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Abstract 

The agricultural industry is confronted with an ever-expanding array of innovations, technologies and 

scientific knowledge. Despite the availability of these solutions, the knowledge exploration process is time-

consuming and cognitively demanding due to the volume and variability of information – this often leads 

to inconsistent advice, non-adoption, or suboptimal decision-making. BeefVantage aims to bridge this gap 

by providing a tailored AI-powered decision support system designed specifically for beef producers in 

Queensland – the first of its kind. 

BeefVantage utilises advanced Natural Language Processing (NLP) techniques and fine-tuned Large 

Language Models (LLMs), focusing on trusted domain-specific data. This approach ensures high relevance 

and accuracy in its recommendations, moving beyond the limitations of generic AI tools, which often suffer 

from hallucinations and lack of domain-specific knowledge. The tool is in development, with a Minimum 

Viable Product (MVP) anticipated six months prior to the congress. The presentation will introduce the 

groundbreaking concept behind BeefVantage, detailing its initial validation processes, and explore the 

anticipated transformative impacts of this AI-driven tool on beef production. 

BeefVantage represents a significant advancement in the application of generative AI in agriculture, tailored 

specifically to meet challenges faced by beef producers. By offering real-time, context-sensitive, actionable 

insights, it supports not only immediate problem-solving but also long-term strategies for sustainable and 

resilient operations. The scalability of BeefVantage suggests potential applicability to other regional 

contexts and agricultural sectors, promising broader impacts across rangelands. 

Attendees will gain insights into cutting-edge generative AI applications in agriculture, understanding both 

the technological underpinnings and practical benefits. The session will invite discussion on how the 

collaborative intelligence of human experts and AI can be harnessed to improve the future of rangelands. 
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Introduction 

The northern Australian beef production sector encounters distinct challenges in rangeland systems, where 

climate variability, environmental degradation, complex grazing land management, and market fluctuations 

place significant pressure on producers. While rapidly evolving agricultural technologies, innovations, and 

scientific knowledge offer potential solutions, they are often inaccessible or impractical for direct 

application (Knickel et al. 2009; Klerkx and Proctor 2013). The sheer volume and complexity of available 

information can overwhelm producers, complicating decision-making and leading to inconsistent adoption 

of innovations (Bronson and Knezevic 2016; Eastwood et al. 2019). 

While tools like ChatGPT serve broad queries, they lack the precision and contextual relevance required 

for rangeland beef production, often generating plausible but inaccurate outputs—referred to as 

hallucinations—that undermine reliability (Bender et al. 2021; Balaguer et al. 2024). BeefVantage addresses 

these gaps by leveraging collaborative intelligence—a synergy of human expertise and advanced AI 

technologies—to provide tailored decision support. By integrating fine-tuned Large Language Models 

(LLMs), and advanced AI techniques, the system offers contextually relevant advice aligned with real-

world on-farm challenges in rangeland systems. 

Methods 

Development followed a systematic workflow, beginning with problem definition and the collection and 

pre-processing of domain-specific data. The data was curated from trusted sources, including scientific 

journal papers, reports, case studies, fact sheets, conference proceedings, and industry guidelines. 

Multimodal content, such as podcasts and videos, was transcribed using Whisper (Radford et al. 2022) and 

integrated into the dataset. 

Foundational models were identified and evaluated for integration with advanced AI techniques. Initial 

experiments focussed on fine-tuning Large Language Models (LLMs) (Ding et al. 2023) to generate 

nuanced domain-specific responses. Subsequently, advanced AI techniques were explored, included 

Retrieval-Augmented Generation (RAG) (Lewis et al. 2021) to retrieve relevant content from a vector 

database of domain-specific documents, and Graph Retrieval-Augmented Generation (GRAG) (Hu et al. 

2024), which utilised a knowledge graph with 118,000 nodes and 508,000 edges to provide relational 

insights into critical topics. Additionally, an Agent Flow mechanism (Park et al. 2023) was also 

implemented to address knowledge gaps, conducting constrained web searches to deliver contextually 

relevant recommendations when the system could not generate a suitable answer. 

Evaluation involved automated Q&A testing with 127 domain-specific question-answer pairs, assessing 

three metrics: relevance, groundedness, and helpfulness. All configurations were evaluated alongside 

foundational models. The highest-performing configuration was integrated into a Minimum Viable Product 

(MVP) with a user-friendly interface, allowing users to rate responses and provide descriptive feedback to 

support iterative improvements. 

Results 

BeefVantage demonstrates significant potential as a transformative decision-support tool for beef 

producers. The system functions as an interactive AI assistant, generating context-specific 

recommendations for challenges such as drought management, sustainable grazing practices, biosecurity 

measures, and reproductive efficiency. By providing accessible domain-specific knowledge, it enables 

producers to make informed, strategic decisions that address regional challenges and environmental 

demands. 
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Experiments with fine-tuning Large Language Models (LLMs) (Ding et al. 2023) demonstrated no 

significant improvement over the original Llama 3.1 model, leading to the decision to retain the original 

model. Performance evaluation indicated modest improvements across techniques explored, namely RAG, 

GRAG, and Agent, in terms of relevance, groundedness, and practical utility when compared to 

foundational AI models. 

Combinations of techniques yielded mixed results. For example, integrating RAG with Graph RAG, despite 

its theoretical potential, resulted in decreased performance. This decline may be attributed to catastrophic 

forgetting, a phenomenon where a model loses general reasoning capabilities while acquiring new domain-

specific knowledge (Luo et al. 2024). Ultimately, the highest-performing configuration was Llama-3.1-70B 

with Agent-RAG-Web, achieving a strong balance of domain relevance, groundedness, and practical utility. 

  

Figure 1. Development & Implementation Workflow 

Key features of the MVP include a user-friendly interface with personalised accounts, saved chats, 

conversational memory, and the ability to download conversations. For example, producers can review 

previous queries related to grazing strategies, enabling continuity in decision-making. Preliminary testing 
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has demonstrated its effectiveness in presenting complex scientific insights in an actionable format, 

successfully bridging the gap between academic research and practical applications. 

Discussion 

BeefVantage empowers producers to transition from reactive problem-solving to strategic planning by 

providing accessible knowledge and immediate, actionable insights. While trust in AI remains essential for 

widespread adoption in agricultural communities, transparent validation and producer-driven 

improvements can foster acceptance and encourage long-term engagement. 

The system faces several challenges, including context window constraints, RAG/GRAG scalability, and 

adoption barriers such as digital literacy and connectivity literacy. Additionally, the platform includes a 

clear disclaimer, advising users to consult qualified professionals for veterinary or animal welfare concerns, 

ensuring clarity about its scope and limitations. 

The next phase involves human evaluation to compare and validate results against automated metrics, 

ensuring practical utility. Feedback gathered upon the release of the Minimum Viable Product (MVP) will 

further refine the system, enabling continuous improvement and broader adoption. As foundational models 

and AI techniques continue to advance, significant improvements in system performance, scalability, and 

domain relevance can be expected, further enhancing the impact of tools like BeefVantage. 

Future opportunities include adapting the system to other agricultural sectors and collaborating with 

technology partners to enhance capabilities, extend its relevance to full supply chain systems, and address 

broader agricultural challenges. Realising these possibilities will require sustained collaboration among 

researchers, producers, and industry stakeholders to overcome current limitations and amplify its impact. 

Through the synergy of AI and human expertise, BeefVantage empowers producers to transform specialised 

knowledge into actionable insights, fostering sustainability, productivity, and resilience in rangeland 

systems. Its continued development and deployment hold the potential to redefine agricultural innovation, 

enabling beef producers to tackle pressing challenges and shape a more sustainable future. 
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