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Abstract: Integrating Artificial Intelligence (Al) in precision agriculture within the framework of Industry 4.0 (I4) is
revolutionizing crop disease management and inventory management, offering innovative solutions that enhance both
agricultural productivity and environmental sustainability. Combined with 14 technologies, Al-powered systems can
predict, detect, and manage crop diseases accurately, reducing reliance on chemical pesticides and improving overall
farm efficiency. Al algorithms identify disease patterns and suggest optimal intervention strategies by analyzing real-
time data from drones, sensors, and satellite imagery. This approach minimizes crop loss, maximizes yield, and aligns
with sustainable farming practices by reducing the environmental footprint. However, the success of these technologies
is influenced by the personality traits of farmers. Traits such as openness to innovation, conscientiousness, and analytical
thinking are crucial for the effective adoption and utilization of Al-driven solutions. Conscientious farmers follow
precise instructions and maintain equipment, while those open to new experiences are more likely to experiment with
innovative technologies. Analytical thinkers excel in interpreting complex data, and making informed decisions that
improve crop health and yield. The research underscores the need for fostering these traits among farmers to maximize
the benefits of Al technologies. Additionally, the study highlights the importance of interdisciplinary collaboration
in developing and implementing Al-driven solutions that address both agricultural productivity and environmental
sustainability. By integrating technological advancements with human factors, Al has the potential to transform crop
disease management, contributing to a more sustainable and resilient agricultural system. The findings call for continued
research, policy support, and a holistic approach to fully realize the benefits of Al in agriculture.

Keywords: Al in precision agriculture, sustainable crop disease management, real-time data analysis, farmer personality
traits, interdisciplinary collaboration, Industry 4.0

1. Introduction

The Industry 4.0 (I4) worldview deploys the utilization of sensors, machines, workpieces, and information
technology frameworks associated with the value chain beyond a single organization. As in different industries, the
food processing sector is expected to gradually embrace 14.0 [1]. 14.0 represents a combination of digital and physical
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systems. It supports intelligent factories where machines are augmented with internet connectivity and connected to a
system that can visualize the entire production chain and make decisions autonomously [2-6]. This context offers new
technologies expanding worldwide, specifically in Europe, driving all organizations towards stronger competitiveness in
the future. The development prospects are significant for the food industry [7].

The facet, insight, knowledge, and resilience (FIKR) assessment tool consists of 20 personality traits used by
Humanology Sdn Bhd [8]. These traits form the backbone of FIKR and include Endurance, Variety, Aggressive, Self-
criticism, Intuition, Dependent, Nurturance, Emotional, Extrovert, Achievement, Support, Analytical, Perceivers,
Structure, Intellectual, Self-concept, Autonomy, Introvert, Control, and Lie scale. The Arabic word FIKR means
“reflection” or “contemplation”. It is often used interchangeably with muraqaba, the Sufi word for meditation. Muraqaba
means “to watch over” or “to take care of”. We watch over our spiritual heart during meditation and centre it with the
creator.

Inventory management has become a crucial aspect of the agricultural sector, with Al-powered systems
transforming how farms and retailers manage their stock [9-10]. These intelligent systems can analyze market trends,
consumer behaviour, and environmental factors to make accurate forecasts, allowing farmers and retailers to adjust their
inventory levels accordingly [10]. Effective inventory management enhances profitability and supports sustainability by
minimizing excess production and waste [10].

Effective inventory management is crucial for businesses to maintain a steady supply of products and minimize
losses. Artificial intelligence (AI) advances have revolutionized this field, providing powerful tools for predicting
market trends and optimizing inventory strategies [11]. However, the success of these Al-powered systems is not
solely dependent on the technology itself, but also on the personality traits of the individuals responsible for their
implementation and management. Individuals with strong foresight and the ability to anticipate market trends
and consumer demands can leverage Al predictions to make informed decisions [12]. These visionary leaders can
proactively adjust inventory levels and distribution strategies to meet changing market needs, reducing the risk of
overstock or stockouts. Meticulous managers, on the other hand, ensure accurate tracking and management of inventory,
minimizing waste and improving efficiency [13].

The integration of Al-powered systems and the importance of personality traits in inventory management have
become increasingly evident in the agricultural sector [10]. AI’s ability to optimize resource use and efficiency, coupled
with the crucial role of human traits like foresight, meticulousness, and adaptability, have the potential to revolutionize
the way farms and retailers manage their inventory, leading to a more sustainable and profitable food supply chain [10,
14].

This paper aims to review publications with the keywords ‘Industry 4.0, Al, and Food Agriculture’, to make a
synthesis for further discussion, and to recommend future directions in the era of Al

2. Methodology

Because Scopus is the most widely utilised database for conducting literature searches, Scopus was used for the
literature study [15]. The Scopus bibliographic information source was used for this study because of the magnitude
and variety of distributions it offers for scholarly distributions. On 7 August 2024, 239 publications were chosen using
the keywords ‘A’ and ‘Agriculture’, which had to be in the article titles of the papers in the Scopus database from 1987
to 2024. It is divided into 75 items with 5 major clusters, with at least 5 times repetitions. Similarly, with keywords
‘Personality Trait Al, and Agriculture’, a total of 15 papers were found. Based on 15 papers on ‘Personality’, ‘Al’
and ‘Agriculture’ on the Scopus database searched on 7 August 2024, from 2022 to 2024. It is divided into 7 items
with 2 major clusters, with at least 2 times repetitions. Similarly, with the keywords ‘Artificial intelligence’ and ‘Food
industry’, a total of 50 papers were found. Based on 50 papers on ‘Artificial intelligence’ and ‘Food industry’ on the
Scopus database searched on 7 August 2024, from 1995 to 2024. It is divided into 19 items with 3 major clusters, with
at least 3 times repetitions.

Bibliometric analyses are an established method to evaluate research literature, particularly in scientific fields
benefiting from computational data treatment and witnessing increased scholarly output [16]. VOSviewer is a software
that generates a clear graphical representation of bibliometric maps, especially for extensive datasets [17]. To highlight
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the trends of studies conducted on the topic of ‘Personality Trait’, from 1921-2024 (on 11,311 papers from the Scopus
database), we performed a bibliometric analysis using the VOSviewer software (VOS stands for visualization of
similarities-see www.vosviewer.com).

Scopus comprises many significant research papers and offers integrated analysis tools for creating informative
visual representations [18]. VOSviewer was employed to analyze each keyword, calculate links, calculate total link
strengths, and compare co-occurrences with other keywords.
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Figure 1. A bibliometric analysis of research themes on using the keywords ‘A’ and ‘Agriculture’. Visualization of the paper network confirming the
main themes of research. Based on 239 papers on ‘AI’ and ‘Agriculture’ on the Scopus database searched on 7 August 2024, from 1987 to 2024. It is
divided into 75 items with 5 major clusters, with at least 5 times repetitions

3. Results

3.1 Literature on AI and agriculture

Figure 1 shows the bibliometric analysis of research themes using the keywords ‘Al” and ‘Agriculture’. The green
cluster in the network graph emphasizes sustainable agriculture, agricultural technology, and decision-making. Central
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nodes such as “sustainable agriculture” connect with related concepts like sustainable development, food production,
and climate change, illustrating the broad scope of efforts to create more sustainable farming practices. “Decision
making” is another key node in this cluster, linked to decision support systems and agricultural practices, highlighting
the role of informed decision-making in optimizing crop yields and resource use. Additionally, the node “farms”
connects with topics such as food supply, farming practices, and the global population, showcasing the interconnected
nature of sustainable farming with broader environmental and societal goals.

The yellow cluster focuses on decision-making processes and the support systems that aid in agricultural practices.
The central node, “decision making”, is connected to decision support systems and agricultural practices, underlining the
importance of these systems in enhancing productivity and efficiency in farming. This cluster also includes nodes like
“cultivation”, which is linked with soils, forecasting, and fertilizers, and “crop yield”, which connects with agricultural
products and food supply. Together, these nodes depict a detailed picture of how precise and informed decision-making
can lead to better cultivation practices and improved crop yields, ultimately contributing to a more reliable food supply.

In the red cluster, the emphasis is on advanced technologies such as machine learning and Al applications in
agriculture. The node “machine learning” stands out, connecting with Al technologies, learning systems, and remote
sensing, illustrating the use of these advanced methods to enhance agricultural processes. Topics like “plant disease”
are linked with convolutional neural networks, weed control, and disease control, indicating the critical role of Al in
identifying and managing plant health issues. This cluster also includes nodes like “convolutional neural networks”,
which are connected to the classification of information and learning algorithms, showcasing the sophisticated
computational methods employed to tackle complex agricultural challenges.

The blue cluster highlights the integration of digital technologies and automation in agriculture. “Internet of Things
(IoT)” is a central node, connected to precision farming, big data, and digital agriculture, demonstrating the significant
role of 10T in collecting and analyzing data for more precise and efficient farming practices. The node “agricultural
robots” is linked with computer vision, blockchain, and supply chains, reflecting the growing use of automation and
digital technologies in agriculture. Additionally, “digital agriculture” connects with crop management and data privacy,
emphasizing the trend towards leveraging digital tools and data to improve agricultural outcomes and address privacy
concerns. This cluster encapsulates the movement towards a more technologically advanced and data-driven approach
to farming.

3.2 Literature on personality traits, AI and agriculture

Figure 2 shows the bibliometric analysis of research themes on using the keywords ‘Al’ and ‘Agriculture’. The
network graph in Figure 2 shows the connections and relationships between concepts related to personality traits, Al
and human factors. It consists of two distinct clusters, each represented by different colours, highlighting the thematic
areas and their interconnectedness.

The red cluster focuses on the intersection of personality traits and Al. The central node in this cluster is “personality
traits”, which connects to “personality types”, “population statistics”, and “artificial intelligence”. This indicates a strong
link between the study of personality traits and the use of Al in analyzing and understanding these traits. The connection
to “population statistics” suggests that demographic data plays a role in understanding personality traits, while the link
to “personality types” indicates the categorization and differentiation within personality studies. The integration of Al
signifies the application of advanced computational methods to analyze and interpret personality-related data.

The green cluster highlights the broader implications of personality traits in relation to humans. The central node
“artificial intelligence” connects to “humans”, “personality”, and “human factors”, suggesting that Al is being used to
study and understand human personality traits. The node “personality” is connected to “humans”, emphasizing the direct
relationship between personality studies and human behavior. This cluster illustrates the importance of Al in enhancing
our understanding of human personality and its various aspects, potentially leading to applications in areas such as
human resources, psychology, and personal development.

Based on 15 papers on ‘Personality’, ‘Al’ and ‘Agriculture’ on the Scopus database searched on 7 August 2024,

from 2022 to 2024. It is divided into 7 items with 2 major clusters, with at least 2 times repetitions.

Food Science and Engineering 340 | Chee Kong Yap, et al.



persanality types persofiality

persondlity traits artificial fintelligence human

population statistics human

Figure 2. A bibliometric analysis of research themes on using the keywords ‘Al” and ‘Agriculture’. Visualization of the paper network confirming the
main themes of research
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Figure 3. A bibliometric analysis of research themes on using the keywords Artificial intelligence’ and ‘Food industry’. Visualization of the paper
network confirming the main themes of research. Based on 50 papers on ‘Artificial intelligence” and the ‘Food industry’, the Scopus database was
searched on 7 August 1995, from 1995 to 2024. It is divided into 19 items with 3 major clusters, with at least 3 times repetitions

3.3 Literature on ‘artificial intelligence’ and ‘food industry’

Figure 3 shows the bibliometric analysis of research themes on using the keywords ‘Artificial intelligence’ and ‘Food
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industry’. This network graph in Figure 3 presents the relationships and connections between various topics related to
food processing, Al, and supply chain management. It is divided into three main colour clusters, each representing a
different thematic area within the broader context of food industry operations and innovations.

The green cluster focuses on quality control within the food industry, emphasizing the role of Al in ensuring quality
and safety. The central node “quality control” is linked to “quality assurance”, “food quality”, and “food industry”,
indicating the importance of maintaining high standards throughout the food production process. The node “artificial
intelligence” connects with these quality-related nodes, highlighting the use of Al technologies to enhance quality
control measures. This cluster suggests a strong emphasis on leveraging Al to improve the reliability and efficiency of
food quality assurance practices.

The red cluster centers around food processing and the broader food industries, with a significant focus on machine
learning. The central node, “food processing”, connects to “food processing industry”, “food industries”, “food safety”,
and “machine learning”. This indicates a comprehensive view of the food processing sector, including industry-specific
challenges and the integration of machine learning techniques to address them. “Supply chains” and “food supply” are
also connected within this cluster, underscoring the importance of efficient supply chain management in ensuring a
steady and safe food supply. This cluster highlights the critical role of advanced machine learning methods in optimizing
food processing operations and maintaining food safety standards.

The blue cluster emphasizes the application of learning systems and deep learning in the context of supply chain
management. The central node “learning systems” is connected to “deep learning”, “supply chain management”, “food
products”, and “accident prevention”. This illustrates the use of advanced learning algorithms to enhance various aspects
of supply chain management, from predicting demand and optimizing logistics to preventing accidents and ensuring the
safety of food products. The connection to “food products” suggests a direct impact on the final output of the supply
chain, emphasizing the importance of these technologies in maintaining product quality and safety.

4. Discussion

Al has played a significant role in precision agriculture. The agricultural sector has witnessed a transformative shift
with the advent of 14 and the integration of Al technologies [19]. 14 represents a combination of digital and physical
systems, utilizing sensors, machines, and information technology to create interconnected and intelligent production
environments. These advancements have revolutionized precision agriculture, empowering farmers to enhance crop
management and improve predictive analytics.

4.1 Enhanced crop management through AI and Industry 4.0

Integrating Al tools, such as machine learning and computer vision, has enabled the analysis of vast amounts of
data from drones, satellites, and sensors [19-20]. This data-driven approach allows farmers to precisely monitor crop
health, soil conditions, and weather patterns, optimizing water application, fertilizers, and pesticides. By minimizing
waste and maximizing yield, Al-powered precision agriculture enhances resource utilization and supports sustainable
farming practices. The deployment of 14 technologies into agricultural systems is expected to drive significant
productivity gains and support the digital transformation of the food industry. The success of Al integration in precision
agriculture is heavily influenced by the personality traits of the farmers [20].

Conscientious farmers are more likely to follow precise instructions and maintain the equipment necessary for Al
systems [19, 21]. Those open to new experiences may be more willing to experiment with innovative technologies and
integrate them into their farming practices. Analytical thinkers can better understand and interpret complex data, making
informed decisions that improve crop health and yield [21].

4.1.1 Predictive analytics in agriculture within Industry 4.0

14 has also transformed predictive analytics in agriculture, leveraging historical data and real-time information to
predict crop yields, disease outbreaks, and pest infestations [19]. Al algorithms can anticipate challenges and provide
valuable insights, enabling farmers to take proactive measures [20]. This predictive capability helps mitigate risks
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and optimize production processes, ensuring consistent and high-quality yields. By integrating Al-driven precision
agriculture, farmers can improve their resilience to adverse conditions and maintain a sustainable food production
system [19]. These advancements in precision agriculture and predictive analytics demonstrate the immense potential of
Al in transforming the agricultural sector and meeting the growing global demand for food [17, 22].

4.2 The influence of personality traits on precision agriculture adoption in the era of Industry 4.0

In the age of 14, the integration of Al technologies such as machine learning and computer vision has revolutionized
precision agriculture [21]. These data-driven tools analyze vast amounts of data from drones, satellites, and sensors to
monitor crop health, soil conditions, and weather patterns with remarkable accuracy [9]. This precise approach allows
farmers to apply water, fertilizers, and pesticides exactly where and when they are needed, reducing waste [10, 23-
25] and maximizing yield [9]. Integrating Al optimises resource usage and supports sustainable farming practices by
minimizing environmental impact [9].

Interestingly, the personality traits of farmers play a crucial role in successfully adopting and utilising Al
technologies in precision agriculture [21]. Conscientiousness, openness to new experiences, and analytical thinking can
enhance a farmer’s ability to effectively use data-driven insights for crop management.

In conclusion, the integration of Al in precision agriculture has revolutionized farming practices, optimizing
resource usage and supporting sustainable agriculture [9]. However, the success of these technologies is heavily
influenced by the personality traits of the farmers adopting them [21]. By understanding the role of personality in
precision agriculture, researchers and policymakers can develop strategies to effectively promote the adoption of these
transformative technologies [14].

4.2.1 The impact of personality traits on the adoption of predictive analytics in agriculture

The advent of 14 has revolutionized the agricultural sector, enabling farmers to leverage predictive analytics to
optimize their operations [9]. Al-driven technologies can accurately forecast crop yields, disease outbreaks, and pest
infestations, empowering farmers to take proactive measures and mitigate potential risks. Beyond these technological
advancements, the adoption and effective utilization of predictive analytics are significantly influenced by the
personality traits of the farmers themselves.

Farmers with a higher tolerance for risk are more inclined to trust the predictions made by Al algorithms and
implement bold strategies to address the identified challenges [9]. On the other hand, resilient individuals are better
equipped to adapt to the changes and challenges highlighted by predictive analytics, maintaining their productivity even
in the face of adverse conditions [9]. Proactive farmers, characterized by their forward-thinking and action-oriented
nature, are more likely to implement the preventive measures suggested by Al, ensuring their crops’ continued health
and productivity [9].

However, the adoption of predictive analytics in agriculture is not without its challenges. While Al-powered
innovations have immense potential to improve agricultural outcomes, a holistic approach is necessary to address these
technologies’ complexities and potential risks [14]. Developers must be mindful of data collection, processing, and
storage issues, as well as the potential for monopolies over data, seeds, and pesticides [14]. Moreover, the successful
implementation of predictive analytics requires an interdisciplinary approach, bringing together experts from various
fields to ensure that appropriate, fair, and sensible policies are implemented in the agricultural sector [26].

To build trust in the use of predictive analytics, it is crucial to address the issue of bias in Al algorithms. Bias can
arise from the assumptions made during the algorithmic development process, leading to inaccurate predictions and
suboptimal decision-making [26]. Overcoming harmful bias and pursuing fairness and inclusiveness in Al solutions are
essential for improving human-machine partnerships in agriculture [26].

In conclusion, the adoption and effective utilization of predictive analytics in agriculture are heavily influenced
by the personality traits of farmers. While 14 has transformed the agricultural sector, the success of these technologies
ultimately depends on the ability of farmers to adapt, trust, and proactively implement the insights provided by Al-
driven predictive analytics.
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4.3 The impact of personality traits on the effectiveness of real-time monitoring in agriculture

The 14 revolution has ushered in a new era of technological advancements that have transformed the agricultural
sector. Sensors embedded in fields can now provide farmers with continuous real-time data on critical factors such as
soil moisture, nutrient levels, and temperature [27-29]. Al systems can process these insights to generate actionable
recommendations, enabling farmers to respond promptly to any issues and optimize their crop management [27-29].

Integrating 10T, Al, and other emerging technologies has given rise to the concept of precision agriculture, which
focuses on collecting, storing, and analyzing digital data to enhance farming practices [27, 30] has allowed for precise
monitoring of field conditions, enabling farmers to fine-tune their inputs and decision-making [28, 30]. The widespread
adoption of 14 technologies in agriculture, often called “Agriculture 4.0, has increased productivity, sustainability, and
efficiency [31]. By leveraging these digital solutions, farmers can improve their yield, reduce environmental impact, and
alleviate their workload [32].

However, the effectiveness of these real-time monitoring systems is heavily dependent on the personality traits
of the farmers [33-34]. Attentive farmers are more likely to promptly notice and act upon the data provided by these
systems [27]. Adaptable individuals can quickly adjust their farming practices based on real-time insights, ensuring
optimal crop management. Diligent farmers are committed to maintaining the monitoring systems and consistently using
the data to improve their farming practices, leading to better overall outcomes [9].

Using sensor technologies and Al-based precision agriculture techniques has improved decision-making, resource
efficiency, and crop yields [27]. Unfortunately, these innovative approaches have been hindered by the limited support
and advisory services available to farmers [21].

As the agricultural industry continues to embrace the opportunities presented by 14, it is crucial to understand the
role of personality traits in effectively implementing real-time monitoring systems [9]. By recognizing the importance
of attentiveness, adaptability, and diligence, farmers can maximize the benefits of these transformative technologies and
drive sustainable progress in the agricultural sector [4].

4.3.1 The integration of AI and Industry 4.0 in advancing plant breeding

The field of plant breeding has experienced a remarkable transformation with the integration of Al and 14.0
technologies. These advancements have enabled the rapid identification and development of crop varieties with
desirable traits, addressing the challenges posed by a changing climate and growing population [28].

Al-powered analyses of genetic data and environmental interactions can predict the performance of plant varieties
under specific conditions, accelerating the breeding process and enhancing the precision of selecting traits such as
drought resistance, pest tolerance, and high yield. This integration ensures that new crop varieties can be developed
faster and more efficiently, providing a crucial solution to global food production’s pressing issues [31].

However, integrating Al and I4 in plant breeding must be accompanied by a holistic approach that addresses
potential negative effects, such as data monopolies and unequal access to technology [14]. Developers must be aware of
these issues to ensure that their solutions can be applied effectively and equitably, avoiding widening the gap between
rich and poor countries [14]. Ultimately, the convergence of Al and 14 in plant breeding holds immense potential to
revolutionize the field, but it must be implemented responsibly and focus on addressing the challenges of a changing
climate and growing population [35].

4.4 The transformative role of Al in optimizing agricultural logistics within Industry 4.0

The modern agricultural landscape has been transformed by the advent of 14 technologies, with Al emerging as a
powerful tool in revolutionizing the efficiency of the agricultural supply chain. Al algorithms can analyse vast logistical
data troves, enabling the determination of the most optimal transportation routes, thus reducing delays and minimizing
costs.

By enhancing logistics efficiency, Al plays a crucial role in ensuring fresh produce reaches markets quickly and
with minimal spoilage, contributing to a more reliable and sustainable food supply chain that benefits producers and
consumers [14]. The integration of Al-driven logistics optimization has been a game-changer, as strategic thinkers
can effectively plan and implement these technologies, while those with strong organizational skills can manage the
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complexities of supply chain operations, ensuring seamless integration of Al tools.

The impact of Al on the agricultural sector is multifaceted, as it can optimize the use of resources and improve the
efficiency of various processes, from crop management to livestock monitoring [10]. Al-powered precision agriculture,
for instance, can enhance decision-making by providing farmers with valuable insights derived from data analytics,
leading to improved yields, reduced spending on inputs, and increased productivity. Furthermore, adopting Al in the
agricultural sector can also contribute to sustainability by reducing harmful chemicals, improving soil fertility, and
mitigating the environmental impact of farming practices [36].

In conclusion, the integration of Al in the agricultural supply chain within the framework of 14 has been
transformative. It enhances logistics efficiency, optimizes resource utilization, and contributes to a more sustainable and
reliable food system [22, 37].

5. Conclusion

Integrating Al within the framework of 14 into the agricultural food industry marks a significant advancement
in sustainable crop disease management and inventory management. By leveraging real-time data and predictive
analytics, Al systems provide early detection and targeted interventions, reducing dependency on chemical pesticides
and enhancing crop yield. The deployment of 14 technologies, such as sensors, IoT, and advanced data analytics,
supports the digital transformation of agriculture, enhancing both productivity and sustainability. The success of these
technologies heavily relies on the farmers’ willingness to adopt and effectively use Al solutions, which is influenced by
their personality traits such as openness to innovation, conscientiousness, and analytical thinking.

Promoting these traits among farmers can lead to the successful implementation of Al-driven solutions, fostering
more resilient and sustainable agricultural systems. The study highlights the transformative potential of Al in agriculture
and underscores the importance of continued research, policy support, and interdisciplinary collaboration to fully realize
the benefits of these technologies. By integrating technological advancements with human factors, Al and 14 have the
potential to revolutionize crop management, inventory management, and logistics, contributing to a more sustainable
and reliable food system. This holistic approach is essential for addressing global food security and environmental
sustainability challenges, ensuring that the agricultural sector can meet the growing demands of the future.
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