
Vol 4 Issue 12, December 2025, 6018-6028 

Trends in Agriculture Science Kumar et al  

 

Published: 15 Dec 2025 Official Website: trendsinagriculturescience.com 
e-mail Address: trendsinagriculturescience@gmail.com 

6018 

 
  

 

Trends in Agriculture Science Shanker et al 

 

 

 

 

 

 

 

 

 

 

Dr. M. Ajay Kumar¹, Dr. G. Mounika², Vaibhavi K.³, Dr. P. Siva Kumar⁴, and Dr. 

Tejavath Sravan Kumar⁵ 
¹ II Year Postgraduate Scholar, Department of Livestock Production Management, 

College of Veterinary Science, 

PV Narsimha Rao Telangana Veterinary University, Rajendra Nagar, Hyderabad, Telangana, India 

² II Year Postgraduate Scholar, Department of Livestock Production Management, 

College of Veterinary Science, 

PV Narsimha Rao Telangana Veterinary University, Rajendra Nagar, Hyderabad, Telangana, India 

³ II Year Postgraduate Scholar, Department of Veterinary Gynecology and Obstetrics, 

College of Veterinary Science, 

PV Narsimha Rao Telangana Veterinary University, Rajendra Nagar, Hyderabad, Telangana, India 

⁴ I Year Postgraduate Scholar, Department of Livestock Production Management, 

College of Veterinary Science, 

PV Narsimha Rao Telangana Veterinary University, Rajendra Nagar, Hyderabad, Telangana, India 

⁵ I Year Postgraduate Scholar, Department of Livestock Production Management, 

College of Veterinary Science, 

PV Narsimha Rao Telangana Veterinary University, Rajendra Nagar, Hyderabad, Telangana, India 

DOI:10.5281/TrendsinAgri.18005444 

 

 

Abstract 

Artificial intelligence (AI) is currently one of the most widely used technologies, offering 

precise and accurate results while reducing manpower requirements. The application of AI in 

livestock farming represents a groundbreaking opportunity for India’s production system. 

India has one of the largest livestock populations in the world, with hundreds of millions of 

cattle, buffaloes, sheep, goats, pigs, and poultry[p;’p;, making it a key player in global animal 

agriculture. India is the world’s largest milk producer, with production recently reaching 

around 248 million tonnes annually, accounting for roughly a quarter of global milk 

production (about 25 %) and significantly supporting rural livelihoods. India also ranks 

second in egg production, with production nearing 149 billion eggs per year, and is among 

the top four producers of meat globally, with meat production of around 10.5 million tonnes 

(2024-25). Despite these strengths, livestock management in India faces challenges in 

breeding, housing, nutrition, health care, and market access. Many farmers lack access to 

modern tools and information, which limits productivity and profitability. AI offers clear 

advantages not only in management but also in disease diagnosis, treatment support, and 

predictive decision-making. However, several constraints—such as high implementation 

costs, limited technical knowledge among farmers, and infrastructure gaps—make adoption 

difficult. In this article, we discuss the advantages, limitations, and future trends of AI in 

livestock farming, highlighting its potential to transform Indian animal agriculture. 
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Introduction 

In recent years, the application of artificial intelligence (AI) across various sectors has 

gained significant attention due to its ability to enhance efficiency, accuracy, and decision 

making (Neethirajan, 2020). The livestock sector, which plays a crucial role in food security, 

livelihood generation, and employment creation, has also begun adopting AI technologies to 

improve productivity, animal health, and overall management practices (FAO, 2019). 

Livestock production is essential for ensuring a stable and sustainable food supply to 

meet the growing global demand. However, effective livestock management requires efficient 

monitoring systems, robust disease control measures, and well-planned genetic improvement 

strategies. Traditional management approaches often face limitations in handling large 

volumes of data and detecting early signs of health or production issues. Advances in AI 

provide solutions to these challenges through data driven decision making, automation, and 

predictive analytics, thereby improving farm efficiency and sustainability (Berckmans, 2017; 

Wathes et al., 2008). 

This article examines the wide range of AI applications in the livestock sector, 

including livestock health, production, reproduction, livestock products, animal welfare, and 

statistical analysis. The integration of AI with sensors and monitoring systems has laid the 

foundation for precision livestock farming, enabling real time monitoring and more accurate 

management interventions (Neethirajan, 2020; Tullo et al., 2019). In addition, the chapter 

highlights the potential benefits of AI adoption, discusses associated challenges such as cost 

and data management, and outlines future trends in this rapidly evolving field. 

Livestock Production Applications 

AI-Based Feed Management 

Major feed companies increasingly use AI-driven predictive analytics, supported by 

advanced data infrastructure, to forecast digestive processes and fermentation products in 

livestock (Berckmans, 2017; Neethirajan, 2020). These systems analyze information from 

sensor-based feed analyzers, batch conditions, and other process-related data to monitor feed 

quality in real time. Early detection of feed quality variations allows for timely corrective 

action. Additionally, integrating metabolic test results with individual energy requirements 

enables the formulation of animal-specific diets, improving feed efficiency, nutrient 

utilization, and overall production performance (FAO, 2019). 

3D Imaging for Cattle Assessment 

Three-dimensional camera systems are increasingly employed to evaluate cattle body 

condition. These cameras capture multiple images, which are analyzed using convolutional 

neural network (CNN) algorithms (Azzaro et al., 2011; Porto et al., 2015). The AI system 
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automatically estimates the body condition score (BCS) from the image data, providing 

farmers with timely alerts regarding animals that may require nutritional or health 

interventions. 

when an animal’s body condition deviates from the optimal range, allowing timely nutritional 

adjustments and improved herd management (Halachmi et al., 2019). 

Robotic Cameras for Poultry Monitoring 

Researchers at the University of Georgia (UGA) tested ground robots equipped with 

2D and 3D sensors, called GOHBot (Growout House Robot), to assess the feasibility of 

robotic monitoring in poultry farms (Neethirajan, 2020; Bewley et al., 2019). The study 

indicated that robotic presence had no negative effects on bird behavior or welfare. While full 

automation is still under development, autonomous robots can potentially perform continuous 

health monitoring, early disease detection, and automate labor-intensive tasks such as floor 

egg collection in breeder houses. 

Virtual Fencing for Cattle Management 

Smart collars integrated with GPS technology are used to manage cattle in sensitive 

areas like riparian zones (Berckmans, 2017; Rutter et al., 2011). These collars deliver audio 

cues and mild electrical stimulation to prevent cattle from entering restricted zones. Although 

cattle may initially move in the wrong direction, they quickly learn to associate the stimuli 

with boundaries. This combination of GPS, audio, and electrical signals forms an effective 

virtual fencing system, providing a flexible and low-impact alternative to traditional fencing 

for pasture management and environmental protection. 

Applications of AI in Animal Reproduction 

Smart Neck Collars for Fertility and Health Monitoring 

Smart neck collars are widely used to enhance both fertility and overall health 

management in livestock (Neethirajan, 2020; Bewley et al., 2019). These sensor-based 

devices capture multiple physiological parameters, which are analyzed by specialized 

software to generate actionable insights. A common application is timed artificial 

insemination using sexed semen, which has reduced the average calving interval from 

approximately 430 days to less than 400 days, with further improvements expected as the 

technology advances. 

Face Recognition Systems for Individual Monitoring 

Face recognition technology identifies animals using facial features and unique body 

patterns (Pereira et al., 2021). After a brief learning period, the system can track individual 

feed and water intake automatically. This allows farmers to adjust nutrition in real time, 

maintain detailed animal records, and receive alerts for deviations in feeding, health, or 

https://www.trendsinagriculturescience.com/
mailto:trendsinagriculturescience@gmail.com


Vol 4 Issue 12, December 2025, 6018-6028 

Trends in Agriculture Science Kumar et al  

 

Published: 15 Dec 2025 Official Website: trendsinagriculturescience.com 
e-mail Address: trendsinagriculturescience@gmail.com 

6021 

 
  

 

behavior, enabling timely interventions. 

Cow Gait Analysis and Pedometry 

Pedometry involves measuring daily step counts of animals, with increased activity 

indicating estrus (Halachmi et al., 2019). Cow gait analyzers monitor these movement patterns 

to support timely insemination, thereby improving reproductive efficiency and herd fertility 

management. 

Intelligent Dairy Assistant (IDA) for Behavior Tracking 

The Intelligent Dairy Assistant, developed by a Dutch company, monitors cow activity 

and behavior in real time (Neethirajan, 2020). A sensor device placed around the neck records 

movements, which are processed using AI algorithms. The analyzed data provides insights 

into productivity and reproductive performance, enabling farmers to make informed 

management decisions and predict milk yield. 

Applications of AI in Livestock Products 

Robotic Milking Systems (Automatic Milking Systems, AMS) 

Automatic Milking Systems (AMS) operate on the principle of voluntary milking, 

allowing cows to determine when and how long they are milked (Neethirajan, 2020; Halachmi 

et al., 2019). Each AMS unit includes a milking machine, a teat position sensor (often laser-

based), a robotic arm for automatic teat-cup attachment and removal, and a gate system to 

manage cow traffic. Individual cows are identified via tag sensors, which signal the control 

system when a cow enters the unit. The robotic arm cleans teats, attaches cups, performs 

milking, sprays post-milking disinfectant, and releases the cow. Cows receive concentrate 

feed as a reward, encouraging voluntary participation. This system reduces labor, improves 

milking consistency, and enhances udder health. 

Robotic Hide Pullers 

Robotic hide pullers automate the removal of hides from carcasses in the meat 

industry, minimizing human contact and improving hygiene (Berckmans, 2017). These 

devices include stainless-steel platforms with integrated apron washers, knives, sterilizers, 

drop trays, and drainage systems. Motion and intelligent cameras monitor meat quality, 

ensuring safe, clean meat production while reducing contamination risks. 

Smart Packaging Systems 

Smart packaging systems, such as the AMP Cortex, utilize AI and robotic cameras to 

scan and identify items on production lines (Neethirajan, 2020). Cortex can differentiate 

thousands of products, such as aseptic versus gable-top cartons, or almond milk versus broth 

cartons. The system can also determine whether a product is recyclable, enhancing sorting 

efficiency and sustainability in packaging processes. 
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Precision Livestock Farming (PLF) 

Precision Livestock Farming (PLF) integrates sensors, machine learning algorithms, 

and big data analytics to monitor individual animals and optimize production conditions 

(Berckmans, 2017; Neethirajan, 2020). PLF provides real-time insights into animal behavior, 

health, feed intake, and environmental conditions, enabling informed management decisions. 

Key applications include automated milking systems, wearable sensors for health and 

reproductive monitoring, and environmental monitoring systems that track temperature, 

humidity, and air quality. These technologies allow early detection of health issues, improve 

feed efficiency, and enhance overall animal welfare (Halachmi et al., 2019; Tullo et al., 2019). 

Applications of AI in Livestock Health 

Robotic Imaging 

The EQUIMAGINE robotics-controlled imaging system provides advanced imaging 

for clinical and research applications in veterinary medicine without requiring animal sedation 

(Neethirajan, 2020; Halachmi et al., 2019). At the New Bolton Centre, Penn State University, 

robotic CT scans are performed on standing animals. Benefits include reduced imaging time, 

high-quality scans, ease of interpretation, and minimal stress for the animals. 

Canine Patient Simulators 

Cornell University’s College of Veterinary Medicine developed the first robotic dog 

simulator in 2010 (Bewley et al., 2019). These simulators allow veterinary students to practice 

clinical procedures on realistic models while maintaining ethical and welfare standards. The 

simulation center includes exam rooms, live video observation facilities, and areas for 

constructing additional models, ensuring hands-on learning without risking real animals. 

Thermal Imaging Cameras 

Thermal imaging provides a rapid, non-contact diagnostic method for livestock 

(Berckmans, 2017). These cameras detect temperature variations on the body surface, 

enabling early identification of inflammation, injuries, or infections. They require no sedation 

or physical restraint, and preliminary results are available immediately, making them highly 

practical for on-farm diagnostics. 

Anti-Stress Ear Tags for Cattle 

Anti-stress ear tags collect real-time physiological and behavioral data of individual 

animals (Neethirajan, 2020). By analyzing up to 200 parameters simultaneously, these tags 

enhance heat detection, optimize insemination timing, facilitate early disease detection, 

monitor nutrition and environmental conditions, and support herd-wide management. This 

improves decision-making and overall herd productivity. 
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Pig Respiratory Disease Monitoring 

The pig respiratory disease package uses microphones installed in pigsties and 

connected to sound analyzers (Halachmi et al., 2019). The system detects subtle changes in 

vocalizations, coughing, and respiratory patterns. Early deviations, sometimes 7–10 days 

before clinical symptoms, allow timely interventions, improving treatment outcomes and herd 

health. 

Applications of AI in Animal Stress Management 

Wearable Sensors and Smart Collars 

Wearable devices such as smart collars or ear tags monitor physiological and 

behavioral indicators of stress, including heart rate, body temperature, activity, and 

rumination patterns (Neethirajan, 2020; Halachmi et al., 2019). AI analyzes this data in real 

time to detect stress early, enabling interventions such as adjusting feed, modifying housing, 

or administering veterinary care. 

Thermal Imaging and Computer Vision 

Thermal cameras and computer vision systems detect changes in body temperature, 

posture, and movement associated with stress (Berckmans, 2017; Pereira et al., 2021). Signs 

like elevated body temperature, restlessness, or abnormal gait indicate heat stress, discomfort, 

or pain. AI processes these data continuously and alerts farmers to potential welfare issues. 

Environmental Monitoring Systems 

AI integrates environmental sensors to track temperature, humidity, air quality, and 

lighting (Tullo et al., 2019). Automated adjustments—including ventilation, heating, or 

lighting—maintain optimal living conditions and reduce environmental stressors. 

Behavioral Analysis 

Machine learning models analyze sensor and video data to detect stress-related 

behaviors, such as aggression, social isolation, or reduced feeding (Halachmi et al., 2019). 

This allows early identification of welfare problems and supports improvements in housing 

design, group composition, and enrichment practices. 

Predictive Stress Management 

AI predicts potential stress events by combining historical and real-time data, 

including seasonal changes, feed variations, or transportation schedules (Neethirajan, 2020). 

This enables proactive measures to reduce stress, improving animal welfare, productivity, and 

overall health. 

Applications of Artificial Intelligence in Livestock Waste Management 

Artificial intelligence (AI) is being increasingly applied to optimize waste 

management in livestock systems, improving environmental sustainability, reducing 
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pollution, and enhancing resource efficiency. Key applications include: 

Automated Manure Monitoring and Collection 

AI-enabled sensors and robotic systems can monitor the quantity, composition, and 

location of manure in barns or livestock housing (Berckmans, 2017; Neethirajan, 2020). These 

systems allow for automated collection and transport of manure, reducing labor requirements 

and minimizing direct contact with waste, which improves hygiene and reduces pathogen 

spread. 

Nutrient Analysis and Fertilizer Optimization 

Machine learning algorithms analyze manure composition to determine nutrient 

content, including nitrogen, phosphorus, and potassium levels. This information helps farmers 

optimize the use of manure as fertilizer, ensuring crops receive balanced nutrition while 

reducing the risk of nutrient runoff into water bodies (Tullo et al., 2019). 

Odor and Emission Control 

AI systems can monitor environmental parameters such as temperature, humidity, and 

gas emissions (ammonia, methane) from manure storage facilities. Predictive models and 

automated control systems can then adjust ventilation, bedding, or treatment schedules to 

reduce odor and greenhouse gas emissions, improving both environmental compliance and 

animal welfare (Halachmi et al., 2019). 

Waste-to-Energy Optimization 

AI can optimize biogas production from livestock manure by monitoring microbial 

activity, temperature, pH, and other process parameters in real time. This ensures maximum 

energy yield while minimizing operational inefficiencies (Neethirajan, 2020). 

Predictive Maintenance of Waste Management Systems 

AI-powered predictive analytics can anticipate maintenance needs for slurry tanks, 

separators, and treatment equipment, reducing downtime, preventing spills, and improving 

overall operational efficiency (Berckmans, 2017). 

Constraints of Artificial Intelligence in Livestock Farming 

While artificial intelligence (AI) offers significant benefits in livestock farming, its 

adoption faces several constraints that need to be addressed for effective implementation: 

High Initial Investment 

Implementing AI-based systems, such as robotic milking units, smart collars, or 

automated monitoring tools, requires substantial capital investment (Berckmans, 2017; 

Neethirajan, 2020). Small- and medium-scale farmers may find these technologies financially 

challenging, limiting widespread adoption. 
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Data Management Challenges 

AI relies heavily on accurate, real-time data from sensors, cameras, and monitoring 

devices. Poor data quality, insufficient data, or errors in sensor readings can compromise AI 

predictions and decisions (Halachmi et al., 2019). Additionally, integrating large volumes of 

data into actionable insights requires robust IT infrastructure, which may not be available in 

all farming setups. 

Technical Complexity 

The deployment and maintenance of AI systems require specialized technical 

knowledge. Farmers and farm workers need training to operate, calibrate, and troubleshoot 

AI-enabled equipment. A lack of skilled personnel can hinder system efficiency and reduce 

reliability. 

Connectivity and Infrastructure Limitations 

Many AI applications, especially those relying on cloud computing or real-time 

monitoring, need stable internet connectivity and advanced power infrastructure (Tullo et al., 

2019). Remote or rural farms often face connectivity issues, which can limit the functionality 

of AI systems. 

Animal Variability and Adaptation 

AI models are often trained on specific breeds, environmental conditions, or 

management practices. Variations in animal behavior, physiology, or environmental 

conditions may reduce the accuracy of AI predictions unless models are adapted and regularly 

updated for local conditions (Neethirajan, 2020). 

Ethical and Privacy Concerns 

The use of AI to monitor animals continuously raises ethical questions about animal 

privacy, welfare, and the extent of automation in farm management (Halachmi et al., 2019). 

Misuse of data or excessive reliance on automation may impact ethical farming practices. 

Maintenance and Operational Costs 

Ongoing maintenance, calibration, software updates, and repairs of AI systems can be 

expensive. Without proper support, technical failures can disrupt farm operations, affecting 

productivity and animal welfare (Berckmans, 2017). 

Integration with Traditional Farming Practices 

In many regions, livestock farming relies on traditional practices and experience-based 

decision-making. Integrating AI with conventional methods can be challenging, requiring a 

cultural shift and trust in technology among farmers (Wathes et al., 2008). 

Future Trends in Artificial Intelligence for Livestock Farming 

The application of AI in the livestock sector is rapidly evolving, and several emerging 
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trends are expected to shape its future: 

Integration with Internet of Things (IoT)  

  AI combined with IoT enables seamless data collection from sensors, wearables, and 

environmental monitors, providing real-time insights into animal health, behavior, and 

production efficiency (Neethirajan, 2020). 

Advanced Robotics for Automation   

  Robotic systems are expected to become more sophisticated, handling tasks such as 

milking, feeding, cleaning, and health checks with minimal human intervention, improving 

efficiency and reducing labor costs (Berckmans, 2017). 

AI-Powered Decision Support Systems   

  Decision support tools will become more advanced, offering predictive analytics, 

optimized breeding plans, and individualized nutrition programs for precision livestock 

management (Halachmi et al., 2019). 

Sustainable Farming and Environmental Impact Reduction 

AI will increasingly be applied to reduce greenhouse gas emissions, optimize feed efficiency, 

manage manure, and improve overall environmental sustainability in livestock operations 

(Tullo et al., 2019). 

Predictive Health and Disease Management  

  Future AI systems will leverage machine learning and big data to predict disease 

outbreaks before clinical signs appear, enabling proactive interventions and reducing 

economic losses. 

Genomic Selection and Breeding Optimization   

  AI-driven genomic analysis will allow for faster, more precise selection of animals 

with desirable traits such as disease resistance, improved growth rates, or enhanced milk 

production. 

Integration with Blockchain for Traceability  

  AI combined with blockchain technology will improve transparency and traceability 

in livestock supply chains, ensuring food safety and quality from farm to fork. 

Enhanced Animal Welfare Monitoring  

   Continuous AI-based monitoring of behavior, stress, and environmental conditions 

will allow farmers to optimize welfare and housing conditions in real time. 

Personalized Nutrition and Feed Optimization  

  AI systems will provide individualized feeding programs based on each animal’s 

health, growth stage, and production potential, improving feed efficiency and reducing waste. 
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Climate Adaptation  

  AI can help farmers adapt livestock management to changing climate conditions by 

predicting heat stress, water needs, and adjusting housing and feeding strategies accordingly. 

Conclusion 

The livestock sector has immense potential to benefit from the adoption of artificial 

intelligence (AI) technologies. Applications ranging from precision livestock farming and 

disease management to behavioral analysis and genetic improvement provide opportunities to 

enhance productivity, animal welfare, and overall sustainability. AI enables data-driven 

decision-making, early detection of health issues, optimized feeding, and efficient 

management practices, all of which contribute to improved farm performance. 

However, the successful integration of AI in livestock farming requires careful 

attention to ethical, regulatory, and practical considerations, including data privacy, animal 

welfare, and accessibility for farmers of all scales. With ongoing research, technological 

innovation, and responsible implementation, AI is poised to revolutionize livestock 

management, paving the way for a more efficient, sustainable, and resilient food production 

system. 
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