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Abstract

:

Blockchain is a technology that can be applied in different sectors to solve various problems. As a complex system, agribusiness presents many possibilities to take advantage of blockchain technology. The main goal of this paper is to identify the purposes for which blockchain has been applied in the agribusiness sector, for which a PRISMA-based systematic review was carried out. The scientific literature corpus was accessed and selected from Elsevier’s Scopus and ISI of Knowledge’s Web of Science (WoS) platforms, using the PRISMA protocol procedures. Seventy-one articles were selected for analysis. Blockchain application in agribusiness is a novel topic, with the first publication dating from 2016. The technological development prevails more than blockchain applications since it has been addressed mainly in the Computer Sciences and Engineering. Blockchain applications for agribusiness management of financial, energy, logistical, environmental, agricultural, livestock, and industrial purposes have been reported in the literature. The findings suggest that blockchain brings many benefits when used in agribusiness supply chains. We concluded that the research on blockchain applications in agribusiness is only at an early stage, as many prototypes are being developed and tested in the laboratory. In the near future, blockchain will be increasingly applied across all economic sectors, including agribusiness, promoting greater reliability and agility in information with a reduced cost. Several gaps for future studies were observed, with significant value for science, industry, and society.
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1. Introduction


Agribusiness is a sector of paramount importance for a country; its potential is the result of a set of several factors, especially investments in technology and research, which can increase productivity. The agribusiness aggregate is composed of several inputs or product supply chains operating in different natural ecosystems. In a supportive context, the supply chains are embedded in an institutional environment formed by financial, R&D, and technical assistance organizations and institutions with a strong influence on their performance [1].



Supply chains involve a set of activities that are gradually structured from the production to manufacturing and marketing of a product or service. A supply chain is understood to be the operations involving everything from the manufacturing of inputs, production on the farm, transformation process (industrialization), distribution, and trading to reach the end consumer [2]. Thus, the agribusiness supply chains of a country may have great prominence all over the world since they are complex, diversified, and dependent on the organization of each link in the productive system and the relation between them. The farmers operate in a strong, participative, and comprehensive system with an increasingly interconnected integration within a wide business and cooperation network. A farm represents an important node, integrated with other nodes such as infrastructure, commerce, finance, technology, labor relations, and the entire public and private institutional apparatus [2,3]. In addition to the number of actors and transactions, their complexity is increasing over time, taking into account the countless amount of country-specific economic, political, environmental, social, cultural, legal, and sanitary norms and conventions [3].



Many resources are changed through the links between actors involved in an agribusiness supply chain. In one direction, there is a flow of products and services, while in the opposite direction, financial resources are exchanged. Today, information is a valuable resource, which flows both forward and backward [4,5]. Information sharing is subject to many benefits and constraints depending on objectives, interests, technology, trust, and control, among other factors [6]. The asymmetric nature of information and misinformation is a constant challenge to be overcome in supply chain management, and consumers are demanding traceable products, transparency, and safety information [7,8,9,10].



The fast growth and development of information technology, attributed to a platform of public services aiming to improve the management of distant resources and services, became the key to solving frictions between the demand and supply of products in organizations [10]. The blockchain is a communication network where data are stored and shared in a distributed manner between all links, eliminating any trusted authority centralized in different business models, and where each node can coordinate without a unified data center [11]. The concept was introduced in 2009 by the pseudonymous Satoshi Nakamoto, who created Bitcoin to solve double-spending problems. The nodes in the Bitcoin network incorporate mutually agreed validations on the blockchain, carrying the transactions on the ledger, that is, a kind of cash book determining who has data in that chain [12].



Blockchain is considered a technological innovation that comes from the incorporation of existing technologies and, lately, has received more attention due to its autonomy, anonymity, and data immutability, becoming an emerging subject in science and organizations [11]. It is a distributed database, in which a group of people controls, registers, and shares information, that can be used in different kinds of applications and is interconnected through platforms and hardware all over the world. It has been identified as a technology that has a concept based on a protocol that is inviolable to human action and it is also based on three underlying technologies: peer-to-peer networks (P2P), cryptography, and distributed consistency algorithms [13]. It is also accompanied by a smart contract, which is not a necessary part of blockchain-based systems but provides natural support for transactions carried out using the technology [14].



A blockchain is a chain of information blocks interconnected in the digital environment of the internet, allowing for information on transactions of various kinds to be stored, linked, and recovered, forming a large database [15]. The blockchain networks can be categorized into public, private, and federated blockchains, based on the network management system adopted and the permissions allowed [16]. A private blockchain is a permissioned access platform; a public blockchain is a permissionless open data network in which any user can add data in the form of a transaction, which is an identification data package in the system, and these data can also be checked and copied; a federated blockchain combines the features of both private and public blockchains [16,17].



Blockchain technology is claimed to be a technology of inviolable validation, having decentralization as a safety measure that creates consensus and confidence in direct communication between two parts, without third party intermediation. It is appropriate for situations requiring privacy, identity control, and permissions [17,18]. Thus, a blockchain provides immutability, transparency, and almost instantaneous insurance in the form of information shared between two or more participants in a single transaction, eliminating the need for third parties, creating an immutable record which can be seen by all the relevant parties without being altered.



When addressing the blockchain theme, it is common to think of cryptocurrencies, especially Bitcoin. However, experts in technology and economics are signaling that blockchains may be relevant in technological research and can be used in many areas in addition to Bitcoin [19]. Many organizations have integrated technologies which have been changing the environment and markets, making it easier to develop activities favoring all parts of the process, including the agribusiness segments, resulting in positive contributions to the agri-food supply chain.



The current agribusiness supply chains are ineffective because their integrity can be easily counterfeited. Blockchain applications have the potential for automated control in which the product is traced from the farm to the consumer’s table, depending on the 3P’s (party, product, and premises) conditions; with this technology, the end consumer can select the product they want to consume, with safety in the product quality. In addition to the product quality differential, the price received by the producer tends to be higher because of the guarantees. In this way, blockchains can improve traceability in agribusiness, adding value not only for the producer but the entire production chain as well. Thus, an infrastructure supported by the use of this technology can help guarantee food safety, as effective tracking reduces losses in the logistic process [7,8,9,10,19,20,21,22,23]. Blockchain applications have been reported for other purposes related to agribusiness, such as precision agriculture and environmental monitoring [24], transactions certification [25], smart agriculture and smart contracts [26], consumer–retailer relationships [27,28], sustainability and coordination, performance, and order management [29], development of safer algorithms [30], and fair-trading practices [31].



Although blockchain is a new technology, its uses and potential applications in agribusiness are already being reported. However, the literature lacks studies that investigate the purposes for which blockchain technology has been employed. Therefore, this study is conducted using the following research question: what are the purposes for which blockchain has been applied in agribusiness supply chains? The main goal is to identify the purposes for which the blockchain has been applied in the agribusiness sector.



The article is structured in five sections. The first section addresses the subject, evidencing the research problem and objective. The second section explains the methodological procedures used to achieve the objective. In the third section, the data analysis is presented and discussed; conclusions, limitations, and suggestions for future studies are offered in the last section.




2. Materials and Methods


In this section, the steps and techniques used to achieve the objective of this research are presented. The study is exploratory and quali-quantitative in its nature. A systematic review of the literature was accomplished to solve the research question and reach the objective. The review was based on articles indexed in the Elsevier’s Scopus and ISI of Knowledge’s Web of Science (WoS) databases searched on 5 July 2019, with no restriction on the date of publication. Relevant and high-impact studies were selected, taking into account the databases chosen.



Following the procedures stated by the PRISMA protocol, a bibliometric review followed by a systematic content analysis of the articles was carried out. Bibliometrics is a quantitative and statistical technique for systematically measuring production indexes that contribute to the topic in the academic environment, characterized by measuring the influence of journals, researchers, and their trends [32]. The PRISMA protocol helps researchers improve the reporting of systematic reviews or meta-analyses, since it is based on an objective question, uses detailed and clear methods, and allows for identifying, selecting, and critically evaluating the most relevant research on the studied subject [33].



The systematic review is presented in the following steps: (i) formulate the research question; (ii) define the inclusion or exclusion criteria; (iii) select and evaluate the quality of the literature included in the study; and (iv) analyze, synthesize, and disseminate the results [34]. This choice was made due to its reliability as well as the methodological rigor necessary to develop it. Likewise, its scope allows a general analysis of the articles’ contents, with a clear structuring of the information found [35]. The analysis continues with two phases of operational procedures:



First phase: two search queries were used in the databases (Scopus and WoS) to retrieve a larger number of studies. The following keywords were inserted in the search engine: the first attempt started using the terms “agr*” and “blockchain”, or “block chain” and “block-chain”, returning 82 articles in the Scopus database and 221 in WoS, totaling 303 studies. In the second attempt, the search was carried out with the keywords “blockchain”, and a sub search inserting the term “agr*”; it found 266 studies in Scopus, and 160 in WoS, totaling 426 articles, as shown in Figure 1. The terms were searched under “title”, “abstract”, and “keywords”, selecting “article” as the type of document.



On completing this procedure, 729 articles were found. Then, the methodology of the PRISMA protocol was applied, as shown in Figure 2.



Figure 2 shows that, of the 729 articles found in the survey, only 71 met the four steps of the protocol: identification, selection, eligibility, and inclusion. The articles that did not have agribusiness as the study objective, those that did not make their full text available on the web, and those dealing with theoretical and bibliometric works, systematic reviews and literature analyses were disregarded. However, the excluded articles contributed to a better comprehension of the subject under study, since they were reviews of blockchain. Thus, during this stage, it was required that the central theme of an article for inclusion was blockchain and agribusiness, being the selected articles on the applications of blockchain for some purpose related to agribusiness.



Second phase: frequency of articles over time, areas of knowledge, number of publications per country, institutions, and authors, as well as the word cloud, were defined as the main bibliometric indicators; objectives, methodological procedures, purposes for blockchain application, and countries where the study was developed were the most important topics for the systematic review. The analysis and discussion of the results were developed through a quali-quantitative analysis, making a systematic review of the articles by reading each of them in depth and extracting fragments of interest.




3. Results and Discussion


In the search for results regarding the purposes for which blockchain has been applied in the agribusiness supply chains, bibliometric analyses and discussions based on a systematic review of the literature were used to find evidence from studies. Therefore, this section presents the main results from the bibliometric analyses, and a qualitative systematic review on the purposes for blockchain application.



3.1. Bibliometric Analysis


The bibliometric results are outlined in different parameters, such as chronological evolution, areas of publication, countries, institutions, and authors that have published on the subject. We found that an article from 2016 was the earliest publication in WoS, when no publication about blockchain in agribusiness was retrieved in the Scopus database. In 2017, two studies in Scopus and five in WoS were identified; in 2018, Scopus presented eight publications and WoS, 13. In 2019, there was a substantial increase to 32 documents in Scopus, and 10 in WoS, showing that the subject is a recent hot topic.



Blockchain in the agribusiness sector is just beginning to be applied since the first article was published in 2016. However, it was observed that most publications appear in 2019 and the Scopus platform stands out in terms of the number of publications. It was deduced that research on the subject has grown significantly in the last three years. This upward trend highlights the emerging nature of blockchain and increasing interest from researchers, universities, and organizations, although it was only introduced in 2009 with the Bitcoin core technology. The academic community, after some years, has identified the potential of blockchain and its possible applications.



Sometimes, blockchain is used as a synonym of Bitcoin, having previously been used only for cryptocurrency applications. In terms of the areas of knowledge publishing on blockchain, it was noted that Engineering (25%), Computer Science (24%), and Social Science (12%) were the most evident in Scopus. With WoS, it is the following: Computer Sciences, 32%; Telecommunications, 17%; Engineering and Environmental Science, 12% (Figure 3). However, knowledge areas vary greatly, enriching the subject interdisciplinarity since some studies are classified in more than one knowledge area. Interdisciplinarity is the meeting of different subjects for the construction of new knowledge, either from a pedagogical or epistemological point of view [36]. This breakdown is justified by the fact that blockchain is a technology that needs software developers to create programs and algorithms that adapt to needs. Likewise, the technology is discussed in relation to operation and development, and the application process is still very restricted. The findings suggest that the subject is still in an exploratory phase where the technology development precedes its application.



Ten countries stand out, China being the leader in the publishing index, with 39%, and the USA, with 25%. Together, these two countries account for almost two-thirds of publications worldwide. As for the other countries, Australia, South Africa, Finland, the United Kingdom, Italy, and Germany account for 5% each, and Spain and Brazil, account for 3% each. It should be observed that in these countries, there are institutions investing strongly in this technology area, besides being world leaders in technological innovation [37].



The main institutions that stand out in terms of numbers of publications on blockchain in agribusiness are Worcester Polytechnique Institute and Beijing Technology and Business University each with three articles published, and China Agricultural University, National Institute of Industrial Engineering, California State University, Bakersfield, Lancaster University, Shanghai University, Karlsruhe Institute of Technology, Purdue University, and Purdue University System, with two articles each. The first two universities represent the countries that excel in research, located in the USA (Massachusetts) and in China (Pequim), and are known for being prominent in research investment.



The authors that excelled in numbers of publications in Scopus were Hao, Z; Kouhizadeh, M; Mao, D; Wang, F., with three publications, and in WoS, the author Xie, C., with two documents. It should be stressed that only the author Alcarria, R. appeared in both databases, with one publication on each platform, and the others have publications in only one database. Figure 4 shows the last bibliometric indicator of this study, which aimed at generating a word cloud with the most frequent keywords mentioned in the 71 articles.



The word cloud was generated using the 692 keywords extracted from the 71 articles evaluated. It was possible to identify that the most frequent expressions are: Blockchain, Technology, Food, Energy, Smart, Supply Chain, Management, Traceability, System, and Agricultural. It is observed that these words are related to agribusiness, which corroborates the objective of this study. The following is the systematic analysis of the 71 selected studies.




3.2. A Qualitative Systematic Review


Blockchain applications are pointed out in several sectors, including finance, in which a significant percentage of networks were formed and used Blockchain 1.0 for cryptocurrency [37,38]. Other authors are categorized according to versions “2.0 and 3.0”, which are smart contracts encompassing all the financial and economic areas with efficient applications in economics, markets, general sciences, and governmental areas [34,35,36]. A scheme of the purposes for which blockchain has been applied in agribusiness was constructed in the analysis of the selected articles, and is outlined in Figure 5. The purposes are related to financial, energy, logistical, environmental, agricultural, cattle breeding and livestock, and industrial management, with some specific uses within each segment. It is important to stress that blockchain implementation has been identified in some supply chains, but they are prototypes still in the laboratory tests and applications phase, which are related and exemplified in the next subsection.



3.2.1. Blockchain Application for Finance in Agribusiness


Blockchain is considered to be one of the most promising technologies for secure financial transactions for various economic activities, including agribusiness. In agribusiness in particular, it has the potential to revolutionize support for financial transactions for agriculture and improve the credit system. Blockchain allows the reduction of information asymmetry, establishing a fluent channel for transmitting information, increasing the reliability of transactions, improving efficiency, and reducing the costs of agricultural financing [37,38]. The mechanisms for recording, storing, validating, and protecting data are aimed at solving financing problems between all actors in agricultural supply chains. This includes farmers, development agencies, banks, insurance companies, and other financial institutions [37,38]. The AgriDigital and OlivaCoin platforms, both enabled for blockchain, are cited as examples of faster and safer payment opportunities in rural credit management [7,39]. Tripoli and Schmidhuber [40] state that an integrated payment solution has been launched to increase liquidity in private bonds and global payments using distributed ledger technology (DLT) applied in financing and agricultural insurance through smart contracts.



Hu et al. [41] mention the study applied to delay-tolerant payment that focused on remote rural villages in India, which have a community-run station, such as Nokia Kuha, connected to the public internet through unreliable satellite links. Mao et al. [42] implemented a credit assessment system, adopting blockchain to strengthen the supervision and management of traders in the food supply chain where the entire processing flow and logistics are provided by smart contracts. The smart contracts are programs that combine computer protocols from the user interface to execute the terms of a contract. Since, with blockchain, the whole process becomes more simplified, no longer needing intermediaries involved in asset contracts, it controls the damage of the properties, tangible or intangible, by sharing the access data [43].




3.2.2. Blockchain Application for Energy in Agribusiness


The current stage of agricultural development seeks to face the constant increase in production with the use of new equipment and facilities. This makes the agriculture sector a major consumer of energy. In this context, more efficient management of energy resources in agriculture is a fundamental requirement.



Zheng et al. [44] proposed a study to minimize the consumption of photovoltaic energy in greenhouses by using blockchain. In this system, the index that measures the ratio of photovoltaic consumption is defined to assess the condition of consumption in each greenhouse. As a result, the optimal load operation scheme is always recorded on the blockchain. The authors conclude that the blockchain control strategy can effectively improve local energy consumption. This reduces costs with the purchase and losses of energy, improving the quality of electric grid voltage in the farms.



Another application that is also being tested is the development of an irrigation system that minimizes energy consumption, especially in times of drought. In this field of blockchain application, Enescu et al. [45] proposed a study on the use of photovoltaic energy to power a soil improvement system. According to the authors, this technology can help small farmers to better manage water resources during periods of drought.



Blockchain applications for energy purposes have encouraged users to join the renewable energy system. Smart systems are being tested by several industries related to energy production in agriculture. Many of these blockchain applications are still in the pilot project phase, but they already show considerable results in training energy producers and distributors. The technology also acts as a facilitator in the negotiation, bringing greater flexibility, playing an important role in the storage of data, and guaranteeing security in the transactions and commercialization of energy.



Zhang [46] presents a digital coupon or cryptocurrency that could be introduced into the trade of waste, energy and by-products, such as fertilizers or raw materials, among farmers and entrepreneurs. This system could maximize the use of agricultural waste by encouraging farmers and companies to work together in the production and commercialization of energy.




3.2.3. Blockchain Application for Logistics in Agribusiness


The proper management of logistic processes is essential for every agribusiness supply chain. Blockchain has the potential to facilitate and streamline logistic processes in agribusiness supply chains, and these processes can be reproduced in real time due to complete digitalization and its automation. With the help of smart contracts, financial transfers can be optimized, making them easier [47,48,49]. For those authors, this generates a guarantee of a direct network between the incoming and outgoing of goods, and payment operations can be carried out with more autonomy and efficiency. The invoices that are currently created on paper and sent by post can become unnecessary with the use of technology.



Blockchain can help lower costs, in addition to adding value to products. The consumer benefits from more transparency and control in the quality of the products. One of the critical points in long supply chains is ensuring food safety. Although the development of traceability mechanisms has brought more security to the consumer, blockchain has elements that can make it a great differentiator in this process. This is one of the most relevant topics in blockchain applications in agribusiness supply chains. Traceability via blockchains allows the consumer to track the food from its origin to retail marketing, where all of the information can be shared securely through a blockchain [50]. According to their preliminary analysis, Lucena et al. [51] concluded that traceability and blockchain-based certification can increase grain exports by 15% in the Brazilian context. Given that the blockchain allows for the identification of what type of fertilizer was used to grow a given crop, for example, this information can be accessed by retailers, auditors, and governments, among others interested in the supply chain [52].



Another element that facilitates logistical processes in agribusiness supply chains is smart contracts. Choi et al. [53] applied a mean-variance model to evaluate the risk sensitivity of decision-makers, examining the transactions and previous data using blockchain records. They concluded that this technology could facilitate the use of information and increase knowledge about the demand for the products, besides being accompanied by smart contracts, and it can be automated to the contracting mechanism, improving the efficiency of the processes. Chang et al. [54] developed an alternative project of a private chain to increase transparency and collaboration in product process distribution. The project notifies status alterations to concerned parties specified in the smart contract registry; these are captured in real time and information changes are achieved through the push of a button. This technology system proposed in the blockchain achieves a better level of efficiency for logistics and operations. The participants of the supply chain can reduce costs associated with the manual operations for the confirmation of tracking, with installations of expensive information systems such as the Electronic Data Interchange (EDI) and the Enterprise Resource Planning (ERP).



It is worth noting that blockchains can be used in logistics, product identification, and contract design. They allow better visualization of transactions between buyers and sellers, without the intervention of intermediaries. The use of blockchain-based applications in supply chains can guarantee security and induce more consistent contract management among interested parties. Blockchains improve the management performance of complex supply chains and enhance the customer’s services and transportation systems with new decentralized architectures.




3.2.4. Blockchain Application for Environmental Management in Agribusiness


Agribusiness fights against the image that it negatively impacts the environment [55]. Blockchain can play a key role in the environment due to its data monitoring capability. Research suggests that its adoption can make ecological and sustainable practices in the supply chains easier [56,57]. Lin et al. [24] presented an evaluation tool with social and technical requirements applying blockchains in Information and Communications Technology (ICT) systems in agriculture, using an interface to visualize the application in its operation, which can promote better development and incorporation of data into local climate, energy use, pesticides, soil quality, production costs, and biodiversity conservation.



Spreng and Spreng [58] proposed studying advances in Information Technology (IT) using social media, identifying the feasible options for an alternative global transnational climate policy. In the research, they included consumers, fossil fuel industries, non-governmental environmental organizations (NGOs), insurance industries, IT companies, representatives of public administrations, and UN agencies. The label accurately shows the reliability of climate impact and the total energy incorporated into final goods and services. Since the monitoring system is transparent, consumers have more trust in the label.



Paiva Sobrinho et al. [59] present a management proposal for the Jundiaí River Basin, based on the adoption of a complementary currency created with the support of blockchains. Technological innovation, such as payment schemes for environmental systems (PES), does not depend on the traditional financial system. Thus, it is immune to economic crises because its creation and management are independent of banks, with the rewards being paid to the makers in the form of cryptocurrency.



Figorilli et al. [60] implemented a blockchain prototype for open-source electronic wood traceability, using Radio-Frequency Identification (RFID) Technology, in which the process is tracked from the standing tree to the end user. In the first step, the tree is identified in the forest and this first stripe is associated with the information in the database: marking date, Global Positioning System (GPS) point of the tree, species, diameter, and height. Other information such as cutting, labels, stacking and production flows are detected by an antenna where the information is again associated with the database. Therefore, labels are produced during production and sale and applied on the final products destined for the end consumer.



It was identified that the utilization of blockchain in the environment is essentially focused on payments for environmental services, forest mapping, traceability, and climate and soil control. However, it has the potential to be explored in several other ways, including problems of climate change and carbon sequestration.




3.2.5. Blockchain Application for Agriculture (Farm) in Agribusiness


Agriculture is one of the most relevant fields in a country, since its production provides food security, nutrition, and health of the population, besides maximizing the economy. In recent years, the agricultural sector has adopted different technologies, such as Internet of Things (IoT) and blockchain, to reach higher yields in production processes [61]. Authors such as Tian [17], Li’na et al. [62], Lin et al. [24], and Mondal et al. [63] have been dedicated to researching the use of blockchain in agriculture, essentially directed to the production traceability.



Li’na et al. [62] proposed an agricultural product based on blockchain and logical architecture in the supply chain, aiming at the involvement and adherence of farmers to technologies to minimize the problem of mutual trust. Those authors presented a food safety traceability system based on blockchain and Electronic Product Code (EPC) Information Services. They developed a prototype to track the product from the farm to the end consumer.



Tao et al. [64] suggested a collaborative tracking system based on blockchain and Electronic Product Code Information Services (EPCIS). The system adopts a smart contract at an innovative business level to solve the issues of disclosing information sensitive to data adulteration and reliability. Kamble et al. [65] analyzed smart contracts and the use of blockchain in fruits and vegetables in India, addressing sustainability issues in human relations between facilitators and Agriculture Supply Chain (ASC) practitioners. The intention was to convince the organizations to adopt blockchain in their supply chains to track production from farms to the final consumer.



Tian [47] and Mondal et al. [63] created blockchain inspired by IoT, that is, an architecture to create a transparent food supply chain. For this purpose, they used blockchain, IoT, and RFID indexing terms. According to the authors, the sensing modality was integrated with the identification for tracking and monitoring the quality of the packages, with the food being digitized at different times along the way and the sensor data being updated, in real time, using blockchain, providing a counterfeit-proof digital history. Therefore, any consumer can check, in public accounting, the information on the food packages.



Dos Santos et al. [66] proposed a prototype for the certification and traceability of food products, aiming at tracing the origins of the raw materials without revealing confidential business information. They used the code within Rinkeby Testnet blockchain, applying it to practical examples, including peanuts, cocoa, and apple juice, which are basic ingredients of recipes, thus, demonstrating the feasibility of using the Ingredient Token (IGR) as a methodological figure of certification of ingredients from the farmer to the final consumer, without exposing the formula of the product mixture.



Patil et al. [67] presented a proposal for agriculture with a smart greenhouse, based on activities managed by blockchains, which works through IoT devices. In the project, the authors exhibited this model to achieve security, a light and decentralized privacy project, optimization of resources, and energy consumption. Munir et al. [68] outlined a project, based on an IoT system, used to monitor gardens, controllable from anywhere using a smartphone. The system uses input data collected in real time by sensors that guide farmers and gardeners with a mobile device displaying a list of suggested plants, according to the climate of a particular region.



Scuderi et al. [69] demonstrated the application of blockchain to citrus fruit production in Italy, specifically that referring to Near Field Communication (NFC), in which the process phases involving orange juice are: production, processing, distribution, and sales, with records in a digital profile. According to the authors, key information about citrus farms is stored in digital profiles including the environment and cultivation, soil, water, area, season, plant quality, growing conditions, planting season, and information on the fertilizers and pesticides used for growing oranges. Then, the product is marketed after a digital contract is signed and stored in blockchain.



Borrero [70] tested a traceability system for the food supply chain using blockchain, helping the agricultural cooperatives improve transparency on the origin and processes incorporated into the products. They developed a proof-of-concept blockchain model (PoC) in the agri-food field for the traceability of the supply chain, proving the origin of berry production, and personalizing the roles of each actor in the supply chain. Blockchain, developed with this PoC concept, is being implemented and tested in a Spanish Agricultural Cooperative that uses a book with permissions (hyperledger), based on a smart contract. The demonstration was based on a previous analysis of the berry chain and the interactions between farmers, cooperatives, their certifiers, suppliers, and supermarkets to allow the digital representation of a large number of berries to be associated with a single digital certification.



Salah et al. [71] suggested a system of sequence diagrams based on blockchain for soybean traceability. They also created an algorithm model for selling soy among the several participants, using smart contracts to track and control all interactions and transactions of the participants involved in the ecosystem of the supply chain.



It is inferred that blockchain is being used in the agricultural sector to improve food security, the production process, processing, and transport, besides being applied in a management system of the supply chain to provide transparency, safety, neutrality, and reliability in all the operations of the supply chains. Blockchain, together with IoT, contributes to the resolution of challenges related to operation safety, quality certification, and product origin.




3.2.6. Blockchain Application for Livestock in Agribusiness


The livestock sector is in constant evolution, requiring effective alternatives for its process and management. Advances in transportation and communication technologies promote the development of world markets and facilitate the establishment of animal production units. In that context, several authors have been discussing the use and possibility of blockchain in that sector.



Liu et al. [72] highlight the application of blockchain in the pig meat supply chain by addressing its influence on information sharing and state that it solves problems of matching supply and demand in the supply chain. They added that the transaction costs between the actors involved can be reduced, bringing several benefits: time, money, and improvement for the whole chain through efficient management of the farms.



Sittón-Candanedo et al. [73] implemented a blockchain platform on a dairy farm to minimize costs, through which it was possible to identify and use the available resources more efficiently, besides making it possible to track the animals’ locations and monitor their health conditions in real time.



Sander et al. [74] designed a study on the acceptance of blockchain in the traceability and transparency of the meat supply chain. They highlighted the different perspectives and opinions of stakeholders, investigating the transparency and traceability system (TTS) of certification and customers’ perceptions as to the potential of technology in traceability. The results of adopting the technology as a solution for the current problems affecting the meat production chain in several countries, including Brazil, are promising.




3.2.7. Blockchain Application for Agroindustry


Blockchain can be used in the food industry in different ways since production goes through processing and final packaging to the consumer. Several pieces of research have been carried out focusing on this sector using, for example, two-dimensional bar code (QR Code) technology, which can already be used in many product packages, since it makes it possible to save a variety of data in a minimal amount of space. The final consumer can view the whole history of the product, from production, processing, to final packaging, on a smartphone [64,65].



The first applications are already being tested in retail companies. Walmart, in partnership with IBM, is using the technology in the traceability of mangoes and pig meat, since it is possible to track the entire supply chain in a few seconds. Furthermore, with blockchain, there is the possibility of identifying contaminated products and eliminating them quickly and efficiently [75]. Blockchain has been also tested for traceability in the milk industry. Behnke and Janssen [76] researched four different dairy industries with distinct features. They investigated every process in the supply chain, from mass production to small product batches, and identified the conditions of information ensuring improvements in batch traceability.



Kouhizadeh et al. [56] propose the application of blockchain in a research context in the circular economy. The authors identified the various ways in which those areas interact between management research and its implications, improving the country’s economy and the environment. They conducted the study with initiatives of circular economy at three levels: macro, meso, and micro. Thus, they identified how technology can contribute to the product, its suppression, and its synergies.



Zhu and Kouhizadeh [11] conducted a case study with industries to track the sales performance of their products using blockchain. The uses of blockchain aimed at supplying the following sustainability efforts in the chain: management, product reuse (recycling), regeneration, manufacture, and waste management, which can be tracked for decision making and product disposal. The blockchain can track information from stakeholders such as retailers and customers.



Tallyn et al. [77] developed a Bitbarista prototype with the objective of providing opportunities for the creation of autonomous systems aiming at contributing to the most independent and transparent organizations. The research presented a study conducted in three environments in an office, for one month, exploring the impact of an autonomous coffee machine in the daily activity of coffee consumption. The Bitbarista measures the coffee consumption using autonomous processes in blockchain, presenting the data of origin at the time of the purchase, while aiming to reduce intermediaries in the trade of this product. The report of interactions with the Bitbarista and around it explores the implications for daily life, its structures, and social values.



It has been identified that the technology can be successfully implemented in various sectors and departments of an industry, which allows understanding for how to apply blockchain in the development of daily activities within an industry.






4. Conclusions


Based on the bibliometric analyses, as in the results presented, it was found that the blockchain subject has grown in academia in recent years. However, regarding the analysis of the studies, it was possible to ascertain that, although blockchain emerged more than ten years ago, the discussion of its application in the context of agribusiness is still very recent. Moreover, as the technology development moves first in science, it is possible to say that practical applications in agribusiness supply chains are less advanced.



It was verified that most publications are concentrated in the areas of Computer Science and Engineering, which is justified by the fact that blockchain is a technology that requires software developers to create models adapted to certain demands. Blockchain development is concentrated in countries such as the United States and China. Although American agribusiness is well developed, other countries where the sector plays an important role, such as Brazil, have made a modest contribution to the scientific development of blockchain technology.



It is relevant to note that research on the application of blockchains in agribusiness segments is still at an early stage, including its experimentation. In the case of this study, laboratory prototypes were found in the analysis of the articles, which are in the application testing phase. There are several applications of the technology in the “proof of concept” phase, and few are implemented on a large scale. There are other application possibilities, since its potential at the moment may not be correctly estimated, as it is still an emerging technology.



Financial, energy, logistical, environmental, agricultural, livestock, and industrial are the main purposes for which blockchain has been applied in agribusiness supply chains, as reported in the scientific literature. The purposes are not independent or mutually exclusive of each other. On the contrary, blockchain application in agribusiness supply chains can provide cross-factor benefits. Blockchain applications with a logistical purpose, for instance, may also result in energy, financial, and environmental advantages.



Blockchain is a technology in development within different sectors, with several application possibilities and vast advantages, such as an increase in confidence, reduction of risks in transactions, less bureaucracy, reduction of costs due to the elimination of intermediaries, reduction of risks and frauds, and greater privacy due to the rigorous controls made much more secure due to the immutability of the data. Evidence has been identified that blockchain brings countless benefits when used in agribusiness supply chains by reducing intermediaries and transactional cost, and improving the processes as a whole. It enables the transformation of different transactional processes, making them simpler and faster. Accordingly, the use of blockchain in agribusiness supply chains can facilitate collaboration safely and reliably among the participants involved in business networks. Traceability and smart contracts are frequently reported as advantageous applications in agribusiness.



For future studies, it is suggested that issues, such as transaction costs, information governance, new business models, information asymmetry, and the use of blockchain as a management tool in the agribusiness sectors, be explored. Another area for investigation is the implementation cost of that technology.
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Figure 1. Search criteria and documents retrieved in Scopus and Web of Science databases. 
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Figure 2. PRISMA flowchart and selection of articles for bibliometric and systematic review. 
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Figure 3. Knowledge areas with the highest number of publications in both databases. 
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Figure 4. Word cloud of the most frequent keywords in the 71 articles on blockchain in agribusiness. 
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Figure 5. The purposes for which blockchain has been applied in the agribusiness sector. 
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