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Abstract

Agriculture sector is the backbone of a given economy. Globally, this
sector does not only provide food and basic materials, but also employs
an immense percentage of population. Nonetheless, it is afflicted with

Published: June 2020 many predicaments such as inappropriate means of communication,

food adulteration and lack of openness in the supply chain. Thus,
utilisation of digital technologies can be one of the prospective
solutions to these many problems. These technologies are various
however; blockchain technology has captivated the most attentiveness.
This state of the art technology is a distributed record of transactions
permitting associates to document transactions in a devolved data log in
processor network. In agriculture and food sector, blockchain can be
used to promote food safety, stop food fraud and affirm legitimacy of
agricultural commodities. Furthermore, can also be used to achieve
superior prices and payment options, land title enrolment and for
transparent payment of subsidies to farmers. The victory of blockchain
technology mainly depends on its security, decentralisation, lucidity
and constancy. Even though this technology has enormous potential
benefits in agriculture and food sector, it still has diverse obstacles that
hamper its wider recognition among farmers and food supply chain.
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Introduction:-

Agriculture plays a pivotal role in the life of a particular economy. It is the fundamental economic component and a
solution to a healthful planet (Mulvany, 2003). Apart from supplying food and basic materials, it provides job
possibilities for the majority of the population and also export. However, the sector suffers from a number of
problems such as inappropriate means of communication, price hijacking, food adulteration and lack of honesty in
the supply chain (Balakrishna and Ratna, 2020). For example, clients often grumble about the lack of openness
about their purchases and the products they use. One attainable solution is the utilisation of digital technology in
agriculture and food sector. One of the many benefits of digitised agriculture is enhancing productiveness and
competence. IBRD, WB (2017) revealed that digitised agriculture creates a more productive and viable system that
leads to food security and substantial profit. According to Jeremic and Brankov (2020), digitisation is based on
application of technology to transfer vast quantity of information. These technologies are humerous and include
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artificial intelligence, Internet of Things (10T) and blockchain. The latter has received more attention and may be a
better solution as it records each stage of food production in relation to food supply and can establish the section of
the chain that causes the problem quickly (CHAIRE AgroTIC, 2017).

Blockchain:

In the food supply chain, agricultural producers and other stakeholders are obeying the firm guidelines set before
them. Nevertheless, a variety of eating disorders can emerge and sometimes it takes a long time to establish the
origin of the problem (Tripoli and Schmidhuer, 2018). Consumer reliance in agribusiness sector has been
undermined by food scandals and the rise of numerous health problems due to food such as obesity (Jeremic and
Brankov, 2020). According to Ge et al. (2017) consumers are more worried about food safety and require more
information about food sources. They are complaining about the lack of openness in food and the way they are
prepared. In the midst of this situation, innovation in agricultural production is one way to conquer these problems
and to make agriculture a charismatic business. Therefore, the use of Information and Communication Technology
(ICT) in agriculture is one way to address the challenges facing the sector (FAO and ITU, 2019). Blockchain
technology, as a revolutionary tool, is a state-of-the-art technology to help change many markets and many
economies (Jeremic and Brankov, 2020). For this reason, it is considered to be the best solution to the problems
facing the agricultural sector.

What is blockchain?

One of the new agricultural techniques in modern farming is blockchain. The first blockchain was initiated by
Satoshi Nakamoto, who suggested Bitcoin cryptocurrency in 2008. According to Mirabelli and solina (2020)
blockchain technology was first executed in the financial sector back then. In finance, this technology permitted
digital money to be exchanged through an unreliable network of unknown without any third party mediation such as
the central bank (Nakamoto, 2008). Nevertheless, blockchain technology has been utilised in several other areas like
healthcare (Mettler, 2016; Angraal et al., 2017; Azaria et al., 2016), smart cities (Biswas and Muthukkumarasamy,
2016), smart contracts (Christidis and Devetsikiotis, 2016; Kosba et al., 2016), energy markets (Goranovic et al.,
2017; Andoni et al., 2019; Mengelkamp et al., 2018), government sector (Carter and Ubacht, 2018; Olnes et al.,
2017) and business models (Momo et al., 2018). Immutability, openness and reliability are the traits that make
blockchain technology a victory. Hence, blockchain can be described as the unchanged ledger to record transactions,
which are managed in a network of distributed network of nodes (Mirabelli and Solina, 2020). This is an ordered
block list, where each block contains a list of transactions of varying size (Arena et al., 2019). According to Yadav
and Singh (2019), the three predominant definitions of blockchain are: Technically,it is a back-end database that
keeps a distributed ledger and has the ability to be openly inspected. Commercially,it is a switching network to
move values, assets and transactions between peers without the need for intermediary while legally speaking; it
authenticates transaction history, and replaces earlier trusted entities.

Attributes of blockchain:

The major aspects of blockchain technology are logging, inalterability of recorded data, disintermediation and
decentralisation databases, security and openness (CHAIRE AgroTIC, 2017). These attributes contribute to secure
blockchain application system. Additionally, they sustain the constancy of the data and assure transparency to
consumers (Malik et al., 2018).

Logging:
Transactions are added sequentially. They are time stamped and attached to each other.

Inalterability of recorded data:
The data is reproduced numerous times and the minor mitigation changes the whole chain.

Disintermediation and decentralisation databases:
Central server is not obligatory owing to the peer-to-peer (P2P) nature of the network.

Security:

Attacks are made more difficult due to the duplicated agreement nature of the blockchain system. A digitised
signature assures the authenticity of the transactions.
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Transparency:
Nodes accommodate the complete chain and can access transactions.

How does it work?
Figure 1 below illustrates how the blockchain based system work. This could be explained in easy six steps.

1 2 Nodes 3
A tansacion is
requested
Cryptograph
cally secured
Ablock is created and Transaction is ‘
broadensted to the validated by each |
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4
sy Block in added to
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Figure 1:- Working of blockchain.
Source: Yadav and Singh 2019

Step 1: Transaction is implored.

Step 2: This transaction is sent to the nodes in the network.

Step 3: Transaction gets substantiated once an agreement about this implored transaction is reached.
Step 4: A cryptographically secured new block is generated.

Step 5: This new block is added to the existing blocks.

Step 6: Completion of transaction

Types of blockchain:

Blockchain networks have three paramount types’ viz. consortium blockchain, private blockchain and public
blockchain. Each type has different traits and roles (Addison et al., 2019; FAO and ITU, 2019; CHAIRE AgroTIC,
2017).

Consortium blockchain:

This type of blockchain is managed by a consortium instituted by a cluster of members. Affirmation and inclusion of
records to the blockchain is predicated on a consensus mechanism by a pre-screened group of nodes (Addison et al.,
2019). It is regarded to be partially decentralised.

Private blockchain:

This blockchain is also called “permissioned ledger”. It is administered by a centralized system. At most, people
with distinct authentication and authorisation can be members of this network and thus can confirm and add data to
the blockchain. Nevertheless, the blockchain may be openly accessible. Partakers in this blockchain appreciate and
believe in one another (FAO and ITU, 2019).

Public blockchain:

It is also called “permissionless blockchain.” In this blockchain, anybody can authorise transactions and participate
within the agreement process, anybody can forward transactions for sanction and inclusion within the blockchain if
the transactions are sound and anybody can view transactions. Hence this kind of blockchain is actually
decentralised (CHAIRE AgroTIC, 2017).
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Why blockchain?

Blockchain is the record of accounts and transactions recorded and saved by all members (Xiong et al., 2020). Each
participant save a copy of all preceding transaction performed throughout the system. Nonetheless, no single party
or node owns the system that indicates it is a decentralized system. Every action within the system is easily seen and
verifiable by all stakeholders. Therefore, this sort of decentralized system promotes the base of confidence (Yadav
and Singh, 2019). Additionally, transactional costs are reduced because blockchain technology doesn’t need a
middleman for the transaction. The blockchain-based system is also more systematic since these transactions are
irreversible and wishes of any public and personal institution intercessor is prevented.

Obstacles for the use of blockchain in agriculture:

Advancement of technology is not often neutral. Blockchain technology is no exception. This technology has
substantial potential benefits in the agricultural and food sectors. These advantages incorporate the capability to
discover information in the food supply chain, consequently helps ameliorate food safety. Furthermore, it renders a
secure way to store and control data and it can lessen costs of transaction (Xiong et al., 2020). Nevertheless, multiple
obstacles still prevail, that impede its widespread recognition among farmers and food supply systems. These
obstacles involve technical aspects, education, policies and regulatory frameworks (Kamilaris et al., 2018). In a case
study in the Netherlands, Ge et al. (2017) revealed that small to mid-size enterprise (SME) cannot embrace
blockchain technology owing to lack of dexterity. In respect to education, there is finite education (lack of general
awareness of blockchain) and training plans (ICT4Ag, 2017). Farmers need to conclusively appreciate blockchain
prior to embracing it. In case of regulatory frameworks, there are no rules regarding the framework. According to
Deshpande et al. (2017), there is not yet an established system to regulate blockchain transactions across the globe.
Lack of understanding between policy makers and technical experts is another obstacle. There is no ordinary
appreciation on how blockchain technology and transactions regarding some currency should be utilised (ICT4Ag,
2017). Lastly, there is digital divide among developed and developing world. This is in respect to digital
accomplishment and approach to the blockchain technology.

Potential use of blockchain in agriculture:

Blockchain technology was first utilised in cryptocurrencies. Notwithstanding, its employment to other transactions
has considerable potential. Agriculture is one field where this technology can be implemented. In this sector,
blockchain technology can be utilised to avert food fraud, foster food safety, and substantiate the origin and
legitimacy of agricultural commodities and materials. It can also be used to attain superior prices and payment
options, land title enrolment and for transparent payment of subsidies to farmers. These are all achievable since
blockchain technology ameliorates traceability and openness (Aldag and Eker, 2018).

Avert food fraud:

Food scam costs the worldwide food industry around $ 30 — 40 billion per annum (Sanghera, 2018). The need for
antibiotic-free, GMO-free and organic food has increased, and subsequently dishonest labelling has become
ordinary. Employing the traceability and transparency that blockchain technology offers, food scam that occurs
mainly through false labelling can be averted. Blockchain technology effectively controls the whole supply chain.

Foster food safety:

Food safety is a state in which food is processed, managed, and stored in healthy way to hamper ailments to happen
to human populace (Kamilaris et al., 2018). Consumers are starting to doubt the food they eat and the question is
always “What is the source of my food?” (Sanghera, 2018). These days food sensitivities and food related ailment
are increasingly common and consumers are starting to call for the information related to the foods they eat.
Blockchain technology can be applied to guarantee food safety in the agricultural supply chain, consequently answer
the question raised by consumers. This technology enhances traceability and openness permitting stakeholders in the
agricultural value chain to ascertain the bad processes along with bad actors (Tian, 2017). This confirms that perfect
conditions are sustained from the farm to the market (Underwood, 2016). Companies like IBM and Walmart are
working in the field of food safety by employing blockchain technology.

Affirmation of legitimacy of agricultural inputs:

Farmers are uncertain whether the inputs they purchase are genuine. Similarly, local retailers are selling counterfeit
commodities to farmers to extend their profit margins at farmer’s loss. Furthermore, occasionally retailers are also
unaware of the authenticity of the commodities sold to them by suppliers (Aldag and Eker, 2018; Sanghera, 2018).
The principal question here is “are the inputs real?”” The solution to this problem is to use blockchain technology
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since it will increase the traceability of each input sold, from the producer to the final purchaser. Cosby et al. (2016)
emphasized that blockchain will make it attainable for retailers and farmers to grasp about the genuineness and
source of the inputs they purchase by utilising their smartphones to scan blockchain barcode on each product.

Superior pricing and payment options:

Globally, farmers present their commodities to several national agricultural boards. Notwithstanding, they encounter
a massive hindrance in the deliverance of funds for their commodities. Moreover, they encounter expensive
remittance options such as bank transfers. Blockchain technology can solve some of these problems (Chinaka,
2016). It will help issue rapid remittance options at a lower cost.

Land title enrolment:

The procedure of lodging the selling or buying of land is often unmanageable and highly vulnerable to fraud
worldwide. Seller, buyer or lessee always asks whether the land they buy, sell or lease is free from lawsuit.
Blockchain technology makes all types of land records more effective since the system is more open because
recorded data is reachable and publicly available. The government of India in Andhra Pradesh state, in collaboration
with Swedish start up ChromaWay, developed the blockchain solution for land enrolment and recording, the first
pacemaker in this space (Sanghera, 2018).

Payment of subsidies:

Globally, agriculture is excessively dependent on government subsidies (Aldag and Eke, 2018). The government
distributes a segment of its budget to farmers as agricultural subsidies. Nevertheless, it is always questionable how
much money really reaches the farmers. The implementation of blockchain technology will enhance transparency in
the administration and conveyance of subsidies. Swan (2015) revealed that the blockchain would ensure that
targeted subsidy payments reach local farmers and help prevent theft of the existing system.

Trimming transaction costs and fair pricing:

Lowering of transaction costs can be attained with blockchain technology, which leads to reasonable prices.
Through this technology, commodity buyers are able to deal directly with their suppliers and make payments
through mobile transfer. This will make it easier for buyers and suppliers to negotiate reasonable prices for their
agricultural commodities. Farmers, on the other hand, receive a fair remittance for their agricultural products; the
retailer pays a satisfactory price for the distributed agricultural products. Furthermore, blockchain technology
eliminates agents or middlemen; retailers can also save money (Ge et al., 2017).

Discovery of the genesis of agricultural commodities:

Blockchain technology can be employed to trace the origin of agricultural commodities. Traceability ameliorates the
trust of sellers and consumers in the product (Aldag and Eker, 2018). Blockchain technology enables retailers to
confirm that the commodity they get is precisely what they paid for, as each step in the transaction process is
documented on the blockchain from the time of enrolment, remittance, and transportation of the products. Worries
of misrepresenting information are mollified, as any statement by the supplier about the origin of his/her products
can be affirmed by tracing how the product moves from the farmer to the point where it entered the shop. From a
consumer perspective, the blockchain will make them believe in the origin of their food and the effectiveness of
their production (Lemieux, 2016).

Present state of acceptance of blockchain technology in agriculture:

Numerous companies are devoted to exploring the employment of blockchain technology in the agriculture and food
sectors. Within these sectors, retail giant Walmart is one of the earliest industrial uses of this technology, piloting
with mango and pork products (Kamath, 2018). Currently Walmart require the utilisation of IBMs Food Trust
blockchain service alongside Walmart’s leafy green suppliers owing to extensive food safety events (Redman,
2018). Furthermore, Walmart, Alibaba, and JD.com are vigorously executing blockchain projects on food
traceability employing blockchain technology to track the whole process of food production, processing, and sale
(Xiong et al., 2020). Another company that is applying a blockchain-based solution is IBM, Walmart’s key
technology associate. IBM has evolved its blockchain-based service for the food industry called IBM Food Trust.
According to Redman (2018), IBM Food Trust enables companies of varying sizes who cannot develop and
maintain their own blockchain solutions, to utilize IBM solutions within a variety of Software as a Service (SaaS). A
more proactive example of blockchain technology adoption in the food and agriculture sector is demonstrated by the
Grassroots Farmers Collective (2019), which could be a much smaller organization than Walmart. Grassroots
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Farmers Collective is a food producer and uses blockchain to compose well founded information about the form of
farm and origin of food to end consumers. However, Sengupta et al. (2019) revealed that blockchain technology will
be more popular in the food and agriculture sector when benefits are maximized.

Prospects for future research:

These days blockchain is one of the most fascinating and discussed research topics (Mirabelli and Solina, 2020). It
has a bright future in agriculture and food industry. However, significant restrictions remain in the utilisation of
blockchain technology in agriculture and the food industry, which are becoming areas for further research.
Blockchain does not evenly integrate directly with prevailing systems. Therefore, one of the areas of further study
may be to provide an appropriate solution for integrating blockchain with prevailing databases and legacy systems.
In addition, it is important to further study the motives of the transaction parties to provide reliable and accurate
information to the ledger of the blockchain. Another area that needs to be investigated is the consistency of the
blockchain-based system with regulatory issues. Last but not least, further research is required on how easily the
blockchain-based solutions can be provided to different stakeholders since some members in the agricultural supply
chain, such as farmers are generally not very advanced in technology (Xiong et al., 2020; Yadav and Singh, 2019).

Conclusion:-

Blockchain technology will undoubtedly make advances in all areas. Agriculture and food sector are no exception.
In the agriculture and food sector, blockchain technology can foster food safety, avert food fraud and substantiate
the origin and legitimacy of agricultural commodities and materials. Other applications include accomplishing
superior prices and payment options, land title enrolment and transparent payment of subsidies to farmers. It is clear
that the use of blockchain technology in the agriculture and food sector has great potential for success. However,
there are still numerous obstacles that hamper its development in these areas.
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