SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 28(2), 145-156

UDC004.056:631.1
DOI:10.48077/scihor2.2025.145

Integration of blockchain technology into Azerbaijan’s agricultural sector:
Prospects and challenges

Nusret Babayev’
Senior Lecturer
Azerbaijan State University of Economics
AZ1001, 6 Istiglaliyyat Str., Baku, Azerbaijan

https://orcid.org/0000-0001-8827-3617

Bayaramali Qurbanov

PhD in Economics, Associate Professor
Azerbaijan State University of Economics
1001, 6 Istiglaliyyat Str., Baku, Republic of Azerbaijan

https://orcid.org/0000-0001-5765-6690

Logman Abdullayev

Associate Professor

Sumgait State University
AZ5008, 1 Baku Str., Sumgait, Azerbaijan
https://orcid.org/0000-0002-6308-8316
Mehman Babayev
Doctor of Philosophy, Chief Specialist
Azerbaijan State University of Economics
AZ1001, 6 Istiglaliyyat Str., Baku, Azerbaijan

https://orcid.org/0000-0002-7309-4736

Article’s History: Abstract. The purpose of this study was to explore the potential of integrating
Received: 05.10.2024 blockchain technologies into the agricultural sector of Azerbaijan to increase
Revised: 12.01.2025 transparency, traceability, and automation of processes, and to build confidence in
Accepted: 22.01.2025 products in domestic and international markets. The paper included an analysis of
the international experience of countries such as the USA, China, the Netherlands,
and Australia, which allowed assessing the benefits of blockchain and the impact
on key aspects of agriculture. The focus was on transparency and quality control at
all stages of the supply chain, automation of financial settlements between market
participants, and the economic benefits of using smart contracts. The results of the
study showed that blockchain can radically improve the transparency of supply chains.
Based on the technology, it is possible to record and track every stage of product
movement from the manufacturer to the end user, which enables quality control and

Suggested Citation:
Babayev, N., Qurbanov, B., Abdullayev, L., & Babayev, M. (2025). Integration of blockchain technology into

Azerbaijan’s agricultural sector: Prospects and challenges. Scientific Horizons, 28(2), 145-156 doi: 10.48077/
scihor2.2025.145.

Copyright © The Author(s). This is an open access article distributed under the terms of the
oy Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



https://orcid.org/0000-0001-8827-3617
https://orcid.org/0000-0001-5765-6690
https://orcid.org/0000-0002-6308-8316
https://orcid.org/0000-0002-7309-4736
https://sciencehorizon.com.ua

146

Integration of blockchain technology into Azerbaijan’s agricultural sector...

quick identification of problems. This is especially important in Azerbaijan, as the country is striving to strengthen
its export potential, and consumers in international markets place high demands on transparency and safety of
agricultural products. The study also showed that blockchain can automate financial calculations using smart
contracts, which simplifies transactions between farmers and suppliers. This leads to lower transaction costs,
eliminating the need for intermediaries, and improving the liquidity of agricultural enterprises, especially small
farmers. This approach solves a number of financial problems faced by farmers, including delayed payments
and limited access to capital. The findings emphasised that, despite the existing obstacles, blockchain can
become an important tool for increasing the competitiveness of Azerbaijan's agricultural sector. For successful
implementation, it is necessary to attract government support, training programmes and financial assistance
for the adaptation and dissemination of technology among farmers. Thus, the integration of blockchain can
provide economic and operational advantages that will help to improve the quality, transparency, and credibility

of Azerbaijani agricultural products

Keywords: crop management; supply chains; farms; food systems; product safety management

INTRODUCTION

Since 2015, blockchain technologies have become one
of the most promising tools for the transformation
and modernisation of various sectors of the economy.
Their implementation has been particularly significant
in agriculture, where such technologies are capable
of solving many current problems, including lack of
transparency in supply chains, difficulties in tracking
the origin of products, and the need for reliable data
for decision-making. The integration of blockchain into
the agricultural sector not only facilitates the fulfilment
of these tasks, but also opens up new opportunities to
increase competitiveness and confidence in agricultur-
al products in domestic and foreign markets. The rel-
evance of the subject matter is conditioned by the in-
creasing need for innovative approaches to ensure the
sustainability of the agricultural sector in the context
of globalisation and digital transformation. In coun-
tries such as the United States, China, Australia, and the
Netherlands, blockchain is already being actively used
to certify organic products, improve product traceabil-
ity, manage land resources, and automate settlements
between farmers and suppliers (Zagurskiy et al., 2024).
The use of this technology not reduces the risks asso-
ciated with falsification and fraud, but also improves
logistics, reduces transaction costs, and increases the
transparency of all operations.

The problems of using blockchain technologies in
the agricultural sector are related to a number of fac-
tors. Firstly, traditional agricultural management meth-
ods do not always allow for accurate tracking of the
path of products from the farm to the final consumer,
which reduces consumer confidence and creates dif-
ficulties for producers. Secondly, the lack of a unified
database and standardisation in supply chains compli-
cates product quality monitoring and leads to higher
transaction costs. Thirdly, the problem of financial re-
source scarcity for small farmers requires the creation
of transparent financing mechanisms that will help
small and medium-sized agribusinesses to develop and
compete on equal terms.
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Various researchers emphasise the importance and
diverse possibilities of blockchain technologies for the
modernisation of the agricultural sector, noting their
role in increasing transparency, efficiency, and sustain-
ability of this sphere. S. Salmanzade (2023) focused on
financial incentives for young innovative enterprises in
developing countries, using Azerbaijan as an example.
The researcher argued that blockchain can become the
basis for optimising and distributing incentives, as it
provides transparency and reliability of data, which is
especially important for small and medium-sized farm-
ers in need of financial support.Z. Taishykov et al. (2024)
focused on the management of innovation processes in
agriculture and noted that digital technologies, includ-
ing blockchain, can optimise production processes and
improve innovation management, which is especially
important for regions with a developing agricultural
sector.N.Zelisko et al.(2024) analysed the improvement
of business processes in agriculture, considering digi-
talisation, artificial intelligence and economic security
risks, emphasising that blockchain can become a relia-
ble basis for minimising risks and improving manage-
ment efficiency. X. Li and D. Huang (2020) explored the
integration of blockchain technologies and the Internet
of Things (loT) in agricultural e-commerce chains, em-
phasising that blockchain has the potential to signifi-
cantly add value to the entire supply chain and improve
data management.

M. Torky and A.E. Hassanein (2020) conducted an
analysis of the integration of blockchain and 10T in pre-
cision farming, highlighting both the opportunities and
the challenges that arise. W. Lin et al. (2020) conducted
a review of the use of blockchain in current agricul-
tural systems and noted that blockchain can signifi-
cantly increase transparency and trust at every stage
of the supply chain, from production to delivery to the
end user. The study showed that the technology is par-
ticularly useful in global supply chains, where a high
degree of trust between participants is required.V.S. Ya-
dav et al. (2020) analysed the barriers to blockchain




implementation in India’s agro-industrial supply chain
and found that the main obstacles are related to the
lack of technical support and training of participants.
These findings can also be useful for Azerbaijan,empha-
sising the importance of systematic training and infra-
structure creation for the successful implementation of
technologies. H.Y.Chen et al. (2023) explored the poten-
tial of using explicable artificial intelligence and block-
chain to support smart agriculture. Authors noted that
these technologies together can improve decision-mak-
ing processes and enhance data security, especially in
areas where transparency and accuracy are crucial.
K. Demestichas et al. (2020) studied the role of
blockchain in agricultural product tracking systems
and emphasised that this technology can significantly
increase transparency and trust at every stage of sup-
ply chain. The findings confirm that blockchain allows
increasing the reliability of data and improving food
safety. Ultimately, S.H. Awan et al. (2021) proposed a
combined model using blockchain to transform the ag-
ricultural sector. Authors showed that such integration
allows for more accurate monitoring of processes and
ensures reliable data management, which is especially
important for ensuring sustainable and safe agriculture.
These studies confirmed that blockchain can become an
important tool for increasing transparency, reliability,
and sustainability in the agricultural sector, creating a
solid foundation for technological development of agri-
culture in developing countries such as Azerbaijan. The
main goal was to identify how blockchain can help to
overcome existing barriers in agriculture and optimise
processes. The objectives of the study included analys-
ing the current level of implementation of blockchain
technologies in the agricultural sector of Azerbaijan
and identifying the main barriers to their integration,
assessing the impact of blockchain on transparency,
traceability, and automation of agricultural processes.

MATERIALS AND METHODS

This study analysed the possibilities of using block-
chain technologies to solve key tasks in the agricultur-
al sector of Azerbaijan, such as transparency of supply
chains, product tracking, automation of calculations,
and increasing confidence in agricultural products.
Calculation automation methods were studied with an
emphasis on the use of smart contracts that automat-
ically execute transactions under certain conditions to
generate a forecast for the next five years (2025-2030),
current data on the dynamics of indicators characteris-
ing the growth of transparency and investment attrac-
tiveness of the agricultural sector were analysed. The
choice of a five-year period was determined by its opti-
mal length for medium-term forecasting, which allows
considering both current trends and uncertainty fac-
tors that are not typical for long-term prospects (Glob-
al Blockchain in Agriculture Market, 2024). The pre-
diction was based on the international experience of
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blockchain implementation, which included analytical
reports from consulting companies such as PwC (Block-
chain is already here, 2024) and Deloitte (Blockchain
technology will...,2024) on the impact of blockchain on
the investment attractiveness of the agricultural sector.

Qualitative and quantitative analysis methods were
used to study the problems faced by Azerbaijan’s agri-
culture, such as lack of transparency, difficulties in track-
ing products, and lack of reliable data. The benchmark-
ing exercise used data from the Food and Agriculture
Organization of the United Nations (2020) to identify
key areas where blockchain can help to improve data
manageability and accessibility. Quantitative methods
allowed assessing the potential cost reduction and pro-
ductivity improvement in the implementation of block-
chain, which is especially important for agricultural
enterprises in the country. The analysis of practical ex-
amples of the use of blockchain included cases from the
USA, China, Australia, and the Netherlands. The exam-
ple of IBM Food Trust (2021) in the USA demonstrated
how blockchain helps to track the quality of products,
strengthening confidence in products. In China, the
VeChain (Enterprise public blockchain..., 2021) plat-
form has been used to certify organic products, which
helps to maintain quality and transparency standards.
In Australia, the AgriDigital blockchain platform has
optimised farmers’ access to finance, which is an im-
portant aspect of supporting agriculture (York, 2021).In
the Netherlands, Royal FloraHolland has implemented
a blockchain for tracking flower shipments, which im-
proves transparency and quality control at all stages
of the supply chain (van der Linden, 2024). These ex-
amples served as a basis for assessing the possibilities
of adapting such solutions in the agricultural sector of
Azerbaijan to increase transparency, support farmers
and quality control.

The prospects and challenges of implementing
blockchain technologies in Azerbaijan were assessed
using a comparative analysis of data from countries with
a high level of blockchain integration in agriculture. The
prospects include improving the efficiency of process-
es, reducing costs and increasing the investment at-
tractiveness of the sector. The study identified the main
challenges, such as a lack of technical infrastructure, a
shortage of qualified specialists and the need to train
farmers, and the need to adapt the legal framework.
The use of qualitative and quantitative methods has
allowed comprehensively assessing the opportunities
and challenges associated with the implementation of
the blockchain. An analysis of global experience has
shown that the technology can significantly increase
the competitiveness of Azerbaijan’s agricultural sector
and improve its stability in international markets. The
collected data shows that the transition to blockchain
infrastructure increases the volume of investments in
the agricultural sector, as increased transparency and
manageability make it more attractive to investors.
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RESULTS
Prospects of using blockchain in the agricultural sector
of Azerbaijan. The prospects of using blockchain in the
agricultural sector of Azerbaijan open up significant op-
portunities for improving transparency, traceability of
products, and automation of calculations. The transpar-
ency of the supply chain is made possible by immutable
records in the blockchain, which allows all participants
to see complete information about the product at every
stage - from production to the final consumer. This is
especially important for products that require strict
quality control, such as organic or baby products. The
blockchain also makes it easier to track each stage of
transportation and processing, which allows instant-
ly identifying the source of the problem if there are
questions about the quality or safety of the product. In
the case of incidents such as product contamination,
the use of blockchain allows responding quickly and
minimising damage. Automation of settlements be-
tween participants in the chain is achieved using smart

contracts that perform transactions automatically if
certain conditions are met. This eliminates intermedi-
aries, reduces costs,and reduces the risk of human error,
making payments predictable and secure. In addition,
the use of blockchain helps to increase confidence in
Azerbaijani agricultural products in domestic and in-
ternational markets, where transparency and security
of supply are valued (Azerbaijan introduces blockchain
technology in agriculture, 2021).

The introduction of blockchain technologies has
had a significant impact on the agricultural sector
of Azerbaijan, especially in terms of transparency,
traceability, automation of calculations, confidence
in products on international markets and investment
attractiveness. The transparency of the supply chain
increased by 40%, which significantly increased con-
sumer and partner confidence in the products and
strengthened the position of Azerbaijani goods in in-
ternational markets, where transparency and security
are highly valued (Table 1).

Table 1. Data on the use of blockchain technologies in the agricultural sector of Azerbaijan

Indicator Importance

for the agricultural sector of Azerbaijan

Projected growth for
the next 5 years
(2025-2030)

Economic
impact

Blockchain allows recording information about each
stage of the supply of agricultural products, which
increases transparency by 40% and reduces the risk of data
falsification by 25%, compared with conventional methods.

Transparency of the
supply chain

Increasing trust and
competitiveness in the
international market

Transparency is
projected to increase
by 60%

Introduction of blockchain in the supply chain improves
tracking accuracy by 30% and reduces the detection time
of product quality problems by 50%, which helps to reduce
losses in case of recalls of substandard products.

Improving product
traceability

Reduction of
tracking time by
70%

Reduction of losses by
25%, improvement of
product quality

Automation of
settlements
between farmers
and suppliers

Smart contracts can automate up to 70% of transactions,
reducing payment processing time by 40% and reducing
transaction costs by an average of 15%, which is especially
useful for small farmers.

Increased
transaction
automation by up
to 85%

Reduction of transaction
costs, increasing
liquidity

Increasing
confidence in
agricultural products
in foreign markets

Based on blockchain and data transparency, the export
performance of Azerbaijani products increased by 20%,
which is associated with increased confidence in the quality
and origin of goods. It also increased the average check by
10% in the partner countries.

Increase of income in
international markets,
expansion of export
opportunities

Growth of export by
30%

With the transition to blockchain infrastructure for data

Attracting
investments in the
agricultural sector

management and calculations, the volume of investments
in Azerbaijan’s agricultural sector increased by 15%,
as increased transparency and efficiency of operations

Investment growth  Attracting new investors,
up to 25% developing agriculture

attracted the attention of large foreign investors.

Source: compiled by the authors based on F. Kramer (2024)

Product traceability has also improved significantly
due to the blockchain, which has reduced the time to
detect quality problems by 50% and reduced losses in
recalls of low-quality products. Improving tracking ac-
curacy by 30% has reduced the risk of financial losses
and increased competitiveness, which is of particular
importance for Azerbaijan in the context of internation-
al competition. Automation of payments using smart
contracts allowed automating up to 70% of transac-
tions, reducing transaction costs by 15%, and speeding
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up payment processing by 40%. This has made it easier
for farmers to do business and strengthened the finan-
cial stability of the sector. The increase in automation
to 85% has also reduced dependence on intermediaries,
which has improved capital turnover and liquidity.
Increased confidence in Azerbaijani products in for-
eign markets due to blockchain technologies was re-
flected in a 20% increase in exports and a 10% increase
in the average receipt. This showed that blockchain
contributes not only to optimising internal processes,




but also to improving the country’s image as a relia-
ble exporter. The projected export growth of up to 30%
confirms that blockchain can become an important tool
for the strategic development of export potential. The
investment attractiveness of the agricultural sector has
also increased due to the transition to blockchain infra-
structure: the volume of investments has increased by
15%, which indicates a stable interest from investors.
Technology has improved transparency and manage-
ability, attracting new investments and creating op-
portunities for modernisation of the sector. In general,
blockchain has had a comprehensive and long-term im-
pact on the agricultural sector of Azerbaijan, increasing
efficiency, competitiveness and economic sustainability.

Ensuring transparency and efficiency in the ag-
ricultural supply chain using blockchain. One of the
most significant advantages of blockchain is ensuring
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transparency at all stages of the supply chain. Modern
consumers and partners demand proof of quality, com-
pliance with standards and production conditions, es-
pecially when it comes to agriculture. The inclusion of
blockchain in the supply chain allows recording every
operation and information about products - from cul-
tivation to final sale. This approach can be not only an
internal improvement for farmers, but also a significant
confidence factor in export markets. According to sta-
tistics, the countries of the USA, China, Australia, and
the Netherlands, which have implemented blockchain
in the agricultural sector, note an increase in exports by
15-20% in the first two years after integration (Chiara-
luce et al., 2024). In Azerbaijan, such an approach can
also help to improve the reputation of products in the
international arena and create more transparent and
secure conditions for all market participants (Table 2).

Table 2. Data on blockchain solutions in the agricultural sector

Importance for countries with

Indicator

implemented blockchain (USA, China,

Potential effect for Azerbaijan

Australia, the Netherlands)

Increased exports of agricultural products

15-20% in the first two years

Growth of trust and competitiveness in
international markets

Reduction of the incidence of counterfeit

products 25-30% Improvement of product quality and safety
. Cost optimisation and more accurate
- 0,
Lower production costs 10-12% planning
Increase of the calculation speed 20-25% Redu.ctpr? of delays a.nd 'mproving the
reliability of financial transactions
Reduction of operating costs 5-8% Reduction of the need for intermediaries
- 0

and manual checks

Source: compiled by the authors based on Max_zero (2021)

In traditional systems, information about products
passing through multiple intermediaries is lost or dis-
torted. The blockchain captures every movement of the
product, which allows quickly tracing the origin and
path to the end consumer.This is important to minimise
losses in case of disputes or quality problems. In coun-
tries such as the USA, China, Australia, and the Nether-
lands, where the introduction of blockchain has become
part of the agricultural strategy, the sale of counterfeit
or substandard products has decreased by 25-30%. In
Azerbaijan, this can not only increase product safety, but
also become a significant competitive advantage in the
face of the growing need for high-quality and safe food.

Another important problem in the agricultural sec-
tor of Azerbaijan is the lack of up-to-date and reliable
data for decision-making. Farmers and agribusinesses
often rely on limited information that does not reflect
current market conditions and the state of the industry.
With blockchain, it is possible to collect and store data
related to every aspect of production and distribution
of products, making them accessible to all market par-
ticipants. Countries that have implemented blockchain
for data collection in the agricultural sector report a

10-12% reduction in production costs due to more ac-
curate analysis and forecasting. In Azerbaijan, such data
can help agricultural companies to plan their activities
more efficiently and make decisions based on real indi-
cators rather than outdated estimates. Blockchain can
also automate financial transactions between partici-
pants in the agricultural chain using smart contracts.
In most traditional systems, farmers and suppliers of-
ten face payment delays or other difficulties related to
intermediaries. Smart contracts allow automating and
speeding up the settlement process, reducing the need
for manual verification and minimising delays. Research
shows that using smart contracts can reduce operating
costs by 5-8% and increase settlement speed by 20-
25%. For the agricultural sector of Azerbaijan, this can
become a key tool to ensure faster and more predicta-
ble wages for farmers and suppliers, which directly af-
fects the economic sustainability of the entire industry.

International experience of blockchain implemen-
tation in the agricultural sector and its importance for
Azerbaijan. The USA, China, Australia, and the Nether-
lands are successful examples of the introduction of
blockchain technologies in the agricultural sector, and

Scientific Horizons, 2025, Vol. 28, No. 2
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their experience can be useful for Azerbaijan (Table 3).
In the United States, blockchain is widely used to certify
organic products and track the supply chain. Companies
such as Walmart (Sristy,2021) and IBM Food Trust (2021)
use blockchain to record all stages of product move-
ment from the farm to the store, which allows them

to quickly respond to quality problems and guarantee
product safety. This helps American farmers to ensure
confidence in organic products, which is especially im-
portant in export markets. Such a system can improve
the management of organic products in Azerbaijan,
ensuring high standards of safety and transparency.

Table 3. Data on the integration of blockchain technologies in the agricultural sector
of the USA, China, Australia, and the Netherlands over the past 5 years

Year Indicator USA China Australia  Netherlands
2019 Number of blockchain projects in the agricultural sector 12 8 5 4
2020 Number of blockchain projects in the agricultural sector 18 (+50%) 2 (+50%) 8 (+60%) 6 (+50%)
2021 Number of blockchain projects in the agricultural sector 25 (+39%) 8 (+50%) 12 (+50%) 9 (+50%)
2022 Number of blockchain projects in the agricultural sector 32 (+28%) 5 (+39%) 16 (+33%) 12 (+33%)
2023 Number of blockchain projects in the agricultural sector 40 (+25%) 32 (+28%) 20 (+25%) 15 (+25%)
2019 Share of agricultural enterprises using blockchain 5% 3% 2% 2%
2020 Share of agricultural enterprises using blockchain 8% (+60%) 5% (+67%) 4% (+100%) 3% (+50%)
2021 Share of agricultural enterprises using blockchain 12% (+50%) 8% (+60%) 6% (+50%) 5% (+67%)
2022 Share of agricultural enterprises using blockchain 16% (+33%) 12% (+50%) 8% (+33%) 7% (+40%)
2023 Share of agricultural enterprises using blockchain 20% (+25%) 16% (+33%) 10% (+25%) 9% (+29%)
2019 Investments in blockchain in the agricultural sector (USD million) 50 40 20 15
2020 Investments in blockchain in the agricultural sector (USD million) 75 (+50%) 60 (+50%) 0 (+50%) 2 (+47%)
2021 Investments in blockchain in the agricultural sector (USD million) 100 (+33%) 85 (+42%) 45 (+50%) 0 (+36%)
2022 Investments in blockchain in the agricultural sector (USD million) 130 (+30%) 110 (+29%) 60 (+33%) 40 (+33%)
2023 Investments in blockchain in the agricultural sector (USD million) 170 (+31%) 140 (+27%) 0 (+33%) 0 (+25%)

Source: compiled by the authors based on A. Verma (2023)

In China, blockchain is actively used to control food
safety, especially meat and dairy products. Platforms
such as VeChain capture information about each stage
of supply, preventing counterfeiting and counterfeiting
of products (Markets Insider, 2021). This experience
shows how blockchain helps to guarantee the quality
and trust of goods, which has become critical in the
Chinese market. For Azerbaijan, this approach is use-
ful when exporting meat and dairy products to foreign
markets where safety requirements are high (Mayis et
al., 2021). Australia uses blockchain to increase trans-
parency of supply chains and competitiveness in in-
ternational markets. The AgriDigital platform provides
control over every stage of the supply of meat and grain
products, which helps Australia to strengthen its posi-
tion in Asian markets (Inclusive Money, 2022). Such an
approach could reinforce Azerbaijan’s export position
by demonstrating to international partners a high level
of quality and origin control, which is important for Eu-
ropean and Middle Eastern markets.

The Netherlands is actively using blockchain to
track exports of flowers and vegetables, which is an
important part of the agricultural sector. In companies
such as Royal FloraHolland, the blockchain records the
conditions of transportation and the grade of products,
allowing for quick elimination of possible quality prob-
lems. For Azerbaijan, this experience can be useful in
exporting fruits, vegetables, and other crops, where
quality monitoring at every stage will help increase
confidence in foreign markets, especially in Europe.

Scientific Horizons, 2025, Vol. 28, No. 2

The growth of blockchain adoption in the agricul-
tural sector: international experience and challenges
for Azerbaijan. Each country has seen steady growth in
three key indicators: the number of projects, the share
of agricultural enterprises using blockchain, and the
volume of investments. The United States is leading
in the number of blockchain projects, increasing them
from 12 to 40, which indicates a high interest in the use
of technology to optimise agricultural processes. China
has also demonstrated active development in this area,
increasing the number of projects from 8 to 32.Australia
and the Netherlands show similar growth,although with
lower absolute values, which is probably due to more
modest agricultural production volumes compared to
the United States and China. This reflects the active im-
plementation of blockchain in the agricultural sector to
increase transparency and efficiency of supply chains.

The share of agricultural enterprises implement-
ing blockchain is also growing in all countries, which
indicates the expansion of technology adaptation
(Kuznietsova & Bonar, 2023). The United States reached
20% in 2023, which means that one in five agricultural
entrepreneurs in the country uses blockchain in their
activities. China, with a high 16% adoption rate, is
showing a more moderate growth rate. Australia and
the Netherlands have also increased the share of agri-
business using blockchain to 10% and 9%, respective-
ly, indicating the growing awareness and willingness
of agribusiness to use innovative technologies to im-
prove data reliability and transparency of operations.




Investments in blockchain projects in the agricultural
sector have been steadily growing for five years in all
countries, which confirms the high interest of investors
and government support in the development of inno-
vations in agriculture. The United States is leading the
way in terms of investment, having increased from USD
50 million in 2019 to USD 170 million in 2023, which
indicates stable support from the private sector and
government programmes. China also shows a signifi-
cant increase in investments from USD 40 million to
USD 140 million, reflecting its interest in technolog-
ical solutions that contribute to the sustainable de-
velopment of the agricultural sector. Australia and the
Netherlands have demonstrated significant investment
growth, reaching USD 80 million and USD 50 million,
respectively, by 2023.

Blockchain can significantly increase the efficiency
of processes and reduce costs, as it simplifies the ex-
change of data between farmers, suppliers and buyers.
This reduces transaction costs and lowers dependence
on intermediaries, especially by automating payments
through smart contracts, which reduces the likelihood
of delays and transaction costs. The transparency pro-
vided by the blockchain allows all participants in the
supply chain to track the origin and quality of prod-
ucts, which is especially useful for exports to interna-
tional markets, where trust in the origin and safety of
products is highly valued (Kim et al., 2025). This can
strengthen the reputation of Azerbaijani products. In
addition, blockchain simplifies certification and quality
control, which makes the verification process more ef-
ficient and reduces administrative costs (Liepert, 2024).
This competitive advantage is especially relevant
against the background of the growing demand for
organic products. Transparency and high reliability of
blockchain technologies can also attract new investors
interested in sustainable and secure investments to the

Indicators

1

Score (0-10)
OFRr NWPHMNULIONN WO
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agricultural sector of Azerbaijan, which will support the
modernisation of the sector.

The main technical barrier is the lack of a developed
infrastructure and the lack of qualified IT specialists in
the agricultural regions of Azerbaijan, which creates ad-
ditional costs and requires the adaptation of resourc-
es. Farmers and agribusinesses will need training, as
the use of blockchain requires an understanding of the
technology and the ability to manage smart contracts.
This process requires significant resources and time,
which can slow down the implementation. Additionally,
regulatory and legal aspects arise. Effective blockchain
integration requires government support and a clear
legal framework (Turolyev, 2020; Vazov et al., 2022).
Regulation should include data protection, validation
of smart contracts, and dispute resolution mechanisms.
Without these standards, technology integration may
be difficult. The initial cost of implementation can also
be a significant barrier, especially for small farmers who
will need to purchase equipment, software, and staff
training.

Thus, blockchain opens up prospects for increas-
ing the transparency, efficiency and competitiveness of
Azerbaijan’s agricultural sector. However, implementing
these benefits will require work to overcome technical,
educational and regulatory challenges, making govern-
ment support and clear strategic planning essential.
Figure 1 shows that the use of blockchain technologies
in the agricultural sector of Azerbaijan has both sig-
nificant prospects and significant challenges. The pros-
pects include opportunities such as increased efficien-
cy and cost reduction, transparency of supply chains,
quality control, and investment attraction. Transparency
was highly appreciated, as it contributes to the growth
of confidence in Azerbaijani products on international
markets, and makes the agricultural sector more attrac-
tive to investors, which supports its development.

B Efficiency improvement

B Quality control

B Cost reduction

B Attracting investment

B Supply chain transparency
Training needs
Regulatory aspects
Technical barriers
Out-of-pocket costs

Figure 1. Prospects of using blockchain in the agricultural sector of Azerbaijan
Source: Report of the UN Secretary General “Blockchain Technology for Sustainable Development: Prospects and

Challenges” (2021)

However, the implementation of blockchain also
comes with challenges such as technical barriers, the
need for training, regulatory complexities, and high
initial costs. The lack of technical infrastructure and

human resources requires significant investments and
time for training. In addition, the lack of a clear legal
framework complicates the use of smart contracts and
data protection, which makes technology integration
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difficult without government support. High initial im-
plementation costs, especially for small farmers, are
becoming a serious barrier that can slow down the
process of switching to blockchain. Thus, although
blockchain can significantly optimise Azerbaijan’s ag-
ricultural sector and increase competitiveness, success-
ful integration requires addressing these challenges,
which underscores the importance of a comprehensive
strategy and support at the state level.

DISCUSSION

The results of this study confirm that the integration
of blockchain technologies into the agricultural sector
of Azerbaijan can significantly improve transparency,
traceability, and automation of processes, and increase
confidence in products on domestic and international
markets. The actual data was analysed, based on inter-
national experience and specific needs of the agrar-
ian sector of Azerbaijan. This study identified the key
advantages and features of the introduction of block-
chain technologies in the agricultural sector of Azer-
baijan, and identified the main barriers that hinder the
large-scale implementation of these technologies. One
of these advantages is the automation of payments
using smart contracts, which significantly simplifies
financial transactions between farmers and suppliers,
eliminating the need for intermediaries and minimis-
ing transaction costs.

The study by A.A. Mukherjee et al. (2022) aimed to
explore the application of blockchain for the sustain-
able development of supply chains in agriculture. Au-
thors claimed that blockchain contributes to reducing
the carbon footprint and improving the sustainability
of supply chains through transparency and accurate
tracking of resources. The conclusions were confirmed,
but additionally emphasise the importance of transpar-
ency to increase confidence in Azerbaijani agricultural
products in foreign markets. The current paper focused
on the economic aspect of automating calculations and
reducing transaction costs, which is especially impor-
tant for Azerbaijani farmers. FJ. Ferrandez-Pastor et
al. (2022) proposed a model for tracking agricultural
products using loT and blockchain technologies, us-
ing the example of industrial cannabis production. The
research has shown that the combination of loT and
blockchain allows increasing the accuracy of data on
the production process and eliminating information
forgery. This study also highlighted the role of block-
chain to increase data reliability and focused on reduc-
ing costs and ensuring the speed of calculations. While
the study focuses on specific manufacturing processes,
and this paper examined a broader range of blockchain
benefits for improving the entire supply chain. A. Pak-
seresht et al. (2023) explored the intersection of block-
chain technologies and the concept of circular economy
in the agro-industrial complex, showing how block-
chain helps to minimise waste and improves resource
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management. This is important for creating sustainable
production cycles. This study supports the conclusions
to some extent, as the transparency and traceability
provided by the blockchain also contribute to a more
responsible use of resources. However, this study puts
more emphasis on economic benefits such as simplifi-
cation and automation of calculations, which helps to
strengthen the financial stability of farmers.

H. Xiong et al. (2020) examined the validity and ap-
plication examples of blockchain in agriculture, high-
lighting its role in increasing confidence in product
quality and data reliability. Authors emphasised that
blockchain helps to strengthen consumer confidence in
the safety of products. This study confirms these find-
ings and expands on them, showing how transparency
and trust created by blockchain are especially impor-
tant for Azerbaijan, which is striving to improve its ex-
port potential. Additionally, this study focused on the
automation of financial calculations, which helps to im-
prove resource management in the agricultural sector.
M. Alobid et al. (2022) explored the revolutionary role
of blockchain in agriculture, highlighting the potential
for increased operational efficiency, transparency, and
traceability of products. Researchers emphasised the
importance of simplifying access to information for
all participants in the supply chain. The current study
highlights the same need, but the authors also consider
blockchain as a tool to facilitate settlements and mini-
mise payment delays, which is especially important for
farmers who depend on fast liquidity.

W. Liu et al. (2021) in a systematic review of the
literature emphasised that blockchain and information
and communication technologies play an important
role in the development of precision agriculture. The
study focused on the need to introduce technologies
to increase productivity and optimise resource use. The
current also confirms the importance of these technol-
ogies, but focuses more on the economic aspects of
implementing blockchain in supply chains and settle-
ments. Unlike the general accent on the increased effi-
ciency in precision farming, these results highlight the
financial sustainability and reduced operating costs of
farmers in Azerbaijan, which is becoming an important
factor in a developing economy. T. Frikha et al. (2023)
investigated the integration of blockchain and deep
learning for control and tracking in greenhouses, em-
phasising that such technologies can improve the ac-
curacy of crop health monitoring and reduce the risks
of losses. Although this study does not focus on deep
learning, it shows that blockchain can be successfully
used to improve transparency at all levels of agricul-
tural production. The current study focuses on the use
of blockchain in open supply chains, not just in green-
house environments. This highlights the practical ad-
vantage of this approach, which focuses on the entire
supply chain rather than individual segments such as
greenhouses.




T. Bosona and G. Gebresenbet (2023) highlighted
the role of blockchain in agricultural chains, empha-
sising its importance for improving product tracking
systems and food safety. This study confirms the con-
clusions and develops this idea, suggesting the use of
blockchain not only for security, but also for automat-
ing calculations and improving financial control. This
allows making the processes transparent and econom-
ically profitable, which is an important factor for Azer-
baijan. The focus of the current study is on the use of
smart contracts that simplify financial settlements be-
tween farmers and suppliers, which is especially impor-
tant for supporting small and medium-sized business-
es. M. Sharma et al. (2022) conducted an international
study aimed at exploring the barriers and motivators
of blockchain implementation in agricultural supply
chains. They found that cultural differences and the
level of development of technological infrastructure
have a significant impact on the success of technology
implementation. This study considers the specifics of
the Azerbaijani agricultural sector and shows that, de-
spite limited resources, blockchain can be useful due to
the automation of calculations and increased transpar-
ency. In contrast to the general analysis of blockchain
adoption factors, this study highlights specific benefits
such as increased settlement speed and reduced trans-
action costs. G.K. Akella et al. (2023) conducted a sys-
tematic review of barriers and factors contributing to
the adoption of blockchain for the creation of “smart”
agriculture. And they highlighted that the main barriers
remain the lack of qualified personnel and the high cost
of implementation. This study confirms these conclu-
sions, but also shows that automation using blockchain
can partially compensate for the shortage of staff by
reducing the volume of routine tasks. This is especially
true for Azerbaijani farmers, who do not always have
access to training and resources.

Another difference of this study is the focus on the
accessibility of technology for small farmers, who play
an important role in agriculture in Azerbaijan. Unlike
most studies that look at blockchain at a high-level,
this study focuses on the real opportunities and bar-
riers for small farmers, emphasising the importance
of affordable solutions for supply chain management
and settlements. Thus, this study not only supports the

Babayev et al.

CONCLUSIONS

This study analysed the possibility of integrating
blockchain technologies into the agricultural sector
of Azerbaijan to increase transparency, improve prod-
uct traceability, automate calculations, and strengthen
confidence in Azerbaijani products on domestic and in-
ternational markets. The introduction substantiated the
relevance of blockchain technologies for Azerbaijan,
and examples of successful blockchain implementation
in countries with developed agricultural markets such
as the USA, China, Australia, and the Netherlands were
used for the analysis, which allowed considering the
specific needs of the Azerbaijani agricultural sector.

The results confirmed that blockchain can become
an effective tool for the transformation of Azerbaijan’s
agricultural sector. One of the main conclusions was
that the blockchain can ensure the transparency of
supply chains, recording all stages of product move-
ment and reducing the risk of fraud. This aspect is
extremely important for strengthening confidence in
Azerbaijani products in export markets and creating
a competitive image. It has also been revealed that
blockchain can provide significant economic benefits
for the agricultural sector. In particular, automation of
payments using smart contracts allows reducing trans-
action costs and eliminating intermediaries, which is
especially useful for small farmers who have difficulty
accessing capital. Thus, blockchain technology has the
potential to increase the financial stability of agricul-
tural enterprises. The work also identified significant
barriers to the implementation of blockchain technol-
ogies. These include the high cost of computing re-
sources, the shortage of qualified specialists, and the
lack of a legal framework that prevents the full use
of smart contracts. These factors make it difficult to
integrate the blockchain and require significant initial
investments, which can be a major obstacle for small
and medium-sized farmers. The conclusion highlights
the importance of blockchain technologies for the ag-
ricultural sector of Azerbaijan and suggests several
areas for further development, such as improving the
legal framework, supporting investments, and devel-
oping training programmes for farmers and special-
ists.

conclusions of other researchers about the importance ACKNOWLEDGEMENTS
of blockchain for transparency and sustainability of the  None.
agricultural sector, but also elaborates, focusing on the
economic benefits and automation that can ensure fi- CONFLICT OF INTEREST
nancial stability and speed up processes for farmers. None.
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AHorTauisa. MeToto ui€i cTaTTi Byno focnifKeHHS noTeHuiany iHTerpauii 610KYeiH-TEXHONOTIM B arpapHuiA CeKkTop
AzepbaiipkaHy AN NigBULLEHHS NPO30POCTi, BiCTEXYBAHOCTI Ta aBTOMaTM3aLii NPOLECiB, @ TAKOX ANS 3MiLLHEHHS
[LOBipY 0,0 MPOAYKLIi HA BHYTPILWHBbOMY Ta MiXKHAapOAHMX pUHKax. PoboTa BkAoYana aHanis MiXKHapo4HoOro focCBiay
Takmx KpaiH ak: CLWA, Kutan, Higepnanom ta ABcTpanis, Wwo Aano 3MOry OuiHUTM nepeBark GAOKYENHY Ta BNAMB
Ha KIOYOBI aCneKkTu CinbCbkoro rocnogapcrtsa. OCHOBHA yBara NpUAINANacs nNpo30opocTi Ta KOHTPOMKO AKOCTI Ha
BCiX eTanax NaHLoXKa NOCTaBOK, aBTOMATU3aLii QiHAHCOBUX PO3PaxXYHKIB MiX Y4aCHUKAMU PUHKY Ta EKOHOMIYHIN
BUIOAi BifJ, BUKOPUCTAHHS CMApT-KOHTPaKTIB. Pe3ynbTaTv fOCNiAXKEHHS MOKA3anu, Lo 610KYEerH 30aTHUI pafnKanbHO
NONINWWUTX NPO30PICTb NAHLIOXKKIB NOCTAaBOK. 3aBASKM TEXHOMONIi MOXHA (iKCyBaT i BiACTEXYBATU KOXEH eTan
pyxy NpoAyKLii Bif BUPOOHUKA O KiHLEBOrO CMOXMBAYa, WO AAE 3MOTY KOHTPOJIOBATU SKICTb i LUBMAKO BUSABASTU
npobnemu. B ymoBax AsepbaiigkaHy Lie 0Co6MBO BaXK/MBO, OCKIIbKM KpaiHa NparHe 3MiLHWUTKU CBilA eKCMOPTHUM
noTeHLian, @ CNOXMBaYi Ha MiXKHAPOAHWUX PUHKAX BUCYBalOTb BMCOKI BUMOIM A0 NMPO30poCTi Ta Be3nekn arpapHoi
npoaykuii.[locnigkeHHsa TaKOX NOKa3ano, Wwo 61oKYeliH MOXe aBTOMATU3yBaTH PiHAaHCOBI pO3paXyHKM 33 4OMNOMOro0
CMapT-KOHTPAKTIB, WO CRApOLYE TpaH3akLii Mix depMepamu i noctavanbHukamu. Lle npusBoanTb A0 3HWXKEHHS
TPaH3aKLiMHMX BUTPAT, BUK/IIOUEHHS HEOOXiAHOCTI B NOCepefHMKAX i MONIMLEHHS NiKBIAHOCTI arpapHMX NiANPUEMCTB,
ocobnmBo apibHux depmepis. Takui Nioxin A€ 3MOry po3B'a3ati HM3KY GiHaHCOBKUX NpobneM, 3 SKUMU CTUKAKOTLCS
dbepMepw, BKIIOYHO i3 3aTpUMKaMM NNaTexXiB Ta 0OMeXeHUM AOCTYNOM A0 Kanitany. BUCHOBKM nigkpecntoBany,
WO, He3BaXKal4M Ha HAsABHI nepenoHu, BNIOKYENH MOXe CTaTU BAK/IMBUM IHCTPYMEHTOM [NS MiABULLEHHS
KOHKYPEeHTOCMPOMOXHOCTI arpapHoro cektopy AsepbanayxaHy. [1ns ycnillHOro BnpoBaaXeHHs HeobXiaHe 3anyyYeHHs
[epXXaBHoi NiATPUMKM, NPOrpaM HaBYaHHS Ta GiHAHCOBOT AONOMOMM A9 afanTalii Ta NOLWMPEHHS TEXHONOTIT cepen,
dhepMepiB. TakMM YMHOM, iHTerpaLis 610K4eHy 34aTHa HaAaTM EKOHOMIYHI Ta onepauiiHi nepeBaru, ki 4LOMNOMOXYTb
NONINWMTK SKiCTb, NPO30PICTb i AOBipY A0 a3epbaimkaHCbKoi arpapHOi NpoAyKLii

KntouoBi cnoBa: ynpas/iHHA BPOXAEM; NAHLIOXKKM NMOCTABOK; hepMepCbKi rocnofapcrsa; NpoAoBO/bYi CUCTEMM;
ynpaeiHHA 6e3neKko NpoayKLuii
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