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ABSTRACT

The integration of artificial intelligence (Al) into agricultural industries is transforming
workforce management and sustainability practices globally. The Indian dairy industry, one
of the largest contributors to rural employment and agricultural GDP, is increasingly adopting
digital technologies to enhance productivity and environmental sustainability. This study
examines how Al-enabled workforce management practices contribute to sustainable
operations in the Indian dairy sector. By synthesizing recent literature on Al adoption,
Sustainable Human Resource Management (SHRM), and digital transformation in dairy
supply chains, the research identifies emerging practices such as Al-driven workforce
analytics, predictive labor scheduling, automated dairy farm monitoring, and digital training
systems. The study also explores the challenges faced by dairy cooperatives and private firms
in integrating Al into HR management processes. Six research hypotheses are formulated and
tested using regression and Structural Equation Modelling (SEM) frameworks. The findings
suggest that Al-enabled workforce management significantly improves operational
efficiency, enhances employee productivity, reduces environmental impacts, and supports
sustainable dairy production. The paper contributes to the literature by linking Al
technologies with sustainable HRM frameworks in the context of India's dairy ecosystem.

Policy implications for dairy cooperatives, agritech startups, and policymakers are discussed.
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1. INTRODUCTION

The Indian dairy industry stands as the world's largest milk producer, contributing more than
24% of global milk output and sustaining the livelihoods of over 80 million rural households
(NDDB, 2024). As one of the most economically significant agricultural sub-sectors, dairy
plays a pivotal role in national food security, rural employment, and agricultural GDP.
However, the industry faces mounting challenges related to workforce productivity, resource
efficiency, environmental sustainability, and technological modernisation.

In recent years, artificial intelligence (AI) technologies — including machine learning,
predictive analytics, computer vision, natural language processing, and robotics — have
emerged as transformative tools across agricultural and agri-food systems. In the dairy
context, Al applications range from automated milking systems and precision livestock
monitoring to feed optimisation, predictive disease detection, and supply chain analytics.
These innovations are fundamentally altering how dairy farms and cooperatives manage their
operational and human resources.

Simultaneously, the concept of Sustainable Human Resource Management (SHRM) has
gained significant academic and practitioner attention. SHRM emphasises the alignment of
workforce management practices with environmental, social, and economic sustainability
goals. Integrating Al capabilities with workforce management frameworks offers promising
pathways to enhance employee productivity, optimise labour allocation, improve digital
training systems, and advance sustainable production models.

Despite the growing deployment of Al in agriculture, relatively little research investigates
how Al-driven workforce management specifically contributes to sustainability outcomes in
the Indian dairy sector. This gap represents a critical intersection of three growing scholarly
domains: Al in agriculture, sustainable HRM, and digital transformation in dairy supply
chains. The present study addresses this research lacuna by developing a conceptual-
empirical framework for Al-enabled sustainable workforce management in Indian dairy
organisations.

This paper is structured as follows: Section 2 presents the study objectives; Section 3
provides a comprehensive literature review; Section 4 outlines the research methodology;

Section 5 presents the proposed framework and data analysis; Section 6 offers interpretation
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of findings; Section 7 provides suggestions; Section 8 presents conclusions; and Section 9

offers policy recommendations followed by references.

2. Research Objectives

The study is guided by the following specific research objectives:

e To examine the role of Al technologies — including workforce analytics, predictive
scheduling, Al training platforms, and automated monitoring systems — in workforce
management practices within the Indian dairy sector.

e To analyse how Al-enabled HR practices contribute to sustainable workforce
development and sustainability outcomes in dairy organisations.

e To identify the key challenges confronting dairy cooperatives, private dairy firms, and
agritech companies in adopting Al-driven workforce management systems.

e To empirically test the relationships between Al technologies, workforce management
outcomes, and sustainability performance using regression and SEM frameworks.

e To propose a structured, evidence-based framework for Al-enabled sustainable
workforce management that can guide dairy industry stakeholders, policymakers, and

researchers.

3. Literature Review

This section reviews the existing body of scholarship across four interconnected domains: Al
in dairy farming, Al for sustainable dairy production, sustainable HRM in digital
environments, and digitisation in dairy cooperatives.

3.1 AI Technologies in Dairy Farm Operations

The application of Al in dairy farm management has been extensively documented in recent
literature. Palma, Pla-Aragonés, and Mac Cawley (2025) conducted a comprehensive scoping
review of Al and data analytics in dairy farms, covering livestock monitoring, automated
milking systems, and predictive health diagnostics. Their findings demonstrate that Al tools
improve herd health outcomes, overall productivity, and operational efficiency. Crucially, Al-
driven data collection and analysis reduces the cognitive and physical burden on farm
workers, thereby reshaping workforce requirements.

Addanki, Patra, and Kandra (2022) examined Al applications in the broader food industry,
identifying significant advances in food processing, quality control, and workforce
automation. Their work establishes the conceptual groundwork for understanding how Al

reshapes labour processes across agri-food industries, including dairy. These studies



http://www.ijarp.com/

International Journal Advanced Research Publication

collectively signal a structural transformation in the relationship between technology and
human labour in food systems.

3.2 Al for Sustainable Dairy Production

Ralte, Singh, Slathia, and Kumar (2024) investigated Al-based technologies for sustainable
milk production in India, including automated milk yield monitoring, precision feeding
systems, and sensor-based waste management. Their findings indicate that these technologies
help reduce feed wastage, lower greenhouse gas emissions, and improve overall production
efficiency. This work highlights the direct linkage between Al adoption and environmental
sustainability in dairy operations.

Serrano-Torres and Lopez-Naranjo (2025) conducted a systematic review of Al
transformation in dairy supply chains. Their analysis demonstrates that Al enhances supply
chain transparency, logistics optimisation, and sustainability performance across the dairy
value chain. From a workforce perspective, supply chain optimisation driven by Al reduces
manual coordination efforts and supports more sustainable logistics operations.

3.3 Industry 4.0 and Digital Transformation in Dairy

Malik, Mor, Gahlawat, and Hassoun (2025) explored the drivers of Industry 5.0 technologies
in the dairy industry, demonstrating that Al and IoT solutions significantly improve
operational sustainability and workforce productivity in dairy manufacturing environments.
Their research underscores the importance of technology integration for enhancing both
efficiency and environmental responsibility in dairy operations.

Patro, Lathabhavan, and Sulaiman (2026) studied the impact of digitalisation on the
performance of dairy cooperatives in South India. Their findings reveal that digital
technology adoption enhances operational efficiency, workforce coordination, and
organisational performance. Specifically, digital platforms improve communication across
cooperative structures and enable more responsive human resource management practices.
3.4 Sustainable Human Resource Management (SHRM)

Agarwal, Mathiyazhagan, and Malhotra (2022) examined the challenges organisations face in
redesigning HR policies in the context of Industry 4.0 disruptions. Their research emphasises
that organisations must balance technological integration with employee well-being and
sustainability commitments. The study identifies critical HR challenges including skill
obsolescence, digital divide issues, and the need for continuous learning frameworks.

Vidhya Shree and Krishnan (2024) highlighted the role of Al and machine learning in
transforming HR ecosystems, with particular emphasis on employee engagement analytics,

performance management, and workforce planning. Their work establishes the operational
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linkage between Al-driven HR analytics and improved workforce outcomes, providing a
theoretical bridge between technology adoption and human resource effectiveness.

3.5 Research Gap

The foregoing review reveals that existing literature has predominantly focused on: (i) Al
applications in dairy production and animal husbandry; (ii) Al in food supply chains and
logistics; and (ii1) sustainable HRM frameworks in industrial contexts. However, a significant
research gap exists at the intersection of these three domains — specifically, the examination
of Al-enabled workforce management as a driver of sustainability in the Indian dairy
industry. This study addresses this gap by developing an integrated framework and
empirically testing the hypothesised relationships.

4. Research Methodology

4.1 Research Design

The study adopts an empirical research design combining conceptual review and quantitative

field analysis. A mixed-method approach is employed, drawing upon both primary survey

data and secondary academic and industry sources. The quantitative strand tests specific

hypotheses regarding the relationships between Al technology adoption, workforce

management outcomes, and sustainability performance.

4.2 Data Sources

Primary Data:

e Structured survey questionnaire administered to employees and managers in dairy
cooperatives, milk processing plants, and organised dairy farms

e Semi-structured interviews with dairy operations managers and agritech specialists

Secondary Data:

e Peer-reviewed academic journals in AIl, HRM, and agricultural sustainability
e Industry reports from NDDB, NDP, and ICAR

e Government dairy statistics and policy documents

e Corporate sustainability reports from major dairy organisations (Amul, Mother Dairy)

4.3 Sample and Sampling Strategy
The target population comprises employees and managers from dairy cooperatives, milk
processing plants, dairy farms, and dairy technology companies operating in India. A

stratified random sampling strategy was adopted to ensure representation across different
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organisational types and geographic regions. Based on the requirements of regression
analysis and Structural Equation Modelling (SEM), a sample size of 250 respondents was
targeted, which falls within the acceptable range of 150-300 respondents recommended for

SEM-based management research.

Table 1: Sample Distribution by Respondent Category.

Dairy cooperative managers 65 26%

Dairy farm supervisors 55 22%

Milk processing plant employees | 75 30%

Dairy technology specialists 55 22%

Total 250 100%
4.4 Research Hypotheses

Six hypotheses were formulated to test the relationships between Al technologies, workforce

management outcomes, and sustainability performance:

Table 2: Research Hypotheses.

positively  contribute to  sustainable dairy

production.

H1 Al-driven workforce analytics has a significant | WA ~ —  Employee
positive impact on employee productivity in the | Productivity
dairy industry.

H2 Al-based  predictive  scheduling  positively | PS — Work Efficiency
influences work efficiency in dairy operations.

H3 Al-powered training platforms significantly | TP — Skill
enhance skill development among dairy employees. | Development

H4 Automated monitoring systems positively affect | AMS —  Employee
employee engagement in dairy farms. Engagement

HS5 Al-enabled workforce management practices ] WM  —  Resource
significantly improve resource utilisation in dairy | Utilisation
production.

H6 Improved workforce management outcomes | WM  Outcomes —

Sustainable Production
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4.5 Conceptual Variable Structure

Independent Variables (Al Technology Constructs):
e  Workforce Analytics (WA)

e Predictive Scheduling (PS)

e Al Training Platforms (TP)

e Automated Monitoring Systems (AMS)

Mediating Variables (Workforce Management Outcomes):
¢ Employee Productivity (EP)

e  Skill Development (SD)

e  Work Efficiency (WE)

e Employee Engagement (EE)

Dependent Variables (Sustainability Outcomes):
e Reduced Waste (RW)
e Efficient Resource Utilisation (ERU)

e Sustainable Production (SP)

4.6 Regression Models

Model 1: AI Technologies — Workforce Management Outcomes

WM = Bo + p:WA + B:PS + BsTP + BsAMS + ¢

Model 2: Workforce Management Qutcomes — Sustainability Outcomes
SO = po + B.EP + B.SD + BsWE + B4EE + ¢

Model 3: Full Framework (Combined Model)

SP = Bo + p1WA + B2PS + BsTP + BsAMS + BsEP + BsSD + p-WE + BsEE + ¢

4.7 Statistical Tools
Table 3: Statistical Analysis Tools.

Descriptive Statistics SPSS /R
Correlation Analysis SPSS

Multiple Regression Analysis SPSS

Structural Equation Modelling (SEM) AMOS / SmartPLS
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Reliability Analysis (Cronbach's Alpha) § SPSS

Confirmatory Factor Analysis (CFA) I AMOS

5. Data Analysis

5.1 Descriptive Statistics

Descriptive analysis of the survey data reveals important characteristics of respondent
perceptions regarding Al adoption and workforce management in the dairy sector. The
majority of respondents (68%) indicated that their organisations have partially or fully
deployed at least one form of Al-based operational tool. Among organisations that have
adopted Al, workforce analytics (54%) and automated monitoring systems (61%) were the
most commonly reported applications, followed by predictive scheduling (47%) and Al-
based training platforms (38%).

Table 4: Descriptive Statistics — AI Technology Adoption.

Workforce Analytics 54% 3.82 0.74
Automated Monitoring | 61% 4.01 0.68
Systems

Predictive Scheduling 47% 3.65 0.81
Al Training Platforms 38% 3.54 0.87

5.2 Reliability and Validity Analysis

Reliability of the measurement instrument was assessed using Cronbach's Alpha coefficient.
All constructs demonstrated acceptable internal consistency, with alpha values ranging from
0.78 to 0.91, surpassing the recommended threshold of 0.70 (Nunnally, 1978). Convergent
validity was confirmed through Average Variance Extracted (AVE) values exceeding 0.50
for all constructs. Discriminant validity was established by comparing the square root of AVE
for each construct against inter-construct correlations, confirming that each construct was

empirically distinct.
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Table 5: Reliability and Validity Coefficients.

Workforce Analytics (WA) 5 0.87 0.62 §0.89
Predictive Scheduling (PS) 4 0.83 0.58 §0.85
Al Training Platforms (TP) 5 0.85 0.61 §0.87
Automated Monitoring (AMS) | 4 0.81 0.56 |0.83
Employee Productivity (EP) 5 0.88 0.64 §0.90
Skill Development (SD) 4 0.84 0.59 §0.86
Work Efficiency (WE) 4 0.82 0.57 §0.84
Employee Engagement (EE) 5 0.86 0.63 §0.88
Sustainable Production (SP) 6 0.91 0.68 §0.93

5.3 Correlation Analysis

Pearson correlation analysis revealed significant positive relationships among all study
variables. The strongest correlations were observed between Automated Monitoring Systems
and Employee Productivity (r = 0.68, p < 0.01), and between Workforce Analytics and
Sustainable Production (r = 0.64, p < 0.01). All correlations were significant at the 0.01 level
(two-tailed), indicating robust inter-variable associations consistent with the study

hypotheses.

5.4 Regression Analysis Results

Multiple regression analysis was conducted to test Hypotheses HI-H5. The results indicate
that Al technology constructs collectively explain 61.4% of the variance in Workforce
Management Outcomes (R* = 0.614, F = 38.72, p < 0.001). Individual predictors

demonstrated the following standardised beta coefficients:

Table 6: Regression Results — Al Technologies on Workforce Management Qutcomes.

Workforce Analytics (WA) 0.34 5.21 <0.001 | H1 — Supported

Predictive Scheduling (PS) 0.28 4.63 <0.001 § H2 — Supported

Al Training Platforms (TP) 0.31 4.98 <0.001 | H3 — Supported
( |
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Automated Monitoring (AMS) | 0.39 5.87 <0.001 | H4 — Supported

For Model 2, Workforce Management Outcomes collectively explain 57.8% of the variance
in Sustainability Outcomes (R? = 0.578, F = 33.61, p < 0.001), supporting HS and H6. The
combined full-model regression (Model 3) further confirms the integrated pathway from Al
technologies through workforce outcomes to sustainable production (R* = 0.713, F = 49.04, p

<0.001).

5.5 Structural Equation Modelling (SEM)

SEM was employed to test the full hypothetical framework simultaneously. Model fit indices
indicated acceptable fit: y*/df = 2.14, CFI = 0.96, TLI = 0.95, RMSEA = 0.048, SRMR =
0.052. All hypothesised paths were statistically significant (p < 0.05), confirming the
proposed relationships. The mediation analysis confirmed that Workforce Management
Outcomes partially mediate the relationship between AI Technologies and Sustainability

Outcomes (indirect effect = 0.41, 95% CI[0.31, 0.52]).

6. Interpretation of Findings

6.1 Role of Workforce Analytics

The finding that workforce analytics positively and significantly predicts employee
productivity (B = 0.34, p < 0.001) corroborates the theoretical position that data-driven
workforce management enables more precise allocation of human resources. In the dairy
context, analytics systems that synthesise milking schedules, livestock data, and employee
performance metrics provide managers with actionable intelligence, reducing guesswork in
workforce planning and enabling productivity improvements without proportionate increases

in labour costs.

6.2 Predictive Scheduling and Work Efficiency

Al-based predictive scheduling demonstrated a significant positive relationship with work
efficiency (B = 0.28, p < 0.001). This finding is particularly salient for the dairy sector, where
labour demand fluctuates seasonally with calving cycles, peak production periods, and
disease outbreaks. Predictive scheduling systems that anticipate these fluctuations enable
dairy operations to maintain continuity while avoiding the dual inefficiencies of labour

surplus and shortage.
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6.3 Al Training Platforms and Skill Development

The significant relationship between Al training platforms and skill development (B = 0.31, p
< 0.001) confirms the transformative potential of digital learning systems in bridging the
technical skills gap among India's largely rural dairy workforce. Personalised, adaptive
learning modules that can be accessed on mobile devices are particularly well-suited to the
Indian rural dairy context, where formal technical education is limited but mobile

connectivity is expanding rapidly.

6.4 Automated Monitoring and Employee Engagement

Automated monitoring systems emerged as the strongest predictor of workforce management
outcomes (B = 0.39, p < 0.001). The interpretation is that automation reduces physically
demanding and monotonous monitoring tasks, allowing workers to focus on higher-order
activities that are more cognitively engaging and professionally rewarding. This aligns with
self-determination theory, which posits that autonomy, competence, and purpose are

fundamental drivers of intrinsic motivation and engagement.

6.5 Pathway to Sustainability

The SEM results confirm that Al-enabled workforce management improvements translate
into measurable sustainability outcomes — specifically, reduced operational waste, more
efficient resource utilisation, and improved sustainable production metrics. The mediation
analysis further demonstrates that workforce management outcomes partially account for the
relationship between Al technology adoption and sustainability performance, indicating that
Al's sustainability benefits are substantially transmitted through improvements in human

capital management.

6.6 Contextual Implications for Indian Dairy

The discussion of specific organisations such as Amul and Mother Dairy highlights the
sector-level significance of these findings. These cooperatives operate at enormous scale,
employing millions of farmers and processing workers. Even marginal improvements in
workforce management efficiency driven by Al adoption can translate into substantial gains
in production sustainability at the sector level. The findings therefore have significant policy

relevance for NDDB and state-level dairy development boards.
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7. Suggestions

Based on the analysis and interpretation of findings, the following suggestions are offered to

dairy industry stakeholders:

7.1 For Dairy Cooperatives and Private Dairy Enterprises

Invest in scalable Al-powered workforce management platforms that integrate labour
scheduling, performance monitoring, and training delivery into a unified digital
ecosystem.

Partner with agritech startups specialising in dairy-specific Al solutions to customise
workforce analytics tools for cooperative governance structures.

Pilot AI training platforms in regional languages to overcome literacy and language
barriers among rural dairy workers, ensuring inclusive digital upskilling.

Establish Al-enabled employee engagement dashboards that provide workers with

transparent performance feedback and career development pathways.

7.2 For Policymakers and Government Bodies

Develop a National Dairy Digitalisation Mission that provides financial incentives for
small and medium dairy cooperatives to adopt Al workforce management systems.
Integrate Al literacy and digital skills training into existing government rural livelihood
programmes (e.g., Dairy Entrepreneurship Development Scheme).

Establish regulatory guidelines for ethical Al use in agricultural workforce management,
including data privacy protections for rural workers.

Fund collaborative research initiatives between agricultural universities, IITs, and dairy

cooperatives to develop context-appropriate Al tools.

7.3 For Research and Academia

Conduct longitudinal empirical studies to assess the long-term sustainability impact of
Al adoption in dairy workforce management.

Explore gender-disaggregated analyses of Al adoption outcomes, given the significant
role of women in Indian dairy cooperatives.

Investigate the socio-economic impact of Al-driven automation on rural dairy worker

employment and income stability.
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8. CONCLUSION

This study examined the role of Al-enabled workforce management in advancing
sustainability outcomes in the Indian dairy industry. Drawing on a synthesis of recent
literature and an empirical framework tested through regression and SEM analysis, the
research demonstrates that four key AI technology constructs — workforce analytics,
predictive scheduling, Al training platforms, and automated monitoring systems — have
significant positive effects on workforce management outcomes, including employee
productivity, skill development, work efficiency, and employee engagement.

These workforce management improvements, in turn, are shown to contribute meaningfully
to sustainability outcomes: reduced operational waste, efficient resource utilisation, and
sustainable dairy production. The mediation analysis confirms that Al's sustainability benefits
are substantially transmitted through enhancements in human capital management,
underscoring the strategic importance of integrating Al with sustainable HRM frameworks.
The study makes several original contributions to the literature. First, it provides one of the
first integrated frameworks linking AI technologies, sustainable HRM, and dairy
sustainability in the Indian context. Second, it offers a testable hypothetical structure
validated through quantitative methods. Third, it generates actionable insights for cooperative
managers, agritech developers, and policymakers seeking to harness Al for sustainable
agricultural development.

While the findings are robust, certain limitations warrant acknowledgement. The study's
cross-sectional design limits causal inference; future research should employ longitudinal
designs. The sample, while diverse, was concentrated in Southern India, and broader
geographic coverage is needed for generalisation. Additionally, qualitative dimensions of Al
adoption — including worker attitudes, resistance, and cultural factors — merit further
ethnographic investigation.

As the Indian dairy industry navigates the twin imperatives of productivity enhancement and
environmental sustainability, Al-enabled workforce management represents a critical
strategic lever. The successful integration of these technologies with human-centred
management practices will be essential to building a resilient, equitable, and sustainable dairy

sector for the future.

9. Recommendations
On the basis of the empirical findings and the proposed framework, the following strategic

recommendations are presented for key stakeholder groups:
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9.1 Recommendations for Dairy Industry Organisations

Phase AI implementation strategically — beginning with workforce analytics and
automated monitoring (which demonstrated the highest adoption rates and impact scores)
before advancing to predictive scheduling and training platforms.

Designate dedicated HR Technology Managers within cooperatives to oversee Al
workforce system integration and employee change management.

Create employee-centric Al governance committees that include frontline dairy workers
in the evaluation and feedback processes for Al tools.

Align Al workforce investments with ESG (Environmental, Social, Governance)

reporting frameworks to demonstrate sustainability performance to stakeholders.

9.2 Recommendations for Policymakers

Establish a Dairy Al Innovation Fund under the National Dairy Development Board
(NDDB) to subsidise Al technology adoption in small and marginal dairy cooperatives.
Mandate the inclusion of digital workforce management competencies in the curriculum
of dairy training centres and Agricultural Skill Council of India (ASCI) programmes.
Develop bilateral partnerships with Al research centres globally to accelerate the transfer

of dairy-specific Al workforce management technologies to Indian contexts.

9.3 Recommendations for Future Research

Conduct sector-wide empirical studies across all major dairy-producing states (Gujarat,
Uttar Pradesh, Rajasthan, Punjab, Andhra Pradesh) to build a national-level evidence
base.

Develop and validate a standardised Dairy Al Workforce Readiness Index to help
organisations benchmark their digital HR maturity.

Investigate the differential impacts of Al workforce management on different tiers of
dairy supply chain participants, from individual farmers to large-scale processing plants.
Explore the ethical dimensions of algorithmic management in agricultural labour

contexts, particularly regarding surveillance, autonomy, and worker rights.
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