastructures, this contribution proposes a
critical framework for assessing the social and moral dimensions of precision agriculture in
the transition toward Agriculture 4.0.

Keywords: Digital Agriculture, Precision Agriculture, Data Governance, Al Ethics,
Responsible Innovation, Decision Support Systems
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Abstract. Cattle feedlots represent the final stage of beef production where animals are fed
to market weight before processing. In the United States, feedlots are concentrated in the
central section of the country. The workforce is largely male, with immigrants comprising
about half of the workforce. The work is demanding, and long hours are the norm. The Cattle
Feedyard Worker Health Study is an ongoing longitudinal, descriptive multiple methods
study exploring physical, mental, and social well-being outcomes over time. This
presentation will focus on healthcare access and use of preventive services as reported by
workers from the first wave of health fairs conducted onsite at cattle feedlot operations
(n=592 participants, 90% male, M age = 39.8 years). Nearly 70% of workers reported having
no regular healthcare provider. Approximately 10% had never had a routine check-up or
could not remember when was the last time they visited a healthcare provider, and about
17% had not had sought routine care in over five years. Through these health fairs, our team
has also found a variety of undiagnosed chronic health conditions, including diabetes. On-
farm health screenings reduce barriers to preventive care, promote early detection, provide
connections to primary care, and support health education. The on-farm health screening
infrastructure is valuable in meeting the needs of a hardly-reached worker population and
promotes partnerships with farm and industry management.

Keywords: Farmworkers, Healthcare Access, Preventive Care, Outreach, Industry
Engagement
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Abstract. The integration of Artificial Intelligence (Al) in autonomous agricultural and
forestry machinery significantly enhances operational efficiency and resource optimization.
However, operating autonomous agricultural machinery in real operating scenarios
characterized by unstructured, dynamic and unpredictable environments introduces critical
challenges for occupational safety and health (OSH). Under the European Al Act
(Regulation UE 2024/1689), Al-based systems serving as safety components in agricultural
machinery are legally classified as "high-risk" (Articles 6 and 49), that require strict
compliance with mandatory safety standards. This paper proposes a technical and
operational framework analysis focused on translating the Regulation’s strict requirements
for human oversight (Article 14) and technical robustness (Article 15) into robotic
engineering design. Specifically, the framework addresses the mitigation of "automation
bias" through the development of intuitive Human-Machine Interfaces (HMIs) that
communicate algorithmic uncertainty to agricultural workers. Furthermore, it details the
architecture of dynamic "fail-safe" software protocols capable of executing controlled
deceleration and emergency stops when sensor anomalies occur. The paper also included
proactive risk management strategies (Article 9) and strict data governance protocols
(Article 10), to ensure that training datasets are highly representative of hazardous agrarian
conditions. By bridging the gap between European legislation and agricultural cyber-
physical engineering, this study demonstrates how a safety-by-design approach can
effectively prevent occupational accidents. The implementation of standardized compliance
framework establishes a paradigm of trust, commercial reliability, and comprehensive
physical protection for operators within the landscape of smart farming.

Keywords: Autonomous agricultural machines, Occupational safety, Automation bias,
Rules compliance
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Abstract. The increasing demand for sustainable and cost-effective land maintenance
solutions has driven significant interest in hybrid robotic mowing systems. This paper
examines the multidimensional advantages of deploying hybrid mowing robots —
combining internal combustion and electric power sources — across agricultural, municipal,
and recreational turf management contexts.

From an economic standpoint, hybrid mowing robots deliver substantial reductions in
operational expenditure by minimizing direct labour costs, lowering fuel consumption
through intelligent power-switching algorithms, and reducing machinery downtime via
predictive maintenance capabilities. Return-on-investment analyses consistently
demonstrate cost parity or superiority over conventional mowing fleets within three to five
operational years.

On the environmental front, hybrid propulsion significantly curtails greenhouse gas
emissions and noise pollution compared to purely combustion-powered alternatives.
Integration with renewable energy infrastructure — particularly solar charging stations —
further reduces the carbon footprint of large-scale mowing operations, supporting
compliance with increasingly stringent environmental regulations and corporate
sustainability targets.

Critically, hybrid robotic mowing systems yield profound improvements in worker health,
safety, and well-being. Operators are relieved from prolonged exposure to whole-body
vibration, exhaust fumes, heat stress, and the risk of blade-related injuries. Autonomous
navigation and obstacle-detection technologies ensure safe coexistence with human
workers, while supervisory roles shift labor toward higher-value, less physically demanding
tasks, contributing to improved job satisfaction and reduced occupational disease incidence.
Collectively, these converging benefits position hybrid robotic mowing as a strategically
sound investment for organizations committed to operational efficiency, environmental
stewardship, and workforce protection.

Keywords: Ag-robot, UGV, Weed management, Worker health, Fuel consumption
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Abstract. The 2024-2026 period marks a critical turning point for the automation sector,
driven by the mandatory convergence of functional safety and cybersecurity. The primary
pillars of this landscape are the Machinery Regulation (EU) 2023/1230, the NIS2 Directive
(transposed in Italy via Legislative Decree 138/2024), and the Cyber Resilience Act (CRA).
The correlated interpretation of these provisions is multifaceted and complex: the
regulations exhibit substantial divergences in adoption timelines and risk assessment
criteria, resulting in a procedural discontinuity that hinders manufacturers in the practical
implementation of "security by design" principles.

To address these challenges, this research proposes a methodological framework designed
to guide the adoption of a support tool for normative interpretation and the harmonization
of compliance processes. The novelty of this approach lies in the framework's
interdisciplinary ~ mapping logic, which aligns  product-specific  obligations
(CRA/Machinery) with process-oriented requirements (NIS2), acting in synergy with the
IEC 62443 standard to provide a more comprehensive overview of integration dynamics.
The framework establishes the logical model necessary to configure the tool and translate
abstract legal mandates into technical operational controls for industrial control systems.
The validity of the proposal was tested through an applicative simulation to demonstrate the
model’s effectiveness in transforming heterogeneous directives into a coherent and
reproducible technical procedure. This approach significantly reduces interpretative
uncertainty for IT and OT professionals and supports the enhancement of resilience in
interconnected digital infrastructures, facilitating the achievement of certified compliance.

Keywords: Industrial Automation, Cybersecurity, Security by Design, Methodological
Framework, Regulatory Compliance, Digital Resilience



SHWA 2026 International Conference
SHM Science, Technology and Policy for Safer and

Healthier Agro-Food and Forestry Systems

Roma-Viterbo, September 14-16%, 2026

Lift Crate Use Duration in Farrowing Systems: Effects on Sow
Stress and Piglet Mortality

Buoio Eleonora, Boffi Linda, Mazzola Silvia Michela, Tangorra Francesco
and Costa Annamaria

Universita degli Studi di Milano, Department of Veterinary Medicine and Animal Science, Lodi, Italy
eleonora.buoio@unimi.it

Abstract. The aim of this study was to evaluate the effect of lift farrowing crates on piglet
mortality and sow welfare compared with conventional farrowing crates. Lift farrowing
crates can lift the sow area when sows stand and can lower it when laying on the floor,
thanks to a contact sensor in a movable bar above the sow back, to prevent accidental
crushing. Ninety-five multiparous sows (Landrace x Large White x Duroc) were randomly
allocated to three housing systems: conventional crates (CC), lift crates active throughout
the entire lactation period (LC28d), and lift crates active only during the first three days
postpartum (LC3d), the most critical crushing period in the farrowing unit. Farrowing rooms
were comparable in structure and management, and all sows had previous exposed to the lift
system. Numbers of live-born, stillborn piglets, and piglet crushing rate at 24 h, 48 h, and
from day 3 until weaning (28 days) were considered. Sow welfare was assessed through hair
cortisol concentration and backfat thickness measured at entry and exit from the farrowing
unit. During farrowing, the sows lodged in LC3d showed significantly higher cortisol
increase (5.29 pg/mg, p <0.05) and backfat loss (4.13 mm) than LC28d (2.40 pg/mg, 3.07
mm) and CC (0.67 pg/mg, 2.26 mm). Piglet crushing was highest in LC3d, after the first
three days postpartum (0.27 vs 0.06 for CC and 0.07 for LC28d of dead piglets/sow). These
results indicate that keeping the lift system active throughout lactation may reduce piglet
mortality and maternal stress.

Keywords: Lift Crates, Hair Cortisol, Backfat Thickness, Piglet Crushing, Farrowing
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Abstract. Agriculture is a critical sector of the U.S. economy yet continues to experience
persistent labor shortages driven by declining workforce participation, restrictive
immigration policies, and increasing production demands. These challenges underscore the
need for a skilled, safety-trained agricultural workforce. Workforce development initiatives
within correctional settings have been identified as a potential strategy to prepare individuals
for employment in high-need industries while supporting successful re-entry into the
community. The objective of this study was to evaluate the effectiveness of extension-based
agricultural safety training delivered within correctional facilities by measuring changes in
participant knowledge and examining implications for workforce preparedness and post-
release success. Between July 2024 and June 2025, incarcerated individuals participated in
an extension-based Beginning Farmer course offered at eight correctional facilities in
Florida. The course included agricultural safety content focused on hazard recognition,
equipment operation, heat illness prevention, and ergonomic safety. Knowledge gain was
assessed using standardized pre- and post-tests administered to participants who completed
agricultural safety and ergonomics modules. Results demonstrated substantial increases in
agricultural safety knowledge among participants across multiple correctional institutions.
Although safety modules represented a limited portion of the overall curriculum, consistent
knowledge gains were observed, indicating strong potential for program expansion into a
more comprehensive agricultural safety training focus. Findings suggest that integrating
structured agricultural safety modules into extension-based programming within
correctional facilities can enhance safety knowledge and workforce readiness, supporting
safer agricultural workplaces and improved employment outcomes for returning citizens
nationwide and long-term workforce sustainability efforts broadly.

Keywords: Agriculture, Extension, Reentry, Safety and Health, Workforce

Enhancing Agricultural Workforce Safety Through Extension
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Abstract. The rapid proliferation of autonomous and semi-autonomous robots in
agriculture, spanning field crop operations, livestock management, and protected
cultivation, has made the definition of a robust safety framework an urgent priority. Yet the
regulatory landscape remains fragmented, and a significant gap persists between the
capabilities of commercially available systems and the coverage offered by existing
standards.

At the international level, the primary reference for autonomous agricultural machinery is
ISO 18497, originally published in 2018 and recently superseded by a multipart revision:
ISO 18497-1:2024 specifies design principles for partially automated, semi-autonomous and
autonomous agricultural machinery and tractors, complemented by ISO 18497-2:2024,
which addresses obstacle protection systems, and ISO 18497-3:2024, which covers
autonomous operating zones. At the broader robotics level, ISO 10218 was updated in 2025
to expand safety functions and improve alignment with collaborative and mobile robot
requirements.

At the European level, Regulation (EU) 2023/1230 on Machinery replaces Directive
2006/42/EC and explicitly addresses autonomous mobile machinery, Al-driven systems,
and IoT connectivity, with mandatory application from January 2027. The regulation
requires autonomous machines to operate safely within a defined working area, using either
physical boundaries or obstacle detection, and introduces a supervisory function enabling
remote intervention.

Despite this progress, critical gaps remain. A gap exists between the safety requirements set
in standards and the state of the art in currently available autonomous machinery technology,
while compliance studies confirm that only half of the functionalities of commercially tested
autonomous agricultural machines fully satisfy ISO 18497 requirements. Dedicated national
frameworks for field agricultural robots remain largely absent, making harmonized
international standards the de facto regulatory baseline.

Keywords: Ag-robot, UGV, Autonomous Machines, Safety requirement, Standard,
Regulatory
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Abstract. The organization of labor and the recruitment of seasonal workers represent key
challenges in South Tyrolean fruit production. Over the past decade, the South Tyrolean
agricultural sector has experienced a significant decline in the available workforce, while
improved earning opportunities for seasonal workers in their countries of origin and
neighboring states have further impeded recruitment efforts.

The objective of this study was to identify labor requirements during the harvest period at
both the individual farm and inter-farm levels. Labor demand was analyzed across 1,471,
1,481, and 1,450 fruit-producing farms in 2020, 2021, and 2022, respectively, based on data
obtained from PROOF and the Vinschgau Fruit and Vegetable Producers Association
(VL.P). The determined labor requirements reveal short harvest windows and peak harvest
periods occurring at similar points in time across farms. By cultivating varieties with
differing harvest dates, farms achieve an improved distribution of working time. Regional
differences in variety-specific harvest windows exist due to climatic and geographical
variations.

Keywords: Labor Time Requirement, Variety Portfolio, Harvest Window, Labor (Force)
Allocation, South Tyrol
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Abstract. In an era of rapid technological advancement and changing communication
channels, agriculture must rely on strong Ag collaborators and champions to remain relevant
and effective in supporting producers and communities. Traditionally, trusted agricultural
partners have served as a bridge between research-based knowledge and practical, on-the-
ground application. However, the expanding availability of online information and the
emergence of competing organizations have intensified the challenge of maintaining a
meaningful role in collaborative efforts. This contribution examines how Ag collaborators
and champions can strategically position themselves to remain essential participants in
agricultural partnerships while preserving their missing of service and education.

This paper focuses on practical strategies for sustaining a strong presence at the
collaboration table through proactive engagement, clear communication of value, and
mission-driven integration into joint projects. Emphasis is placed on identifying key local
stakeholders and decision-makers, developing communication approaches that highlight
research-based expertise, and fostering long-term positive perceptions among partners.
Methods include stakeholder mapping, message framing techniques and structured
approaches for embedding Ag collaborators into multidisciplinary initiatives without
diluting their purpose.

Expected outcomes include increased partnership opportunities, stronger recognition of
agricultural expertise within collaboration groups, and improved alignment between
collaborative activities and community needs. By equipping Ag collaborators and
champions with adaptable tools and strategies, this contribution demonstrates how they can
move beyond simple participation to become influential leaders in agricultural and
community development efforts.

Keywords: Agricultural collaboration, Stakeholder engagement, Communication
strategies, Research-Based outreach, Partnership development, Community resilience
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Abstract. Agro-food and forestry work environments increasingly require more effective
tools to support operational safety supervision, improve response to hazardous situations,
and strengthen a culture of prevention. This paper presents The Digital Supervisor, an
applied safety management model designed to enhance the role of the workplace supervisor
through the integration of computer vision, proximity sensing, digital checklists, and
contextual micro-learning. The system is conceived not as a replacement for the human
supervisor, but as an assistive layer able to provide continuous observation, timely alerts,
and structured documentation of supervision activities. It detects unsafe behaviours and
critical conditions, including incorrect postures, improper use of personal protective
equipment, unauthorized access to hazardous areas, and near misses. Detected events are
classified and transformed into actionable outputs: alerts for immediate intervention, digital
records for traceability, and short targeted learning modules to reinforce safe behaviours.
The proposed methodology combines risk analysis, selective deployment of sensing devices,
privacy-by-design data governance, and field-based training for supervisors and workers.
The operational workflow follows a closed-loop logic: event detection, supervisor
verification, corrective action, short debriefing, and monitoring through key performance
indicators. Expected outcomes include a measurable reduction in risky behaviours and near
misses, faster implementation of corrective actions, and improved safety awareness across
teams. The contribution is positioned at the intersection of occupational safety, digital
agriculture, and prevention engineering. It offers a scalable framework for integrating
artificial intelligence into everyday safety supervision while preserving the central role of
human judgement, organisational learning, and participatory prevention in agro-food and
forestry systems.

Keywords: Occupational Safety, Digital Agriculture, Artificial Intelligence, Training,
Computer Vision, Forestry Systems
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Abstract. Social media are increasingly influencing agricultural innovation processes,
evolving from simple communication tools into strategic infrastructures for knowledge
dissemination, experience sharing, and network building among farmers, technicians,
institutions, consumers, and markets. Through digital platforms, agricultural stakeholders
can access technical information, regulatory updates, examples of good practice, and
commercial opportunities, thereby partly overcoming the traditional barriers associated with
geographical isolation and the fragmentation of rural knowledge. In this sense, social media
accelerate the circulation of agronomic practices, organizational models, territorial
marketing strategies, and forms of collaborative learning. However, this process is not
neutral. The quality of information, the selective visibility of content, algorithmic dynamics,
and uneven digital skills may create new asymmetries in access to innovation. The adoption
and diffusion of innovation through social media may therefore reflect not only
opportunities for modernization, but also risks related to exclusion, misinformation, and
dependence on digital infrastructures governed by external actors. This paper offers a critical
interpretation of the relationship between social media and agriculture, arguing that their
innovative impact should be assessed not only in terms of communication efficiency and
economic competitiveness, but also in relation to inclusion, awareness, territorial resilience,
and social sustainability.

Keywords: Social Media, Agricultural Innovation, Digital Agriculture, Knowledge
Transfer, Rural Networks, Social Sustainability
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Abstract. Using observational data from a survey of Italian farms within the FADN
framework, this study examines farmers’ intrinsic and extrinsic motivations to comply with
labour standards under the 2023-2027 CAP social conditionality, employing beta regression
models to estimate compliance determinants. Results indicate that compliance is primarily
driven by normative commitment (a sense of duty) and social influence (peer effects),
whereas informational factors play only a marginal role. Economic motivations also appear
limited, a finding that is notable given the substantial financial relevance of CAP payments
and the significant compliance costs associated with cross-compliance and labour-related
standards.

These results suggest that relying solely on the sanction-based design of social conditionality
may be insufficient to meaningfully increase compliance. Instead, complementary policy
instruments - such as targeted training, enhanced advisory services, and integration with
rural development measures - could more effectively leverage behavioural drivers to
strengthen social sustainability in European agriculture.

Keywords: Social Conditionality, Labour Standards Compliance, Non-Economic
Motivations, Normative and Social Drivers, Beta Regression Analysis
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Coupling Digital Electronic Nose and Artificial Intelligence
for Identification and Environmental Containment
of Xylella fastidiosa

Manganiello Rossella!, Matere Antonio?, Pallottino Federico!, Costa Corrado!, Vasta Simone!,
Spinelli Giovanni®, Pucci Nicoletta?, Loreti Stefania? and Antonucci Francesca!

! Consiglio per la ricerca in agricoltura € I’analisi dell’economia agraria (CREA), Centro di Ricerca
Ingegneria e Trasformazioni agroalimentari, Via della Pascolare 16, 00015 Monterotondo (Rome), Italy
2 Consiglio per la ricerca in agricoltura e I’analisi dell’economia agraria (CREA), Centro di Ricerca Difesa
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Abstract. The containment of Xylella fastidiosa represents a critical challenge for global
phytosanitary security and for safeguarding safety, health, and welfare of agricultural
workers and rural communities. Beyond threatening crop productivity and agricultural
income, the spread of this pathogen carries significant risks to farmers’ well-being,
increasing stress, uncertainty, and potential mental health impacts, this makes early
detection essential in high-risk areas and commercial hubs, while reducing burden
associated with delayed diagnoses and large-scale outbreaks. This study, funded by MASAF
(DIACOX project, D.M. 664531/2022) evaluated the efficacy of a low-cost portable digital
electronic nose (Smell Inspector) coupled with Artificial Intelligence (Al) as a frontline
diagnostic tool. To validate its analytical reliability, results were benchmarked against
Proton Transfer Reaction-Time of Flight-Mass Spectrometry (PTR-ToF-MS), a
high-resolution technique for volatile profiling. Preliminary analyses focused on Volatile
Organic Compounds (VOCs) emitted by the strains CoDIRO (ST53), MQ142 Toscana
(ST87), Temeculal (ST1) of the subspecies pauca, multiplex, and fastidiosa, respectively,
grown on PD2 medium. To verify the capability to detect the bacterium’s presence/absence
and discriminate between subspecies, Multivariate ANalysis Of VAriance (MANOVA) and
supervised classification through Partial Least Squares Discriminant Analysis (PLSDA)
were performed on data from both instruments. Preliminary results demonstrated that Al-
driven electronic nose achieved high classification accuracy in identifying Xylella fastidiosa
bacterial cultures, with volatile profiles differing significantly among subspecies. Integrating
portable AI-VOC-sensing technologies into operational surveillance frameworks can enhance early-
warning capacity, support safer and more resilient agri-food systems, and reduce technical and
psychosocial pressures on farmers and inspectors in pathogen-affected areas.

Keywords: Smell inspector, VOCs, Al algorithms, PTR-ToF-MS, Olive tree diseases,
PLSDA
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Digital Decision Support Tools for Crop Monitoring and
Agronomic Risk-Aware Management in Precision
Agriculture Systems
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! CREA — Research Centre for Engineering and Agro-Food Processing (CREA-IT), Italy
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elio.romano@crea.gov.it

Abstract. Modern cropping systems are increasingly challenged by climate variability,
resource constraints, and multiple sources of risk including agronomic risks (e.g., pest and
disease outbreaks, water stress), environmental risks (e.g., nutrient losses and off-target
impacts), and operational risks linked to field activities (e.g., time-critical interventions and
working conditions). In this context, digital agriculture solutions can play a key role in
supporting safer, more efficient, and sustainable crop management strategies.

This contribution presents the SMARTCROP project, which focuses on the development of
integrated digital decision support tools for crop monitoring in precision agriculture systems,
with primary application to arable herbaceous crops (with a focus on winter cereals). The
project aims to combine field data, sensor-based observations, and geospatial information to
improve the timeliness, reliability, and transparency of agronomic decision-making
processes. The proposed framework supports the identification of crop conditions and
spatial variability during the growing season, enabling more targeted and informed
management actions (e.g., variable-rate mineral and organic fertilization, irrigation
scheduling where applicable, optimization of pesticide application and timing, and support
to treatment decisions based on risk indicators and thresholds). By providing decision
support based on objective and spatially explicit information, the system contributes to
reducing inefficiencies in input use and mitigating potential agronomic and environmental
risks. SMARTCROP highlights how digital tools can support preventive approaches in crop
management by improving planning of field operations (time windows, priorities, and
documentation), reducing unnecessary field passes, and increasing awareness of in-field
conditions. From an operational safety perspective, the project addresses risk mainly by
supporting better organization of tasks and more informed interventions, it does not aim to
track operators in real time. Current results refer to the definition and integration of the
monitoring and decision-support workflow and to initial demonstrations on representative
field scenarios.

Keywords: Precision Agriculture, Decision Support Systems, Crop Monitoring, Digital
Farming, Risk-Aware Management, Winter cereals
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Products: the RENOVATE Project
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Abstract. The RENOVATE project, funded under the Horizon Europe call
HORIZON-CL6-2023-GOVERNANCE-01-19, develops an innovative, farmer-centered digital
platform designed to enhance training quality, knowledge exchange, and practical decision-making
in sustainable crop protection. Although the EU has strengthened its regulatory framework on the
sustainable use of Plant Protection Products (PPPs) and promoted Integrated Pest Management
(IPM) and precision agriculture, adoption remains insufficient, especially among small and
medium-sized farms. RENOVATE addresses these gaps through a multi-actor and co-creation
approach involving younger farmers, advisors, manufacturers, and public authorities across eight
Member States. The project integrates gamified training modules, simulations, and serious games
with real-world evidence generated through 15 Advanced Knowledge Transfer Activities (AKTAs).
These AKTAs operationalize innovations developed in previous EU projects and Operational
Groups, producing cost-benefit assessments, audiovisual materials, and practice-oriented
guidelines. The resulting multilingual platform offers accessible and engaging training pathways on
sprayer calibration, drift reduction, risk-mitigation measures, and digital tools for PPP optimization.
By consolidating practical knowledge into a single digital ecosystem, RENOVATE strengthens the
uptake of sustainable practices, supports alignment with EU Green Deal and Farm-to-Fork
objectives, and contributes to modernizing agricultural training systems, ultimately promoting safer
work environments and more sustainable specialty crop production.

Keywords: Gamification, Digital Learning, Sustainable crop protection, Training,
Knowledge transfer, Environmental sustainability.

66



SHWA 2026 International Conference
SHM Science, Technology and Policy for Safer and

Healthier Agro-Food and Forestry Systems

Roma-Viterbo, September 14-16%, 2026

Integrating Multi-Temporal Remote and Proximal Sensing

for Monitoring Vegetative Vigour in Viticulture

Greco Carlo, Alleri Maria, Catania Pietro and Vallone Mariangela

Department of Agricultural, Food and Forest Sciences, University of Palermo
Viale delle Scienze ed.4 - 90128 Palermo, ITALY.
mariangela.vallone@unipa.it

Abstract. Modern viticulture requires precision management strategies to address the
pronounced spatial and temporal variability that characterises vineyard systems. This study
evaluates the effectiveness of integrating multi-temporal remote sensing and proximal
sensing technologies for monitoring vegetative vigour during three key phenological stages
of the growing season. The research was conducted in a vineyard characterised by marked
pedoclimatic and vegetative heterogeneity using a randomized block experimental design.
Multi-temporal surveys were performed with aerial multispectral and thermal sensors to
acquire high-resolution vegetation indices and canopy temperature data. These datasets were
complemented by proximal measurements collected using a Dualex sensor and a field
spectroradiometer, providing detailed information on the physiological and nutritional status
of the grapevines. The integration of remote and proximal observations enabled a
comprehensive assessment of canopy development and its seasonal dynamics. Vegetation
indices revealed progressive changes in the spatial distribution of vine vigour throughout
the growing season, while thermal data captured variations in canopy temperature associated
with changing environmental conditions. Proximal measurements complemented remotely
sensed information by providing detailed, site-specific physiological indicators, overcoming
the limitations associated with the use of a single sensing technology. The results
demonstrate that combining multi-temporal multispectral, thermal, and proximal sensing
improves the characterization of vineyard variability and enhances the monitoring of canopy
development. This integrated approach provides valuable decision support for site-specific
vineyard management, enabling more targeted agronomic interventions and contributing to
improved production sustainability, resource-use efficiency, and grape and wine quality.

Keywords: Dualex, Multispectral, Thermal camera
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Monitoring and Traceability of Digestate Field Application
Using On-Board NIR Sensing and Geospatial Technologies
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Abstract. The agronomic use of digestate from agricultural anaerobic digestion plants
represents a key opportunity for nutrient recycling within circular bio economy systems.
However, its field application is still constrained by significant challenges related to the high
variability in chemical composition and the limited traceability of distribution operations,
which may result in inaccurate nitrogen supply, reduced nutrient-use efficiency and
accidental environmental risks.

This study presents an integrated digital monitoring framework developed within the Italian
research project VIDEO, aimed at improving the efficiency, safety and traceability of
digestate application in arable cropping systems. The proposed approach combines
geospatial technologies, real-time sensing and precision agriculture tools to support more
reliable and data-driven nutrient management strategies.

The monitoring architecture integrates GNSS-based tracking of field operations with on-
board near-infrared (NIR) sensors installed on variable-rate slurry tankers to estimate
digestate composition in real time during field application. Operational data are coupled
with spatial information describing soil variability, enabling the reconstruction of field-scale
maps of actual digestate distribution and associated nutrient inputs. The results highlight the
potential of integrated monitoring technologies to enhance both environmental safety and
agronomic efficiency in the management of farm effluents.

Keywords: Precision Agriculture, Digestate management, NIR Sensors, Nutrient
Monitoring, Traceability
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Multi-Sensor Monitoring of Moringa oleifera
in Mediterranean Conditions: Integrating UAV, LiDAR
and Dualex-Based Proximal Sensing for Precision
Crop Management
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Abstract. This study presents an integrated multi-sensor approach for monitoring Moringa
oleifera under Mediterranean field conditions. Four genotypes were evaluated at key
phenological stages using UAV-based RGB, multispectral and thermal imagery, LiDAR-
derived three-dimensional canopy metrics, and proximal measurements acquired with a
Dualex leaf-clip sensor for the non-destructive assessment of chlorophyll, flavonol and
nitrogen balance indices, together with plant architecture measurements. Spectral indices,
including NDVI, NDRE, GNDVI and MSAVI, were combined with Dualex-derived
physiological indicators, canopy temperature, plant height, crown area and ground
observations to characterize spatial and temporal variability in crop development. The
integrated dataset enabled the identification of differences in canopy vigor, water status and
structural growth among genotypes and monitoring dates. Remote estimates of plant height,
NDVI and canopy temperature showed strong agreement with ground measurements, with
R? values of 0.92, 0.85 and 0.81, respectively. LIDAR information improved crop-crown
delineation and the description of canopy architecture, reducing interference from bare soil
and spontaneous vegetation. The combined workflow also supported the identification of a
suitable harvest window based on high canopy vigor and favorable minimum temperatures.
These findings demonstrate that the fusion of UAV, LiDAR and Dualex-based proximal
sensing provides a robust, non-destructive framework for high-throughput phenotyping and
site-specific management of M. oleifera. The approach can support genotype selection,
irrigation scheduling and harvest planning, while promoting precision production systems
for nutraceutical and other high-value crops in Mediterranean environments.

Keywords: High-Throughput Phenotyping, Canopy architecture, Vegetation Indices, Crop
Water Status, Genotype evaluation, Harvest optimization
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The ViVis Project and the Downy Mildew 2025 Surveys
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Abstract. The PVsensing model is a decision support tool for the prediction of grapevine
downy mildew infections, caused by Plasmopara viticola, helping to rationalize the
fungicide protection and, if possible, reduce its impact. The model is based on the
continuous acquisition of microclimatic data via sensors installed in the vineyard. The
system uses electronic weather stations, located at each site, integrating canopy-level and
soil-level sensors to record the major climatic factors during the vegetative season, and a
plant-vision system that allows the estimation of vegetative growth. In the “ViViS-Vineyard
Vision and Sensing” project, the model is being tested on three viticultural farms, located at
three different sites in the Veneto region (northeastern Italy), to evaluate its performance
and spatial validity limitations. On each farm, two areas with slightly different
environmental characteristics are monitored to verify the consistency between the model's
predictions and data collected in the field relating to the onset and spread of the disease. The
first preliminary results about the disease epidemiology in the year 2025 are reported and
discussed. The PVsensing predictions are generally in good agreement with
phytopathological observations, highlighting good predictive capacity even in the presence
of local microclimatic variability.

Keywords: Viticulture, Downy mildew, Model
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Using Visual Image Analysis for Precision Monitoring
of Poultry Welfare and Performance
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Abstract. This is a preliminary study on the application of Visual Image Analysis (VIA) in
poultry. A prototype device, (Zoometer), for remote, morphological and dimensional
assessment of livestock, was employed, for the first time, to collect measurements on poultry
(growing chicks). Linear and angular measurements were obtained from 200 subjects.
Surface and angular metrology showed strong correlation (r) with liveweight: Lateral
surface area (SAL) 0.85, top-view area (SAA) 0.83, a top-view angle (Aa) r=0.93. Weight
prediction was evaluated by regressing the Predicted Weight (Pred) on the weight measured
by an electronic scale (true weight, TW). SAL and SAA models showed respectively: r> =
0.72, RMSE = 14.09 and 12 = 0.69, RMSE = 14.31. However, for Aa we obtained 2 = 0.87,
RMSE = 10.44, which indicates more accurate prediction (average error of 3.73%). TW and
Pred were comparable (mean 279.99 + 30.9 vs 280.08 + 28.9 and total (X) 54,055.1 vs
54,053.5). Further field trials are needed to confirm correlations and to support development
of predictive algorithms for on-farm application. This technology may contribute to
improving efficiency, animal welfare, and safety by remote identification and quantification
of parameters associated with growth patterns and health. In addition, improvements in
animal management and welfare generate positive impacts on consumers, fostering more
sustainable and responsible production. In conclusion, identification of Ao allows an
accurate prediction, via VIA, of the individual and flock weight, (error below 4%).

This work was co-funded by the European Union's Horizon Europe Project 101136346
EUPAHW. Views and opinions expressed are those of the author(s) only and do not
necessarily reflect those of the European Union or the European Research Executive
Agency. Neither the European Union nor the granting authority can be held responsible for
them.

Keywords: PLF, Broiler, Growth, Health, Safety, Automation
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Detection of Changes in Tree Dynamic Response During the Rigging Operation with
High-Precision Accelerometers
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Influence of Chainsaw Cutting Tooth Profile on Risk Factors and Operational
Performance during Chainsaw Use

Scutaru, D., Biocca, M., Cecchini, M., Fornaciari, L., Gallo, P., Pochi, D., Bianchini, L.

Safer Arborist Climbing in Urban Forestry: An Overview of Work-at-Height Safety
Di Cesare, V., Di Domenico, G., Bianchini, L.

TRIAS - Tree Risk During Rigging Operations: Identifying Biomechanical Risk Factors

for Arborist Safety
Bianchini, L., Di Cesare, V., Marchi, L., Biocca, M., Gallo, P., Rossi, P.
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Abstract. Rigging operations are among the most hazardous arboriculture treatments due to
the unpredictable mechanical responses of the tree-root plate system during dismantling
operations. A major risk factor is the "kickback" effect, which can cause a sudden release of
stored energy. This results in violent trunk oscillations and poses a high health risk to
operators involved in rigging operations. This risk is exacerbated by climate change, which
increases structural instability through decay, environmental stresses and extreme weather
events. This study, part of the TRIAS project, proposes an experimental approach using
high-sensitivity sensors to monitor and quantify the dynamic behaviour of trees during
dismantling operations. The methodology employs detailed modal testing approaches, such
as the Operational Modal Analysis (OMA). During preliminary field tests, sensors
positioned at multiple locations record how the energy released by the kickback effect is
absorbed by the tree structure and the root-soil interface, as well as the stresses experienced
by the operator. Next steps of the project will include several field tests on trees with the
primary objective of comparing trees' dynamic behaviour with the magnitude of stresses
experienced by the tree and the operator during dismantling operations. The findings will
provide a scientific framework for developing evidence-based safety protocols, translating
complex biomechanical data into practical risk assessment criteria.

Keywords: Tree biomechanics, Operational Modal Analysis, Rigging operations, Tree
sensors, Safety
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Abstract. Chainsaws are widely used in wood-harvesting operations; however, their use
entails several occupational risk factors for operators. Among the technical variables still
poorly investigated in relation to operator safety is the chain cutter tooth profile. This study
evaluates the operational performance and key exposure parameters associated with three
Stihl chains (Super, Hexa, and Micro) during the cutting of two representative wood species:
hardwood (Quercus cerris) and softwood (Pinus nigra). Significant differences in chain
wear were observed during the cutting of Quercus cerris, with higher wear levels recorded
for the Micro chain and lower values for the Super chain, whereas no significant differences
were detected for Pinus nigra. Sawdust particle size distribution was primarily influenced
by wood species, with a greater proportion of fine fractions in Quercus and coarser fractions
in Pinus, while the effect of chain type was secondary. Airborne particulate concentrations
measured during cutting (TSP: 36-76 mg m3, PMa: 0.70-3.27 mg m3) indicate a potentially
significant occupational exposure to wood dust. Noise and hand-arm vibration levels
showed only limited variation among chain types. Overall, the Super chain provided the best
balance between cutting performance and operator exposure.

Keywords: Worker safety, Chainsaw chain profile, Wood dust exposure
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Abstract. Urban tree work is often performed in complex settings close to people, traffic,
buildings, and infrastructure, where work at height exposes arborists to severe and
interacting risks. Tree climbing therefore remains an essential but high-risk activity in
urban forestry, requiring technical competence together with effective planning,
supervision, communication, and emergency preparedness.

This contribution presents an overview of work-at-height safety in urban forestry,
integrating evidence from occupational safety, ergonomics and human factors, and
technical aspects related to climbing operations and load dynamics. The synthesis
indicates that the most severe outcomes are associated with a limited number of recurring
mechanisms, particularly falls, electrical contact, and struck-by events. These events are
often enabled by organisational weaknesses, including inconsistent procedures,
inadequate supervision, limited experience, and poor on-site coordination.

The evidence also shows that safety in arborist climbing depends primarily on how work
is organised and managed. Clear role allocation, structured pre-task briefings, realistic
rescue arrangements, and conservative operational criteria are as important as equipment
selection and use. Climate change further increases operational complexity, as rising
temperatures and more frequent extreme weather events lead to interventions under
conditions of urgency, instability, and uncertainty.

Overall, safer arborist climbing requires a socio-technical approach based on
competence, workable planning, repeatable controls, and standardised near-miss
reporting to support learning and reduce accidents in urban forestry operations.

Keywords: Arborist climbing, Work at height, Tree work safety, Urban forestry,
Ergonomics, Rigging safety
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Abstract. Rigging operations during tree dismantling are among the most hazardous
activities in arboriculture, particularly in urban and peri-urban contexts where structural
defects, constrained rooting space, and soil disturbances increase instability. Despite
previous research on load distribution and friction management in rigging systems, the
overall biomechanical response of trees, especially stem and root plate oscillations leading
to hazardous kickback, remains poorly documented. This knowledge gap is increasingly
relevant under climate change, which exacerbates tree stress, decay processes, and
anchorage failure.

The TRIAS project is funded through the TREE Fund’s Safe Arborist Techniques Fund
Grant Program and integrates pre-intervention diagnostics with real-time monitoring during
dismantling to identify early warning signals of kickback and overturning risk.
Approximately 20-24 urban trees, including Pinus pinea and Platanus * acerifolia, will
undergo static pulling tests and dynamic baseline assessments using inclinometers and
accelerometers. Instrumentation will remain active during rigging to record oscillation
amplitude, dominant frequency, phase relationships between stem and root plate, and
residual rotations. These parameters will be analyzed in relation to species traits,
slenderness ratio, soil texture and moisture, root integrity, cutting direction, and the mass
and geometry of rigged sections.

The objective is to define visually recognizable patterns associated with increasing risk
levels (low, medium, high) and to translate instrumental findings into practical criteria for
arborists. By linking tree biomechanics, environmental conditions, and operational
variables, the study supports evidence-based risk assessment and strengthens occupational
safety practices in arboriculture.

Keywords: Arboriculture Safety, Tree Biomechanics, Rigging Operations, Root Plate
Oscillation, Kickback Risk, Occupational Health and Safety
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Abstract. In Italy, tractor overturning remains one of the leading causes of fatal and severe
injuries in agricultural operations. The problem is particularly critical in vineyards and
orchards located on hilly terrain, where narrow row spacing and low canopy height impose
strict constraints on tractor design, while sloping conditions reduce the stability of the
tractor—implement system. Conventional narrow-track tractors are typically equipped with
foldable, front-mounted two-post rollover protective structures (ROPS), which are
frequently misused or left in the folded position, leaving operators unprotected.

This study presents the development of a compact tractor prototype featuring a fixed low-
profile four-post ROPS and a fully electrified powertrain, designed to mitigate rollover-
related risks while maintaining full operational capability in specialized cropping systems.
The project combined CAD/CAE modelling, ergonomic assessment and dynamic simulation
to optimise the tractor architecture, while ensuring compliance with Commission Delegated
Regulation (EU) No 1322/2014 (Mother Regulation) and OECD Codes 4 and 7.
Electrification enabled a substantial redesign of the vehicle layout, reducing the overall
height to below 1600 mm and lowering the centre of gravity without compromising ground
clearance or the operator clearance zone. Field and laboratory tests confirmed improved
stability, reduced operator exposure to noise and vibration, and compatibility with
Agriculture 4.0 technologies.

These results demonstrate that electrification combined with structural redesign can
significantly improve operator safety while preserving operational performance in
specialized agricultural environments.

Keywords: Tractor Rollover, Low-Profile Tractor, Electrified Powertrain, Operator Safety,
Agriculture 4.0, Specialized Crops Machinery.
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Abstract. Many existing data sources for agricultural injury surveillance are incomplete and
often lack occupation and industry information, making it difficult to accurately identify and
track nonfatal agricultural injuries. This study developed complementary methods to
identify and characterize agricultural injuries across three statewide Florida data systems:
the Trauma Registry, the Emergency Medical Services Tracking and Reporting System
(EMSTARS), and the OneFlorida+ Data Trust.

A programmatic ICD-10-based case definition was applied to identify agricultural injuries
in the Florida Trauma Registry (2016-2021), EMSTARS (2016-2023), and the OneFlorida+
Data Trust (October 2015—April 2023). Each dataset was analyzed to quantify injuries,
fatalities, demographics, and mechanisms. Trauma registry data were further modeled to
identify factors associated with injury severity, while EMSTARS data were analyzed for
seasonal and spatial patterns.

The trauma registry identified 963 agricultural injuries requiring trauma care, including 17
fatalities, with 14.5% classified as severe or critical. EMSTARS identified 1,133 agricultural
injuries, dominated by machinery and agricultural-vehicle incidents. The OneFlorida+ Data
Trust identified 1,150 unique patients and 1,342 hospital encounters, resulting in 22
fatalities. Across all systems, injuries were concentrated among males and older adults, with
common mechanisms including machinery, transportation, falls, and animal-related
incidents. EMSTARS analyses showed pronounced summer peaks and spatial clustering in
major agricultural regions.

Each data source captured a different segment of the agricultural injury burden. Integrating
trauma, EMS, and health-system data provides a more complete surveillance framework and
enables targeted prevention strategies for high-risk populations, mechanisms, seasons, and
locations.

Keywords: Injury Surveillance, Trauma, Emergency, Hospitals, Seasonality, Injury
Severity
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Abstract. Incorrect pairing between agricultural tractors and interchangeable equipment
remains a recurrent root cause of loss-of-stability, visibility limitations, and connection
errors (hydraulic and electrical), yet current manuals often lack the technical detail needed
for a correct, data-driven pairing. This survey consolidates the most reliable regulatory and
scientific references to define which technical information should be exchanged between
agricultural tractor and interchangeable equipment to enable a safe assembly.

On the regulatory side, the paper reviews the European Machinery framework and the
agricultural vehicle type-approval system as the legal basis for information for use and
conformity assessment. On the standards side, it analyses agricultural machinery safety
standards together with cross-sectoral approaches developed for earth-moving machinery,
industrial trucks, and loader cranes, where minimum interface data, stability criteria,
limiters, and assembly-specific capacity charts are already systematically addressed.
Scientific literature proposing analytical methods for assessing the stability of machine—
attachment assemblies is also reviewed, highlighting transferable concepts for preliminary
compatibility checks in the agricultural domain.

Building on this multidisciplinary review, the paper identifies recurring information gaps in
current instructions for interchangeable equipment and discusses how these gaps affect the
safe selection and coupling of agricultural tractors. Finally, the survey outlines the rationale
and scope for a dedicated technical specification that, for specific categories of
interchangeable equipment, could define the minimum technical information to be included
in the instructions for use. Such information would support manufacturers, installers, and
users in verifying compatibility of the tractor—equipment assembly, contributing to a
consistent reduction of coupling-related safety risks.

Keywords: Agricultural Tractors, Interchangeable Equipment, Safe Coupling, Technical
Information.
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Abstract. Agriculture remains one of the most hazardous industries worldwide, with
agricultural vehicles such as tractors and all-terrain vehicles (ATVs) continuing to be major
contributors to fatalities and severe injuries. Key safety concerns include rollover incidents,
unsafe behaviors among youth operators, gender-related ergonomic challenges, and ATV
operation on public roads. With the emergence of new sensor technologies, connected
devices, and artificial intelligence (Al), there is increasing potential to improve ATV safety
through proactive risk detection and prevention strategies. The Agritech Safety Lab at the
University of California, Davis is conducting interdisciplinary research to address these
safety issues through engineering controls and advanced technologies. The lab conducts
controlled experiments, field observations, and engineering-based safety evaluations
focused on ATV rollover prevention and operator protection. In addition to mechanical and
design-based approaches, the lab explores wearable sensors, onboard monitoring systems,
and Al-assisted data analysis to detect risk factors associated with ATV incidents. Data is
collected through vehicle testing, operator performance assessments, and environmental
condition monitoring. Preliminary findings demonstrate that engineering interventions can
reduce injury severity and improve operator protection during rollover events. Sensor-based
monitoring and Al-driven analysis further enhance safety by identifying high-risk scenarios
and supporting earlier warnings for operators and supervisors. This work supports the
development of advanced ATV safety systems and improved training strategies, with
outreach and safety education efforts helping translate findings into real-world agricultural
practices.

Keywords: Agricultural safety, ATV rollover prevention, Wearable sensors, Artificial
intelligence, Heat stress monitoring, Predictive safety analytics
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Abstract. The largest known dataset of its type in the world, AglnjuryNews.org is used by
researchers, insurers, legal teams, media and journalists, government data professionals, and
other agricultural safety and health stakeholders from around the globe. AglnjuryNews
primarily utilizes publicly available news media reports to create a repository of agriculture,
forestry, and fishing injury incidents. Three team members review case coding before each
report is published for public use. The dataset contains coded victim data, reporting agency,
injury agent, event summary, and topics such as confined space and PPE use. The team
distributes a quarterly e-newsletter to more than 2,000 subscribers. In 2025,
AglnjuryNews.org added 404 new cases from 452 articles, impacting 573 total victims. An
additional 523 user accounts were registered, including 50 from educational (.edu) and
government (.gov) domains. Last year the website saw approximately 14,288 page views
from 4,395 unique visitors. As of February 2026, the total number of registered users stands
at 2,752 with 712 from academic-related or government-based domains, all of whom are in
circulation of our team’s quarterly newsletters. The database houses 5,407 unique ag-related
incidents spanning 6,355 reports and 7,142 victims, including 3,403 fatalities — from all 50
U.S. states and Canada. Since its inception, the system has had over 25,000 unique visitors
from 149 countries. Emerging as a collaborative hub, the output list includes more than 30
known peer-reviewed manuscripts, published in 12 different journals, with 30 co-authors
from 18 different organizations.

Keywords: Agriculture, Farm, Health, Injury, Surveillance, Prevention
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Abstract. Over the past eighteen years in Italy, between just over 100 and nearly 150 fatal
occupational injuries per year have occurred in agriculture, exclusively due to tractor
rollovers. One of the available approaches for monitoring trends in fatal agricultural tractor
rollovers involves a systematic and accurate review of information published on numerous
national and local web portals. Within their reporting activities, these platforms provide
timely and detailed information on each fatal event, including the location of the accident,
year, month, and day of the week of occurrence, as well as the victim’s age, gender, and
nationality.

This paper presents the results of monitoring fatal tractor rollover accidents in Italy over the
period 2008-2025. During the 18-year observation period, more than 2,000 fatal incidents
were recorded, the majority of which occurred during the spring and summer months. Most
victims were over 60 years of age, and the vast majority of accidents took place during field
operations. Most of the tractors involved in fatal events were not equipped with rollover
protective structures (ROPS), while only approximately 20% were fitted with a foldable
two-post front ROPS, which, however, were in the lowered position at the time of the
accident.

In an attempt to improve this situation, mandatory certification (“tractor driving license™)
for tractor operators was introduced several years ago; however, this measure does not
appear to have significantly reduced the occurrence of these fatal events. It should also be
noted that, in most cases, the tractors involved were relatively obsolete, poorly maintained,
and non-compliant with both general and sector-specific occupational safety regulations.
The effective implementation of mandatory periodic vehicle inspections—long proposed
but repeatedly postponed by national legislators—together with the provision of financial
incentives to promote the replacement of obsolete tractors with modern, safer models,
represent the most effective measures to mitigate this persistent problem.

Keywords: Fatal accident, ROPS, Safety, Web monitoring
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Abstract. Tractor overturning often leads to fatal injuries in agriculture, and effective
protection depends on the combined action of roll-over protective structures (ROPS) and
operator restraint systems. In addition, even in the presence of ROPS, inadequate use of
seatbelts can lead to impact against structural components or crushing during rollover.
Existing solutions in agricultural machinery still rely on two-point belts and simple detection
devices, which neither ensure correct use nor adequately address operator comfort and
acceptance. The AgriSafeBelt project, funded by INAIL, aims at developing and validating
an intelligent restraint system for agricultural machinery based on three or more anchorage
points, conceived to enhance both occupant retention and actual belt-use compliance. The
proposed system integrates complementary sensing approaches, including computer vision,
conductive or functionalized materials, RFID-based wireless sensing, and ergonomic
monitoring, designed to verify operator presence and proper belt engagement. Fail-safe
logics and progressive interlock strategies capable of discouraging unsafe operation are also
taken into account, with attention not to compromise usability in real working conditions.
The project will deliver validated prototypes, retrofit and OEM-oriented solutions, further
supported by technical guidelines and testing procedures.

Keywords: Agriculture, Seatbelt, Rollover, RFID, Safety, Agricultural Machinery
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Abstract. The mountain agro-forestry sector often relies on compact machinery originally
designed for flat terrain, as specialized equipment for steep slopes is not always
economically or operationally feasible. Among these machines, isodiametric articulated
tractors are sometimes used due to their high maneuverability. Their architecture -
comprising two half-frames connected by a central joint - provides a passive degree of
freedom that maintains wheel-ground contact, and an actuated yaw motion for steering.
However, this configuration reduces the rollover stability angle under certain operating
conditions and makes the machine strongly sensitive to the steering angle.

This work investigates the stability behavior of articulated tractors through a combination
of simulations supported by experimental tests. Experiments were conducted on a real
tractor using a rotating and tilting platform at the AFILab of the Free University of
Bozen-Bolzano, enabling controlled rollover testing in structured and reproducible
conditions. The outcome is a series of stability maps describing the rollover behavior of the
machine across different configurations.

The results highlight the inherent stability limitations of articulated tractors in specific
scenarios when compared to conventional architectures (i.e. a fixed frame with Ackermann
steering) and demonstrate how the steering angle significantly influences rollover behavior.
Finally, the work proposes some technical solutions to increase stability and/or prevent
rollover events.

Keywords: Rollover tractor stability, Rotating test rig, Centre of Gravity determination,
Stability map, Articulated tractor, Mountain agro-forestry
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Abstract. The non-standardized, fragmented structure of agricultural work complicates the
organization and evaluation of effective safety training programs, resulting in a higher
number of work-related injuries than in other economic sectors. The GIOCA project
proposes a video game to promote and reinforce work-safety principles. This gamified
solution can integrate with existing training tools, providing a safe yet practical
environment for workers to experiment. The aim of the project is to design and develop a
serious game that can effectively address workers’ unsafe behaviours by creating realistic
scenarios. The game will be easy to use for an audience with diverse ages and technological
skills, as it will be deployed on the smartphone, a familiar device already owned by most
workers. The project starts by identifying the risk scenarios the game should address. A
design phase will follow, during which agricultural workers and safety trainers will be
actively involved in a co-design process to develop a game experience that effectively
translates acquired safety knowledge and behaviors from the game context to the real work
environment. The usability of the developed game will be tested with agricultural workers
through field tests involving tractor operations, and the most appropriate metrics to evaluate
the game's effects in real-world work contexts will be identified. The expected outcomes
aim to promote a safer, more sustainable agricultural sector, ultimately supporting healthier,
more resilient working lives.

Keywords: Agriculture, Co-design, Gamification, Usability, Workplace safety
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Abstract. The decarbonization of Non-Road Mobile Machinery is particularly challenging
due to the severe, seasonal, and stochastic load profiles of agricultural tractors. These
machines operate under long duty cycles with frequent peak power demands, making full
electrification technically and economically difficult given current battery energy density
limits. Hybridization offers significant potential to reduce greenhouse gas emissions and
local pollutants (NO,, PM) by downsizing or partially replacing the diesel engine, improving
efficiency and lowering fuel consumption. Lower pollutant emissions also improve air
quality and protect the health of operators and nearby rural communities. This work
proposes a data-driven multi-objective optimization framework for the techno-economic
and environmental assessment of hybrid-electric agricultural tractors. A key contribution is
the development of a representative mission profile based on one year of CANBUS
telemetry collected during real field operations. Because accurate operational data for
agricultural machinery are difficult to obtain, using real-world measurements ensures
consistency with actual working conditions. The study focuses on a specialty tractor for
orchard and vineyard applications, a segment more suitable for electrification than high-
power row-crop tractors. The degree of electrification is defined by a Hybridization Factor
(HF), the ratio of installed electric traction power to total powertrain power. Configurations
are discrete and based on commercially available components. Battery sizing follows a 90%
statistical mission coverage criterion and includes a semi-empirical aging model.
Environmental and Total Cost of Ownership analyses are integrated within a Multi-Criteria
Analysis framework, showing that the optimal hybridization level depends on whether cost,
environmental impact, or performance is prioritized.

Keywords: Hybrid-electric tractor, Non-Road Mobile Machinery, Mission profile analysis,
Techno-economic assessment, Environmental assessment
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Abstract: Injury prevention in livestock-based agrifood systems requires stronger evidence
on how farmers understand hazards, regulation, and day-to-day exposure. This study
generated a multidimensional profile of occupational health and safety (OHS) knowledge
and risk perception among livestock farmers in Ibadan, Nigeria, to inform injury prevention,
machine use, and plant-level safety management. A descriptive cross-sectional survey was
administered to 151 livestock farmers selected through simple random sampling from 160
questionnaires distributed (response rate: 94.3%). Structured questionnaire data were
analysed in IBM SPSS 23 using descriptive statistics, Cronbach’s alpha, Kaiser-Meyer-
Olkin (KMO), Bartlett’s test of sphericity, and exploratory factor analysis with Varimax
rotation. OHS knowledge was predominantly average (58.9%), with 35.1% demonstrating
good knowledge and 6.0% poor knowledge. Reliability and adequacy statistics supported
factorability (knowledge: alpha 0.6207, KMO 0.781, perception: alpha 0.6613, KMO
0.588, Bartlett’s test p<0.001). High perceived vulnerability was evident: 85.4% agreed that
livestock work is dangerous, 84.1% believed they could easily be injured, and 82.1%
reported that their health could be compromised during work. Exploratory factor analysis
identified four OHS knowledge domains explaining 57.47% of cumulative variance:
chemical/workplace safety awareness, OHS policy awareness, climate-environmental
health knowledge, and ergonomic-mental health knowledge. Critical deficits were observed
in OSH Act awareness, emergency response, slip-trip-fall prevention, musculoskeletal
prevention, and stress management. Injury prevention strategies should prioritise task-
specific safety training, emergency preparedness, ergonomic risk control, safer equipment
handling, and accessible regulatory communication, including mobile-phone-based
extension approaches for wider adoption.

Keywords: Occupational safety and health, Injury prevention, Livestock farmers, Risk
perception, Agrifood systems
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Abstract. The agricultural sector continues to be one of the industries with the highest rate
of serious and fatal accidents, particularly those related to the use of agricultural tractors.
Data published annually by INAIL show that tractor rollovers are one of the main causes
of fatal accidents in agriculture, often linked to errors of judgment, complex environmental
conditions, and shortcomings in the practical training of operators. Driving a farm tractor
requires technical skills, risk assessment abilities, and mastery of the vehicle's stability
dynamics in variable operating conditions (slopes, uneven terrain, use of mounted or towed
equipment), which are too often lacking: there is no doubt, therefore, that despite
technological advances in machinery and the introduction of structural safety devices, the
human factor continues to play a decisive role in accident prevention.

This is where driving simulators come in as an innovative training support tool. Simulation
allows realistic scenarios and critical situations to be reproduced in a controlled
environment, enabling operators to experience risk dynamics without direct exposure to
danger. This approach promotes progressive experiential learning, reinforces risk
perception, and helps develop decision-making skills in emergency conditions.

The aim of this study was to analyse the role of driving simulators in tractor driver safety
training, evaluating their effectiveness as a supplement to traditional teaching methods and
practical training in the field.

With a view to evolving training models in agriculture, the use of simulators is a possible
response to the need for innovation, standardization, and greater effectiveness in accident
prevention, contributing to the spread of a more solid and structured safety culture.

Keywords: Safety in Agricultural, Drive Simulator, Risk Dynamics, Immersive Didactic,
Virtual Reality
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Abstract. Agricultural machinery accounts for a significant number of severe and fatal
injuries, in particular associated with tractor—implement instability. Overturning is the most
frequent accident scenario, followed by operator ejection and impacts from falling objects.
Roll-Over Protective Structures (ROPS), together with Falling Object Protective Structures
(FOPS) and Operator Protective Structures (OPS), represent a well-established passive
safety strategy supported by international standards. However, compact self-propelled
machines with an overall mass below 400 kg remain outside the scope of current
regulations, resulting in a significant safety and standardization gap.

The LW-ROPS project, funded by the National Institute for Insurance Against Accidents
at Work (INAIL), aims to address this gap through the development and validation of
lightweight, high-strength protective structures, specifically tailored to compact self-
propelled machinery. In these applications, limited installation options and low structural
load margins make conventional steel ROPS difficult to implement without an extensive
machine redesign. The project adopts a performance-based methodology, deriving load
sequences and acceptance criteria from existing regulatory frameworks, while ensuring
preservation of the operator’s clearance zone.

The proposed solutions include structures made from light alloys, pultruded glass-fiber-
reinforced polymers (GFRP), and hybrid configurations incorporating localized steel
reinforcements. Selected components will be produced using advanced additive
manufacturing to optimize mass, geometry and mechanical performance. The validation
will combine virtual design and simulation together with laboratory bench testing, to assess
structural strength and deformation control, as well as stability evaluations on tilting
platforms considering representative machine types. Expected outcomes include validated
LW-ROPS prototypes, installation kits and technical manuals and technical guidelines to
support technology transfer and future standardization.

Keywords: ROPS, FOPS, Tractor, Agriculture, Safety, Overturning, Rollover
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Abstract. Occupational safety in agro-industrial systems is significantly influenced by
human factors, which play a central role in accident dynamics and prevention strategies.
This study proposes an analysis of human reliability in the olive oil milling sector,
characterized by small- and medium-sized enterprises, seasonal production cycles,
coexistence of traditional and modern technologies, and high workforce turnover.
Specifically, a human reliability assessment (HRA) methodology, named Preliminary
Human Safety Analysis (PHSA), was used by combining complementary analytical tools to
evaluate human error probability as follows: 1) Hierarchical Task Analysis (HTA) to
decompose operational processes into detailed sub-tasks, 2) Systematic Human Error
Reduction and Prediction Approach (SHERPA) for qualitative identification and
classification of potential human errors and related preventive measures, 3) Human Error
Assessment and Reduction Technique (HEART) for quantitative estimation of Human Error
Probability (HEP), accounting for performance-shaping factors and error-producing
conditions. The outputs were integrated into the Preliminary Hazard Analysis (PHA) method
to evaluate residual risk by combining probability and severity metrics.

The PHSA methodology was applied in three olive mills through field observations and
structured interviews. Results identified forklift-assisted loading and unloading operations
as the phases with the highest probability of human error across all facilities, while
traditional manual olive paste distribution introduced additional task-specific risks.
Comparative analysis with traditional PHA revealed that conventional risk assessment
approaches tend to produce conservative risk estimates, whereas PHSA provides more
realistic and differentiated evaluations, particularly for repetitive operations. Thus,
integrating HRA into risk management enhances analytical precision and preventive
interventions.

Keywords: Human Reliability Assessment, Human Error, Risk Assessment, Preliminary
Human Safety Analysis, Oil Mills
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Abstract. The design of Rollover Protective Structures (ROPS) for lightweight mobile
machines below 400 kg is a relevant topic at the intersection of safety requirements, design
innovation and standardization. The growing diffusion of compact agricultural self-
propelled machines and all-terrain vehicles (ATV) on the market highlights the need for
protective solutions compatible with strict constraints in terms of mass, size and installation
space, which are closely linked to operational needs such as canopy height and interrow
spacing. At the same time, these constraints represent a limitation for the direct
implementation of conventional ROPS concepts, opening opportunities for lightweight and
application-oriented designs. From a scientific perspective, current research is increasingly
exploring advanced materials, hybrid structural concepts and simulation-driven approaches
to improve the strength-to-weight ratio and deformation control. However, the available
knowledge remains fragmented and is often not specifically targeted to very low-mass
machinery, for which regulatory frameworks lack specific and well-established
requirements. This research identifies existing gaps, opportunities and limitations through a
multisectoral approach, where research advances, market solutions and regulations can
converge toward a common ground for the development of lightweight ROPS. The results
highlight possible pathways toward safety harmonization and provide a basis for future
technical guidelines, validation methods and dedicated standardization pathways.

Keywords: ROPS, Tractor, ATV, Light-Weight, Agriculture, Overturning, Safety
Regulation
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Abstract. This study examines safety protocols and engineering solutions for open-flame
thermal treatment machinery (LPG flaming), a multifunctional technique employed in both
conventional and organic agriculture. Beyond weed control, this system is effective for
phytosanitary prevention and surface disinfection, operating through an instantaneous
thermal shock that causes cell membrane rupture and the reduction of pathogen inoculum
and pest life stages, without releasing toxic residues. The analysis focuses on the transfer of
LPG from tanks to burners through the on-board gas distribution circuits, comparing the
advantages of vapor-phase withdrawal over liquid-phase systems. Opting for LPG in the
vapor phase ensures superior safety and simplified burner design, although it requires
specific measures to manage natural gas evaporation during operation. This configuration
drastically reduces risks associated with rapid fuel expansion in the event of breakage or
leakage: liquid LPG expands approximately 270 times its volume when transitioning to the
vapor phase, instantaneously increasing the volume of the flammable mixture. In
compliance with applicable regulatory standards, critical components such as automatic
safety valves are examined. In case of failure or anomalies in the gas transport lines, these
appropriately designed devices instantaneously shut off the flow from the gas distribution
circuits. The integration of dedicated solenoid valves and flame monitoring systems ensures
that any gas leakage is confined within extremely short timeframes (under one minute). The
study concludes that controlled heat application, supported by such safety systems,
represents the "best practice" for enhancing operator safety and protection while
guaranteeing treatment efficacy in various crops.

Keywords: Thermal weed control, Propane, Environmental Sustainability, Plant Protection
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Abstract. Agro-forestry activities in mountainous areas are strongly constrained by tractor
rollover risk, particularly under highly variable slope conditions. Although laboratory-based
stability characterization has improved understanding of machine behavior, practical tools
to translate these results into field-level risk assessment remain limited. This study proposes
a GIS-based method to evaluate the operational feasibility of a specific tractor within a
mountainous farm by integrating experimentally derived stability thresholds with digital
terrain data. A pilot study was carried out in the Province of Bolzano (Italy) using an orchard
tractor previously tested on a rotating and tilting platform at the Agroforestry Innovation
Laboratory of the Free University of Bozen-Bolzano. Orientation-dependent rollover limits
obtained from laboratory were structured into stability maps. High-resolution Digital
Terrain Model (DTM) data were used to derive slope magnitude and exposition across the
study area. These terrain parameters were combined with orientation-dependent rollover
thresholds from the predefined stability map to determine site-specific stability conditions.
The resulting spatial analysis generated stability zoning maps that classify terrain into Safe,
On-Alert, Dangerous, and Not-Transitable categories. The findings highlight significant
spatial variability of risk, with critical conditions predominantly associated with lateral
slopes. The proposed framework supports machine-specific safety assessment and provides
a foundation for decision-support and route-planning applications in mountainous
agricultural systems.

Keywords: Machine Stability Maps, Site-Specific Stability Conditions, Rotating/tilting test
rig, Tractor rollover
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Abstract. Despite increased attention to occupational health and safety, agriculture remains
one of the most hazardous sectors, with a mortality rate approximately three times higher
than the cross-sector average. A significant share of severe and fatal injuries is linked to
tractor operations, particularly due to mechanical power transmission systems such as the
power take-off (PTO) and associated drivelines. Eliminating these hazards requires a
paradigm shift in tractor—implement power transmission architecture. The use of electrified
implements can solve this problem by replacing mechanical and hydraulic transmissions
with electric motor-driven systems. However, the full elimination of PTO-related risks also
requires the combined use of battery-electric tractors. Current limitations in battery energy
density and charging infrastructure constrain the adoption of full-electric tractors. Actually,
agricultural operations are characterized by high energy demand and non-standardized duty
cycles, making autonomy and in-field charging critical challenges. The Multifunctional
Agricultural Tractor Energy Extender (MATEE) project, financed by the National Institute
for Insurance against Accidents at Work (INAIL), aims to develop an innovative solution
based on a modular energy storage trolley equipped with photovoltaic panels, designed to
function as a portable infrastructure for renewable energy generation, storage, and supply
directly in the field. The system will allow rapid battery swapping and simultancous
recharging of depleted packs, extending the operational autonomy of electrical tractors to
levels comparable with diesel ones. Accordingly, by combining renewable energy
production, modular storage, and digital interoperability, the project advances a scalable
electromobility framework aimed at improving safety, sustainability, and technological
innovation in agricultural operations.

Keywords: Machinery Safety, Agricultural Tractors, Power Take-Off (PTO), Electric
Motor, Photovoltaic Panels, Electric Vehicle Battery
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Abstract. As far as we have observed, there is no full international standard for ATV front,
rear, or lateral rollover testing. A key ambiguity is the condition of the front wheels during
forward-pitch tests and the rear wheels during rearward-pitch tests when the ATV is
positioned on a tilt table. Previous studies have used different approaches, including locking
the wheels with metal bars or chains and placing small wooden or plastic blocks in front of
the tires to prevent movement. However, tire blocks can apply an external force to the wheel,
creating a counter-moment that opposes natural rollover and increases the measured tilt-
table angle. Other rollover studies using specialized tilt platforms have tested vehicles
through high longitudinal roll angles and then estimated remaining roll behavior with
mathematical models calibrated by experimental data. Overall, tilt-table rollover tests are
intended to measure geometric stability rather than dynamic behavior. Any motion that
interferes with pure stability assessment should therefore be eliminated. At the critical
rollover point, the vehicle begins to rotate about a fixed contact line, so rollover should be
governed by gravity and the vehicle's center of gravity location rather than tire motion. For
this reason, wheel locking, combined with a high-friction surface to restrict tire slip, is the
most appropriate approach for forward- and rearward-pitch tests on relatively light vehicles
such as ATVs.

Keywords: ATV Rollover Testing, Tilt-Table Stability, Wheel Locking, Geometric
Stability, Agricultural Safety

Toward Standardized Wheel-Locking Methods for Front and
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Abstract. Accidents involving trailers in agriculture are a significant occupational safety
issue, as these types of towed vehicles are frequently used on farms to transport products,
tools, or materials, among others. This study analysed accidents in the agricultural sector
involving tractors with trailers focused on the period 2004-2023 and considering only the
case of Spain. The information about the accidents was registered from news published in
the media in the above-mentioned time interval. A total of 446 accidents were analysed,
involving 673 victims, 252 of whom died. Most of the accidents occurred while working on
the land or travelling on rural roads or roads near farms. One of the most notable aspects is
that the accidents were often associated with several causes that coexisted in time. From the
analysed information, these included reckless driving, driving on narrow or poorly
maintained roads, steep slopes and trailer overload. Other key factors also played a key role,
including poor visibility while driving, inappropriate maneuvers, and terrain conditions (i.e.,
particularly slippery roads after rain). The most common types of accident included trailer
or tractor-trailer rollovers, running off the road, and collisions with other vehicles or objects
in the environment. In addition, some accidents involved a large number of people when the
trailer was misused to transport passengers, which is relatively common during festive
events or short trips in rural areas. The data showed that most of these accidents may be
avoided through careful driving, proper trailer loading, and increased awareness of terrain
and road conditions.

Keywords: Agricultural safety, Injury, Farm machinery, Roll-over, Risk analysis, Rural
roads.
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Abstract. Despite agriculture is one of the most hazardous work sectors and involves
vulnerable groups such as migrants, seasonal workers, and older operators, safety training
is still lacking specific tools shaped to overcome possible language barriers and low literacy
conditions. At the same time, digital tools for safety training are increasingly proposed in
agriculture, ranging from videos and mobile applications to simulators and immersive
environments. However, the design requirements needed to make these tools accessible and
effective for vulnerable workers are still poorly defined: this research aims to address this
issue through a conceptual analysis of agricultural safety training, vulnerable worker
profiles, and digital tool design. The paper identifies five main design implications such as
multilingual and culturally adapted content, visual communication, short and modular
learning units, low-complexity interaction, and contextualization of hazards and tasks.
These implications are discussed as practical conditions for improving the inclusiveness and
effectiveness of digital safety training in agriculture rather than generic usability principles,
contributing to shift the attention from technology availability to design suitability and
therefore providing a framework to support future research and development of worker-
centered digital safety training solutions in agricultural working activities.

Keywords: Agriculture, Training, Safety, Digitalization
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Abstract. The coexistence of multiple generations within the agricultural sector is reflected
in the distribution of the accidents that occur during farm work, particularly those involving
agricultural machinery. On many family farms, those affected are of very diverse ages: from
young people who help occasionally to retired farmers who continue working on their farms.
Therefore, analysing accident rates from an age perspective can provide valuable information
for a better understanding about how and why these accidents occur. This study examined
the age of people involved in agricultural machinery accidents in Spain during the period
2004-2023. The research focused on two particularly vulnerable age groups: those under 18
and those over 65. The analysis was based on news published on the media about accidents
in the agricultural sector. Using this data, the study analysed how accidents were distributed
by age and identified the specific circumstances in which these two groups were most
frequently involved. In the case of minors, many of the accidents were related to their
presence on family farms or their access to agricultural machinery without adequate training
or supervision. On the other hand, the high number of accidents involving older people
reflected a well-known scenario in rural areas: the aging of the agricultural population and
the lack of generational replacement. The results showed that age influenced both the type of
accident and its consequences. Therefore, specific prevention measures for these groups
should be considered, adapted to both their characteristics and the most common risk
situations. Improving training, awareness, and machinery safety could contribute to reducing
these accidents, therefore, enhancing the safety in the agricultural sector.

Keywords: Agricultural safety, Workplace, Injury, Farm machinery, Pensioners, Risk
analysis
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