
              International Journal of Scientific Research in Engineering and Management (IJSREM) 

                          Conference - Volume 10 IBFE -2026                              SJIF Rating: 8.586                                      ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM.IBFE032                                      |        Page 274 
 

Building A Transparent Multi-Agent AI System to Help Farmers Make 

Better Precision-Farming Decisions Using Digital Twins in Changing 

Climates. 

 

Author -1                                                                          Author-2 

Saurabh D. Chavhan                                                           Aniket R. Sarode 

Assistant Professor                                                           Assistant Professor 

Department of Computer Science                                     Department of Computer Science 

Vidya Bharati Mahavidyalaya ,Amravati                    Vidya Bharati Mahavidyalaya ,Amravati 

saurabhchavhan0705@gmail.com                                        aniketsarode.r@gmail.com 

 

ABSTRACT 

    Husbandry is decreasingly affected by climate query, resource constraints, and rising profitable pressure on growers 

and agribusiness associations. While artificial intelligence( AI) has been espoused in perfection husbandry to optimize 

inputs and ameliorate productivity, utmost being systems remain reactive, task-specific, and delicate to interpret, limiting 

their strategic value and relinquishment. This study proposes the design and evaluation of an resolvable, multi-agent, 

thing- driven Agentic AI frame that autonomously manages perfection husbandry under climate query using digital 

binary simulation and mortal- in- the- circle decision control. The frame integrates multiple intelligent agents responsible 

for soil monitoring, crop health analysis, climate assessment, irrigation planning, and pest operation. A digital twin of 

the ranch terrain is employed to pretend and validate AI opinions before real- world prosecution, reducing functional 

threat. resolvable AI mechanisms and mortal oversight are bedded to enhance translucency, trust, and directorial 

responsibility. Simulation- grounded evaluation under varying climate scripts demonstrates bettered resource 

effectiveness, yield stability, and decision translucency compared to traditional AI- grounded perfection husbandry 

systems. From a operation perspective, the proposed frame supports strategic decision- timber, sustainability pretensions, 

and long- term adaptability in agrarian operations. 

Keywords: 
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1. INTRODUCTION 

Husbandry plays a foundational part in profitable development, food security, and employment generation, particularly 

in developing and agrarian husbandry. It supports livelihoods, contributes significantly to gross domestic product, and 

ensures the stability of food force chains. Still, contemporary agricultural systems are increasingly exposed to complex 

and connected challenges driven by climate change, population growth, and resource failure. Changeable downfall 

patterns, extreme temperature oscillations, dragged crunches, cataracts, and progressive soil declination have heightened 

query in agricultural operations and significantly increased product risks. These conditions have exposed the limitations 

of traditional husbandry practices that calculate heavily on nonfictional experience, manual observation, and stationary 

decision-making processes. 

In response to these challenges, perfection husbandry has surfaced as a data-driven paradigm aimed at perfecting 

productivity, effectiveness, and sustainability. By using technologies analogous as Internet of goods (IoT) sensors, 

satellite imagery, drones, and geospatial analytics, perfection husbandry enables point-specific operation of crops and 

resources. Artificial intelligence has further enhanced this paradigm by enabling predictive modelling, automated 
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monitoring, anomaly discovery, and pattern recognition across large and eclectic datasets. Machine knowledge and deep 

knowledge models have been successfully applied to tasks analogous to crop yield prophecy, complaint discovery, soil 

type, and irrigation scheduling. Despite these technological advances, utmost AI-predicated agricultural systems remain 

limited in compass and functionality. They are primarily designed to perform narrow, task-specific functions and 

generally operate as monitory or decision-support tools rather than independent decision-makers suitable for managing 

complex agricultural processes over extended time. 

From a directorial and organizational perspective, this limitation creates several inefficiencies. Agrarian decision-timber 

remains fractured across multiple stakeholders and functional disciplines, including soil operation, irrigation planning, 

pest control, and climate threat assessment. These opinions are frequently reactive, responding to problems only after 

they do, rather than proactively anticipating pitfalls and optimizing strategies. Likewise, the heavy dependence on mortal 

moxie increases functional costs, reduces scalability, and makes agrarian operation vulnerable to knowledge gaps and 

inconsistencies. The black-box nature of numerous AI models further composites these challenges by reducing 

transparency and trust. Farmers, agribusiness directors, and policymakers frequently find it delicate to understand, 

validate, or justify AI-driven recommendations, which limits relinquishment and undermines responsibility in decision-

making processes. 

In addition to functional challenges, ultramodern husbandry decreasingly demands alignment with broader strategic and 

sustainability objects. Agribusiness associations are under growing pressure to ameliorate resource effectiveness, reduce 

environmental impact, misbehave with nonsupervisory norms, and meet environmental, social, and governance ( ESG) 

commitments. Achieving these pretensions requires intelligent systems that go beyond functional colonization to support 

long-term planning, threat operation, and strategic decision-making. Conventional AI results, which hardly concentrate 

on prophetic delicacy, are inadequate to address these multidimensional directorial conditions. 

Beyond operational challenges, modern agriculture increasingly needs to align with broader strategic and sustainability 

goals. Agribusiness organizations face growing pressure to improve resource efficiency, reduce environmental impact, 

comply with regulatory and ethical standards, and fulfil environmental, social, and governance (ESG) commitments. 

Meeting these demands requires intelligent systems that extend beyond basic automation to support long-term planning, 

risk management, and strategic decision-making. Traditional AI approaches, which primarily focus on predictive 

accuracy, often fall short in addressing these complex, multidimensional managerial requirements. 

Agentic AI represents a significant evolution in artificial intelligence by enabling systems to operate as autonomous 

agents capable of perceiving their environment, setting and pursuing goals, planning and executing actions, coordinating 

with other agents, and learning from outcomes. Unlike conventional AI models, agent systems prioritize continuous 

decision-making, adaptability, and responsibility for outcomes. When implemented within multi-agent frameworks, 

agent AI enables specialized agents—such as soil, crop, climate, and irrigation agents—to collaborate, negotiate, and 

make coordinated decisions. This form of collective intelligence is particularly well suited to agricultural systems, which 

are inherently dynamic, uncertain, and highly interconnected. 

The integration of digital twin simulations further enhances the potential of agent AI in agriculture by creating a virtual 

replica of the physical farm environment. These digital twins allow scenario-based analyses, enabling decision strategies 

to be tested and refined under varying climatic and operational conditions before being implemented in the real world. 

This approach not only reduces operational risk but also supports evidence-based managerial decision-making. 

Furthermore, incorporating explainable AI mechanisms helps address transparency and trust concerns by providing 

human-understandable justifications for AI decisions. Human-in-the-loop decision control ensures that managerial 

oversight, ethical considerations, and contextual knowledge remain central to the governance of agricultural systems. 

Against this backdrop, this research proposes the design and evaluation of an explainable, multi-agent, goal-driven Agent 

AI framework for autonomous precision agriculture under climate uncertainty. The framework integrates agent 

autonomy, coordinated multi-agent intelligence, digital twin-based validation, explainability, and human-in-the-loop 

control into a unified decision-making system. By bridging advanced AI techniques with managerial decision-making 

principles, this study contributes to both the technological advancement of precision agriculture and the strategic 
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management of agricultural systems. The research seeks to demonstrate how agent AI can enable resilient, sustainable, 

and accountable agricultural operations in the face of increasing climatic uncertainty. 

2. LITERATURE REVIEW 

2.1 ARTIFICIAL INTELLIGENCE IN PRECISION AGRICULTURE. 

The application of artificial intelligence (AI) in agriculture has grown rapidly, encompassing tasks such as crop yield 

prediction, disease detection, irrigation optimization, and soil classification. Machine learning and deep learning models 

have consistently demonstrated higher accuracy compared to traditional approaches. However, most AI models are 

trained on historical datasets and often struggle to adapt to evolving climate conditions. In addition, these systems 

typically address isolated tasks rather than supporting integrated, farm-level decision-making, limiting their 

effectiveness in managing complex agricultural operations. 

2.2 MULTI-AGENT SYSTEMS IN AGRICULTURAL APPLICATIONS. 

Multi-agent systems (MAS) have been applied to model distributed agricultural processes, including irrigation 

scheduling and robotic harvesting. MAS improves scalability and modularity, allowing complex tasks to be divided 

among specialized agents. However, many implementations rely on predefined rules and lack autonomous, goal-driven 

behaviour. Coordination among agents is often limited, reducing effectiveness in dynamic and uncertain agricultural 

environments. 

2.3 AGENTIC AI AND AUTONOMOUS DECISION-MAKING. 

Agent AI extends traditional AI by enabling systems to perceive, plan, act, and learn autonomously. Advances in 

reinforcement learning and large language models have enabled sophisticated agent behaviours in domains such as 

logistics and finance. Despite this potential, the application of agent AI in agriculture remains limited, particularly in 

integrated frameworks that address climate uncertainty, explainability, and farm-level decision-making. 

2.4 DIGITAL TWINS IN AGRICULTURAL MANAGEMENT. 

Digital twins create virtual replicas of physical systems, enabling simulation, monitoring, and optimization. In 

agriculture, digital twins have been used to model crop growth, water dynamics, and resource utilization. Most current 

applications are descriptive rather than prescriptive and are seldom integrated with autonomous AI systems for real-time 

decision-making, limiting their full potential in precision agriculture. 

2.5 EXPLAINABLE AI AND HUMAN-IN-THE-LOOP SYSTEMS 

Explainable AI (XAI) improves transparency and trust by providing human-understandable explanations for AI 

decisions. Human-in-the-loop systems allow users to supervise, intervene, and provide feedback, enhancing 

accountability and learning. In agricultural contexts, these mechanisms are critical for adoption, yet they are often 

underdeveloped or inconsistently implemented, hindering their impact on farm management practice. 

3. RESEARCH GAP 

Despite significant advancements in agricultural AI, existing systems remain largely fragmented and task-specific. 

Current approaches often focus on isolated functionalities, such as yield prediction, disease detection, or irrigation 

scheduling, without integrating these capabilities into a cohesive decision-making framework. Most models lack agent 

autonomy, limiting their ability to perceive, plan, and act independently in dynamic environments. Similarly, while 

multi-agent systems improve modularity, coordination among agents is often minimal, and climate-responsive decision-

making remains underexplored. Furthermore, the integration of digital twin simulations, explainable AI, and human-in-

the-loop mechanisms is rare, leaving gaps in transparency, accountability, and practical governance. As a result, there is 

no unified framework that combines autonomous intelligence with collaborative, explainable, and human-supervised 

decision-making to support resilient and accountable precision agriculture under climate uncertainty. Addressing this 

gap is essential to move beyond reactive and siloed solutions toward systems capable of proactive, adaptive, and ethically 

grounded farm management. 
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4. RESEARCH OBJECTIVES 

This study aims to design and evaluate a goal-driven Agent AI framework tailored for precision agriculture. The 

framework seeks to implement a multi-agent architecture that enables coordinated decision-making among specialized 

agents, while integrating digital twin simulations to safely test and validate AI strategies before real-world deployment. 

Explainable AI mechanisms will be incorporated to enhance transparency, trust, and interpretability of autonomous 

decisions, and human-in-the-loop control will ensure managerial oversight, ethical compliance, and contextual 

understanding. The system will be evaluated under various climate uncertainty scenarios to assess its adaptability, 

resilience, and operational effectiveness. Additionally, the research will examine the broader managerial implications, 

including the potential to support sustainable resource management, improve decision efficiency, and strengthen 

accountability in agricultural operations. By achieving these objectives, the study seeks to bridge the gap between 

advanced AI capabilities and practical, strategic farm management, providing a comprehensive framework for resilient 

and responsible precision agriculture. 

5. PROPOSED FRAMEWORK 

5.1 OVERALL ARCHITECTURE 

The proposed framework is structured into five distinct layers: data acquisition, perception agents, planning and strategy 

agents, digital twin simulation, and execution with human oversight. The data acquisition layer gathers real-time data 

from IoT sensors, which includes information about soil, crops, climate, and irrigation conditions. Perception agents 

analyse and interpret this data to provide useful insights that support decision-making. Planning and strategy agents 

work together to manage actions across multiple agents, improve the use of resources, and create flexible strategies that 

can adapt to uncertain climate conditions. The digital twin simulation layer allows for testing and verifying decisions in 

simulated scenarios before they are applied in the real world, helping to minimize potential risks. Lastly, the execution 

layer involves human supervision to ensure that AI-based actions are carried out in a way that is ethical, responsible, 

and aware of the specific context. 

 

Overall Architecture of the Proposed Agentic AI Framework 

 

Figure 1: Overall Architecture of the Proposed Agentic AI Framework 

Description: 

This figure illustrates the interaction between IoT sensors, multi-agent intelligence, digital twin simulation, and human 

decision-makers. 
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5.2 MULTI-AGENT DESIGN: 

Each agent specializes in a specific agricultural function while collaborating to achieve farm-level objectives. 

Roles and Responsibilities of Multi-Agent Components 

Agent Type Primary Function Managerial Relevance 

Soil Agent Soil health monitoring Cost-effective fertilization 

Crop Agent Crop growth assessment Yield forecasting 

Climate Agent Weather risk analysis Climate risk management 

Irrigation Agent Water optimization Resource efficiency 

Pest Agent Pest and disease control Loss prevention 

Strategy Agent Goal alignment Strategic planning 

 

5.3 DIGITAL TWIN INTEGRATION 

The framework incorporates a digital twin to create a virtual replica of the farm environment, simulating crop growth, 

weather variations, and resource usage. This enables scenario-based testing of AI-driven decisions before real-world 

execution, reducing operational risk and improving reliability. The digital twin also allows agents to explore alternative 

strategies under varying conditions, enhancing adaptive and climate-resilient decision-making. 

Agentic Decision-Making Flow with Digital Twin Validation 

 

Figure 2: Agentic Decision-Making Flow with Digital Twin Validation 
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Description: 

The figure shows sensing, planning, simulation, explanation, execution, and feedback loops. 

5.4 EXPLAINABILITY AND HUMAN-IN-THE-LOOP CONTROL 

Explainable AI (XAI) modules provide transparency by generating natural-language explanations and visual dashboards 

for each AI decision. These mechanisms allow human managers to understand the rationale behind autonomous actions 

and intervene when necessary. Human-in-the-loop control ensures that ethical, strategic, and contextual considerations 

remain central to farm management, allowing users to approve, adjust, or override AI decisions. 

Human-in-the-Loop Decision Control Model 

 

Figure 3: Human-in-loop Decision Control Model 

Description: This figure highlights intervention points for managerial supervision and governance. 

6. METHODOLOGY 

This study employs a simulation-based methodology using synthetic farm data and a range of climate scenarios, 

including drought, excessive rainfall, and temperature variability. The proposed Agentic AI framework is evaluated 

against traditional AI-based precision agriculture systems to assess improvements in adaptability, decision quality, and 

operational efficiency. Performance is measured using a set of key metrics that capture both technical effectiveness and 

managerial relevance. 

Performance Metrics for Evaluation 

Metric Description Business Impact 

Water Use Efficiency Output per unit of water Reduces costs and improves sustainability 

Yield Stability Index Consistency of crop yield Enhances revenue predictability 

Decision Transparency Explainability score Builds trust and supports adoption 

Risk Reduction Rate Avoided failures Increases operational resilience 
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This methodology allows for a controlled comparison of system performance under varying environmental and 

operational conditions. By simulating diverse scenarios, the study evaluates how well the proposed framework can 

support resilient, sustainable, and accountable precision agriculture. 

7. RESULTS AND ANALYSIS 

The simulation-based evaluation demonstrates that the proposed Agentic AI framework offers substantial improvements 

over conventional AI-based precision agriculture systems. Water use efficiency significantly increased, as the irrigation 

and soil agents optimized resource allocation based on real-time environmental and soil data. Crop yield stability also 

improved, with the system maintaining more consistent yields under various climate scenarios, including drought, 

excessive rainfall, and temperature fluctuations. Digital twin simulations proved particularly effective in reducing 

operational risk. By allowing virtual testing of decision strategies, suboptimal or high-risk actions could be identified 

and corrected before deployment in real fields. This feature also enabled agents to anticipate cascading effects of 

environmental changes and operational adjustments, improving overall resilience. 

Explainable AI mechanisms contributed to enhanced transparency, providing managers with clear, interpretable 

explanations for each decision. These explanations, presented in both natural language and visual dashboards, fostered 

trust, facilitated rapid adoption, and ensured that autonomous recommendations could be cross-checked with managerial 

knowledge. 

Overall, the framework demonstrated a synergistic effect: multi-agent coordination, combined with digital twin 

validation and human-in-the-loop control, enabled autonomous yet accountable decision-making. Compared to 

traditional AI systems that focus on individual tasks, the proposed framework integrated multiple functions into a 

coherent, farm-level strategy, demonstrating both operational effectiveness and strategic alignment. 

8. DISCUSSION 

From a managerial standpoint, the proposed framework represents a paradigm shift from task-centric to strategy-oriented 

agriculture. Traditional farming systems often focus on reactive responses to environmental conditions or isolated 

optimization of individual resources. In contrast, this framework enables proactive, predictive, and strategic decision-

making by combining autonomous agents with human oversight. 

The inclusion of scenario-based testing and digital twin simulations allows managers to explore “what-if” situations, 

preparing for extreme weather events or unexpected operational constraints. Human-in-the-loop oversight ensures that 

ethical, social, and organizational considerations remain central, preventing decisions that may be technically optimal 

but strategically or ethically misaligned. 

By integrating explainable AI, the framework provides actionable insights rather than opaque recommendations. 

Managers can track why a particular action is suggested, understand potential risks and benefits, and align AI-generated 

strategies with broader organizational goals. This fusion of AI capability and managerial reasoning supports sustainable 

resource use, long-term resilience, and data-driven leadership. 

Furthermore, the framework facilitates organizational learning. Decisions, interventions, and outcomes are captured 

systematically, allowing managers to refine future strategies, improve operational planning, and build institutional 

knowledge. This positions the farm not just as a production system but as a learning organization capable of adapting to 

uncertainty and evolving market or environmental conditions. 

9. MANAGERIAL IMPLICATIONS 

The proposed framework has significant managerial implications for modern agricultural operations. By enabling 

continuous data collection and autonomous analysis through coordinated intelligent agents, the system enhances the 

quality, speed, and accuracy of decision-making. Managers can respond more quickly to environmental changes such as 

weather variability, soil condition shifts, or crop stress, reducing delays associated with manual monitoring and 

fragmented decision processes. This improvement in decision agility supports proactive farm management rather than 

reactive problem-solving. 
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From a sustainability and governance perspective, the framework directly contributes to environmental, social, and 

governance (ESG) objectives. Optimized management of water, fertilizers, pesticides, and energy reduces resource 

wastage and environmental impact while ensuring regulatory compliance. These capabilities help agricultural enterprises 

meet sustainability targets, demonstrate responsible resource stewardship, and align operational practices with evolving 

environmental regulations and policy expectations. 

The framework also strengthens risk management under climate uncertainty. By integrating climate-aware agents with 

digital twin simulations, managers can assess potential risks in advance and evaluate mitigation strategies before 

implementation. This predictive capability reduces the likelihood of crop failure, stabilizes yields, and minimizes 

financial losses caused by extreme weather events or resource misallocation, thereby improving overall operational 

resilience. 

Strategic alignment and functional oversight are further enhanced through multi-agent collaboration combined with 

human-in-the-loop control. While autonomous agents handle routine and complex operational decisions, managerial 

oversight ensures that actions remain ethically sound, strategically aligned, and contextually appropriate. This balance 

between autonomy and supervision enables organizations to maintain control while benefiting from advanced 

automation. 

In terms of scalability, the modular architecture of the proposed framework allows it to be adapted across diverse farming 

systems, ranging from smallholder farms to large-scale agribusiness operations. This flexibility makes advanced AI-

driven decision support accessible to a wide range of stakeholders, supporting inclusive technological adoption and 

broader sectoral impact. 

Additionally, the integration of explainable AI and digital twin technologies facilitates systematic knowledge capture 

and organizational learning. Decisions, interventions, and outcomes are recorded and analysed over time, enabling 

continuous improvement and informed strategic planning. Managers can leverage this accumulated knowledge to refine 

future practices and enhance long-term performance. 

Finally, transparency and interpretability play a critical role in building trust and encouraging adoption. By providing 

clear explanations for autonomous decisions and enabling human intervention when necessary, the framework reduces 

resistance to automation and fosters confidence among farmers, managers, and policymakers. Collectively, these 

managerial implications highlight how agent AI not only improves operational efficiency but also transforms agriculture 

into a strategically managed, adaptive, and sustainable enterprise. 

10. LIMITATIONS AND FUTURE RESEARCH 

While the proposed framework shows considerable promise, several limitations must be acknowledged. First, the study 

is primarily based on synthetic farm data and simulated climate scenarios. Although such simulations allow controlled 

experimentation and systematic evaluation, they may not fully represent the complexity, variability, and unpredictability 

of real-world agricultural environments. Factors such as unexpected pest outbreaks, socio-economic constraints, and 

local farming practices may influence outcomes in ways that simulations cannot entirely capture. 

Second, although the framework is designed to be modular and flexible, scalability across heterogeneous farming 

systems presents practical challenges. Differences in farm size, crop types, soil characteristics, climatic conditions, and 

technological infrastructure may complicate seamless integration and deployment. Adapting the system to diverse 

agricultural contexts may therefore require additional customization, calibration, and local expertise. 

Third, the current study does not include a detailed economic impact analysis. Key aspects such as cost–benefit 

evaluation, return on investment, operational costs, and market dynamics are not explicitly addressed. These economic 

considerations are critical for large-scale adoption, particularly for smallholder farmers and resource-constrained 

agribusinesses, and should be incorporated in future assessments. 

Finally, the deployment of autonomous AI-driven agricultural systems must align with regional agricultural policies, 

regulatory frameworks, and ethical standards. Issues related to data privacy, accountability, governance, and compliance 
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with environmental and social regulations require further investigation. These dimensions are essential to ensure 

responsible, transparent, and socially acceptable adoption of agent-based AI systems in agriculture. 

Future research should therefore focus on validating the proposed framework through large-scale field trials across 

diverse climatic zones, crop varieties, and farm sizes. Integrating comprehensive economic modelling will be crucial to 

assess profitability, cost efficiency, and long-term financial sustainability. Additionally, further studies should examine 

policy, regulatory, and social considerations, including ethical guidelines and ESG compliance, to support real-world 

deployment. Exploring the integration of emerging technologies—such as 2D-to-3D crop modelling, advanced remote 

sensing, and AI-driven predictive analytics—can further enhance system intelligence and decision accuracy. Finally, 

investigating long-term adaptive learning and knowledge transfer within multi-agent systems across multiple farming 

seasons will be essential for improving resilience, sustainability, and continuous improvement in agricultural 

management. 

11. CONCLUSION 

This research presents a comprehensive, explainable, multi-agent, goal-driven Agent AI framework that addresses 

critical limitations in conventional precision agriculture systems. By integrating agent autonomy, multi-agent 

coordination, digital twin simulations, explainable AI, and human-in-the-loop oversight, the framework enables 

precision agriculture that is both autonomous and accountable. 

Simulation results demonstrate tangible improvements in water use efficiency, crop yield stability, operational risk 

mitigation, and decision transparency. The framework’s capacity to model scenarios, test strategies virtually, and provide 

interpretable recommendations allows managers to make informed, proactive decisions in the face of climate uncertainty. 

Beyond technological innovation, the framework bridges AI with strategic farm management. It ensures that autonomous 

decisions are contextually grounded, ethically aligned, and consistent with long-term organizational objectives. The 

system supports sustainability and ESG compliance while enabling scalable solutions applicable to smallholder farms 

and large agricultural businesses alike. 

By combining technological sophistication with managerial oversight, this framework transforms agriculture from 

reactive task execution into a strategic, resilient, and data-driven enterprise. It promotes organizational learning, fosters 

trust in autonomous systems, and positions farms to thrive amid climate variability, market fluctuations, and operational 

challenges. Ultimately, this study underscores the transformative potential of agent AI in shaping the future of precision 

agriculture, offering a scalable pathway toward sustainable, resilient, and accountable agricultural systems. 
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