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Abstract 

The dairy sector constitutes a critical pillar of India’s agricultural economy, substantially contributing to 

rural livelihoods, nutritional security, and overall economic growth. Predominantly driven by smallholder 

and marginal farmers, who manage nearly 70-75% of the dairy animal population, the sector is 

constrained by persistent challenges including low productivity, climate-induced stresses, inefficient 

resource utilization, and limited technological penetration. In this context, the convergence of artificial 

intelligence (AI) with Precision Dairy Farming (PDF) presents a transformative approach for achieving 

sustainable and scalable milk production systems. Precision dairy farming emphasizes the management 

of individual animals the fundamental units of production through continuous monitoring of 

physiological, behavioral, and production parameters using sensor-based technologies and data-driven 

tools. The integration of AI further augments these systems by enabling predictive analytics, real-time 

decision-making, automated milking, early disease detection, optimized feeding strategies, and intelligent 

supply chain management. Collectively, these advancements enhance productivity, improve animal 

welfare, increase farm profitability, and reduce environmental footprints. Despite its considerable 

potential, the adoption of AI-enabled PDF in India remains at a nascent stage. Key barriers include high 

capital investment, inadequate digital infrastructure, limited technical expertise, data privacy concerns, 

and variability in socio-economic conditions across farming systems. Additionally, factors such as farm 

size, risk perception, and access to extension services significantly influence technology uptake. This 

review critically synthesizes the current status, applications, opportunities, and constraints of AI-driven 

precision dairy farming in India. It further delineates strategic pathways for enhancing adoption through 

targeted capacity building, policy interventions, public-private partnerships, and the development of cost-

effective, context-specific technologies. Strengthening digital extension frameworks and fostering 

inclusive innovation ecosystems will be pivotal in harnessing the full potential of AI to transition India’s 

dairy sector toward a resilient, efficient, and sustainable future. 

 

Keywords: Artificial Intelligence (AI) in dairy farming, Precision Dairy Farming (PDF), sustainable 

milk production, smallholder dairy systems, technology adoption and digital agriculture 
 

1. Introduction  

India’s dairy sector constitutes a fundamental pillar of the national agricultural economy, 

significantly contributing to rural livelihoods, nutritional security, and overall economic 

development. As the world’s largest milk producer, India recorded an output of 247.87 Million 

Tonnes (MT) in 2024-25, accounting for nearly 25% of global milk production (Dairy 

Dimension, 2025) [18]. The sector is predominantly sustained by millions of smallholders, 

marginal, and landless farmers, who collectively manage approximately 70-75% of the dairy 

animal population, thereby embedding dairy farming deeply within the rural socio-economic 

framework (Indian Dairyman, 2024) [35]. 

The Indian dairy market demonstrates substantial economic potential, with a valuation of INR 

18,975 billion in 2024, projected to expand at a Compound Annual Growth Rate (CAGR) of 

12.35%, reaching INR 57,001.81 billion by 2033 (IMARC Report, 2025) [34]. Despite this 

growth trajectory, structural complexities persist. Approximately 37% of milk production is 

retained within rural consumption systems, while the remaining 63% enters organized and 
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unorganized 

marketing channels (DAHD, 2024) [7, 17]. Rising demand for 

dairy products is driven by population growth, urbanization, 

increasing income levels, expansion of cold chain 

infrastructure, and the proliferation of organized retail and e-

commerce platforms (Williams, 2024) [89]. With a per capita 

availability of 485 g/day, the sector not only satisfies 

domestic requirements but also reinforces India’s position in 

the global dairy landscape (CEIC Database, 2024; DAHD, 

2024) [7, 15, 17]. 

Notwithstanding its prominence, the sector faces multifaceted 

challenges that constrain productivity and sustainability. Low 

milk yield, particularly among indigenous breeds, remains a 

critical concern due to suboptimal nutrition, limited genetic 

improvement, and inadequate veterinary services (Banerjee, 

2023; Roy and Chaturvedani, 2024) [5, 65]. Operational 

inefficiencies, characterized by fragmented production 

systems, insufficient infrastructure, and limited farmer access 

to institutional support, further exacerbate the situation. 

Inadequate cold storage facilities and inefficient supply chains 

contribute to post-harvest losses and market volatility 

(NDDB, 2023) [54]. Additionally, environmental pressures 

including fodder scarcity, water limitations, climate 

variability, and methane emissions from dairy animals 

(notably buffalo contributing nearly 45% of milk production) 

pose significant sustainability challenges (NDDB, 2023; 

Wijerathna and Pathirana, 2022) [54, 88]. 

Addressing these systemic constraints necessitates the 

adoption of innovative, technology-driven solutions. In this 

context, the integration of Artificial Intelligence (AI) with 

Precision Dairy Farming (PDF) emerges as a transformative 

paradigm capable of enhancing productivity, efficiency, and 

sustainability. National initiatives such as the Digital 

Livestock Mission underscore the strategic importance of 

leveraging advanced technologies to modernize dairy 

practices, improve animal performance, and strengthen food 

security (Joshi, 2023) [38]. 

 

1.1 Concept and technological foundations of AI-Driven 

precision dairy farming 

Dairy farming is inherently a decision-intensive enterprise 

requiring continuous monitoring and adaptive management to 

ensure productivity, animal welfare, and environmental 

sustainability. Traditionally, management strategies have 

focused on herd-level interventions; however, contemporary 

approaches emphasize the importance of the individual 

animal as the fundamental production unit (Maltz, 2000) [49]. 

This paradigm shift underpins the concept of Precision Dairy 

Farming (PDF), which aims to optimize individual animal 

performance through data-driven management. 

Precision dairy farming is defined as the application of 

advanced technologies to monitor physiological, behavioural, 

and production parameters of individual animals, thereby 

enabling informed decision-making and improved farm 

performance (Eastwood et al., 2004) [21]. It encompasses an 

integrated system of sensors, automation tools, and data 

analytics platforms designed to manage variability within 

dairy operations and enhance profitability and sustainability. 

PDF also aligns with broader concepts such as site-specific 

farming and high-tech sustainable agriculture (Mandal and 

Ghosh, 2000; Singh and Chopra, 2007) [50, 72]. Importantly, it 

supports ecological and economic sustainability while 

ensuring product quality and animal welfare (Spilke and Fahr, 

2003) [75]. 

The incorporation of Artificial Intelligence (AI) significantly 

amplifies the capabilities of PDF systems. AI technologies 

including Machine Learning (ML), Deep Learning (DL), 

predictive analytics, and Internet of Things (IoT)-enabled 

devices facilitate real-time monitoring, pattern recognition, 

and predictive decision-making (Oliveira et al., 2021; Fuentes 

et al., 2022; Wang et al., 2025; Tamanna, 2025) [28, 85, 79, 97]. 

These technologies enable early detection of diseases, estrus 

prediction, feed optimization, and automated milking 

operations, thereby enhancing both efficiency and animal 

welfare. 

AI-driven tools such as wearable sensors, smart collars, and 

automated monitoring systems provide continuous insights 

into animal health and behavior. For instance, pedometer-

based systems allow tracking of locomotion and activity 

patterns, which can be utilized for estrus detection and early 

identification of metabolic or locomotory disorders (Edwards 

and Tozer, 2004; Mazrier et al., 2006) [22, 52]. Similarly, 

variations in milk yield and electrical conductivity can serve 

as early indicators of health disturbances, including mastitis 

(Khatun et al., 2017) [39]. Monitoring feeding behavior 

through electronic systems further enables early detection of 

morbidity and optimization of nutritional management 

(Weary et al., 2009; Gonzalez et al., 2008) [32, 87]. 

Instrumentation systems integrating sensors and actuators 

facilitate comprehensive monitoring of physiological and 

environmental variables, while GPS-enabled technologies 

provide spatial data on animal movement and grazing patterns 

(Laca, 2009; Reddy, 2012) [44, 63]. These innovations 

collectively contribute to improved herd management, 

enhanced productivity, and reduced reliance on manual labor. 

Despite these advancements, the adoption of AI-driven PDF 

technologies in India remains limited and uneven. Factors 

such as high initial investment, lack of technical expertise, 

limited digital infrastructure, and socio-economic 

heterogeneity among farmers significantly influence adoption 

rates. Furthermore, effective implementation requires robust 

extension services, capacity building, and context-specific 

technological solutions tailored to smallholder systems. 

 

1.2 Current status of dairy farming in India and emerging 

technological interventions 

India’s dairy sector occupies a dominant position in the global 

agricultural landscape, with an estimated milk production of 

247.87 million tonnes (2024-25), contributing nearly 25% of 

global output (FAS, 2024; IMARC, 2025) [25, 34]. This 

achievement is largely attributed to the extensive participation 

of smallholder farmers, who contribute approximately 60% of 

total milk production and typically operate with herd sizes 

ranging from two to five animals. These production systems 

are predominantly characterized by traditional management 

practices and reliance on cooperative frameworks for milk 

procurement and distribution. 

Despite its scale and socio-economic significance, the sector 

continues to face structural inefficiencies that limit 

productivity and sustainability. Low milk yield remains a 

persistent issue, particularly due to the genetic limitations of 

indigenous breeds, suboptimal feeding practices, restricted 

access to veterinary services, and inadequate dissemination of 

scientific knowledge among farmers. Furthermore, 

infrastructural deficiencies, including poor cold chain systems 

and fragmented supply chains, contribute to substantial post-

harvest losses and price instability within dairy markets. 
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Milk quality and safety represent additional critical concerns. 

The prevalence of adulteration using substances such as 

water, carbohydrate solutions, detergents, neutralizers, and 

synthetic compounds like melamine poses significant public 

health risks (Tiwari et al., 2013; Reddy et al., 2017) [64, 81]. 

Regulatory frameworks advocate the adoption of rapid testing 

technologies, including enzyme-based and strip-based kits, 

alongside stricter enforcement mechanisms and enhanced 

awareness among stakeholders to mitigate these risks (FSSAI, 

2021; DAHD, 2024) [7, 17, 26]. In this context, AI-assisted 

detection systems are increasingly being explored for rapid, 

accurate, and scalable identification of adulterants in milk 

(Lal and Singh, 2021; Sharma and Kumar, 2022) [45, 71]. 

Environmental sustainability further complicates the growth 

trajectory of the sector. Challenges such as fodder scarcity, 

water limitations, climate variability, and methane emissions 

particularly from buffaloes pose significant threats to long-

term viability (NDDB, 2023; Wijerathna and Pathirana, 2022) 
[54, 88]. To address these constraints, a range of technological 

interventions are being introduced. IoT-enabled devices and 

smart sensors facilitate real-time monitoring of animal health, 

feeding behavior, and environmental conditions (Yu et al., 

2024) [91]. Automated milking systems enhance operational 

efficiency and reduce labor dependency (Lee et al., 2020) [46], 

while blockchain technologies improve traceability and 

transparency across dairy value chains (Alshehri, 2023) [1]. 

Additionally, innovations such as Ultra-High Temperature 

(UHT) processing and GPS-enabled logistics systems 

contribute to improved shelf life, reduced spoilage, and 

efficient distribution (Pathak and Rathore, 2023a; FAS, 2024) 
[25, 60]. 

 

2. Role of Artificial Intelligence in dairy farming 

Artificial Intelligence (AI) is increasingly recognized as a 

transformative force capable of addressing key challenges in 

dairy farming by enhancing productivity, efficiency, and 

sustainability. AI encompasses a suite of advanced 

computational techniques, including machine learning, deep 

learning, predictive analytics, and IoT integration, which 

enable data-driven decision-making in complex farming 

environments (Kumar and Singh, 2020; Morrone et al., 2022; 

Kumar and Patel, 2023) [41, 42, 53]. 

A notable example of AI application is the Dairy Brain 

Project developed by the University of Wisconsin-Madison, 

which integrates real-time farm data into a centralized 

decision-support system. This platform utilizes advanced 

analytics to monitor animal health, optimize feed utilization, 

and improve milk production efficiency, thereby enabling 

farmers to make informed and timely management decisions 

(Patel and Sharma, 2022) [59]. 

 

3. Applications and benefits of AI in dairy farming 

systems 

3.1 Improved farm management 

AI-based systems significantly enhance farm management by 

optimizing feeding strategies, reproductive performance, and 

overall herd health. Data-driven models analyze feed intake 

patterns and milk production metrics to develop cost-effective 

and nutritionally balanced feeding regimes (Barrientos-

Blanco et al., 2020; Chelotti et al., 2023; Pan et al., 2023a) [6, 

16, 56]. Predictive algorithms further improve breeding 

efficiency and milk yield forecasting (Lee et al., 2020; Zhang 

et al., 2024) [46, 92]. Continuous monitoring systems facilitate 

early disease detection, enabling timely interventions and 

reducing production losses (Sharma and Rajput, 2024) [70]. 

3.2 Enhanced operational efficiency 

Automation of routine and data-intensive processes represents 

a key advantage of AI integration in dairy systems. AI-driven 

systems optimize feed allocation, reduce wastage, and 

enhance input-use efficiency (Tassinari et al., 2021; Chelotti 

et al., 2023; King et al., 2024) [16, 40, 80]. Empirical evidence 

suggests that precision feeding strategies can reduce feed 

costs by up to $31 per cow annually, while also lowering 

nitrogen emissions (Barrientos-Blanco et al., 2020; Pathak 

and Rathore, 2023b) [6, 61]. These advancements contribute to 

both economic viability and environmental sustainability. 

 

3.3 Proactive animal health monitoring 

AI-enabled monitoring systems utilize real-time data to detect 

subtle deviations in animal behavior and physiological 

parameters, thereby facilitating early diagnosis of diseases. 

Machine learning models have demonstrated the ability to 

predict conditions such as mastitis with an accuracy of up to 

72%, enabling preventive interventions and reducing 

veterinary expenditures (Fadul-Pachero et al., 2021; Johnson 

et al., 2021) [24, 37]. Wearable sensors and integrated 

monitoring platforms further enhance animal welfare and 

ensure consistent production quality (Wang and Zhang, 2021; 

Ding et al., 2025) [86]. 

 

3.4 Economic benefits 

The adoption of AI technologies contributes significantly to 

farm profitability by improving resource efficiency, 

reproductive performance, and herd health management. AI-

driven insights enable precise timing of breeding cycles and 

optimization of lactation performance, leading to increased 

economic returns (Zhao et al., 2022; Pan et al., 2023a) [56, 94]. 

Studies indicate that improved reproductive management 

alone can enhance profitability by approximately $30 per cow 

annually (Li et al., 2023b; Martinez et al., 2023; Garcia et al., 

2021) [30, 47, 51]. 

 

3.5 Sustainability and Environmental impact 

AI plays a crucial role in promoting environmentally 

sustainable dairy practices by enabling efficient utilization of 

water, energy, and feed resources. Advanced systems support 

methane emission reduction through optimized feeding 

strategies and facilitate effective waste management practices 

(Johnson et al., 2021; Altshuler et al., 2025) [2, 37]. These 

technologies align dairy production with environmental 

regulations and consumer expectations for sustainable food 

systems. 

 

4. Precision dairy farming technologies and sensor-based 

systems 

Precision dairy farming relies on a diverse array of sensor-

based technologies and automated systems designed to 

monitor individual animal performance and environmental 

conditions. Behavioral sensors, including pedometers and 

accelerometers, are widely used to track movement, feeding 

activity, and rumination patterns, providing early indicators of 

health disorders (Brosh et al., 2006) [13]. Similarly, milk 

composition parameters such as fat-to-protein ratio serve as 

indicators of energy balance and metabolic status (Friggens et 

al., 2007) [27]. 

Advanced monitoring tools include rumen pH and 

temperature sensors, which enable detection of metabolic 

disorders such as acidosis (Phillips et al., 2010; Bewley, 

2009) [9, 62]. Automated rumination monitoring systems further 

enhance herd health management by identifying deviations 
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associated with digestive disturbances (Weary et al., 2009; 

Schirmann et al., 2009) [69, 87]. 

In addition, integrated herd management software facilitates 

efficient data storage, analysis, and decision-making, while 

automated feeding systems ensure precise nutrient delivery 

tailored to individual animal requirements (Trevarthen and 

Michael, 2008) [82]. Technologies such as milk meters, 

automated milking controllers, and drafting gates contribute 

to improved operational efficiency and individualized animal 

management (Singh et al., 2014a) [73]. 

Geospatial tools, including Geographic Information Systems 

(GIS), support disease surveillance, risk assessment, and 

strategic planning by integrating spatial and epidemiological 

data (Babalobi, 2007; Reddy, 2012) [4, 63]. Furthermore, 

automated calf feeding systems enhance animal welfare and 

labor efficiency, particularly in group housing systems 

(Endres, 2018) [23]. 

 

5. Precision dairy technologies and decision-support 

systems 

The advancement of precision dairy farming is underpinned 

by a wide array of sensor-based technologies and intelligent 

decision-support systems that facilitate individualized animal 

management. Behavioral monitoring tools, including 

accelerometers, pedometers, and ingestible bolus sensors, 

provide continuous data on animal activity, rumination, and 

physiological status. Recent innovations such as rumen-based 

bolus systems enable real-time monitoring of temperature and 

activity, offering reliable estrus detection and herd 

management solutions (Stein, 2017) [77]. 

Reproductive management has also been enhanced through 

AI-enabled estrus detection systems using activity monitoring 

and hormonal profiling techniques (Valenza et al., 2012) [84]. 

Similarly, sensor-based calving detection systems assist 

farmers in timely intervention during parturition, thereby 

reducing risks associated with dystocia (Hogeveen, 2017; 

Rutten et al., 2017) [33, 67]. 

Advanced computing paradigms such as edge computing, 

including cloud and fog architectures, enable efficient data 

aggregation, processing, and sharing across farming networks. 

These systems enhance decision-making by integrating data 

from multiple farms and production environments (Gans, 

2017; Yousefpour et al., 2019) [29, 90]. Furthermore, geospatial 

technologies such as GIS and remote sensing support disease 

surveillance, pasture management, and ecological risk 

assessment (Reddy, 2012; Babalobi, 2007) [4, 63]. 

Automated systems including feed control units, milk meters, 

drafting gates, and herd management software enable precise 

monitoring and control of farm operations. These 

technologies reduce labor dependency, improve feeding 

accuracy, and facilitate real-time recording of production 

parameters (Trevarthen and Michael, 2008; Singh et al., 

2014a) [73, 82]. Additionally, automated calf feeding systems 

contribute to improved animal welfare and efficient labor 

management (Endres, 2018) [23]. 

 

6. Benefits and Impact of Precision dairy farming 

Precision dairy farming offers a wide range of benefits that 

extend beyond immediate productivity gains. These 

technologies enhance operational efficiency, improve product 

quality, reduce environmental impacts, and support better 

animal health and welfare (Bewley, 2010) [10]. By enabling 

continuous monitoring and early detection of physiological 

changes, PDF systems allow timely interventions, thereby 

minimizing production losses and improving overall farm 

performance (Bewley, 2013; Eastwood et al., 2015) [11, 95]. 

The integration of multiple data streams into computerized 

decision-support systems enables farmers to make informed 

and objective management decisions. This reduces reliance on 

subjective judgment and enhances precision in managing 

individual animals and herd dynamics (Parsons et al., 2007) 
[58]. Moreover, automation of routine tasks and improved 

resource utilization contribute to economic efficiency and 

scalability of dairy operations. 

 

6.1. Status of Precision dairy farming adoption in India 

Despite its demonstrated benefits, the adoption of precision 

dairy farming in India remains at an early stage. The uptake of 

these technologies varies across regions and farming systems, 

with limited penetration among smallholder farmers. 

However, several initiatives have laid the foundation for 

wider adoption. 

Programs such as the National Livestock Identification 

Scheme (NLIS) have introduced RFID-based animal 

identification systems, enabling accurate tracking of animal 

health, pedigree, and production records (Singh et al., 2014b) 
[74]. Similarly, the Information Network for Animal 

Productivity and Health (INAPH), developed by NDDB, 

facilitates real-time data collection on breeding, nutrition, and 

health services, supporting evidence-based decision-making at 

multiple levels. 

Private sector participation has also contributed to 

technological adoption. Dairy enterprises such as Chitale 

Dairy (Maharashtra), Sangamner Milk Union, and Lakshya 

Dairy (Haryana) have implemented RFID-based monitoring 

and automation systems. Notably, Chitale Dairy employs a 

“cows-to-cloud” approach, maintaining comprehensive 

databases of animal health, production, and pedigree 

information. This system has resulted in three to four times 

higher milk yields compared to national averages, 

highlighting the potential of precision technologies in 

enhancing productivity (Ruhil et al., 2013) [66]. 

Decision-support models such as COWEL further contribute 

to evaluating animal welfare and management systems by 

integrating multiple parameters into a structured analytical 

framework (Ursinus et al., 2009) [83]. However, widespread 

adoption remains constrained by factors such as limited 

digital infrastructure, low technical awareness, and the 

dispersed nature of livestock populations across rural regions. 

 

6.2. Vision for a sustainable and technologically advanced 

dairy industry in India 

The future of India’s dairy sector lies in the strategic 

integration of advanced technologies with sustainable 

production systems. Emerging policy frameworks such as 

White Revolution 2.0 emphasize a paradigm shift from 

volume-centric growth to quality enhancement, environmental 

sustainability, and farmer prosperity (Panda, 2025) [57]. The 

convergence of Artificial Intelligence (AI), Internet of Things 

(IoT), and blockchain technologies is expected to enhance 

transparency, traceability, and operational efficiency across 

the dairy value chain (Sunil and Rao, 2022) [78]. 

Government initiatives such as the National Programme for 

Dairy Development (NPDD), supported by an investment of 

₹2,790 crores, aim to strengthen infrastructure, expand 

cooperative networks, and improve rural livelihoods 

(Businessworld, 2025) [14]. Concurrently, innovations 

including AI-enabled genetic improvement, climate-resilient 

feeding systems, and smart livestock monitoring technologies 
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are being promoted to enhance productivity while minimizing 

environmental impacts (Sunil and Rao, 2022) [78]. 

Achieving this vision requires addressing critical barriers such 

as high capital investment, infrastructural limitations, and 

limited digital literacy. Overcoming these constraints will 

enable smallholder farmers to leverage data-driven 

technologies, thereby enhancing economic resilience and 

ensuring inclusive growth within the dairy sector (Jain and 

Verma, 2023). The alignment of policy support, technological 

innovation, and stakeholder collaboration will be pivotal in 

building a resilient and sustainable dairy ecosystem. 

 

6.3. Advanced decision-support systems and digital 

innovations in dairy farming 

The evolution of dairy farming is increasingly supported by 

sophisticated decision-support systems that integrate real-time 

data for efficient herd management. Platforms such as 

AFIMILK provide comprehensive tools for monitoring 

breeding, fertility, health status, and milk production, 

enabling data-driven daily management decisions (Berger and 

Hovav, 2013) [8]. Similarly, MOIRA, a component of the 

DAISY system, utilizes milk progesterone data to optimize 

insemination timing, achieving ovulation detection rates of up 

to 98% and improving reproductive efficiency.  

Information and Communication Technology (ICT)-based 

applications such as the Dairy Portal (DP) and Dairy 

Information System Kiosk (DISK) facilitate farmer education, 

service delivery, and real-time advisory support, thereby 

enhancing productivity and management efficiency (Aware 

and Kshirsagar, 2017) [3]. Additionally, GIS-based dairy 

management systems enable integration of farm components, 

including fodder production and livestock management, for 

improved planning and resource utilization (Ghose et al., 

2019) [31]. 

Innovations such as the Herdman system, which integrates 

RFID technology with mobile-based data access, enable real-

time monitoring of animal health, reproduction, and 

productivity, improving decision-making and reducing 

fraudulent claims (Samad et al., 2010) [68]. Similarly, wireless 

sensor networks developed through collaborative research 

initiatives facilitate continuous monitoring of animal behavior 

and physiological parameters, supporting early disease 

detection and efficient herd management (Ruhil et al., 2013) 
[66]. 

 

7. Challenges in adoption of precision dairy farming 

technologies 

Despite the demonstrated benefits of precision dairy 

technologies, their adoption in India remains constrained by 

multiple socio-economic and technical factors. The 

predominance of smallholder systems, fragmented livestock 

ownership, and limited financial capacity restrict farmers’ 

ability to invest in capital-intensive technologies (Mandal and 

Ghosh, 2000; Bewley, 2009) [9, 50]. Additionally, the diversity 

of species and breeds, coupled with varying production 

conditions, complicates the standardization and scalability of 

these technologies. 

Technological barriers, including inadequate digital 

infrastructure, unreliable connectivity, and low levels of 

computer literacy among farmers and extension personnel, 

further impede adoption. Moreover, concerns regarding 

economic viability, uncertain returns on investment, and lack 

of validated field-level evidence contribute to farmer 

hesitation (Borchers and Bewley, 2015; Steeneveld and 

Hogeveen, 2015) [12, 76]. 

Ethical and socio-cultural considerations also influence 

adoption. The shift toward automation and data-driven 

decision-making may reduce traditional farmer involvement, 

raising concerns regarding animal welfare and societal 

acceptance (Eastwood et al., 2019) [96]. Furthermore, 

dependence on integrated technological systems increases 

vulnerability to system failures and data management 

challenges. 

 

8. Strategies and way forward for enhancing adoption 

To accelerate the adoption of AI and precision dairy 

technologies, a multi-dimensional strategy is essential. 

Establishing multidisciplinary collaborations involving animal 

scientists, engineers, economists, and policymakers can 

facilitate the development of context-specific and cost-

effective solutions. Formation of farmer cooperatives and 

community-based organizations can help distribute the 

financial burden associated with technology adoption. 

Pilot demonstrations and field-level validation studies are 

crucial for building farmer confidence and demonstrating 

economic viability. Strengthening extension services and 

advisory systems, particularly through localized training 

programs, can enhance awareness and technical capacity 

among farmers (Kumar and Singh, 2021; Zhang et al., 2022) 
[43, 93]. Additionally, ensuring robust data governance 

frameworks is essential to address concerns related to data 

ownership, privacy, and ethical usage. 

Infrastructure development, particularly in terms of rural 

connectivity and digital ecosystems, must be prioritized to 

support real-time data integration and analytics (Das and 

Chatterjee, 2024; Madupati, 2025) [19, 48]. Furthermore, 

technologies should be designed with flexibility and 

scalability to accommodate diverse farm sizes and resource 

conditions. 

 

9. Conclusion  

The integration of Artificial Intelligence and Precision Dairy 

Farming technologies presents a transformative opportunity 

for India’s dairy sector. These innovations have the potential 

to enhance productivity, improve animal health management, 

optimize resource utilization, and strengthen supply chain 

efficiency while promoting environmental sustainability. 

However, realizing this potential requires addressing key 

challenges related to affordability, infrastructure, digital 

literacy, and socio-economic disparities. Strategic 

investments, supportive policy frameworks, and effective 

industry-academia collaborations will be critical in 

developing scalable and inclusive technological solutions. 

Looking ahead, the dairy sector is poised for a transition 

toward a data-driven, sustainable, and resilient production 

system, wherein AI-enabled tools will play a central role in 

decision-making and farm management. Empowering 

smallholder farmers through accessible technologies and 

robust extension support will be essential to ensure equitable 

growth and long-term sustainability of the sector. 
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