Using Internet of Things (IoT) in Agri-Food Supply Chains: A Research Framework for Social Good with Network Clustering Analysis

Abstract
Agri-Food Supply Chains (AFSCs) are critical in our society. Proper management of AFSCs is crucial for improving social welfare. Over the past years, digitisation in AFSCs has emerged as a new paradigm. In this context, the Internet of Things (IoT) is a growing approach, providing a huge amount of information to manage AFSCs. Thus, the purpose of this paper is to examine extensive studies on IoT-based AFSC by notable academics in the form of leading participating institutions, authors, keywords, journals, and citation statistics. Our bibliometric based systematic approach starts with the identification of 346 articles in the relevant field from the Web of Science (WoS) database by applying rigorous filtration. Using the VOS viewer software, a network analysis has been performed for the above fields. With seven identified clusters, this article recognized the role of IoT technologies as Cluster 1: Agri-food safety, traceability and sustainability; Cluster 2: AFSC sustainability; Cluster 3: AFSC performance measurement; Cluster 4: AFSC resilience in disruption; Cluster 5: AFSC integration and traceability; Cluster 6: AFSC transparency and coordination and finally Cluster 7 identified the barriers in IoT adoption. Thus, findings of this study offer robust guidance to link IoT technologies and AFSCs together. Based on these findings, propositions are proposed and a research framework is established. We believe the findings would help engineering managers, researchers and government regulating bodies better plan and manage AFSCs for social good. 
Keywords: Internet of Things (IoT); agri-food supply chains (AFSCs); network-based cluster analysis; future research propositions; social good, review.
1. Introduction

In the US, the agri-food sector is a huge part of the economy. In 2019, the agri-food (and related) industries together contributed a total of US$1109 trillion to the gross domestic product (GDP) of the USA. This is equivalent to a 5.2% share of the total GDP.
 An Agri-Food Supply Chain (AFSC) consists of players in the food industry providing basic practices from primary processing of agri-food grains and transforming them to consumable products (packed/unpacked) (Wang, 2018). AFSC management (AFSCM) refers to information sharing related to primary planting and harvesting, processing, warehouse storage and distribution by retailers to end consumers (Kamble et al., 2020). There is no doubt that agri-food is crucial for the social welfare and its proper management is essential for social good (Quayson et al. 2020).

Based on statistics from the “Resilinc System”, Linton and Vakil (2020) demonstrate that the world’s major 1,000 supply chains, including AFSCs, hold more than 12,000 facilities (i.e., plants, warehousing facilities, and other services) in COVID-19 containment regions. However, recent supply chain disruptions brought by COVID-19 have led to the breakdown of distribution, procurement channels and created a shortage of warehouse storage for perishable agri-products (Kulikov et al., 2020). Concerning COVID 19, food related operations have been largely unscathed since most farmlands in agri production are distant from urban areas. Yet the pandemic has affected agri-harvesting, processing, logistics and distribution (Dolgui et al., 2020). Industrial evidences have shown that AFSCs are vulnerable to disruptions caused by the pandemic (Aamer et al., 2021). This has highlighted that the infrastructure of AFSCs needs to be digitalised for effective management (Dolgui et al., 2020). 
As a matter of fact, the globalised competitive environment has forced the AFSCs to implement IoT based operations to enhance sustainability, supply chain coordination and transparency among supply chain stakeholders (Oskarsodottir and Oddsson, 2019). IoT technologies are based on Radio Frequency Identification (RFID) tags and readers, providing uniquely identifiable physical devices with coordinating mechanisms (Kamble et al., 2019). 
Under the deployment of IoT-based advanced technologies, the full capability of the agri-food SC framework may be achieved; these are possible to interact at a rapid rate and make specific judgments instantly (Kataike et al., 2019). IoT can aid in integration by enhancing real-time data exchange and lowering network uncertainties (Barnett et al., 2019). IoT allows traceable, transparent, and collaborative mechanism in a product life cycle of agri-food SC that may aids in assuring food quality and distribution to customers (Haleem et al., 2019). The utilisation of IoT is beneficial in enabling the SC to respond quickly and increase performances (Wen et al., 2018).
Decision making based on proper coordination between physical devices becomes possible by deploying IoT based technologies, such as cloud computing, big data, Wireless Sensors Network (WSN), blockchain, robotics and other communicating protocols (Da Xu et al., 2014; Gunasekaran et al., 2016). Thus, IoT enables decision makers in AFSCs to properly monitor and control information in AFSCs at any point in the chain (Tönnissen and Teuteberg, 2020). 
Using IoT technologies in AFSCs would help manage data, products, facilities and other basic processes. This can lead to long-term sustainability (economic, environment and social development) (Grimm et al., 2014; Govindan, 2018b; Papaioannou et al., 2020). In particular, IoT based technologies (RFID, cloud computing, WSN, big data, blockchain) contribute to sustainable developments by focusing on reverse logistics, Life Cycle Assessment (LCA), recyclable products, etc. (Heard et al., 2018; Jomthanachai et al., 2021). IoT based LCA of agri–products include tracking of strategy, tactics and operations-based practices to determine the sustainable impacts of the entire AFSC (Blackhurst et al., 2017; Krishnan et al., 2020).  Some previous studies have examined the control of greenhouse gas (GHG) emissions by IoT based monitoring systems (on logistics, warehousing operations and farming practices) (Zhang et al., 2017; Tamplin, 2018). Further, sensor-based controls using RFID systems and barcode tags have developed smart packaging for agri-food products (Badia–Melis et al., 2018; Du et al., 2020). Here, smart packaging includes “biodegradability of the package”, temperature and humidity resistance, better shelf-life management and shock resistance during transportation (Musigmann et al., 2020). 
Previous reviews focus on a particular type of IoT based applications in general supply chains or AFSCs (Jabbarzadeh et al., 2018). For instance, Rebelo et al. (2021) explore the IoT based upstream and downstream management of supply chains. Bouzembrak et al. (2019) study how IoT based technologies can be deployed to enhance food safety. Talavera et al. (2017) investigate the IoT based communications in the agri-food-industrial sector. Observe that IoT has now emerged as a new paradigm in different sectors such as service operations and energy (Li et al., 2019; Fu et al., 2020). It is obvious that there is a lack of comprehensive review and bibiliometric study on how IoT technologies can be applied to improve AFCM. There is hence a real need to fill this gap. As a result, this research is motivated to achieve the following research objectives:
· To uncover current trending topics of research focused on the links between IoT technologies and AFSCs. 

· To report a bibliometric analysis on the applications of IoT in AFSCs.
· To suggest practical/managerial implications towards applying IoT technologies for AFSCs. 
· To propose a framework for future research directions, with proposition, in IoT adoption in AFSCs for social good.



Identification of current topics may help to provide titles, abstracts and keywords for the related search. This will also suggest the applications of IoT technologies in AFSCs in precision agricultural practices, agri-food production and processing activities, warehouse storage operations, distribution, agri-food supply-demand relationships, traceability, transparency and visibility (Nagurney et al., 2017; Sarker et al., 2020). 
Beginning with a compilation of over 346 published studies in the Web of Science (WoS) and filtering this group to highly significant publications and scholars, this study gives a detailed appraisal of the domain, focused on IoT technologies enabled AFSC. WoS was chosen as the database to ensure a broad span of relevant publications for this evaluation. WoS is a commonly employed abstracts and citations library that contains numerous papers and titles from peer-reviewed journals in the fields of innovation, business, medical, and socio-economic studies (Mongeon and Paul-Hus, 2016).
Note that the bibliometric analysis conducted in this research uses a network analysis of citation relations to highlight co-authorship relations and co-occurrence of keywords (D'Angelo and Magnusson, 2020). Bibliometric analysis has its niche over many other literature review approaches mainly due to its explanation power, scientific nature and inclusivity (Marzi et al., 2018; Marzi et al., 2020). We hence adopt it in this study to identify whether IoT based technologies have been applied in AFSC management and the corresponding impacts (Mattevi and Jones, 2016). 
Furthermore, a significant novelty is the presentation of an up-to-date assessment of the linked literature as well as the establishment of a unique research framework that contains seven propositions for explaining the role of IoT technologies at the strategic, tactical, and operational levels of AFSCM. Academician interested in the research topic may observe the findings useful. The conclusions of this study provide a plethora of information concerning the influence of IoT on SCM and how firms must think regarding deploying IoT services. This analysis offers a foundation for implementing IoT in SC and may also be utilised as a platform for future research projects aimed at better understanding the business advantages of IoT implementation in AFSC. Thus, the results of this analysis cover a few of the gaps in the literature regarding IoT acceptance and its usefulness in AFSC that have been noted.
2. Literature Review

The literature review focuses on examining prior studies on the need for IoT adoption, applications of IoT based technologies, barriers to IoT implementation, as well as papers linking IoT and AFSCs.   
2.1 Needs for Adopting IoT Technologies in AFSCs
In recent years, IoT based applications have emerged and deployed exponentially in the field of AFSC operations. In previous studies, many authors have discussed the need for IoT technology adoption in AFSCs, and the details are shown in Table 1. The adoption of the IoT can improve operational processes and reduce costs and risks due to its “transparency”, traceability, adaptability, scalability, and flexibility nature (Zhou et al., 2015). As a result, implementing IoT solutions can increase transparency and visibility of knowledge and resource flows within business operations in AFSCs. Using IoT is hence critical for the accuracy and availability of real-time information and the services exchanges associated with the upwards and backward flows of tangible agricultural products in AFSCs (Verdouw et al., 2014). Another significant promising advantage that businesses may gain from implementing IoT is the improved product monitoring and traceability (Aryal et al. 2020). Other promising advantages encompass enhanced inventory monitoring and regulation (i.e. “trust”) (Maryska et al., 2018), higher degrees of integration of both internal as well as external business practices (de Vass et al., 2021), and the ability to strategically restructure all major practices and business procedures in an integrative manner. This will lead to better operational productivity gains (Maryska et al., 2018; Aydin et al., 2018) and improved operational effectiveness as a whole for the AFSC (Nagy et al., 2018; Aryal et al. 2020).
Table 1: Needs of IoT technology adoption in AFSCs
	Needs of IoT adoption technology in AFSCs
	References

	Real-time information is needed for agri-food products, especially on their position in the AFSC, quality, and production history throughout the entire AFSC to avoid food wastage and enhance recall.
	Liu et al., 2016

	The entire industry needs to improve response times (e.g., for product recalls) to provide suitable feedback mechanisms for unpredictable supply and demand.
	Verdouw et al., 2016



	There is a need to gather information from different stakeholders of AFSCs with the goal to improve visibility, especially in performance measurement of basic practices. It may also provide flexibility and support agile mechanisms for online monitoring and quicker decision-making.  
	Giagnocavo et al., 2017

	There is an urgent need to establish an approach for building globalised based hubs (global connectivity) for local SC products. This reduces the need of having physical travelling to place orders. 
	Maryska et al., 2018

	There is a need for a computerized information system to help cover the entire AFSC to avoid accidents. A conventional SC cannot adopt a sustainable approach throughout its multi-tier system without the use of IoT kinds of technologies. Therefore, there is a need for a digitised approach to supply chain management.
	Mejjaouli and Babiceanu, 2018

	There should be a mechanism to monitor integrity (e.g., real product origin) and product quality to satisfy government regulation and standards. This is critical for agri-food products.
	Nagy et al., 2018

	There is a need for having a transparent system to provide accurate information on quality, which foster trust of end consumers.
	Aryal et al. 2020

	There is a need for establishing interoperability and global standards for agricultural food products because they travel all around the world and cross the country borders. IoT technologies can be one of them.
	Aydin and Aydin, 2020

	There is a need to optimise and plan all standard operations procedures with the use of IoT to make them more efficient during supply and demand matching.
	Caiado et al., 2022

	There is a real need for having a smart system to analyse a large amount of non–homogeneous data from AFSCs for achieving integration of information and AFSC related devices in developing a flexible AFSC system.
	Rejeb et al., 2022


2.2. Recent works of IoT in AFSCs
Some recent applications of IoT in the AFSC domain are explained in Table 2. The applications of IoT technologies (RFID, big data, blockchain, cloud computing, electronic product codes (EPCs), WSNs, etc.) in various AFSC processes (cold chain operations, tracking, crop monitoring, route optimization, and performance measurement) are explained in Table 2.
Table 2: Previous works of using IoT technologies in AFSCs
	                     Recent works in ASCM based on IoT
	     References

	A WSN has been designed with a soil temperature and humidity controlling decision support system for agriculture operations using GPS related technologies. 
	Van Der Vorst et al., 2009

	A systematic architecture for intelligent agriculture systems has been developed. The system is based on IoT technologies and cloud systems.
	Vanderroost et al., 2014

	A food safety solution is proposed in which smartphones are being utilised for tracking historical records (e.g., on food quality, organic, or not, the pesticides used, time of storage, expiry date, farm/farmer details, etc.).   
	Doinea et al., 2015

	Explores IoT based logistic support systems by using technologies such as RFID, WSN for tracking and real-time data collection during different logistic activities. 
	Akhtar et al., 2016

	This study develops an automatic cold chain system for monitoring perishable agri-food products. Mobile apps are implemented for real-time monitoring. 
	Capello et al., 2016

	Develops a system for vitalisation of the basic processes (i.e., “plan, source, make, deliver, return”) of a standard AFSC. The proposed system uses cloud technologies to improve visualisation (tracing, monitoring) and optimisation of the entire AFSC.   
	Verdouw et al., 2016



	Discusses RFID tags and readers for the real-time tracking function from farming practices to food retailing; based on WSNs and EPCs. Establishes an IoT traceability system.  
	Chen, 2017

	The system involves various types of electronic sensors for controlling temperature, humidity, pH etc. This model may also be utilised by different supply chain stakeholders to help detect agri-food frauds by checking quality and related problems.
	Talavera et al., 2017

	Employs a “Physical Internet” (PI) protocol system to connect physical objects as a digital entity for agri-food handling, movement, storage, etc.
	Gupta and Rakesh, 2018 

	Develops a unique mobile sensitive meter to help monitor pesticide residuals in farm fields. The proposed mechanism is based on image process with “photos” detecting WSNs and microchips. The expert system is supported by a cloud system with wireless networks.  
	Nirenjena et al., 2018

	IoT based framework is built to help make long-range information transmissions, especially for rural-based areas.   
	Sun et al., 2018

	Describes an IoT based agriculture information system. In this system, a distributed cloud computing and IoT server-based infrastructure have been utilised for real-time monitoring of the entire AFSC. 
	Tamplin, 2018

	IoT based communication in AFSCs by using technologies such as low power network for wider coverage and lower-cost information exchange.
	Ali et al., 2019

	Modelling of IoT driven sustainability in a food secure structure to improve food safety, enhance quality with route optimisation. Cloud computing is used to support the operations.
	Kaur, 2019

	Examines the role of using big data analytics in farming to measure performances of AFSC practices.
	Kheyfets and Chernova, 2019


2.3. Barriers to IoT Adoption in AFSCs
The adoption of IoT in AFSCs is associated with some barriers for new technology adoption. These need to be properly tackled for effective implementation. Some barriers are briefly discussed in Table 3. Results of the collected studies are concluded with five themes, namely the technical, financial, social, operational, educational and governmental related challenges (Sinha and Dhanalakshmi, 2022). A total of 10 challenges have been identified from the reviewed literature of IoT adoption in AFSCs. Thus, challenges of resistance to change, data quality and uncertainty, congestion and overload issues, architecture and scalability are related to technical and operational classifications. Security, privacy protection, lack of management support, financial constraints and lack of policies by government are related to financial, social, educational and governmental related challenges.
Table 3: Barriers to IoT adoption in AFSC
	Barriers
	Brief description
	References

	Resistance to change


	 “Rigid systems” have hindered IoT implementation.
	Huang et al., 2012

	Data quality and uncertainty
	IoT produces a huge amount of data; data variations and repeatability of data are a critical issue. Detecting data quality problem is challenging as it requires shifting of data from one member to another one.
	Blohmke, 2014

	Security
	Security is a central issue in using IoT technology at all levels. To ensure security of data, services and the overall IoT system, some properties, such as data secrecy, reliability, authenticity and availability must be guaranteed.
	Jäger et al., 2016

	Privacy protection
	Privacy protection is needed to protect personal information and prevent misuse of important information. IoT technology is not acceptable without a full proof of privacy protection.
	Kiel et al., 2017a

	Congestion and overload issues
	Congestion issues are detected when a huge amount of information comes from different devices, ultimately leading to overloading and eventual network failure in the system.
	Kiel et al., 2017b

	Lack of management support
	IoT adoption requires a proper transformation at inter-organisational level with effective inter-department collaboration. Management support is crucial.
	Schröder, 2017

	Architecture
	There is a need for developing an efficient architecture, which can help identify all sensor resources and register new sensing systems in a broader network environment.
	Bienhaus and Haddud, 2018

	Financial constraints
	A lack of finance is a critical challenge for IoT implementation or setting up any digitalised system to achieve sustainability within AFSCs. 
	Glass et al., 2018

	Scalability
	As IoT has to support a large number of non–homogeneous devices, scalability is a barrier that needs to be tackled by middleware. Efficient IoT middleware is necessary to help address scalability issues.
	Kamble et al., 2018

	Lack of policies by government
	Governments provide the necessary infrastructures (e.g., internet connectivity, financial support, technical programs). A lack of investment in training and development programs is a big barrier to technology deployment.
	Orzes et al., 2018


2.4. Applications of IoT in AFSCs
Some studies have provided basic insights into the extent of implementation of IoT in AFSCs. Table 4 briefly presents some of these studies. We can see that the main IoT-based applications in business operations are related to product tracking and tracing (Verdouw et al., 2016; Li and Wang, 2017; Xiao et al., 2017), warehouse management systems (Biswal et al. 2018; Kamble et al., 2019), sustainable development (Rejeb et al., 2022), and disruption management (Ivanov et al., 2020). Here, tracking and tracing applications are primarily used by the AFSCs due the perishable nature of the kind of agri-products. In particular, the framework could capture the potential benefits of IoT in supply chain management (SCM) processes related to better integration with stakeholders by managing relations and services, product development and other commercialization processes. Thus, IoT-based applications can yield increased performance in most AFSC processes, this finding is similar to that of Ben-Daya et al. (2019), who argued that most IoT research in SCM have focused mainly on the “deliver” and make” practices of the supply chain operations research (SCOR) models. The most frequently used technologies in communication between IoT devices in AFSCs (Table 4) are internet, RFID, WSNs, cloud computing, EPC, and big data analytics.
Table 4: Studies exploring the need of the current research
	     Author
	 Unit of analysis
	Applications
	Technology/
approach
	Advantages
	Disadvantages

	Aramyan et al. (2007)
	AFSC practices - planning, sourcing, making and delivering
	Measuring key performance indicators of AFSCs
	Conventional supply chain operations reference (SCOR) model
	Suggests an efficient performance measurement model for AFSCM 
	Some adjustment required in developed SCOR model for indicators

	Vanek and Sun (2008)
	Agri–products from production to market 
	Temperature–controlled food items produced in agricultural networking systems
	Network model between upstream and downstream 
	This model has accounted life cycle energy consumption and losses for perishable 

agri-products.
	Perishable nature of products is accounted only on the basis of its rejection due to expiry date 

	Beske et al. (2014)
	Basic sustainable practices of AFSCs.
	Developing dynamic capabilities (DC) of AFSCs
	IoT based digital technologies
	Explains the impact of DC on the sustainability and competitiveness of AFSCs firms   
	Each process of DC was not discussed e.g., Co- evolvement 



	Bottani et al. (2014)
	Sustainable based logistics’ practices  
	Joint handling of agri-food packing, procuring, storage and logistics’ practices
	Survey work
	Present a generalized framework and may be simply adaptable in differently located agri-firms.
	There is an involvement of limited 9 agri-firms for the analysis 


	Ambulkar et al. (2015)
	Entire SC
	Developing a firm’s resilience to any supply chain disruptive events 
	Resource configuration
	Present research developed, operationalized and validate a firms’ resilience measuring scale.
	Data sample taken from different (cross) industries restricts the concluding remarks

	Benis and Ferrao (2016)
	Rural and urban food systems
	Reducing losses and wastage of food, shortening transportation distances by involving information technologies 
	Life Cycle Assessment (LCA) 
	The proposed system eliminates agri-food wastage of AFSC and reduced logistic costs 
	Installing process needs high energy utilization 


	Verdouw et al. (2016)
	Basic processes of AFSC
	Coordination among farming, food processing, distribution and retailing
	RFID, cloud computing, Industry 4.0
	Proposed virtualized model may be adopted based on evolving technology i.e. IoT, blockchain and cloud computing
	Downstream SC managing is costly with lacked software integration



	Govindan. (2017)
	Food wastage 
	Barrier identification in developing sustainable AFSCs
	Dynamic theory-based
	Provide a decision taking approach as selecting and evaluating for agri-food firms’ suppliers.
	Few respondents’ data have been taken for validating the result 



	Li and Wang (2017)
	Pre-packaged food products
	Tracking and tracing of food products to provide a safe consumption environment to consumers
	IoT based QR code and RFID tags
	Provide a model for transferring and implementing sensors data which drive AFSC 
	Assuming a linear deterministically demand model

	Rajesh (2017)
	Entire SC
	Developing resilience for risk management AFSCs.
	Industry 4.0
	Framework to determine the resilient capacity of the SC
	Measuring agile capacities of SC are problematic to estimate

	Scuotto et al. (2017)
	Logistics operation of supply chain
	Managing logistics operations of perishable products, including agri-food.
	RFID, cloud computing, Industry 4.0
	Emphasized the importance of ICT and data transfer for SME
	Implementing ICT needs high cost for data transfer in coordinating processes

	Tasca et al. (2017)
	Logistics operation in vegetable organic farming
	Distribution of local agricultural products
	LCA 


	Framework leads to flexibility in distributing channel and shorten the SC
	No farming approach has focused on environment aspects 


	Xiao et al. (2017)
	Logistics 
	Develops an effective logistics traceable system for grapes 
	WSN
	Ensure transparent and traceable cold chain system  

	Temperature variations are difficult to manage 



	Badia–Melis et al. (2018)
	Food grains, vegetables of AFSC
	Developing cold storage, traceability system for agri-products
	WSN, RFID
	 Proposed an integrated framework of WSN and RFID for cold chain tracking.
	Effective in short range tracking.



	Biswal et al. (2018)
	Warehouse and inventories of AFSC
	Tracking and tracing of process flow within the warehouse from product collection to dispatching
	IoT based RFID tags and readers
	Suggested the role of RFID in inventory 

during a nonprofit situation.
	Considered only few sources of inventory inaccurate management i.e.  shrinkages and misplacements

	Bergendahl et al. (2018)
	Food–energy–water (FEW) nexus projects
	Ecological modernisation policies and practices; sustainable supply chains
	Industry 4.0
	Provides an advanced approach in analyzing FEW

nexus practices by undertaking firms’ problems
	There is still a scope of discussing economic, social and political difficulties 

	Govindan et al. (2018a)
	Logistics processes
	Technology-driven tracking strategies of logistics operations
	Big data, RFID, GPS
	Explained the interrelations between economic outcomes and information driven SCs. 
	There is a need of exploring other sector for adopting big data analytical capabilities in SCs.

	Mangla et al. (2018)
	Entire AFSC
	Modelling of enablers to help implement sustainable practices in ASCs.
	Multi-Criteria Decision Making 
	Developed a model for achieving long term firms’ success.
	Transformations needs in digital technologies and innovative approaches 

	Porter et al. (2018)
	Avoidable food losses
	Measurement of food losses during distribution in the AFSCs. 
	Case study
	Estimating the agr-food losses and carbon footprint  


	There is high fluctuation in food wastages and its effect on climate 

	Kamble et al. (2019)
	Retailing firms of AFSC
	Modelling of barriers for IoT adoption in AFSCs
	Multi-Criteria Decision Making 
	It helps in managing waste of agri-food, reduced energy utilization and temperature regulation 
	Implementation of IoT is at a very nascent stage in retailing SC

.

	Singh et al. (2019)
	Entire AFSC
	The implication of ICT in sustainable growth of agri-food SMEs
	Conventional ICT
	Helps in maintain sustainability for SMEs by analyzing key challenges in ICT adoption 
	It is difficult to identify the various challenges in ICT implementation 


	Wang et al. (2019)
	Entire SC
	Identification of disruption points within AFSCs by using blockchain
	IoT and blockchain 
	Explored the transformation of SC strategies by adopting blockchain.
	Required huge amount of investment and long-term partnerships

	Dolgui et al. (2020)
	SC structure and its planning 
	Developing IoT structures during disruption 
	Industry 4.0
	Shows the impact of ripple effects on bullwhip effects in SC disruptive events
	Distributing centers needs high expenditure, leads to high inventory costs 

	Ivanov et al. (2020)
	Entire SC
	How disruptive technologies can help dampen disruption risk control caused by ripple effects
	Industry 4.0
	Helps the top managers in prediction long term outcomes of any pandemic in SC 

	It is difficult to scale based measure of disruptive event on SC and its measuring parameters

	Kamble et al. (2020)
	 AFSC processes of plan, source, make and deliver 
	Developing visibility for AFSC performance measurement 
	Big data and sensors
	Explains the impact of human assets on improving SCV

	There is a lacked managing capabilities of data which results incompetent SC


2.5. Research Gaps 
After the extensive literature review reported above, the research gaps have been identified. We discuss them as follows.
· Most previous research has discussed only particular areas of using IoT in AFSCs. No prior study has integrated different IoT applications such as food safety and quality, transparency, sustainability issues, traceability within the AFSC, performance measurement, etc. (Fan et al., 2015; Kumari et al., 2015). Thus, no past studies have mapped and summarised existing information in the domain of IoT based AFSCs. Because of these limited areas of application, their conclusion was that IoT in agriculture and food is still in the early development (Bouzembrak et al., 2019).
· Previous studies have conducted only a generalised analysis in the field of Supply Chain Disruption (SCD) to determine the effects of any disruptive event (e.g., COVID–19) on the supply chain sustainable performance. However, SCD events that occur in different organisations have different impacts on sustainable performance in a particular supply chain (Sawik, 2017; Dolgui et al., 2020).  Thus, it is a prerequisite to propose a more specific mechanism for mitigation of SCD risks in different industries (Ambulkar et al., 2015; Dubey et al., 2019). Further, no research has considered SCD impacts while accounting for sustainable development (Jabbarzadeh et al., 2018; Ivanov, 2020).
· No past research has consolidated different studies on IoT based AFSCs together. Few approaches have systematically conducted the bibliometric network analysis based on article citations, co-authorship and the frequency of keywords (Van Eck and Waltman, 2017; Tran et al., 2019). However, a systematic review of the IoT based AFSC literature using rigorous bibliometric analysis does not exist.
· Only a few studies have established a holistic view of IoT applications, highlighted the barriers involved in IoT adoption and uncovered the motivating factors for IoT adoption. Thus, almost no past research has discussed the Behavioural Reasoning Theory (BRT) based “reasons for” (RF) and “reasons against” (RA) IoT adoption in AFSCs (De Prieelle et al., 2020; Aamer et al., 2021). 
3. Research Methodology and Data Statistics
The research methodology of this study includes screening, assembling, organising and finally drafting results (Rebelo et al., 2021). The detailed process is shown in Figure 1 (see Online Appendix (A1). It is explained further in the following sub-sections.
[Figure 1 about here]
3.1. Primary Keywords and Search Results

The bibliometric analysis begins with the selection of suitable keywords combinations from 2005 to 2021 including (1) IoT AND AFSC, (2) IoT AND SCM, (3) AFSC AND SC disruption, (4) AFSC AND Sustainability. The various keywords lead to linking IoT based technologies operations and strategic processes of AFSC (Richards et al., 2019). Analysis has then been continued by selecting suitable online databases like Scopus, Web of Science (WoS) and Science Direct. Most studies are published articles or from conferences in different domains (AFSC and digital SC, logistics management, disruption management in SC, Industry 4.0 etc.). Based on an initial refinement (abstract reading), 900 articles have been screened between 2005 and 2021, i.e. (1) IoT AND AFSC (400), (2) IoT AND SCM (150), (3) AFSC AND SC disruption (100), (4) AFSC AND Sustainability (250).
This extraction covers published articles from 2005 to 2020. Identified articles provide information related to authors, countries, published years and affiliations. Table 5 shows the initial refined database. 

Table 5: Initial primary refined database
	Keywords
	Searched results (No. of Articles)

	IoT AND ASC
	99  

	IoT AND SCM
	782

	AFSC AND SC disruption
	31

	AFSC AND Sustainability
	202

	Total results 
	1114


3.2. Refinement of Primary Database
The primary database is further refined by applying more filtration processes (Subject–Industrial Engineering; Management, Agriculture Engineering, Language–English and Source–journals). A total of 346 articles are thus identified i.e. (1) IoT AND AFSC (152), (2) IoT AND SCM (48), (3) AFSC AND SC disruption (44), (4) AFSC AND Sustainability (102). Papers with no DOI and conferences are not included in this research. However, conference papers are included in countries and affiliation contributions as the exclusion of conference papers may results in low country-wise contribution or collaborations in the present research. Table 6 explains the search results after filtration. 

Table 6: Search result after refinement
	Keywords
	Searched results (No. of Articles)

	IoT AND AFSC
	152

	IoT AND SCM
	48

	AFSC AND SC disruption
	44

	AFSC AND Sustainability
	102

	Total results
	346


See Online Appendix (A2) for the descriptive statistics, which show the journals, schools, etc. as given in Figure 2 - Figure 8 and Table 7-Table 9, which is most relevant to research publications on AFSCs.
4. Network Analysis
We conduct network analysis, which consists of four parts: namely the cluster-based keywords statistics, author dominance in this specific field, cluster-based co-citation analysis of related authors and cluster-based citation analysis obtained in this field. The following sections give further explanation. 
4.1. Keyword Statistics

The keywords analysis as given in Figure 9 provides the maximum occurrences and least occurrences of keywords related studies. The keywords analysis provides the trending topics and potential research gaps in a particular area (e.g., IoT based AFSCs). 
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Figure 9:  Cluster analysis of keywords.
4.2. Page Rank Analysis (PRA)
Citation analysis develops an understanding of the authenticity of a specific study. Parallel to citation analysis, some methods also co-exist. In particular, there are several techniques for measuring the authenticity of specific research articles. Page Rank Analysis (PRA) is a technique for finding the number of times an individual visits a specific web page (Mishra et al., 2018). PRA can also be viewed as an algorithm for measuring the reputation and status of an article. It was first applied to Google-based searching to recommend better quality (e.g., in terms of relevance) web pages to end-users. The networking of web pages may be better understood as the “networking system of citations” (Xu et al., 2018).  In PRA, if article A is cited by other authors in their articles as T1, T2…. Tn, then PRA of paper A may be determined using the equation below (Brin and Page 1998).
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where d = damping factor (approx. 0.85, always between 0 and 1); N = articles in the networking of web page; C(Ti) = citation times of article Ti; PR(Ti) = page rank of article Ti.
Note that in this paper, PRA is calculated by using the software “GEPHI” and “VOS viewer”.  The top ten authors’ page rankings are calculated and provided in Table 10.
Table 10: Top ten author’s page rank
	Authors
	PRA

	Beske (2014)
	0.009424

	Roth (2008)
	0.007512

	Ilbery (2005)
	0.004704

	Matopoulos (2007)
	0.003816

	Grimm (2014)
	0.002922

	Craighead (2007)
	0.002441

	Chopra (2004)
	0.002863

	Dolgui (2018)
	0.001495

	Nakandala (2017)
	0.001368

	Ambulkar (2015)
	0.001307


Further, the top ten authors’ local citations are graphically shown in Figure 10 (see Online Appendix A2). Table 10 and Figure 10 show that some of the article’s page rankings (Chopra, 2014; Dolgui, 2018) are consistent with local citations. Similarly, some of the article’s page rankings (Roth, 2008; Beske, 2014) are consistent with global citations.
4.3. Cluster Analysis/Network-based Citation Analysis
Data clustering aims at linking articles of the same academic domain in the same cluster while separating articles of different academic domains into different clusters (Radicchi et al., 2004). Therefore, the linkage between nodes of the same cluster is denser than linkages that belong to a different cluster. To measure the densities of links, the modularity index (ranging from –1 to +1) is calculated based on the “GEPHI” software (Blondel et al., 2008; Leydesdorff, 2011). The modularity index may be determined as:
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= weight of edges laying between nodes i and j,[image: image7.png]
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By using the above formula, the modularity index is calculated to be 0.645, which represents a high interconnectivity between the clusters. Thus, a high modularity index represents a good network of collected studies. The size of nodes represents the citation of a particular reference. The links between the nodes represent the relationships between nodes of the same or different cluster, which are shown in Figure 11.  
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Figure 11:  Cluster of dominating authors.
Table 11 details the seven clusters explained by the cluster of author citations.
Table 11: Cluster-based author citation and key findings
	Clusters
	Authors
	Global Citation
	TC/year
	Key points of clusters

	Cluster 1
	Aramyan et al. (2007)
	469
	36.08
	This cluster explains the role of IoT and other traditional technologies in developing the sustainability of ASC. It also reveals the technology-driven tracking of strategies of logistics operations.



	
	Matopoulos et al. (2007)
	193
	14.85
	

	
	Aggarwal and Srivastava (2016)
	10
	2.5
	

	
	Balaji and Arshinder (2016)
	50
	12.5
	

	
	Nakandala et al. (2017)
	10
	3.33
	

	
	Govindan et al.  (2018a)
	156
	78
	

	
	Mangla et al. (2018)
	53
	26.5
	

	
	Singh et al.  (2019)
	11
	11
	

	Cluster 2
	Renting et al. (2003)
	685
	40.29
	This cluster highlights IoT based on reducing losses and wastage of food during packaging plus shortening of logistics distances by pooled management.

	
	Ilbery and Maye (2005)
	196
	13.07
	

	
	Bottani and Rizzi (2008)
	13
	2.6
	

	
	Benis and Ferrao (2016)
	31
	7.75
	

	
	Sala et al. (2017)
	68
	22.67
	

	
	Bergendahl et al. (2018)
	23
	11.5
	

	Cluster 3
	Roth et al. (2008)
	227
	18.92
	This cluster discusses IoT and cloud computing-based coordination between basic processes of AFSCs, e.g., farm, food processing, distribution and retailing. The cluster also discussed transparency to improve AFSC visibility in performance measurement.

	
	Trienekens et al. (2012)
	107
	13.38
	

	
	Bourlakis et al. (2014)
	73
	12.17
	

	
	Verdouw et al. (2015)
	84
	21
	

	
	Rothwell et al. (2016)
	34
	8.5
	

	
	Ghadge et al. (2017)
	18
	6
	

	
	Govindan et al. (2017)
	55
	18.33
	

	
	Verdouw et al. (2018)
	16
	8
	

	Cluster 4
	Wagner and Neshat (2010)
	168
	16.8
	This cluster shows the effect of IoT based technologies in developing the resilience of SCs during any disruption (e.g., COVID-19). This cluster also explains the ripple effect propagation as a result of any disruption.

	
	Sawik (2011)
	107
	11.89
	

	
	Dolgui et al. (2018)
	93
	46.5
	

	
	Namdar et al. (2018)
	34
	17
	

	
	Ivanov et al. (2019)
	18
	18
	

	
	Dolgui et al. (2020)
	14
	-
	

	
	Ivanov (2020)
	19
	-
	

	Cluster 5
	Blackhurst et al. (2011)
	158
	17.56
	This cluster discusses the impact of disruption at company level of any supply chains. It focuses on developing IoT based infrastructure for risk management according to the level of risks.

	
	Ambulkar et al. (2015)
	150
	30
	

	
	Akhtar et al. (2016)
	28
	7
	

	
	Rajesh (2017)
	34
	11.33
	

	
	Singh et al. (2018)
	40
	20
	

	Cluster 6
	Kummu et al. (2012)
	359
	44.88
	This cluster uncovers the role of IoT based digital technologies on the dynamic capabilities of AFSC. It also explains the role of QR code and RFID in tracking prepackaged agri-food products.

	
	Beske et al. (2014)
	254
	36.29
	

	
	Li and Wang  (2017)
	22
	7.33
	

	
	Muriana (2017)
	37
	12
	

	
	Wang and Yue (2017)
	38
	38
	

	
	Porter et al. (2018)
	11
	5.5
	

	Cluster 7
	Vanek and Sun (2008)
	18
	1.5
	This cluster explains the barriers to IoT adoption in food retailing. It examines the impact of RFID tags and readers in warehouse functioning with effective temperature-controlled of agri-food products.

	
	Yang et al.  (2013)
	91
	13
	

	
	Biswal et al. (2018)
	16
	8
	

	
	Kamble et al.  (2019)
	30
	30
	

	
	Sinha et al. (2019)
	21
	21
	


5. Discussions of Findings and Propositions
AFSCM has been a focus for organisations as end-users are very much concerned about the history (expiry date, ingredients and chemicals used etc.) of agri-food products (Latino et al., 2021). A traditional AFSC system does not provide the facility of real-time monitoring. Therefore, digital-based AFSCM is a prerequisite for adopting IoT based technologies (RFID, EPCs, WSNs, cloud computing, big data analytics, etc.) (Hasuike et al., 2014; Fiorini et al., 2018). It is well-recognised that IoT and related technologies in AFSCs may assist in building a self–organised network system (sensors, communicating devices, data management device) and establish widely-distributed trustworthiness mechanisms that are user friendly for each stakeholder (Umar et al., 2019; Reinhardt et al., 2020). To improve the acceptance level of IoT technologies in different types of AFSCs, in this study, bibliometric mapping has been carried out to summarise relevant information collected from an extensive literature review (Tran et al., 2019; Sarker et al., 2020). Bibliometric analysis has been carried out in two parts: the first part is descriptive statistics and the second part is network analysis. 
Descriptive statistics outline that 2019 has contributed most to publications (52 articles) and citations (1299 citations). JCP (1106 citations) and IJPE (982 citations) have contributed most as journal wise publications. USA (438 documents) is the major country-wise contributor. Tennessee University (1475 citations) of USA and Michigan State University (23 documents) of USA are the biggest suppliers of affiliation wise contribution. Network analysis consists of keyword statistics, author influence, author co-citation and PRA. Keywords statistics have identified those keywords that have fewer occurrences - traceability, sustainability, IoT related technologies (big data, RFID), SC coordination and SC network design, resilience, disruption management etc. Thus, there is a need to focus on these key areas (Ismagilova et al., 2019; Lakshmi and Bahli, 2020). Author influence, based on the number of documents factor, is also reported (see the Online Appendix for the details).

PRA determines the credibility of a particular page by totalling the number of visits by particular readers. Based on PRA, Beske et al. (2014) are ranked first with a PRA value of 0.009424. Finally, cluster analysis has been carried out to set up the specific propositions (Ps) of different areas contributed to by different clusters.

Cluster 1 based studies support the role of IoT related technologies in developing the sustainability of AFSC. It also discusses the impacts of technologies and their (RFID tags, readers and WSN etc.) driven tracking systems as well as strategies for logistics operations. This cluster contributes to agri-food quality monitoring and quality–controlled logistics (Cane and Parra, 2020). We build the following Propositions for future studies.
Proposition 1 (P1): IoT based technologies enable AFSCs to have effective tracking and tracing of each process. It also improves sustainability of AFSCs as well as agri-food quality and safety. This can yield a higher level of social welfare.
Cluster 2 based studies support the IoT based reducing losses and wastage of food during packaging plus shortening of logistics distances by pooled management (Mahajan et al., 2017; Lu, 2017). This cluster contributes to analysing digitalised based solutions to route optimisation and agri-food wastage, considering logistics-based environment degradation, smart eco–friendly and biodegradable packaging for agri-food items. Thus, it improves entrepreneurial skills by fulfilling competitive based consumer requirements (Lakshmi and Bahli, 2020). We propose Proposition 2 as follows.
Proposition 2 (P2): IoT based technologies improve sustainability at both inter and intra organisational levels. Therefore, it develops competitive advantages for agents of AFSCs and potentially can improve social good. 
Cluster 3 based studies support the IoT and cloud computing-based coordination between basic processes of AFSCs suc has farming, food processing, distribution and retailing. Further, this cluster also discussed transparency to improve AFSC visibility in performance estimation (Badia–Melis et al. 2018; Sarker et al. 2020). Performance measuring of AFSCs is a critical process as it requires an effective tracking and traceability system to improve supply chain visibility; this leads to better and effective decision making (Rao et al., 2018; Hughes et al., 2019; Khan et al., 2021). We build the following Proposition for future studies.
 Proposition 3 (P3): Adoption of IoT improves the visibility of basic operational practices related to planning, sourcing, making, delivery and returns, which leads to easy measurement of the entire AFSC by benchmark setting. This also has a potential to improve social welfare.
Cluster 4 based studies support the effect of IoT based technologies in developing resilience of SC during any disruption within the SC (COVID–19) (Dolgui 2020). This cluster contributes to developing flexible AFSCs, so that it can sustain any kind of breakdown within the SC. This cluster contributes to some new emerging technologies like cloud computing, blockchain and big data to forecast the negative impact of SCD events with some decision making to mitigate the risks (Ivanov, 2019; Vieira et al., 2020). We propose Proposition 4.
Proposition 4 (P4): Any SC must have resilience or flexibility to overcome any type of disruptive events (e.g., COVID–19). In this context, IoT based technologies have emerged as a tool to support the implementation of early warning and risk-mitigating systems. 
Cluster 5 based studies relate to the presence of ripple effect propagation as a result of any major supply chain disruption. This cluster discusses the impact of disruption at a firm’s level of their SC. It also focuses on developing IoT based infrastructure for risk management according to the level of risks (Verdouw et al., 2016; Rajesh, 2017). This cluster also determines the speed of risk propagation and the time of its effect on upstream and downstream members of the SC (Ambulkar, 2015; Papagiannidis et al., 2020). We have Proposition 5.
Proposition 5 (P5): Improving resilience is mediated by IoT based resource reconfigurations or risk management infrastructure. Resilience also demands identification, interpretations and acknowledgement of the major IoT based technologies which are implemented in an AFSC. 
Cluster 6 based studies reveal the role of IoT based digital technologies on the dynamic capabilities of AFSC. Further, it also explains the roles of QR code and RFID in tracking pre-packaged agri-products (Kaur, 2019). This cluster focuses on reducing the variables for food processing, reducing lead time, reliable retailing system, improving dynamic capabilities, forecasting food losses or wastages etc. (Verdouw et al., 2016; Akter et al., 2019). We hence establish Proposition 6.
Proposition 6 (P6): IoT based real-time monitoring improves the dynamic capabilities of AFSCs, which affects food distribution and processing channels. It also allows scrutiny of consumer complaints, stakeholder involvement, the linkage between technologies and AFSCs and reconceptualised AFSCs.  
Finally, Cluster 7 based studies uncover the barriers in IoT adoption in food retailing industries (Kamble et al., 2019; Liang et al., 2021). They help explain the impacts of RFID tags and readers in warehouse functioning with effective temperature-controlled agri-food products. This cluster mainly focuses on tracking and tracing logistics activities to maintain food quality and safety (Ndraha et al., 2019). We hence establish Proposition 7.
Proposition 7 (P7): Implementation of IoT based technologies in AFSCs is always associated with some types of barriers. These barriers have emerged more prominently in the presence of disruptive events which could affect food security, logistics, warehousing systems and cold chain operations.
5.1. Theoretical Contributions 

Theoretically, this research has examined prior studies related to IoT based AFSCs by considering related articles, authors, countries, affiliations, etc. The study provides an insight into the strengths and weaknesses of prior studies in the literatture. Following Behavioral Reasoning Theory (BRT), this research has identified the “Reason For” (RF) and “Reason Against” (RA) in IoT adoption for AFSC operations (Sivathanu, 2018). Thus, by following BRT theory, this research guides organisations towards the process of IoT implementation rather than just believing in its adoption. The paper provides the interdependent cluster which highlights the involvement of multiple areas related to IoT based AFSCs. This study provides an insight into the network weights of the collected literature by considering nodes and edges. Here, the nodes represent contributing documents and edges represent the relationships between literature-based documents. The identification of cluster-based analysis reveals the key areas (sustainability, food safety, risk management etc.) which have been the focus in recent years and also uncovers the areas (IoT related technologies, SC resilience, SC disruption management, SC coordination etc.) which need to be further explored in the future. The various interconnected clusters can be summarised as Cluster 1: IoT based AFSCs and sustainability; Cluster 2: IoT based AFSCs and reducing food losses with food safety; Cluster 3: IoT and cloud computing-based coordination within AFSCs; Cluster 4: IoT and supply chain resilience during disruption; Cluster 5: Impacts of disruption at firm level by considering IoT based network; Cluster 6: IoT based pre-packaged food tracing; Cluster 7: Barriers in food retailing and dealing with warehouse control. A future research agenda with seven propositions has been established to motivate more studies in the future. 
5.2. Managerial/Practical Implications 
The study has identified several managerial and practical implications. We discuss them as follows one by one:
· This study motivates managers of organisations in AFSCs to develop a logical business policy that is efficient, value-creating and long term sustainable, rather than short term and profit-making for achieving effective AFSCM.   

· The interconnection of various kinds of clusters explained in this paper could act as a pooled information system for engineering managers in AFSCs. This information may be utilised by managers in their policymaking as a justification of implementation of IoT based AFSCs.
· This study may guide managers to sponsor training development programmes for farmers and other workers in AFSCs. This kind of training may help overcome barriers in technology adoption and technical expertise for agriculture-based enterprises.   

· This study may motivate different firms in AFSCs to work more closely together based on co-innovation using different IoT technologies. Co–innovation allows AFSC organisations to better enhance their sustainable practices as well as those of all other organisations that have been working collaboratively. This is important nowadays for AFSCM. 

· This study may guide managers and academicians to identify different types of AFSCs based on different IoT technologies. This can enhance planning of implementation and compatible technologies adoption to facilitate the deployment of IoT in AFSCs.  
· This study can help to frame practical strategies by considering smart agri-food packaging, tracking logistics activities, policies of agri-food safety and quality and policies for risk mitigation facing supply chain disruptions.
6. Conclusion

6.1. Summary
In this study, a bibliometric analysis of IoT and AFSC research has been performed to evaluate 346 articles identified from a search based on portals such as WoS. By applying bibliometric analysis tools and techniques, important journals, leading institutes, top contributing authors, keywords relations, author co-citations and cluster analysis have all been highlighted. Seven clusters have been identified. The least occurring keywords, which are traceability, performance measurement, food waste, circular economy, big data, RFID, SC coordination, SC network design and COVID–19, have been identified.

Cluster 1 relates to IoT and sustainability in AFSC; cluster 2 relates to IoT and food losses during packing; cluster 3 relates to IoT and transparency for measuring AFSC performance; cluster 4 relates to disruption based ripple effect within SC, resilience and Industry 4.0; cluster 5 relates to firm performance and disruptive effects on IoT based networking systems; cluster 6 explains the role of RFID based tracking and tracing of pre-packaged Agri products; cluster 7 identifies barriers in the adoption of IoT technologies in the food retail industry and also focuses on controlling warehouse operations. 

We have found from the analysis that in prior studies, IoT has mainly focused on agri-food safety and quality by tracking the AFSCs (developing cold chains, early warning systems, etc.), followed by monitoring of basic practices (logistics, warehousing, packaging, processing, farming practices, etc.). Most applications of IoT have deployed electronic sensors for measuring temperature, soil humidity and agri product location. To transfer basic information, technologies commonly used have been found to be the Internet, RFID tags and readers, WSNs, EPCs, cloud computing, big data analytics, blockchain, etc. Finally, we have concluded that there is a huge capability for IoT technologies in the AFSC field and it requires a further innovative procedure to capture the full potential of IoT. A future research agenda, with seven propositions touching some aspects of social good, has been established.

The study has some limitations. The present work has used only the titles, keywords and abstracts to search research papers after 2005. Thus, some information has not been considered during text mining for cluster formation. The articles which are not yet published, conference papers and other research theses, are not considered in the bibliometric analysis. In this paper, we focus on the current state of knowledge with the deployment of IoT technologies. 
6.2. Unique Contributions (Novelty) and Future Research
The current research is among the earliest to explore the literature surrounding the applications of IoT technologies in AFSCM. Overall, the findings demonstrated the IoT's immense capability, and while several significant applications were recorded, it is evident that more studies and development are needed to fully achieve the IoT’s entire capabilities. This study helps to guide AFSC related companies and organisations on IoT based technologies adoption in AFSCs. This research has presented a theoretical BRT background to compare RF and RA in IoT implementation for AFSCM. Overall, we have noted the huge capabilities of IoT based technologies in the agriculture sector, which can be summarized at strategically, tactical and operational levels within AFSCM. This study has conducted a systematic review based on bibliometric tools (VOS viewer) and network analysis. A major contribution is to present an up-to-date view of the related literature and to establish a novel research agenda which includes seven propositions for future studies. Social welfare and social good are also included in some proposed propositions.

In the future, IoT based innovative business models may be developed to provide links among organisations of AFSCs and other technologies (Li et al. 2021), such as machine learning or artificial intelligence. This would call for further studies in the future. 
The provided designs and theories must be empirically tested through empirical studies or simulator, as majority of the studies in this investigation have suggested paradigms for IoT acceptance and deployment in AFSCM. Since there are significant impediments to the implementation of IoT technology in established and emerging economies, the present study on IoT applicability in AFSCM has to be duplicated in diverse domains, organizations, and territories. In addition, studies on environmental measures are urgently needed (such as carbon emission evaluation functions, energy and agri-food waste). Based on the discussed propositions, Figure 12 (see Online Appendix (A1) is established which explains the framework to aid future research. The model is based on Behavioral Reasoning Theory (BRT). BRT has focused on “Reason For” (RF) and “Reason Against” (RA) based on the seven proposed propositions (P1-P7).
[Figure 12 about here]
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