Exploring the application of Industry 4.0 technologies in the agricultural food supply chain: a systematic literature review
Abstract
The need for Industry 4.0 (I4.0) is felt across “agriculture food supply chain (AFSC)” to tackle the global demand for food items and concerns regarding food safety and security. Further, this transformation is possible due to recent advancements in I4.0 technologies, including “Internet-of-Things (IoT), Blockchain, Big Data (BD), Information and Communication Technology (ICT), Cloud Computing (CC) and Cyber-Physical System (CPS)” etc. Each of these technologies has a specific role in making the AFSC eco-system smart enough to address today’s world challenges. Thus, this paper reviews these major technologies in AFSC to understand their applications and recent trends. The review is based on 146 articles from the “Scopus and Web of Science” database. The articles include peer-reviewed journals published between 2010 and 2020. The applications of reviewed technology in AFSC are analysed under five research dimensions, namely traceability and food safety, information system management, food waste, control and monitoring, decision making and agribusiness, and other miscellaneous-based applications. The study suggests that the integration of reviewed technologies can be more useful to provide low-cost solutions and empower sustainability in AFSC. Further, blockchain can emerge as a game-changer to ensure food safety and security. The current challenges and future research agenda in concerned themes are also identified to further motivate researchers to develop this area. This is the first paper that summarises the recent developments of six technologies for AFSC research. 
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1. Introduction
Agriculture has its unique importance in many countries as it carries the responsibility of feeding the whole population. Furthermore, this is made possible through managing the various flows of different stakeholders involved to satisfy the need of end consumers, thus forming a complete AFSC network. In literature, this is also referred to as “Farm to Fork supply chain,” “Plough to Plate supply chain”, “Agri/agro-food supply chain” among others. Some of the stakeholders involved in AFSC consist of “farmers, consumers, agricultural suppliers, food processor & distributors, non-government organizations (NGOs), national & international agricultural agencies, government and concerned institutions” (Viswanadham and Kameshwaran, 2013; Kayikci et al., 2020). Recently, customer’s confidence in AFSC has been shattered by few food incidents like “trench oil”, “clenbuterol” “Sudan red” and “sanlu toxic milk powder” in China (Jing et al., 2012), “horsemeat scandal” in Europe (Boyacia et al., 2014), “salmonella outbreak” in the USA, genetically modified food, and mad cow diseases (Aung and Chang, 2014) among others. With growing awareness about food safety and security, the need for embedding modern technology into AFSC has become a need of the hour. In addition, the emergence of I4.0 in manufacturing has tipped other sectors to bring a similar revolution. I4.0 is the fourth industrial revolution characterized by decentralization, digitization, automation, virtualization, machine-2-machine communication, and real-time data acquisition and processing (de Sousa Jabbour et al., 2018). The journey of the industrial revolution started with steam engines and mechanical power in I1.0, while electricity brought mass production in I2.0. Automation and electronics powered I3.0, while recent technological development and CPS formed the basis for I4.0 (Lezoche et al., 2020). Thus, I4.0 technologies are the driving force for this revolution. In addition, the potential of utilizing I4.0 concept in AFSC is not hidden as it prevents unnecessary waste (muda) and reduces the economic burden of outbreaks, product recalls, and cross-contamination (Kayikci et al., 2020). I4.0 technologies can make AFSC more intelligent, smart, integrated, data-driven, agile, autonomous, connected system. Furthermore, I4.0 technologies for improvement in other sectors are well documented, but similar applications in AFSC are limited. Thus, there is a need to investigate I4.0 technologies responsible for transformation of AFSC.
Technology adds value to each stage of AFSC. Some of these value-added activities by I4.0 technologies are shown in Figure 1. At the production and processing stage, technologies support sustainable production practices, precision agriculture, and quality evaluation of raw material suppliers. In addition to this, I4.0 technologies provide information that helps in various decision-making at different stages of AFSC. Technology assists the distribution stage by providing real-time monitoring, waste reduction, and more innovative logistic operations, including sharing. Technology facilitates effective agro e-commerce & trading at the consumption stage, provides provenance tracking options, and promotes circular economy initiatives. 
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Figure 1 I4.0 technology enabled AFSC


The significance of technology can be understood from real-world projects like “TraceRegister”, “m-fish,” and “ThisFish,” which make use of technologies to capture real-time data and correspondingly transform its digital asset for better monitoring of food flows in AFSC. However, the accountability of such a system will be hampered if the central agency is malfunctioning. A similar case arises in sea foods where the regulation of fisheries and other related items is a big concern for countries irrespective of being developing or developed. Further, to address such a global seafood crisis, the “United Nations Environment Program (UNEP)” lays the rules and regulations (UNEP, 2009). In such cases, technology like blockchain and IoT could conveniently track provenance and food control through proper monitoring mechanisms.
I4.0 technologies help AFSC make it more sustainable and resilient by facilitating information sharing and collaboration. Furthermore, I4.0 technology supports supply chain coordination, which is essential to preserve sustainability (Singh et al., 2021). The recent developments in technology and agricultural methods have triggered the emergence of smart farming (SF), leading to better control of agricultural practices. In simple terms, SF is a farming management concept that uses information and modern technologies to optimize complex agriculture systems. Thus, using SF, farmers can better control and monitor agro-practices, resulting in increased efficiency and productivity. Furthermore, increased demand for quality and quantity of food has intensified the agricultural sector's industrialization, demanding a better agro-food supply chain ecosystem. For such circumstances, I4.0 technologies like “IoT, big data, CC, ICT, CPS and blockchain” is of immense importance. With growing concerns about food safety and security, regulation, and monitoring, this paper aims to review all such technologies that could change the AFSC ecosystem's future. Keeping this view in mind, the following research questions (RQ) are encountered and need to be answered: 
RQ1: What are the recent I4.0 technological developments in AFSC?
RQ2: What are the current statuses and areas where each of I4.0 technological developments has been applied in AFSC?
RQ3: What approaches, tools, and methodology have been used to adopt I4.0 technologies in AFSC?
RQ4: What are the significant challenges and future research agenda in the concerned theme? 
To address these RQ, a systematic literature review (SLR) method is adopted. According to Meredith (1993), a SLR enable “integrating a number of different works on the same topic, summarizing the common elements, contrasting the differences, and extending the work in some fashion”. In addition, conducting a structured review enables synthesizing in exploring a growing field of knowledge in a more appropriate manner (Miemczyk et al., 2012), such as the recent technologies addressed in this study and their potential impacts on the AFSC ecosystem.
1.1 Existing review paper and our contribution
To explain the need of the literature review and justify our contribution in line with existing literatures, previous reviews in the field are summarized in Table 1. It shows that few reviews considered the application of technologies and its impacts on the AFSC. For instance, Costa et al. (2013) addressed RFID applications while Verdouw et al. (2013) and Bouzembrak et al. (2019) discussed IoT-based research in AFSC. Big data-related reviews are addressed by Kamilaris et al. (2017) and Sharma et al. (2019). As Blockchain is a trending field in recent years, most reviews are focused on this field (Zhao et al., 2019; Antonucci et al., 2019; Chen et al., 2020; Duan et al., 2020; and Feng et al., 2020). These review papers address only a single technology, but none have discussed these technologies in conjunction with I4.0 perspective except the Lezoche et al. (2020), which survey four I4.0 technologies but is more descriptive work than an SLR or bibliometric review.
Contrary to this, our work is an SLR covering six major I4.0 technologies applied in AFSC under one unified approach. Moreover, other I4.0 technologies like augmented reality, autonomous robots, digital twins, artificial intelligence, virtual reality, 3D printing, etc., exist but are not as prevalent in AFSC as the reviewed six technologies in this work. Further, the transformation of AFSC to meet the future food demands could be complemented by applying the concept related to I4.0, precision, and smart farming since these concepts are closely associated with I4.0 technologies. Thus, the need arises to understand the recent developments of these technologies to have their correct applications. In addition, the challenges related to the implementation of these technologies and future research direction need to be documented for the researchers to make further development in this area.
Table 1 Existing review paper in related fields
	Sr.
No.
	Authors
	Technology
	Time horizon
	Scope
	No. of articles
	Journal

	1. 
	Costa et al. (2013)
	RFID
	--
	Agricultural Traceability
	53
	Food and Bioprocess Technology

	2. 
	Verdouw et al. (2013)
	IoT
	--
	Virtual Floriculture
	--
	Computers and Electronics in Agriculture

	3. 
	Bouzembrak et al. (2019)
	IoT
	2011-2018
	Food Safety
	48
	Trends in Food Science & Technology

	4. 
	Kamilaris et al. (2017)
	Big data analytics
	1995-2016
	BD Analytics in Agriculture
	34
	Computers and Electronics in Agriculture

	5. 
	Sharma et al. (2019)
	Big data analytics + GIS
	2000-2018
	Agriculture Supply Chain
	120
	Computers and Electronics in Agriculture

	6. 
	Zhao et al. (2019)
	Blockchain
	2008-2018
	Agri-food value chain management
	71
	Computers in Industry

	7. 
	Antonucci et al. (2019)
	Blockchain
	2013-2018
	Applications in the agri-food sector
	34
	Journal of the Science of Food and Agriculture

	8. 
	Chen et al. (2020)
	Blockchain
	2009-2019
	Processes, Challenges and benefits of blockchain adoption in FSC
	115
	Information Systems and e-Business Management

	9. 
	Duan et al. (2020)
	Blockchain
	2016-2018
	Adoption of blockchain in FSC
	26
	International Journal of Environmental Research and Public Health 

	10. 
	Feng et al. (2020)
	Blockchain
	2005-2019
	Food Traceability
	--
	Journal of Cleaner Production

	11. 
	Lezoche et al. (2020)
	Artificial Intelligence, Big Data, Blockchain, and IoT 
	--
	Agri-food 4.0
	--
	Computers in Industry

	12. 
	Our work
	Big data, Blockchain, CC, CPS, ICT and IoT 
	2010 – June 2020
	Agriculture Food Supply Chain (AFSC)
	146
	--



Section 2 details the research methodology used for this review work, while the recent developments of I4.0 technologies are discussed in section 3. Section 4 illustrates the classification of reviewed literature. In addition, the major research areas and applications of each technology are discussed in section 5, and future research directions are summarized in section 6. Finally, section 7 briefs about the concluding remarks of the present work.

2. Research Methodology
[bookmark: _Hlk49498448]In this paper, an SLR is conducted to address the research questions described in the previous section. Further, a literature review is “a systematic, explicit, and reproducible design for identifying, evaluating and interpreting the existing body of recorded documents” (Fink 1998). Here, SLR is conducted following similar papers (for example, Ashby et al., 2012; Brandenburg et al., 2014) and based on the classical four steps methodology proposed by Mayring (2003) as follows:
Step 1: Material collection: At first, the literature is collected from various sources. Furthermore, it is followed by screening based on including and excluding criteria to obtain the material for final review. Section 2 provides the details of this step. 
Step 2: Descriptive analysis: The reviewed material is analysed to understand the theoretical background. Section 3 and 4 present this step's details, where section 3 illustrates the background of technology use in AFSC, and section 4 classifies the literature to evaluate the current trends in AFSC.
Step 3: Category selection: The reviewed material is classified into a different category to find the existing trends. Section 5 presents the details of this step where the evaluated material is categorised into five categories.  
Step 4: Material evaluation: The reviewed material is critically examined to identify the key insights, issues, opportunities, and interpreted results. Section 6 presents the details of this step.
The research articles considered for this review were taken from electronic two bibliography databases i.e. “Scopus and Web of Science”. The specific keywords used for these searches are shown in Table 2. The keywords are searched in “the title, keywords, and abstract of the paper.” However, this resulted in large numbers of papers appearing. The further screening included the application of various including and excluding criteria to obtain the most relevant articles concerning our review theme. The detailed information about including and excluding criteria is mentioned in Table 3, along with their justification. With the mentioned keyword in Table 2, 1632 articles were found. At least one author read the abstract of these articles, and it was observed that 158 papers were related to the central theme. After that, full texts of these articles were analyzed where observation was made that only 146 articles fit into actual review and, hence, were finalized for the review process. Since the reviewed technologies are very recent developments, their implementation in AFSC is still in the early adoption stage. Very few papers were found before 2010. Hence this review considers articles published from 2010 to 2020. The review process is shown in Figure 2.
Table 2 Keyword used for literature search
	Sr. No.
	Area
	Keyword

	1. 
	Agriculture Supply Chain
	“Blockchain in Agriculture Supply Chain 

	
	
	RFID in Agriculture Supply Chain

	
	
	WSN in Agriculture Supply Chain

	
	
	IoT in Agriculture Supply Chain

	
	
	ICT in Agriculture Supply Chain

	
	
	Big data in Agriculture Supply Chain

	
	
	Cloud computing in Agriculture Supply Chain

	
	
	Cyber-physical system in Agriculture Supply Chain”

	2. 
	Food Supply Chain
	“Blockchain in Food Supply Chain 

	
	
	RFID in the Food Supply Chain

	
	
	WSN in Food Supply Chain

	
	
	IoT in Food Supply Chain

	
	
	ICT in the Food Supply Chain

	
	
	Big data in Food Supply Chain

	
	
	Cloud computing in Food Supply Chain

	
	
	Cyber-physical system in Food Supply Chain”

	3. 
	Agriculture(al) Food Supply Chain 
	“Blockchain in Agriculture(al) Supply Chain 

	
	
	RFID in Agriculture(al) Supply Chain

	
	
	WSN in Agriculture(al) Supply Chain

	
	
	IoT in Agriculture(al) Supply Chain

	
	
	ICT in Agriculture(al) Supply Chain

	
	
	Big data in Agriculture(al) Supply Chain

	
	
	Cloud computing in Agriculture(al) Supply Chain

	
	
	Cyber-physical system in Agriculture(al) Supply Chain.”
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Table 3 Detailed information about including and excluding criteria along with justification
	Sr. No.
	Detail Information
	Including
	Excluding
	Justification

	1. 
	Type of language
	English
	Other than English
	Authors only understand English language.

	2. 
	Keywords
	Mentioned in Table 1
	----
	Matches review theme.

	3. 
	Type of Publications
	Peer-reviewed journals
	All types of thesis, whitepapers, book chapters & conference proceedings 
	· The availability of full thesis is not assured and thesis contents are mostly present in journals articles that are automatically considered.
· The whitepapers are not peer-reviewed and hence their credibility is low. 
· Conference papers and book chapters are not rigorously peer-reviewed, and their credibility is also suspicious. Also, the extension of these papers is generally observed in the peer-reviewed articles, and considering both may result in duplicity. 

	4. 
	Type of Databases
	“Scopus and Web of Science”
	Other than “Scopus and Web of Science”
	Only “Scopus and Web of Science”, due to wide coverage and reputation. 


	5. 
	Year of Publication
	2010 to 2020
	Before 2010
	The reviewed theme was not much developed before 2010, and very few papers existed before 2010. 

	6. 
	Including Areas
	“Agriculture Supply Chain, Food Supply Chain, Agriculture
(al) Food Supply Chain”
	----
	Matches review theme.



3. Recent Technological developments in AFSC
Over the years, AFSC has gone through many transformations, and sophisticated technology embedment is a recent one. Technologies have changed the structure of traditional AFSC and have brought more leverage to its stakeholders. This section will discuss a few such technologies that are revolutionizing the AFSC and will be the future of AFSC (da Silveira et al., 2021).  
3.1 Blockchain in AFSC
Blockchain is cryptographically secured distributed ledger technology used to record the history of a transaction. Each node on the blockchain system keeps a copy of all the previous transactions/records carried on that particular system. Here, no single node is the owner, thus making it a decentralized system. The other characteristics of blockchain include auditability, immutability, smart-contract, P2P, traceability, and worthy trust system. The transactions carried on blockchain-based systems follow different consensus algorithms like “Proof of Work (PoW), Practical Byzantine Fault Tolerance (PBFT), Proof of Stake (PoS), Proof of Capacity, Proof of Burn (PoB), and Proof of Elapsed Time” etc. The consensus mechanisms are standard and thus ensure full-proof authorization and validation of transactions performed on blockchain networks.
Furthermore, blockchain does not require intermediaries; thus, the transaction cost is considerably reduced. The detailed working principle of blockchain is shown in Figure 3. In the I4.0 perspective, blockchain can help create a trust-based environment for trade transparency amongst various industries (Benzidia et al., 2021). Furthermore, blockchain has lots of potential to revolutionize AFSC, but its adoption is early and yet to be fully explored (Ge et al., 2017; Zhao et al., 2019). 
[image: ]
Figure 3 Working of Blockchain (Adapted from Yadav and Singh, 2019a)
Blockchain has significant potential in many fields, but its application in the fiancé sector is most popular. However, promising applications are observed in AFSC for various applications like traceability (Tian, 2016; Kumar and Iyengar, 2017; Tian et al., 2017; Galvez et al., 2018; Hong et al., 2018; Hua et al., 2018), certification (Lin et al., 2017) and information systems management (Lin et al., 2017; Galvez et al., 2018), etc. Thus, blockchain can enable provenance traceability in AFSC while smart contract mechanism facilitates the smooth conduction of agri-business. A blockchain-based AFSC system would bring transparency and build trust among consumers (Yadav and Singh, 2019a). Tian (2016) was the first to propose an integrated blockchain and RFID-based framework for traceability in AFSC. The world's biggest retailer giant, Walmart, conducted a pilot test to track the pork in China and produce in the USA in the first quarter of 2017. Few other examples in this context are by companies like Provenance (a UK-based company), Ripe, etc.
Further, blockchain can act as a banking and finance platform to provide better aid to farmers. One such example is “Atlas,” which is a blockchain-based start-up for the same. IBM and Twiga Foods have developed a “micro-lending platform” for Kenyan farmers and businesses through the blockchain-based app. The results of their pilot work revealed that such a mechanism would increase the profits of each stakeholder. Yadav and Singh (2019b) came up with a framework for a blockchain-based mobile app to address few issues of Indian farmers.
3.2 Big-Data in AFSC
“National Institute for Standards and Technology (NIST)” of USA defines Big Data Engineering as “advanced techniques that harness independent resources for building scalable data systems when the characteristics of the datasets require new architectures for efficient storage, manipulation, and analysis.” Big data is characterized by 5V’s, namely velocity, veracity, volume, value, and variety. Nowadays, it has got massive importance across all dimensions as today’s circumstances have become more data-centric, e.g., business, manufacturing, services, and agriculture, etc. AFSC has too many touchpoints and thus generates an enormous amount of data and needs proper monitoring to increase value in the agro-value chain. In addition, digitalization of the AFSC process would generate a large amount of data. This could be the new resource, and its right use can enhance competitiveness and add value to the organization. Owing to this, few large retailers have already opted for big data analytics in their business. Further, other agro-industries have started using big data to make their operations sustainable (Freidberg, 2017). 
Coble et al. (2018) discussed the opportunities of big data applications in the agricultural value chain and elaborated on the associated challenges in doing the same. The authors found that food traceability and data analysis for various AFSC applications were significant challenges, while precision agriculture and information implications were significant opportunities to leverage big data. In addition, the nature of variables in AFSC is often associated with uncertainty and thus requires information processing capabilities. Further, the right application of big data analytics can reduce this uncertainty. 
3.3 Cloud Computing in AFSC
[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50]CC provides computing services like storage, servers, networking, analytics, intelligence and software over the internet (“the cloud”) at customers' request. NIST defines CC as “a model for enabling ubiquitous, convenient, on-demand network access to a shared pool of configurable computing resources (e.g., networks, servers, storage, applications, and services) that can be rapidly provisioned and released with minimal management effort or service provider interaction”. It provides high performance and is less costly (Zhang et al., 2010; Misra and Mondal, 2011). 
Satake and Yamazaki (2011) used CC as primary ICT in the food chain and proposed a future food network. The authors also discussed a few solutions provided by Fujitsu (a Japanese organisation) using the same technology on value addition in the food chain. Singh et al. (2015a) used a CC-based framework to optimize carbon footprint in the beef supply chain. Singh et al. (2018a) proposed an integrated big data CC-based framework for selecting low carbon suppliers for the beef supply chain.
3.4 IoT in AFSC
The 2015 Internet Society (ISOC) report refers IoT as “The term Internet of Things generally refers to scenarios where network connectivity and computing capability extends to objects, sensors and everyday items not normally considered computers, allowing these devices to generate, exchange and consume data with minimal human intervention” (Rose et al, 2015). The various IoT devices include “Radio Frequency Identification (RFID), Wireless Sensor Network (WSN), Long Term Evolution (LTE), LongRange (LoRa), Zensys Wave (Z-Wave), IEEE 802.15.4, Near-field communication (NFC), Machine to Machine (M2M), Ultra-wideband (UWB) and IPv6 Low-power Wireless Personal Area Network (6LoWPAN), etc.” IoT has got applications in almost all business applications, and agriculture is one of the promising ones. IoT has been used for various agricultural applications like traceability (Liang et al., 2015; Li et al., 2017; Fan, 2019), irrigation systems (Goap et al., 2018; Nawandar and Satpute, 2019), monitoring systems (Popovic et al., 2019) and smart farming (Muangprathub et al., 2019), etc. 
IoT is the most studied technology in AFSC research (Ramundo et al., 2016). Until now, most IoT applications have been used for traceability, where various IoT devices are being used to record data and fed to a shared server over the internet for recording purposes. Atzori et al. (2010) have discussed the applications of IoT in logistics and transportation, which is an essential aspect of AFSC. The other promising IoT applications could be seen in the case of precision agriculture, which aims to increase food production through sustainable initiatives to meet the world's growing demand for food. RFID and WSN are considered to be the main building blocks of IoT. These devices have been mainly used to collect the data for traceability purposes or other information gatherings. In the case of RFID, there is a tag and receiver. The work of the tag is to sense while the receiver captures data. After that, this data is transferred for a suitable application. Two types of tags exist, i.e., active and passive. The active tags require an internal energy source like a battery, while the passive tag receives energy from external sources.
3.4.1 RFID application in AFSC
Traceability has been one of the most shouted applications of RFID in AFSC. This can also be viewed in the review work of Costa et al. (2013). The authors investigated the recent development of RFID-based traceability. The fish food supply chain is an important area where traceability plays a vital role. One such RFID-based traceability implementation is studied by Mai et al. (2010) for fish companies in European economic areas, Chile, and Vietnam. The authors found that quantifiable benefits are achieved by implementing an RFID-based traceability system. Another example of fish traceability is observed in Treber et al. (2013) for tracing fish journeys using RFID data loggers. In addition, traceability helps to ensure food safety. Li and Liu (2011) proposed an RFID-based traceability mechanism for food safety and designed the framework for the same. Huang et al. (2011) and Hong et al. (2011) proposed an RFID-based traceability mechanism for food safety in Chinese and Taiwanese contexts, respectively. Piramuthu et al. (2013) discussed the product recall for contamination in a multi-echelon perishable “food supply chain network (FSCN).” They proposed the traceability mechanism based on an RFID system to identify any contamination. 
RFID is also used with a few other technologies to leverage the combined benefits. Zhang et al. (2013) analyzed the smart sensor-based IoT application for provenance tracking in AFSC. The authors developed an algorithm for tracing contamination in food and backtracking in case of infected food. Zou et al. (2014) developed an RFID-based wireless traceability system for intelligent logistics for sweet melons. Jakkhupan et al. (2015) developed EPCglobal Network Standards and RFID-based traceability for the rice supply chain.
The RFID-based system has also been used to provide information to ensure food safety (Wang, 2012). Wang and Huang (2012) proposed a novel idea about food security and safety using an RFID-based system. Few works were also reported on quality evaluation in AFSC using RFID technology. Wang et al. (2012) designed a quality evaluation system using RFID for the wine supply chain. They used an integrated k-nearest algorithm and artificial neural network to prevent counterfeit and discover an accident to reduce any losses. Faccilongo et al. (2016) advocated the use of RFID sensors to monitor and control various activities of AFSC. The authors also discussed the two practical cases in Italian hubs.
The RFID-based system is also used for the decision-making process at various stages of AFSC. A decision support system for the food manufacturing supply chain to assure quality was developed by Ting et al. (2014) using RFID. A case study of the wine industry from Hong Kong is evaluated to validate the proposed system. Ha et al. (2014) formulated a structural model to investigate the entry of RFID in the beverage and food supply chain of South Korea. Bottani et al. (2014) interrogated the environmental sustainability of RFID implementation using the LCA approach. Gaukler et al. (2017) investigated the value of information for establishing dynamic expiration dates to a perishable product using RFID and sensor technology. The authors found that such an approach is a win-win situation for retailers and consumers.
With so much potential in RFID based systems, few authors investigated the economics for RFID implementation. Grunow and Piramuthu (2013) derived the condition under which RFID implementation benefits various AFSC stakeholders. Cuinas et al. (2014) developed RFID-based traceability for fish, wine, and meat supply chains and investigated the rate of investment of RFID implementation. Fu et al. (2019) used game theory to investigate the RFID investment decision for AFSC traceability. 
3.4.2 IoT based application in AFSC
IoT applications are discussed in detail in the review work of Bouzembrak et al. (2019). Yan et al. (2012) designed traceability for the aquatic supply chain using integrated IoT-based technologies. Bao et al. (2013) proposed an IoT-based visibility for AFSC using RFID and WSN. Liu et al. (2015) proposed an iotNS, which was an “enterprise-oriented name service” for AFSC traceability. The proposed system was five times faster than the GS1 standard. Liu et al. (2018) proposed a similar IoT-based traceability mechanism which was supported by “Domain Name System Security Extensions (DNSSEC)” in the Chinese context. Chen (2015) developed an autonomous agent-based IoT architecture for backtracking in AFSC. Li et al. (2017) proposed traceability for pre-packaged FSC using integrated IoT based technologies. The proposed system was validated through a case in Chinese tortoise jelly industry.  
IoT based systems are beneficial for providing information and hence help in decision making. Duan (2011) proposed an architecture using IoT for information systems in AFSC. Verdouw et al. (2016) analysed the virtualisation of AFSC using IoT. The authors came up with architecture for an information system using IoT technology. Yan et al. (2016) proposed IoT based information system for AFSC.  
IoT based application for decision making is another area where numerous researchers have conducted relevant works. Yan et al. (2017) designed IoT based three echelons coordinated FSCN. Salinas Segura and Thiesse (2017) compared sensor-based issuing policies and standard issuing policies through simulation on three echelons AFSC. The authors found a sensor-based system outperformed the classical in many cases but still need tradeoff for a few cases. Jagtap and Rahimiford (2019) used IoT in the UK food manufacturing industry to track real-time food waste data for minimizing the same. The authors showed the applications of their proposed framework through four different use cases in the UK context.
IoT implementation in AFSC needs a detailed work plan which a few researchers encountered. Lu et al. (2015) studied the factors affecting IoT adoption in the Chinese context. Some IoT-based application also exists for AFSC monitoring and control. Maksimovic et al. (2015) came up with a proposal for IoT based low-cost traceability and monitoring system for food packaging and transportation. Leng et al. (2019) proposed IoT based inspection system for AFSC.
3.4.3 IoT integration with other technologies
IoT has been used with various other technologies like blockchain, big data, CC, CPS, etc., for different AFSC applications. Mededjel et al. (2017) proposed an integrated approach using IoT, cloud, and fog computing for AFSC traceability. Giagnocavo et al. (2017) studied the famous case of Almeria traceability and proposed a similar system of traceability using IoT and big data. The authors also analysed the possibility of adopting a similar traceability mechanism for the Chinese context. Alfian et al. (2017) proposed a real-time monitoring system using IoT devices on a big data platform for South Korean FSC. Engelseth (2018) discussed the applicability of big data and IoT through a banana supply chain case study from Costa Rica to Norway. The results suggested that big data application is limited, but IoT integration has a significant role to play. Lin et al. (2019) developed a prototype of traceability for food safety using IoT and blockchain technology.
3.5 ICT in AFSC
ICT is acronym as “Information and Communication Technology, " a major driving force in today’s world for bringing many sustainable changes. ICT refers to the use of technology to provide adequate information through telecommunications. The application is similar to information technology but more focused on communication. ICT has also been successfully used in AFSC for providing information to support various decisions making in AFSC. e-Choupal is an ICT platform widely used by farmers in rural India to obtain various information and services (Mukerji, 2020). Information collected through different ICT platforms could be utilized for food safety, control, and monitoring. Another such example can be seen in the work of Mishra and Singh (2018) where the authors used social media Twitter as ICT platform for developing strategies for waste minimization in the beef FSC. Further, Kumar et al. (2020b) acclaimed that a significant relationship exists between SCM practices and ICT, and ICT can increase the organizational performance of AFSC.
3.6 CPS in AFSC
CPS is referred to deep intertwine of interconnected physical and computer components where each of them is operating to process the task efficiently and safely, and subsequently adjust with any changed requirement (Chen, 2017). The success of these engineering systems depends on the seamless integration of physical and computational algorithms. This would result in better adaptability, capability, scalability, safety, resiliency, usability, and security over today’s systems. Bogataj et al. (2017) used a CPS-based decision-making system in an extended material requirement planning model to mitigate risk in the perishable supply chain, which reduced post-harvest losses. Chen (2017) proposed a CPS-based intelligent approach for food traceability and used fog computing, fuzzy approach, and value stream for active tracking and tracing. Pal and Kant (2019) used the IoT-based CPS system for perishable product traceability and named it “Internet of Perishable Logistics”. The authors extended their work for making a complete CPS-based intelligent system for better online monitoring and operational control. Such initiatives enhanced food freshness and safety, increased transportation and distribution efficiency, and reduced food waste (Pal and Kant, 2020). 

4. Classification for trend evaluation 
The classification of published articles shows that most of the works are being carried out in Asian countries where China is the leader, followed by India. AFSC research related to blockchain and IoT adoption and implementation is more prevalent in China, while Indian research has widely spread across blockchain IoT. ICT, and CPS technology. Italy and the USA have significant research contributions on all reviewed technologies except CPS and BD. Spain's research inclination is towards IoT, CC, and CPS, while blockchain and IoT-based research are more prevalent in Malaysia. However, another interesting fact regarding the working territory of reviewed literature is that most of the research was just a proposal and did not mention their working territory. They are termed as “Unspecified” in this work. In addition, few researches are conducted in more than one country and hence are classified under “Multiple Countries.” The more details about country-based classification could be seen in Figure 4 and Appendix A.

Figure 4 Country specific trend of reviewed articles
The reviewed literature is also categorized according to specific industries in this article. This is performed under three broader agricultural sectors: processing, manufacturing, and other agro-industries. The processing industry is those industries where the raw material is not changed much or being get processed like most of the food-grain and cereals etc. The other examples of this category are pulses, fruits, vegetables, etc. The manufacturing agro-industries are those where produce go through significant transformation process like dairy products, meat products, bakery products, fish products etc. This category covers all forms of animal based products. The other industry includes everything related to AFSC and not considered under the above two classifications. This segment also discussed those articles category where any specific product is not mentioned. It was found that most of the published articles talk about general applications falling into other categories. In addition, a few types of research discuss both processing and manufacturing agro-industries which is classified under the subsequent head. More details about industry-based classification could be seen in Figure 5 and Appendix A.

Figure 5 Industry specific trend of reviewed articles
Under technology classification, literature is first classified under standalone technological applications, followed by integrating two or more technology. It is observed that literature on IoT is dominant over other technology followed by Blockchain. Integration of Blockchain technology with IoT is observed as the highest integrated technology for AFSC, followed by IoT with BD. It is worthy of understanding that the technology embedment is less addressed in the literature, and few applications are found. However, the integration could be utilized to leverage the combined benefits of these technologies. More details about technology-based classification can be seen in Figure 6 and Appendix A.
The literature is also classified based on approaches used in the reviewed articles under the different heads of the conceptual proposal, implementation, mathematical modeling, simulation, and statistical (survey-based) approaches. Most of the articles are related to implementation, followed by a conceptual proposal presenting some idea or framework. In addition, significant articles are found where mathematics was involved in various decision-making. It is also observed that fewer papers were found in the statistical (survey-based) category, mainly studying the adoption of reviewed technologies. This shows that the adoption of technology embedment is less addressed, and the same is the case of the research belonging to the simulation category. Few papers have an integrated approach and use two or more methods. These articles are counted under the subsequent head. More details about approach-based classification can be seen in Figure 7 and Appendix A.

Figure 6 Technology specific trend of reviewed articles

Figure 7 Approach specific trend of reviewed articles
The articles are checked for journal-wise trends, showing that the publication in this area is scattered. The articles are found in a wide variety of journals and are not limited to a few agricultural domain journals only; they explored various engineering, management, operations research, and economics journals. This is evident because seventy-one journals published only one article each. This wide distribution of published articles shows that this area is multi-disciplinary and requires integrated efforts from multiple communities. The more details about journal based classification could be seen in Figure 8.

Figure 8 Journal specific  trend of reviewed articles
The articles are also arranged year-wise to look after trends in publication. It is found that an increase in publication is observed between the periods 2010 to 2015 except for the year 2012, while a drop in publication was seen in the year 2016 and 2018. Further, an exponential increase was observed after 2018 due to the inception of blockchain technology use cases in AFSC. This trend is expected to further increase to tackle sustainability, traceability, food safety, food waste, food control, monitoring, etc. More details about year-wise classification can be seen in Figure 9 and Appendix A.
X–axis: Year
Y–axis: No. of articles

Figure 9 Year wise trend of the published articles

5. Finding and discussion - Major research dimension in AFSC
Technologies have been a critical element in improving the various processes in AFSC. Moreover, with time, there has been an improvement in technologies too, and their roles have been changed as per specific requirements of the AFSC. In this section, we have discussed a few of the major research dimensions in AFSC and the role of technologies in this regard.  
4 
5 
5.1 Traceability and Food Safety
As per “Codex Alimentarius Commission (CAC)”, Traceability is defined as “The ability to follow the movement of a food through specified stage(s) of production, processing and distribution” (CAC/GL60, 2006). Nowadays, even most countries have stringent regulations for traceability and have implemented the procedural for the same (e.g., “Regulation EC No 178/2002 (European Commission, 2002)”). Moreover, the recent trend shows that IoT devices and sensors are used to record the information for tracing, and this data is fed on the blockchain network to make it immutable from any fraud. The data on the blockchain network is secure, timestamped, and cannot be manipulated by any malicious third party. With the advent of Logistic 4.0, where digitization is an essential element, traceability has found its new height (Mathauer and Hofmann, 2019). The pallets, containers, and warehouses have become smart through seamless communication to automate the supply chains, resulting in added value through gapless monitoring. This also forms the basis for blockchain-based transportation in the intelligent vehicle, as Singh and Kim (2018) suggested.
Tian et al. (2017) developed a mechanism for real-time traceability of AFSC using “HACCP (Hazard Analysis and Critical Control Points), IoT and blockchain.” BigchainDB was used to build the system for providing openness, transparency, security, reliability, and neutrality to all parties of AFSC. Ethereum and Hyperledger are also well known blockchain platforms. Kshetri (2019) discussed the blockchain potential for enhancing food safety. George et al. (2019) came up with reliable traceability mechanism for Indian restaurant using a blockchain technology. Behnke and Janssen (2020) studied 18 boundary conditions for food traceability using blockchain technology. These conditions were further grouped into quality, regulation, traceability, and business. 
Exposito et al. (2013) designed traceability mechanism for the wine supply chain using RFID. Liang et al. (2015) modeled and implemented traceability for beef FSCN based on RFID technology in the Chinese context. Fan (2019) advocated using an IoT-based system for food logistics to ensure food safety. For this, the author proposed a 3-tier architecture that was focussed on food logistics processes. The detailed summary of traceability and food safety-based research using various technologies can be seen in Table 4.
Table 4 Traceability based research using reviewed technologies
	Research Area
	Technology
	Authors

	Traceability and food safety
	Blockchain
	Kumar and Iyengar (2017); Galvez et al. (2018); Kshetri (2019); George et al. (2019); Pearson et al. (2019); Salah et al. (2019); Bumblauskas et al. (2019); Chan et al. (2019); Baralla et al. (2020); Behnke and Janssen (2020); Casino et al. (2020); Hew et al. (2020); Prashar et al. (2020); Qian et al. (2020); Rogerson and Parry (2020); Tan et al. (2020); Zhang et al. (2020)

	
	IoT
	Mai et al. (2010); Li and Liu (2011); Qian et al. (2012); Yan et al. (2012); Zhang et al. (2013); Piramuthu et al. (2013); Exposito et al. (2013); Treber et al. (2013); Bao et al. (2013); Zou et al. (2014); Cuinas et al. (2014); Liang et al. (2015); Jakkhupan et al. (2015); Chen (2015); Gautam et al. (2017); Li et al. (2017); Liu et al. (2018); Barge et al. (2019); Fan (2019); Alfian et al. (2020); Balamurugan et al. (2020a); Balamurugan et al. (2020b); Barge et al. (2020); Jæger and Mishra (2020); Mondragon et al. (2020); Visconti et al. (2020)

	
	Blockchain + IoT
	Tian (2016); Tian et al. (2017); Lin et al. (2019); Tsang et al. (2019); Grecuccio et al. (2020); Iftekhar et al. (2020); Khan et al. (2020)

	
	Blockchain + IoT + BD
	Spadoni et al. (2019) 

	
	CC + IoT
	Mededjel et al. (2017)

	
	CPS + IoT
	Pal and Kant (2019)

	
	CPS + Big data + IoT
	Chen (2017)


5.2 Information system and security management
In today’s world, where the world is subjected to massive data, the information obtained from these data becomes relatively essential. This information could be utilized to control better and monitor the AFSC system. E.g., farmers getting information about the weather conditions might plan their activities more appropriately. A retailer with information about the current market trend may utilize this information to control his/her inventory level better. Further, the security of AFSC systems has the utmost importance to smoothen the ecosystem and bring trust in stakeholders' vision. Scuderi et al. (2019) used blockchain to reduce information asymmetry in the case of POD (Product on demand) and PGI (Protected Geographical Indication) products. Bayano-Tejero et al. (2019) developed an M2M (Machine to Machine) system based on RFID and GPS for integrating all information throughout AFSC to manage agro-practices better. The authors implemented the proposed method for olive production in Spain. Mondal et al. (2019) proposed an information system integrating RFID with blockchain and developed architecture for the same. Leng et al. (2018) came up with double-chain blockchain architecture to solve security issues related to the Chinese public blockchain platform. The detailed summary of information system management based research using various technologies can be seen in Table 5.
Table 5 Information system management based research using reviewed technologies
	Research Area
	Technology
	Authors

	Information system & security management
	Blockchain
	Lin et al. (2017); Leng et al. (2018); Scuderi et al. (2019)

	
	IoT	
	Duan (2011); Wang (2012); Pang et al. (2015); Yan et al. (2016); Leng et al. (2019); Bayano-Tejero et al. (2019); Jagtap et al. (2019b); Singh and Jenamani (2020)

	
	Blockchain + IoT
	Mondal et al. (2019)

	
	Blockchain + IoT + BD
	Fu et al. (2020)

	
	ICT
	Mukerji et al. (2020)


5.3 Food waste, control and monitoring 
Food waste is a significant problem in AFSC, and it is estimated that one-third of total agriculture produces are wasted in the supply chain before reaching to actual consumer plate (Gustavsson et al., 2011). Few significant food waste sources include poor produce handling and storage, lack of technology and infrastructure for processed produce, transportation, and cold chain (Murthy et al., 2009; Viswanadham and Kameshwaran, 2013; Gardas et al., 2019a). In a nutshell, food waste is observed at each stage of AFSC. However, technologies with proper infrastructure could curb this situation and improve the world community. Wang et al. (2015) developed a low cost, reconfigurable, low power, and low data rate WSN system for real-time monitoring of perishable AFSC to reduce food waste. Sinha et al. (2019) proposed a user-centric IoT framework for monitoring various issues in AFSC. Jagtap et al. (2019a) proposed real-time automated monitoring of potatoes using IoT and image processing to reduce waste in the UK food manufacturing sector. Ramírez-Faz et al. (2020) monitored the temperature of the refrigerated cabinet using a low-cost solution based on the ThingSpeak IoT platform. The detailed summary of food waste, control, and monitoring-based research using various technologies can be seen in Table 6.
Table 6 Food waste, control and monitoring based research using reviewed technologies
	Research Area
	Technology
	Authors

	Food waste, control & monitoring
	Blockchain
	Kumar et al. (2020b)

	
	IoT
	Wang et al. (2015); Faccilongo et al. (2016); Verdouw et al. (2016); Alfian et al. (2017); Jagtap and Rahimiford (2019); Jagtap et al. (2019a); Sinha et al. (2019); Ramírez-Faz et al. (2020); Sourav et al. (2020); Xu et al. (2020a)

	
	ICT
	Mishra and Singh (2018)

	
	Big Data
	Ruan et al. (2020)

	
	CPS
	Kant and Pal (2020)

	
	CPS + IoT
	Bogataj et al. (2017)


5.4 Decision making and agri-businesses 
As mentioned previously, the AFSC has many touchpoints where each touchpoint is an integral part and adds some value. However, each touchpoint is subjected to several decision-making processes. Technologies can play a significant role in this decision-making and recent technological advancements. The decision-making processes have become more effective. In the case of perishable and cold chain products, the decision about various parameters like temperature control, humidity, etc. is of much importance. Similar decision-making is required at the food production stage, while smart tags, labels, and various e-commerce based strategies are needed at food retailing. Data are of utmost importance for this, and data analysis into required information can be made available through various technologies like ICT, BDA, cloud storage, IoT devices, blockchain databases, etc.
In some cases, even predicting consumer purchasing behavior and inventory management need the application of these technologies. However, the investment decision on these technologies and which stakeholder needs to take this burden might be an issue and thus is an area to be explored in an agri-business context. In addition, penetration of the internet and ICT into the rural area brings new hope of efficient trading between farmers and consumers (Devi et al., 2015). Moreover, easy and cheap access to the mobile internet can be considered the primary driving force behind this revolution. Furthermore, the performance of AFSC should be predetermined so that the required services can be improved to provide maximum consumer satisfaction. In this respect, Yadav et al. (2020b) carried out the evaluation process, where they found flexibility and responsiveness as the key performance indicators to bring sustainability in IoT-enabled AFSC. In another research, Yadav et al. (2020c) evaluated the criteria for selecting the 3PL supplier of an IoT-enabled Indian AFSC. Few trust models for AFSC exist where IoT and blockchain-based systems have applications for various decision-making. The detailed summary of decision-making and agri-business based research using multiple technologies can be seen in Table 7.
Table 7 Decision making and agri-business based research using reviewed technologies
	Research Area
	Technology
	Authors

	Decision making & businesses
	Blockchain
	Yang et al. (2020)

	
	IoT
	Hong et al. (2011); Grunow and Piramuthu (2013); Ting et al. (2014); Wang and Liu (2014); Lu et al. (2015); Lu and Wang (2016); Lin et al. (2016); Giagnocavo et al. (2017); Gaukler et al. (2017); Salinas Segura and Thiesse (2017); Yan et al. (2017); Brewster et al. (2017); Fu et al. (2019); Yadav et al. (2020b); Yadav et al. (2020c); Yadav et al. (2020d)

	
	ICT
	Singh et al. (2018b); Botos et al. (2020); Dubé et al. (2020)

	
	Big + Blockchain
	Liu et al. (2020)

	
	Big data
	Ji et al. (2017); Mishra et al. (2017)

	
	CC + IoT
	Xu et al. (2020b)


5.5 Miscellaneous AFSC applications 
The other reviewed technology applications that do not come under the above four categories are classified under miscellaneous applications. Under this category, the applications are like introducing sustainable initiatives in AFSC, bringing improvement and stability in AFSC operations, life cycle assessment, adoption of the reviewed technologies, quality evaluation in AFSC etc. Sustainable initiatives are considered by reducing carbon footprint in distribution, transportation, and food packaging, selecting low carbon suppliers, etc. Brewster et al. (2017) studied the constraint and challenges in adopting IoT-based large-scale projects in AFSC. The authors also carried out four such projects in fruit, vegetables, meats, and dairy industries. They emphasised the culture change for the successful adoption of IoT in AFSC. Kamble et al. (2019) used an integrated ISM-DEMATEL approach to understand the IoT adoption barrier in the Indian food retailing sector. The authors found that “lack of regulation, governance and IoT infrastructure” is significant barriers to adopting IoT in the Indian food retailing sector. A similar approach was carried by Yadav et al. (2020e) to study the adoption barriers of blockchain in the Indian AFSC. The authors found that “lack of government regulation and lack of trust in using blockchain amongst agro-stakeholder” are the main challenges for adopting blockchain. Singh et al. (2019) identified the key factors influencing the ICT adoption for sustainable AFSC in Indian food SMEs. Belaud et al. (2019) discussed big data for various applications in agri-food 4.0 and sustainability management. The detailed summary of different AFSC applications based on research using multiple technologies can be seen in Table 8.
Table 8 Miscellaneous AFSC application-based research using reviewed technologies
	Research Area
	Technology
	Authors

	Miscellaneous applications
	Blockchain
	Perboli et al. (2018); Yadav et al. (2018); Azzi et al. (2019); Yadav and Singh (2019a); Yadav and Singh (2019b); Kamilaris et al. (2019); Reddy et al. (2019); Ananthanarayanan and Arumugam (2020); Kayikci et al. (2020); Köhler and Pizzol (2020); Kumar et al. (2020a); Longo et al. (2020); Saurabh and Dey (2020); Shahid et al. (2020); Yadav et al. (2020e)

	
	IoT
	Wang et al. (2012); Lin and Gao (2013); Zhang et al. (2013); Costa et al. (2013); Bottani et al. (2014); Ha et al. (2014); Liu et al. (2015); Maksimovic et al. (2015); Verdouw et al. (2016); Kamble et al. (2019); Telukdarie and Dhamija (2019); Vermani (2019); Verdouw et al. (2019); Ahmad Tarmizi et al. (2020); Biswal et al. (2020), Karuppuswami et al. (2020); Shah and Naik (2020); Yadav et al. (2020a)

	
	CC
	Satake and Yamazaki (2011); Singh et al. (2015a)

	
	Big data
	Freidberg (2017); Coble et al. (2018); Belaud et al. (2019); Jagtap and Duong (2019)

	
	CPS
	

	
	CC + Big data
	Singh et al. (2018a)

	
	ICT
	Singh et al. (2019); Haj and Dhiaf (2019); Chhabra et al. (2020); Montella et al. (2020); Kumar et al. (2020c)

	
	IoT + Big data
	Engelseth et al. (2018)

	
	CPS + IoT
	Abbas and Marwat (2020)



6. Existing research challenges and future directions
It is being observed that technologies can play a significant role in today’s AFSC in the wake of various growing concerns. Furthermore, technologies embedment in AFSC will also leverage many benefits to all stakeholders and be very handy to mitigate various risks. However, adopting technology in the existing system requires capital expenditure, which must be justified. Furthermore, as agriculture is hugely manual-intensive work, the capital expenditure on technology is lower. Thus, there is a need to study the investment decision like whether there is a need to apply these technologies in AFSC and at what point the technology needs to be embedded with the existing system.
Furthermore, digitization is an essential aspect for transformation towards I4.0, where the role of government and significant private player’s support becomes trivial. The government could help through subsidiary schemes while private players can facilitate the coordination in AFSC. For this, the revenue sharing and policy design need to be explored. In addition, the behavioral issues related to the impact of technology on AFSC stakeholders need to be investigated for broader acceptance.
Furthermore, each I4.0 technology has some organizational and technical issues like in blockchain implementation; the problem of scalability, interoperability, and designing of fool-proof of verification mechanism are major hurdles (Kamilaris et al. 2019). Pearson et al. (2019) found that blockchain technology has the potential for AFSC transformation but needs to tackle these issues successfully. Traceability-related issues using blockchain is discussed by Galvez et al. (2018). Some of the technical challenges are also elaborated by Kumar et al. (2020a). Whereas Kopyto et al. (2020) believe that the technical feasibility of blockchain is still unexplored, limiting its implementation growth in the supply chain domain. Besides this, several challenges exist in legal, privacy, error intolerance, and lack of standard protocols for blockchain adoption (Chang et al., 2019). Other challenges are related to architecture design of blockchain. The aim should be advancing security features against “51% attacks (someone attains the majority in a network and abuses it), DNS attacks (sending peers wrong information), DDoS attacks (achieving denial of service), mempool attacks (flooding new blocks with transactions), consensus delay (preventing peers from reaching consensus), double spending attacks (creating two transactions from the same unspent transaction), consensus delay (preventing peers from reaching consensus) and selfish mining (miners trying to increase their rewards by keeping blocks private)” etc. In addition, a primary concern is also there to increase the speed of the blockchain-based transaction. Further, significant concern exists about the consumption of power and storage requirement for the blockchain-based system.
In implementing IoT-based AFSC, the challenges are related to power management of IoT devices, compatibility with the legacy system, the need for stronger standardisation, design and security of modular software and hardware, robustness for field deployments, and user-centered design and scalability issues. The security in the IoT based system is a significant concern. ICT do face the problem of ease of integration and interoperability-based issues. Further, there exist few concerns for CC adoption like security issues, cost management, managing multiple clouds, building private clouds, governance model of the cloud, and its compliance. In addition, another challenge is to develop infrastructure in AFSC, which is a prerequisite for any technology embedment.
Moreover, the focus should be given to developing technology at a lower cost so that all stakeholder of AFSC may afford the same. At present, mostly the technologies are used as standalone, and their integration is missing due to lack of technological advancement. Once these prerequisites are complete, the dream of a fully intelligent CPS-based AFSC ecosystem can be realised into actual practice. In addition, such a system would also form the basis for I4.0 in AFSC.   
The summary of the above-discussed opportunities is presented in the form of open-ended questions as follows:
· How could be the growing need for sustainability in AFSC could be addressed?
· Different stakeholders in AFSC, like farmers, are not tech-savvy and thus need to arise about the easy accessibility of the technology-based solution.
· Investment analysis for the implementation of reviewed technologies and the rate of return must be explored for economic viability. 
· How do conform to the correctness of data obtained from sensor and IoT devices? 
· Analysis regarding how much data/information should be shared with which stakeholder must be investigated.
· How to enable AFSC 4.0 effectively in the wake of the fourth industrial revolution? 
· How to make effective use of Machine Learning and AI in AFSC? 
· How could precision agriculture activities be integrated with the reviewed technology for leveraging the benefits of precision agriculture outputs?
· Integrating various technologies with existing food supply chain networks must be explored for scalability and stakeholder-specific needs. In addition, the post-implementation scenario of technology in AFSC should also be analysed.  
· The compliance of the technology-based system with government regulation must be explored.

7. Conclusion
This work addresses the four RQs, where the first RQ about the recent technological developments in AFSC is discussed in section three. The second RQ about present scenarios of I4.0 technological developments and the third RQ about adoption approaches are elaborated in sections four and five. The fourth RQ about challenges and future research directions is dealt with briefly in section 6. In a nutshell, this work carries out an SLR where six significant I4.0 technological advancements, namely blockchain, big data, CC, CPS, ICT, and IoT, are studied. Each of these technologies and their applications in AFSC is discussed in detail, showing that the IoT-based solutions in AFSC are most studied and implemented. The next promising technology is blockchain, which has gained immense popularity due to its robust application for provenance traceability. Blockchain, in conjunction with IoT, can become the frontrunner for traceability and subsequently address some of the significant issues in AFSC. The other four reviewed technology are not much addressed in the AFSC literature. Thus, there is a need to conduct significant research to leverage their benefits.
Furthermore, it is worth mentioning that the focus should be on integrating these technologies, which is lacking in the present literature. The reviewed literature is classified to investigate the trend of publications based on categories related to industrial sectors, journals, approaches used for analysis, country of research, and year of publication. The year-wise trend shows exponential growth in publications after 2018 due to the use of blockchain in AFSC for tractability and few other applications. 
Five major research dimensions in AFSC are compiled where the reviewed technologies had made significant contributions. Amongst them, traceability and food safety is the most shouted application. The other research dimensions are information system management, food waste, control and monitoring, decision making and agri-business, and other miscellaneous applications. In addition to these existing research dimensions, each technology application in AFSC is critically examined, and corresponding research directions are suggested for future researches to improve the current AFSC system. This work has few limitations as only six I4.0 technologies are discussed, whereas other I4.0 technologies like artificial intelligence, augmented reality, autonomous robot, digital twin, virtual reality, 3D printing etc., should also be given their due weightage.
Furthermore, the bibliometric analysis could be carried for a broader perspective on this topic using bibliometric software packages. Few open-ended questions are also thrown at the end of the paper for young and active researchers. Moreover, we hope to motivate the concerned stakeholders of AFSC to address the existing challenges and further development of this area.

APPENDIX A – Summary of the reviewed literature 
1-USA, 2-UK, 3-China, 4-India, 5-Italy, 6-Spain, 7-Slovenia, 8-Netherland, 9-Norway, 10-Japan, 11-Hungary, 12- Greece, 13- France, 14-Bangladesh, 15-South Korea, 16-Malaysia, 17-Tunisia, 18-Thailand, 19-Canada, 20-New Zealand, 21-Multiple Countries, 22-Unspecified/No Mentioned Country
P-Processing Agro-industries, M-Manufacturing Agro-industries, O-Others Agro-industry
“B-Blockchain, IoT-Internet of Things, ICT-Information Communication Technology, CC-Cloud Computing, BD-Big Data, CPS-Cyber Physical System”
MP-Mathematical Programming, CP-Conceptual Proposal, I-Implementation, S-Simulation, SS-Statistical (Survey-based)
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