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Abstract 

 

This paper proposes a conceptual framework 

to understand how Artificial Intelligence (AI) 

transforms Human Resource Management 

(HRM) into a strategic business partner. It 

outlines the key AI capabilities, strategic HR 

roles, and organisational enablers that 

support this transformation. The study adopts 

a conceptual approach grounded in extant 

literature from strategic human resource 

management (SHRM), artificial intelligence, 

and organisational transformation. It 

synthesises theoretical perspectives and 

proposes an integrative framework that 

explains the mechanisms through which AI 

repositions HR as a core contributor to 

strategic business outcomes. The proposed 

framework identifies three pillars: AI 

Capabilities, Strategic HR Functions, and 

Organisational Enablers as essential for HR's 

strategic realignment. The model emphasises 

the dynamic interplay between AI tools (e.g., 

predictive analytics, NLP), strategic 

outcomes (e.g., workforce agility, employee 

experience), and enablers (e.g., digital 

culture, ethical governance). This 

conceptualisation reveals how AI enables HR 

to move from an operational to a strategic 

role. The framework offers a foundation for 

future empirical validation and hypothesis 

testing. It also bridges a key gap in the 

literature by integrating AI capabilities into 

strategic HRM theory. The paper offers 

strategic guidelines for organisations aiming 

to leverage AI in HR. It highlights the need 

for HR re-skilling, cross-functional 

collaboration, and ethical AI implementation 

to achieve sustainable impact. This paper is 

among the first to provide a conceptual 

model that explicitly integrates AI into HR‘s 

strategic role, offering a roadmap for both 

academics and practitioners to understand the 
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transformative potential of AI in human 

capital management. 
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I. INTRODUCTION  

 

The transformation of HRM from a transactional and administrative function into a strategic 

business partner has long been a subject of scholarly and practitioner interest. However, 

recent advancements in AI have accelerated this evolution, creating unprecedented 

opportunities for HR to become a key driver of organisational performance, agility, and 

innovation (Guenole & Feinzig, 2018; Marr, 2023). In the context of Industry 4.0 and the 

emerging paradigms of Industry 5.0, AI technologies such as natural language processing, 

machine learning, predictive analytics, and robotic process automation are increasingly being 

integrated into HR functions, leading to what scholars have termed as the era of AI-powered 

HRM (Thangaraja et al., 2024; Panday, Shukla, & Mishra, 2025). 

 

The strategic role of HR has always involved aligning human capital capabilities with 

organisational goals. However, with AI augmenting traditional HR processes ranging from 

talent acquisition and on boarding to performance management and employee engagement, 

the function is being remained as a data-driven strategic enabler rather than a cost centre 

(Boehmer & Schinnenburg, 2023). AI-driven HRM empowers decision-makers with real-

time insights, predictive modelling, and automated solutions that allow for precise forecasting 

of talent needs, proactive identification of workforce risks, and enhanced personalisation of 

the employee experience (Sharma & Sengupta, 2023; Malik et al., 2023). 

 

Organisations leveraging AI in HR report significant improvements in operational efficiency, 

agility, and competitive advantage. For instance, IBM‘s AI-based HR solutions have been 

shown to reduce hiring bias and improve workforce forecasting, reinforcing the business case 

for AI in human capital management (Guenole & Feinzig, 2018). Similarly, large enterprises 

such as Unilever and Tata have deployed AI-enabled recruitment systems to scale talent 

acquisition while maintaining a human-centric experience (Marr, 2023) 

 

At the same time, this transformation is not without its challenges. Concerns related to data 

ethics, algorithmic bias, skill obsolescence, and organisational readiness pose significant 

barriers to AI integration in HR (Khulbe, 2022; Boehmer & Schinnenburg, 2023). Moreover, 

despite the growing body of applied research and case studies, there remains a gap in 

conceptual understanding of how AI strategically repositions HRM within organisations. 

While empirical evidence on digital tools is expanding, few studies provide a unified 

theoretical framework that maps the mechanisms, drivers, and enablers of HR‘s AI-led 

strategic transformation‖(Faheem et al., 2024; Maghsoudi et al., 2024). 

 

This paper addresses that gap by proposing a conceptual framework grounded in strategic 

HRM theory, resource-based view (RBV), and digital transformation literature. The 

framework identifies three foundational pillars: AI capabilities, strategic HR functions, and 
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organisational enablers to explain how AI catalyses HR‘s transition into a value-generating 

strategic partner‖. Drawing upon insights from recent research, industry reports, and 

theoretical paradigms, the study aims to guide both scholars and practitioners in 

understanding and operational sing this transformation. 

 

II. THEORETICAL FOUNDATIONS 

 

1. Strategic Human Resource Management Theory 

 

Strategic Human Resource Management theory emphasises the alignment of HR practices 

with an organisation‘s long-term goals and competitive strategy. Unlike traditional HRM, 

which focuses on administrative efficiency, SHRM positions HR as a core contributor to 

organisational performance and strategic agility (Wright & McMahan, 1992). The central 

premise of SHRM is that human capital, when effectively managed, can serve as a source of 

sustained competitive advantage (Boxall & Purcell, 2016).In the context of digital 

transformation, SHRM theory has evolved to integrate technology-enabled HR practices, 

with AI becoming a pivotal element in facilitating strategic decision-making. AI tools allow 

HR professionals to forecast workforce trends, analyse talent pipelines, and design agile 

workforces, all aligning with SHRM's core aim of long-term value creation (Brewster, 

Chung, & Sparrow, 2022). The integration of AI into HRM further supports SHRM‘s 

commitment to enhancing organisational responsiveness and innovation capacity‖. 

 

―The shift from traditional HRM to SHRM reflects a move towards a more proactive, 

analytics-driven and future-focused human capital strategy‖ (Brewster et al., 2022, p. 245). 

 

2. Resource-Based View and Dynamic Capabilities 

 

The Resource-Based View posits that firms achieve competitive advantage by effectively 

managing valuable, rare, inimitable, and non-substitutable (VRIN) resources (Barney, 1991). 

Human resources, especially when empowered with AI tools,can fulfil these VRIN criteria by 

becoming a highly contextual, firm-specific capability that rivals cannot easily replicate 

(Collins & Clark, 2003).AI augments HR by enhancing its ability to analyse, predict, and 

respond to talent-related challenges in real-time. However, merely possessing AI tools do not 

guarantee an advantage; the capability to orchestrate and dynamically reconfigure AI and 

human expertise is critical. This is where dynamic capabilities theory extends the RBV by 

focusing on an organisation‘s ability to adapt, integrate, and reconfigure internal 

competencies to respond to changing environments (Teece, 2007).For instance, an HR 

function capable of continuously learning from AI-generated data and adjusting recruitment 

or retention strategies dynamically illustrates both RBV and dynamic capabilities in action 

(Wamba-Taguimdje et al., 2020). 

 

―Dynamic capabilities provide the bridge between firm resources and the rapidly evolving 

technological environment such as AI in HR‖ (Teece, Peteraf, & Leih, 2016, p. 19). 

 

3. Human-AI Collaboration in Knowledge Work 

 

The synergy between humans and AI in knowledge-based work is an emerging area in both 

management and information systems research. Rather than viewing AI as a replacement for 

HR professionals, scholars advocate for a collaborative intelligence approach, wherein AI 
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handles data-intensive tasks while humans focus on empathy, ethical reasoning, and strategic 

judgment (Daugherty & Wilson, 2018).In HR contexts, AI tools assist in parsing resumes, 

identifying skill gaps, and predicting employee attrition. However, decision-making, 

especially on ethical or developmental matters, remains a human strength (Brynjolfsson & 

McAfee, 2017). This complementarily fosters a new model of work where AI augments 

rather than replaces human capability, reinforcing the relevance of HR as a strategic actor. 

 

―Organisations that integrate collaborative intelligence between humans and AI stand to 

realise significantly improved outcomes in HRM and decision-making processes‖ (Daugherty 

& Wilson, 2018, p. 34). 

 

4. Organisational Capability Theory and Digital Transformation 

 

Organisational capability theory emphasises the role of collective skills, processes, and 

routines in enabling firms to achieve strategic objectives (Grant, 1996). As firms navigate 

digital transformation, the ability to build digital HR capabilities such as AI literacy, data 

governance, and agile experimentation becomes vital (Kane et al., 2019).In the context of AI 

integration in HR, organisational capability is reflected in the readiness to adopt digital tools, 

redesign workflows, and instil a culture of experimentation. Companies like Google and SAP 

have successfully built AI-enabled HR systems by embedding digital capabilities across HR 

roles, from recruiters to learning designers (Waterman, Bonnet, & McAfee, 2014).Moreover, 

the integration of AI requires strong absorptive capacity, the ability to recognise the value of 

new information, assimilate it, and apply it effectively. HR departments with strong digital 

and absorptive capabilities are better positioned to act as strategic partners in driving firm-

level innovation and performance. 

 

―Digital transformation is not just about technology; it is about developing capabilities to 

leverage digital tools like AI for strategic impact‖ (Kane et al., 2019, p. 18). 

 

III. LITERATURE REVIEW  

 

AI (AI) in Human Resource Management (HRM) refers to the integration of intelligent 

systems that can perform human-like tasks such as learning, reasoning, problem-solving, and 

decision-making in HR functions. These systems leverage machine learning, natural language 

processing, and data analytics to process large volumes of employee and organizational data 

for enhanced decision-making (Guenole & Feinzig, 2018; Marr, 2023). AI in HR is not 

simply a technological upgrade but a transformational enabler that shifts the role of HR from 

being transactional to strategic. 

 

According to Sharma and Sengupta (2023), AI applications in HR span across recruitment, 

on boarding, performance management, learning and development, and workforce analytics. 

AI tools such as chat bots, predictive analytics, and resume parsing engines streamline HR 

processes while offering data-driven insights for better talent strategies. Faheem et al. (2024) 

emphasize that AI technologies enhance the speed, accuracy, and personalization of HR 

interventions, creating value at both employee and organisational levels. As a result, AI 

redefines the HR function by embedding intelligence into everyday decisions and actions. 

 

AI is playing a pivotal role in enhancing three core strategic HR functions: workforce 

planning, talent management, and employee engagement. 
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 In workforce planning, AI enables organisations to forecast future talent requirements 

by analysing internal talent data, labour market trends, and business demand cycles. 

Khulbe (2022) argues that AI-driven workforce analytics allow HR leaders to 

simulate different workforce scenarios and optimise resource allocation accordingly. 

This data-backed forecasting empowers organisations to proactively address skill gaps 

and succession planning. 

 Talent management has also been revolutionised by AI tools that support recruitment, 

learning, and career development. According to Gupta et al. (2024), AI-driven 

platforms use algorithmic matching to pair job candidates with suitable roles, 

enhancing both efficiency and candidate experience. Moreover, personalised learning 

platforms powered by AI tailor training content to individual needs and learning 

styles, increasing knowledge retention and career mobility (Panday, Shukla, & 

Mishra, 2025). 

 In terms of employee engagement, AI helps monitor and predict workforce sentiment 

using natural language processing and sentiment analysis tools. As noted by Malik et 

al. (2023), AI-enabled feedback systems allow real-time capture of employee 

experiences, enabling quicker organisational responses and more informed leadership 

decisions. This continuous listening model strengthens employee-employer trust and 

improves retention. Thangaraja et al. (2024) further suggest that AI-enabled HR 

ecosystems can integrate performance data, engagement metrics, and learning 

outcomes into a unified platform, offering a 360-degree view of employee value and 

experience. This strategic integration allows HR to act as a real-time business partner, 

aligned with organizational objectives. 

 

Traditionally, HRM was viewed primarily as an administrative support function—handling 

payroll, compliance, and personnel management. However, the infusion of AI technologies 

has catalyzed a fundamental shift from administrative efficiency to strategic enablement. AI 

allows HR to contribute directly to business outcomes through data-driven insights and 

predictive capabilities, thereby redefining its role in the C-suite. Guenole and Feinzig (2018) 

outline that AI empowers HR to generate actionable intelligence in areas such as talent 

acquisition, workforce readiness, and organizational development. The shift is not just 

technological but philosophical: HR is now expected to co-create business strategy by 

leveraging AI insights to address dynamic workforce challenges. As Boehmer and 

Schinnenburg (2023) emphasise, this transformation positions HR as a central actor in 

building organisational capabilities, especially in uncertain and rapidly evolving 

environments. By using AI to decode complex workforce data, HR leaders become more 

influential in strategy formulation, organizational design, and change management initiatives. 

Moreover, Maghsoudi et al. (2024) highlight that AI is fostering new forms of collaborative 

networks and knowledge flows across HR teams and organizational units, promoting agility 

and innovation. These AI-enabled transformations require HR to evolve not only in tools but 

also in competencies adopting data literacy, digital fluency, and strategic foresight.  Hence, 

the integration of AI into strategic HRM is not just an operational enhancement it is a 

conceptual redefinition of the HR function itself. HR is transitioning from being a passive, 

support-oriented department to a proactive, analytically empowered strategic business 

partner. 
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IV. PROPOSED CONCEPTUAL FRAMEWORK 

 

The framework conceptualizes how AI capabilities, in conjunction with strategic HR 

functions and organizational enablers, lead to measurable strategic outcomes that position HR 

as a business partner at the boardroom level. 

 

1. AI Capabilities 

 

AI technologies form the foundational layer of transformation in HR by offering the 

following tools: 

 Predictive Analytics: Enables foresight into workforce trends, talent needs, and 

potential attrition, allowing proactive interventions (Faheem et al., 2024). 

 Natural Language Processing (NLP): Facilitates the analysis of employee sentiment, 

feedback, and resumes with high accuracy and speed (Marr, 2023). 

 Machine Learning in Talent Acquisition: Supports candidate-job matching, short 

listing, and bias mitigation in recruitment processes (Gupta et al., 2024). 

 Intelligent Performance Management Tools: Enables real-time tracking, objective 

goal alignment, and adaptive feedback mechanisms (Boehmer & Schinnenburg, 

2023). 

 

2. Strategic HR Functions Enabled by AI 

 

AI capabilities empower HR to transition from a transactional function to a strategic driver: 

 Strategic Workforce Planning: Combines business forecasting with internal workforce 

analytics to align talent supply with future needs (Khulbe, 2022). 

 Personalized Employee Experience: AI enables adaptive HR services such as learning 

content, benefits customization, and internal mobility recommendations (Malik et al., 

2023). 

 Proactive Talent Retention Strategies: Early warnings of disengagement or turnover 

allow HR to take timely and targeted actions (Sharma & Sengupta, 2023). 

 Strategic Learning and Development: AI-curated learning paths improve skill 

relevance and workforce agility in dynamic environments (Thangaraja et al., 2024). 

 

3. Organizational Enablers 

 

To realize the full potential of AI in HR, supportive organizational structures and cultures are 

essential: 

 Leadership and Change Readiness: Visionary leadership is crucial to sponsor AI 

initiatives and manage cultural resistance  

 Digital Culture and Infrastructure: A strong data infrastructure and a culture of 

experimentation are prerequisites for AI integration (Maghsoudi et al., 2024). 

 Data Ethics and AI Governance: Responsible AI use mandates clear governance 

frameworks and ethical oversight (Boehmer & Schinnenburg, 2023). 

 HR-AI Skills Integration and Upskilling: HR professionals must be reskilled to work 

with AI, interpret data insights, and maintain human-centric values (Panday et al., 

2025). 
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4. Expected Strategic Outcomes 

 

The integrated application of AI capabilities within HR processes—enabled by the 

organizational factors above yields the following strategic results: 

 Enhanced Agility: AI makes HR more responsive to market shifts and workforce 

dynamics (Iancu & Oprea, 2025). 

 Data-Driven Decision Making: HR decisions become evidence-based, reducing bias 

and increasing alignment with business goals (Marr, 2023). 

 Increased Organizational Performance: Higher employee engagement, lower turnover, 

and improved talent ROI collectively enhance firm performance (Faheem et al., 

2024). 

 HR as a Boardroom Contributor: Strategic insights from AI allow HR to contribute 

meaningfully to corporate strategy and governance (Guenole & Feinzig, 2018). 

 

Figure 1: AI-HR Strategic Partnership Framework 

 
 

V. DISCUSSION 

 

1. Interlinking Components of the Framework 

 

The AI-HR Strategic Partnership Framework presents an integrated model in which AI 

capabilities, strategic HR functions, organizational enablers, and strategic outcomes are 
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interlinked in a synergistic loop. AI tools such as predictive analytics, machine learning, and 

NLP act as operational levers that drive transformation across traditional HR functions 

namely workforce planning, talent acquisition, employee engagement, and learning and 

development (Guenole & Feinzig, 2018; Khulbe, 2022). These tools enable dynamic, real-

time insights into workforce behaviour and performance, laying the groundwork for 

proactive, rather than reactive, HR interventions (Faheem et al., 2024). 

 

Strategic HR functions are elevated through AI's ability to personalize employee experiences 

and optimize talent retention strategies, thus supporting broader business goals (Malik et al., 

2023; Sharma & Sengupta, 2023). For these changes to take hold, the framework identifies 

organizational enablers such as digital culture, ethical governance, and leadership support 

without which even the most advanced AI applications may fail to deliver results (Maghsoudi 

et al., 2024; Boehmer & Schinnenburg, 2023). The resulting strategic outcomes, such as 

enhanced agility and data-driven decision-making, feed back into AI systems, creating a 

continuous feedback loop that supports HR evolution and strategic relevance (Marr, 2023). 

 

2. Theoretical Significance of the Model 

 

The framework is deeply embedded in contemporary theoretical perspectives. It aligns with 

the Strategic Human Resource Management (SHRM) paradigm by emphasizing HR's role in 

contributing to long-term organizational performance (Khulbe, 2022). The Resource-Based 

View (RBV) and Dynamic Capabilities Theory provide a foundation for understanding AI as 

a strategic asset and enabler of competitive advantage (Faheem et al., 2024). Additionally, the 

model incorporates Human-AI collaboration theory, which redefines traditional boundaries 

between human judgement and machine efficiency, particularly in decision-making and 

knowledge work (Thangaraja et al., 2024).The theoretical integration of organizational 

capability theory highlights how AI must be embedded in organizational routines and 

structures to be effective (Boehmer & Schinnenburg, 2023). As such, the framework not only 

contributes to academic discourse by bridging disparate streams of HRM, strategic 

management, and digital transformation, but also presents a scalable model for practical 

implementation across industries. 

 

3. Implications for HRM Transformation Strategies 

 

The proposed framework offers critical insights for HR leaders and strategists: 

 Strategic Alignment: HR leaders must ensure AI applications align with 

organizational vision and values, reinforcing the shift from administrative functions to 

strategic partnership (Guenole & Feinzig, 2018; Panday et al., 2025). 

 Capability Building: Organizations must invest in up skilling HR professionals in data 

literacy and ethical AI usage to prevent technological alienation and foster effective 

human-AI collaboration (Marr, 2023) 

 Change Management: Effective transformation requires leadership commitment and 

employee readiness, supported by transparent communication and participatory 

implementation strategies (Sharma & Sengupta, 2023; Iancu & Oprea, 2025). 

 Ethical AI Governance: Establishing governance structures to monitor bias, fairness, 

and transparency in AI systems is vital to maintaining trust and regulatory compliance 

(Boehmer & Schinnenburg, 2023). 



Unlocking Potential: AI and Data Architecture in Management, Science, and Education 

E-ISBN: 978-93-7020-908-4 

IIP Series, Chapter 11 

THE STRATEGIC IMPERATIVE: HR AS AN AI-DRIVEN BUSINESS PARTNER. 

 

115 

In essence, this framework equips HR departments with a roadmap for AI-enabled strategic 

transformation, allowing them to move beyond operational efficiency towards value creation 

and organizational leadership (Gupta et al., 2024; Malik et al., 2023). 

 

VI. CONCLUSION 
 

The integration of AI into Human Resource Management is no longer a futuristic concept but 

a strategic imperative for organizations aiming to enhance agility, performance, and long-

term competitiveness. This paper presents a conceptual framework the AI-HR Strategic 

Partnership Framework that synthesizes AI capabilities, strategic HR functions, 

organizational enablers, and expected strategic outcomes. The framework underscores how 

AI-driven tools such as predictive analytics, machine learning, and NLP can transform core 

HR operations like workforce planning, talent management, employee engagement, and 

learning and development from administrative tasks into value-generating strategic functions. 

Supported by organizational readiness, digital infrastructure, ethical governance, and 

continuous up skilling, AI becomes a catalyst that elevates HR's position from a support 

function to a boardroom contributor. This redefined role is grounded in contemporary 

theories including Strategic Human Resource Management, the Resource-Based View, and 

Human-AI collaboration frameworks, which collectively validate the transformative potential 

of AI in HRM. Ultimately, the proposed model not only offers a roadmap for organizational 

transformation but also contributes to the evolving scholarly discourse on AI‘s strategic 

integration in HR. By embracing AI, organizations can enable data-driven decision-making, 

create personalized employee experiences, and develop adaptive, high-performing 

workplaces. 

 

VII. IMPLICATIONS 

 

The proposed AI-HR Strategic Partnership Framework carries significant implications for 

both academic research and organizational practice in Human Resource Management (HRM). 

 

1. Theoretical Implications 
 

From a theoretical perspective, this framework enriches the discourse on Strategic Human 

Resource Management (SHRM) by introducing AI as a dynamic enabler of strategic 

alignment. It demonstrates how AI capabilities intersect with theories such as the Resource-

Based View (RBV), Dynamic Capabilities, and Organizational Capability Theory to help 

firms build and sustain competitive advantage. By repositioning AI not just as a tool but as a 

strategic partner, the model expands existing theoretical boundaries of human-AI 

collaboration in knowledge work and decision-making. This integration also addresses 

current research gaps by offering a multi-dimensional perspective on how AI reshapes core 

HR functions in the era of digital transformation (Boehmer & Schinnenburg, 2023; Faheem et 

al., 2024)‖. 

 

2. Practical Implications 
 

On a practical level, the framework offers HR leaders a roadmap to transition from traditional 

administrative roles to strategic business partners. For instance, leveraging AI for workforce 

planning and predictive analytics enables HR to anticipate talent gaps and respond 

proactively to market shifts (Guenole & Feinzig, 2018; Khulbe, 2022). AI-powered tools in 
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recruitment and employee engagement help create more personalized, inclusive, and high-

retention workplaces (Malik et al., 2023; Sharma & Sengupta, 2023). Furthermore, the 

emphasis on organizational enablers such as digital culture, leadership commitment, and 

ethical AI governance stresses that technology alone is not sufficient—successful 

transformation also depends on mindset shifts and infrastructural readiness (Thangaraja et al., 

2024) 

 

3. Policy and Capability Development 
 

The framework also informs policymakers and HR professionals about the need for robust 

data governance, regulatory compliance, and AI ethics to build trust and transparency within 

AI-augmented HR systems (Marr, 2023; Iancu & Oprea, 2025). Additionally, it highlights the 

necessity for continuous HR-AI up skilling programs to enhance digital literacy among HR 

practitioners and avoid digital divide within organizations (Gupta et al., 2024; Panday et al., 

2025).In summary, this framework not only advances academic understanding but also 

equips organizations with strategic tools and capabilities required to harness AI for 

sustainable HR transformation. 

 

VIII. LIMITATIONS 

 

While the AI-HR Strategic Partnership Framework offers a forward-looking approach to 

integrating AIinto strategic HRM, several limitations must be acknowledged that temper its 

generalizability and practical applicability. This paper is conceptual and does not include 

empirical validation. Although grounded in contemporary literature and relevant theoretical 

models, the framework has not been tested across real-world organizations or industries. 

Consequently, its effectiveness and relevance may vary depending on organizational size, 

digital maturity, or industry context (Guenole & Feinzig, 2018; Maghsoudi et al., 2024). AI 

technologies, particularly those in HR, are evolving at an unprecedented pace. Capabilities 

like generative AI and advanced NLP may quickly outdate some of the functionalities 

considered in the framework. As a result, the model risks becoming static unless continuously 

adapted to emerging tools and practices (Sharma & Sengupta, 2023; Marr, 2023). The 

framework assumes a certain level of organizational readiness for AI implementation, 

including digital culture, leadership buy-in, and ethical governance. However, many 

organizations especially in developing regionsface challenges such as resistance to change, 

lack of digital infrastructure, and ambiguous regulatory environments, which can inhibit 

adoption (Faheem et al., 2024; Khushk et al., 2025). Another limitation lies in the risk of 

over-automation and underestimation of human judgment. While AI can enhance decision-

making, it cannot fully replace the human-centric aspects of HR such as empathy, trust-

building, and nuanced understanding of workplace dynamics (Malik et al., 2023; Boehmer & 

Schinnenburg, 2023). HR practices are culturally contextual. The application of AI in HRM 

may face different levels of acceptance and effectiveness across regions due to cultural 

differences in work values, privacy concerns, and expectations from HR functions. Thus, the 

framework‘s universal applicability may be limited unless adapted to local conditions 

(Thangaraja et al., 2024; Iancu & Oprea, 2025). 
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