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ABSTRACT 

The integration of blockchain technology in the cultivation, farming, conservation, and propagation 
of medicinal plants and organic farming offers a transformative solution to address key challenges in 
these industries. This study examines blockchain’s potential to revolutionize these practices by 
enhancing supply chain traceability, provenance verification, and fair-trade promotion through 
smart contracts. Utilizing a systematic approach in descriptive analysis, the review investigates 
blockchain’s role in fostering collaboration, transparency, and innovation, contributing to 
sustainable and ethical sourcing in medicinal plant supply chains. The methodology relies on 
secondary data, guided by specific research questions targeting blockchain’s ability to address 
challenges in traceability, fraud prevention, and environmental sustainability in the medicinal plant 
sector. These questions align with the study’s objectives, enabling an organized examination of 
blockchain’s applications and benefits. Data collection involves sourcing from peer-reviewed 
journals, industry reports, and case studies from databases such as PubMed, IEEE Xplore, and 
ScienceDirect, focusing on studies published from 2013 to 2023. Inclusion criteria are based on 
relevance to themes like fraud prevention, transparency, and ecological impact in medicinal plant 
supply chains, alongside blockchain’s broader implications. Data extraction and analysis identify 
key themes, including blockchain’s applications, benefits, and barriers to adoption, highlighting its 
potential to improve traceability, authentication, and eco-friendly practices within medicinal plant 
transactions. The methodology includes diagrammatic representations illustrating blockchain’s role 
across each supply chain phase, from sourcing and certification to end-user delivery, to clarify 
transaction flows and underscore blockchain’s transformative impact. Despite implementation 
challenges, this study argues that blockchain offers considerable potential for sustainable medicinal 
plant resource management. By addressing literature gaps regarding blockchain’s impact on 
biodiversity and ethical sourcing, the review raises awareness and advocates for the technology’s 
adoption. With innovation and collaboration, stakeholders can unlock blockchain’s full potential, 
promoting a resilient, ecologically conscious future for global herbal medicine production. In 
conclusion, blockchain is highlighted as a powerful tool for enhancing transparency, accountability, 
and regulatory compliance in the medicinal plant industry, fostering responsible resource 
management and sustainable practices. 
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INTRODUCTION 

At the heart of nature's pharmacy lies a treasure trove of medicinal plants, each 

capable of healing, calming, and revitalizing animals and nature. However, as 
our world evolves, so do the challenges facing these botanical wonders. The 
delicate balance between human health and environmental conservation 
necessitates a paradigm shift in how we approach the cultivation, farming, 
conservation, and propagation of these precious resources (Martin et al., 2016). 
Similarly, innovation meets tradition in sustainable agriculture, organic farming, 
conservation, and medicinal plant propagation, where the future of healthcare 

directly intersects with biodiversity conservation. On the other hand, in this 
advancing age of environmental consciousness and scientific enlightenment, the 
quest for sustainable solutions has never been more urgent or promising (Ehrlich, 
2002). 

Sustainable farming embodies a holistic ethos, weaving together the threads of 

environmental stewardship, agricultural innovation, and community resilience. 
It is a testament to our commitment to nurturing the land, replenishing its bounty, 
and protecting the complex web of life that sustains us all. From regenerative 
farming practices that bring life back to depleted soils to agroforestry systems that 
integrate diverse ecosystems, sustainable agriculture is a beacon of hope in an era 
of environmental uncertainty (Dessart et al., 2019). Organic farming, with its 

unwavering commitment to purity and integrity, stands as a beacon of light in a 
sea of chemical-laden agribusiness. It demonstrates our respect for the wisdom of 
nature, the sacredness of the soil, and a commitment to producing food and 
medicine in harmony with the earth (Frey, 2011). Through practices like 
composting, cover cropping, and biological pest management, organic farmers 
nurture not only the health of the land but also those who share in its bounty. 

Correspondingly, forest conservation the silent guardian of biodiversity remains 
a bulwark against the tide of extinction, protecting species both large and small. 
In a world teetering on the brink of ecological collapse, conservation is not merely 
an option but a necessity and a moral responsibility to protect our planet's 
irreplaceable wealth for future generations (Carlisle, 2022). Through protected 
areas, habitat restoration, and sustainable harvesting methods, conservationists 

work tirelessly to ensure that biodiversity remains intact, vibrant, and resilient. 

The art of propagation, renewal, and regeneration holds the key to unlocking the 
limitless potential of medicinal plants for generations to come. It is a journey of 
discovery, innovation, and collaboration, highlighting people’s respect for 
individual ingenuity, adaptability, and the healing power of nature. From seed 

saving to tissue culture and from traditional knowledge to cutting-edge 
biotechnology, these practices chart a course toward a future where every seed is 
a promise, every plant is a legacy, and every harvest is a celebration of life. Thus, 
in the sustainable cultivation, organic farming, conservation, and propagation of 
medicinal plants, we find ourselves at the crossroads of tradition and innovation, 
stewardship and discovery, conservation and progress (Ndawonde, 2015). It is in 

this sacred space between the past and future that we must summon the courage, 
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vision, and determination to forge a new path that honors the wisdom of our 
ancestors while embracing the challenges of our time. Human and planetary 
health indicate a future that is not merely compatible but inseparably linked. 

The objective of this review article is therefore to explore the potential of 
blockchain technology to revolutionize medicinal plant cultivation, farming, 
conservation, propagation, and supply chain management. By achieving these 
goals, it seeks to improve understanding and awareness of blockchain's role in 
promoting sustainable management practices in medicinal plant industries and, 
ultimately, to contribute to biodiversity conservation and the availability of 

natural remedies for future generations. 

Additionally, this review comprehensively analyzes and interprets findings from 
the existing literature on blockchain's role in medicinal plant supply chains. By 
examining trends, common practices, and challenges, it highlights current 
knowledge gaps and inconsistencies in the research landscape. The discussion 

also interprets these findings, addressing blockchain's specific contributions to 
transparency, fraud prevention, and sustainable harvesting practices. 
Additionally, it considers the implications of blockchain adoption for industry 
stakeholders, such as farmers, suppliers, and consumers, emphasizing its 
potential to enhance trust, traceability, and ecological preservation. 

MATERIALS AND METHODS  

This study is designed to follow a systematic approach to descriptive analysis, 
focusing on secondary data to assess the role of blockchain technology in 
enhancing sustainability and transparency within medicinal plant supply chains. 
The review begins by formulating specific research questions that target 
blockchain’s potential to address common supply chain challenges. These 

questions explore how blockchain can improve traceability, prevent fraud, and 
support environmentally sustainable practices within the medicinal plant 
industry. The formulation of these questions is guided by the primary objectives 
of the study and ensures a clear alignment between the research goals and the 
analysis process. 

Data collection focuses on gathering secondary sources from peer-reviewed 
journals, industry reports, and relevant case studies. The search is conducted 
across databases such as PubMed, IEEE Xplore, and ScienceDirect to capture 
studies from 2013 to 2023 that discuss blockchain applications in supply chains, 
green technology solutions, and medicinal plant trade. Inclusion criteria are 
established to maintain relevance and include publications that address 
challenges like fraud, transparency, and environmental impact in medicinal plant 

supply chains, as well as the broader implications of blockchain technology on 
these challenges. Data extraction and analysis are conducted by identifying and 
categorizing key themes, such as blockchain’s applications, benefits, barriers, and 
potential to enhance sustainability. These themes are structured to emphasize 
findings on traceability, authentication, and eco-friendliness within blockchain-
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supported medicinal plant transactions, providing an organized view of 
blockchain’s impact on medicinal plant supply chains. 

To enhance clarity and understanding, the methodology is supported with 
diagrammatic representations illustrating blockchain’s role across each phase of 
the supply chain, from sourcing and certification to transportation and end-user 
delivery. These diagrams aim to simplify complex transaction flows and 
emphasize blockchain’s transformative potential for transparency and trust in the 
medicinal plant supply chain. 

This systematic approach, structured analysis, and inclusion of diagrammatic 
representations will deepen readers’ understanding of blockchain’s role in 
fostering trust, transparency, and sustainability in medicinal plant supply chains. 

RESULTS AND DISCUSSION 

Understanding the importance of traceability and transparency in medicinal 

plant industries 

The medicinal plant industry faces significant challenges related to traceability 
and transparency, stemming from issues such as derivation, mislabeling and 
unsustainable sourcing practices. Traceability ensures that the journey from 
medicinal plant cultivation to consumption can be accurately documented, 

enabling stakeholders to verify authenticity, quality and ethical sourcing 
practices. Transparency, on the other hand, fosters trust and accountability by 
providing stakeholders, including consumers, access to detailed information 
about medicinal plant production, processing and distribution (Wognum et al., 

2011; Vian and Kohler, 2016). 

But many medicinal plants are at risk due to overharvesting, habitat destruction 

and climate change. Traceability and transparency initiatives should help 
monitor the sourcing of these plants, ensure sustainable practices are adopted to 
conserve biodiversity and support local communities that depend on these 
resources (Beck-O'Brien and Bringezu, 2021; Salmi et al., 2023). Also, traceability 
allows for better quality control throughout the supply chain. By tracking the 
origin of medicinal plants from cultivation to processing and distribution, 

companies are able to identify potential contaminants, contaminants or other 
quality issues, ensuring the safety and efficacy of the final products (Tripathy et 

al., 2015; Nafiu et al., 2017). Transparency in the medicinal plant industry is 

essential to ensure ethical sourcing practices. This includes fair trade, respect for 
indigenous knowledge and intellectual property rights, as well as fair benefit 
sharing with local communities involved in plant cultivation and harvesting 

(Sanghera et al., 2015; Liu et al., 2023). Similarly, many countries have 
regulations and standards that govern the trade in medicinal plants and herbal 
products. Traceability systems help companies comply with these regulations by 
providing documentation and evidence of legal and sustainable sourcing 
practices (Nikolakis et al., 2018; Hastig and Sodhi, 2020). Increasingly, 

consumers are demanding transparency and accountability from companies 
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regarding the products they purchase, including herbs and herbal supplements. 
By implementing traceability measures and providing transparent information 
about sourcing and production practices, companies can build trust with 

consumers and enhance brand reputation (Brown, 2017; Obahiagbon and Ogwu, 
2023). 

On the other hand, advances in technology such as blockchain, RFID (radio-
frequency identification) and DNA barcoding are being used to improve 
traceability in the medicinal plant industry. These technologies enable real-time 
tracking of products throughout the supply chain, reducing the risk of fraud and 

ensuring authenticity (Galvez et al., 2018; Mehannaoui et al., 2023). Also, 

collaboration between industry stakeholders including growers, suppliers, 
manufacturers, regulators and non-governmental organizations (NGOs) is 
essential to establish effective traceability and transparency initiatives. Collective 
efforts can lead to the development of industry standards, best practices, and 
certification schemes (Gardner et al., 2019; Gurzawska, 2020). In further 

consideration, continuous research and innovation is needed to further improve 
the discovery methods and technologies in the medicinal plant industry. This 
includes developing new analytical techniques for plant verification as well as 
integrating digital platforms for data sharing and supply chain management 
(Bargshady et al., 2016; Tian, 2017). 

Overview of blockchain technology and its applications in agriculture 

Currently, blockchain technology holds great potential for transforming various 
sectors including agriculture, and decentralized and distributed ledger technology 
through blockchain records transactions across multiple computers in a tamper-
proof and transparent manner. Further, each block of this chain creates a secure 

and immutable record of the previous block's cryptographic hash, along with the 
transaction data. That's why in agriculture, blockchain can improve traceability, 
transparency and efficiency across the supply chain by securely recording 
transactions, verifying authenticity and facilitating real-time data exchange 
between stakeholders (Sunny et al., 2020). By leveraging smart contracts and 

cryptographic techniques, blockchain enables trustless interactions while 

mitigating the risks associated with fraud, forgery, and data manipulation. On 
the other hand, blockchain technology has gained significant attention across 
various industries, including agriculture and supply chains (Rejeb et al., 2019). 

Because of the ability to improve transparency, traceability and efficiency. The 
main features of blockchain technology (Lin et al., 2020) can be identified by 

Figure 1 below. 
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Figure 1: Main features of Blockchain 

Blockchain applications in agriculture 

Supply chain traceability: Blockchain can provide end-to-end traceability of the 
agricultural supply chain by recording every stage of production, processing and 

distribution. Ensures transparency and authenticity, allowing consumers to verify 
the origin and quality of agricultural products. For example, companies like IBM 
Food Trust and Walmart are using blockchain for traceability of food products, 
to respond quickly to food safety issues and reduce food fraud (Ge et al., 2017). 

Provenance verification: Blockchain enables farmers to prove the authenticity 
and quality of their produce by recording relevant information such as planting, 

harvesting and processing methods to the blockchain. This helps build customer 
confidence and access premium markets that value provenance (Torky and 
Hassanein, 2020). 

Smart contracts: Smart contracts are self-executing agreements written directly 
into code with the terms of the agreement. In agriculture, smart contracts can 
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automate various processes such as payment settlements, insurance claims and 
tax agreements. For example, farmers can enter into smart contracts with buyers 
or insurers, triggering automatic payments upon meeting predefined conditions 

such as delivery or crop harvest (Salah et al., 2019). 

Asset tokenization: Blockchain facilitates tokenization of agricultural assets 
such as land, machinery and crops. By representing these assets as digital tokens 
on a blockchain, ownership can be easily transferred, fragmented and traded, 
unlocking liquidity and investment opportunities for small-scale farmers (Kiruba 

et al., 2021). 

Data management: Agricultural blockchain platforms can securely manage and 

share data related to crop yields, weather conditions, soil quality and market 
prices. Farmers can use this data to make informed decisions based on their 
production history, optimize resource allocation and access financial services 
such as credit and insurance (Lin et al., 2020; Yang et al., 2021). 

Blockchain solutions for sustainable cultivation practices 

It has been recognized that Blockchain solutions can promote sustainable 
farming practices by enabling farmers to transparently record and monitor their 
agricultural activities, inputs and results. By immutably documenting factors 
such as crop rotation, organic inputs and water use, blockchain improves 

accountability and compliance with sustainability standards. In addition, 
blockchain-based supply chain platforms can facilitate direct relationships 
between farmers and consumers, encourage fair trade and environmentally 
friendly practices, and maintain sustainability throughout the supply chain (Iqbal 
and Butt, 2020).  The latest developments related to blockchain applications in 
sustainable farming practices can be identified (Figure 2) as follows (Demestichas 

et al., 2020; Lin et al., 2020; Torky and Hassanein, 2020). 
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Figure 2: The latest developments related to blockchain applications in sustainable 

farming practices 
 

 

Traceability and Transparency: Blockchain technology enables the recording of every transaction
or activity in the agricultural supply chain in an immutable and transparent manner. This helps in
tracing the origin of products, ensuring authenticity and maintaining quality standards.

Smart Contracts for Fair Trade: Smart contracts on blockchain platforms can facilitate fair trade
practices by automatically executing contracts when predefined conditions are met. This ensures
that farmers receive fair compensation for their produce and promotes ethical sourcing practices.

Collaborative Platforms: Blockchain-based collaborative platforms connect farmers, suppliers,
distributors and consumers in a transparent ecosystem. These platforms facilitate knowledge
sharing, resource pooling and collaborative decision-making to promote sustainable cultivation
practices across the agricultural value chain.

Supply chain optimization: Blockchain increases supply chain efficiency by providing real-time
visibility into the movement of agricultural products from farm to table. This minimizes delays and
waste in the supply chain while reducing the risk of fraud, theft and counterfeit products.

Certification and Compliance: Blockchain can streamline the certification process for sustainable
farming practices by securely storing certification and compliance documents in a decentralized
ledger. This increases confidence among consumers and facilitates access to premium markets for
sustainably produced goods.

Data management and analytics: Blockchain solutions combined with data analytics tools enable
better management of agricultural data, including crop yields, environmental conditions and
resource use. This data can be used to optimize farming practices, reduce waste and improve overall
efficiency.

Carbon Footprint Tracking: Some blockchain solutions incorporate carbon footprint tracking
mechanisms to monitor and offset the environmental impact of agricultural activities. By reporting
emissions data and implementing carbon reduction initiatives, farmers can reduce their
environmental footprint and contribute to climate change mitigation efforts.

Tokenization of Agricultural Assets: Tokenization enables fractional ownership of agricultural
assets such as farmland or crops, allowing investors to directly participate in sustainable farming
practices. Blockchain-based platforms facilitate transparent investment opportunities in agriculture,
fostering sustainable development.
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Blockchain integration for organic farming 

Blockchain integration is recognized to raise organic farming standards by 

providing a transparent and immutable record of compliance with farming 
practices, certifications and organic regulations. Through blockchain-enabled 
platforms, stakeholders can verify the authenticity of organic claims, track the 
origin of organic products, and ensure compliance with organic standards 
throughout the supply chain (Khatoon et al., 2019). Smart contracts embedded in 
blockchain systems can automate certification processes, streamline audits, and 
improve trust between consumers, retailers, and certification bodies. Blockchain 

integration into organic farming continues to evolve, offering improved 
transparency, trust and sustainability in organic food supply chains (Kamilaris et 

al., 2019; Ahmadi Kaliji and Pakseresht, 2023). 

Blockchain can be used to securely store organic certification data, including 
farm practices, soil health and compliance with organic standards. This ensures 

transparency and authenticity throughout the organic farming process, reducing 
the risk of fraud and mislabeling (Tegeltija et al., 2022). Similarly, Blockchain 

enables the tracking of organic products from farm to fork, providing consumers 
with real-time information on the origin, production methods and transportation 
of organic goods. This level of traceability increases trust and confidence in 
organic food products (Lin et al., 2021). Correspondingly, blockchain-based 

decentralized markets connect organic farmers directly with consumers, 
eliminating middlemen and ensuring fair prices for producers and consumers. 
Smart contracts facilitate transparent transactions and enable automatic 
payments based on predefined conditions (Luo et al., 2019). Blockchain platforms 

foster collaboration among organic farmers, researchers and stakeholders by 
securely sharing agricultural data, best practices and research findings. This will 

facilitate knowledge sharing and innovation in organic farming methods, thereby 
improving productivity and sustainability (Kochupillai et al., 2021). 

By integrating blockchain technology, organic food supply chains can achieve 
greater efficiency and resilience. Real-time monitoring of inventory levels, 
transportation routes, and storage conditions helps minimize waste, reduce 
spoilage, and optimize distribution processes (Saurabh and Dey, 2021). 

Blockchain-powered apps and platforms give consumers access to detailed 
information about organic farming practices, environmental impact assessments 
and nutritional benefits. This creates greater consumer awareness and promotes 
informed choices regarding organic food consumption (Menon and Jain, 2021). 
Some blockchain solutions incorporate carbon footprint tracking and offset 
mechanisms to quantify and minimize the environmental impact of organic 

farming activities. By encouraging sustainable practices and carbon sequestration 
initiatives, blockchain contributes to reducing the carbon footprint of organic 
agriculture (Rani et al., 2024). Blockchain facilitates regulatory compliance by 

maintaining an incorruptible record of organic certification documents, audits 
and inspections. This streamlines the certification process and ensures 
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compliance with organic standards, increasing the credibility of organic farming 
practices (Gould et al., 2019). 

Enhancing conservation efforts with blockchain traceability 

Blockchain traceability has emerged as a powerful tool to enhance conservation 
efforts, particularly in the context of medicinal plant sourcing, harvesting and 
trade. That is, Blockchain technology allows for the creation of transparent and 
immutable records of every transaction or activity in the medicinal plant supply 
chain (Kochupillai et al., 2021). This securely records the entire journey of these 

plants from harvest to distribution and minimizes the risk of fraud, 
mismanagement or unsustainable practices. Similarly, through blockchain 
traceability, stakeholders can monitor the sustainability of medicinal plant 
resources in real time. By looking at factors such as harvesting practices, 
quantities extracted, and geographic locations, conservationists can assess 
impacts on ecosystems and biodiversity, identify areas of concern, and 

implement targeted conservation interventions (Hamilton, 2004; Galvez et al., 

2018). Blockchain-enabled platforms, on the other hand, facilitates data sharing 
and collaboration among stakeholders engaged in conservation efforts 
(Kochupillai et al., 2021). Researchers, government agencies, non-profit 

organizations, and local communities can securely share information about plant 
populations, habitat conditions, and conservation initiatives, and collaborate and 

share knowledge. Blockchain-based incentive mechanisms such as tokenization 
and smart contracts support sustainable practices and can encourage habitat 
restoration efforts (Mendoza Tovar, 2023).  For example, farmers or 
communities that engage in responsible harvesting or habitat conservation can be 
rewarded with tokens or financial incentives, promoting long-term conservation 
goals. 

Blockchain can streamline the certification process for sustainably harvested 
medicinal plants by securely recording certification documents and compliance 
data in a decentralized ledger. This improves confidence in the authenticity and 
sustainability of certified products, facilitates access to premium markets and fair 
compensation for responsible producers (Dutta et al., 2020). Moreover, 

Blockchain traceability enables consumers to make informed choices by 
providing access to detailed information on medicinal plant-related provenance 
and sustainable practices. By promoting transparency and awareness, Blockchain 
empowers consumers to support conservation-friendly products and contribute 
to biodiversity conservation efforts (Loundou, 2008; Mir et al., 2021). 

Propagating medicinal plants: blockchain-enabled approaches 

Propagation of medicinal plants has been identified as playing a crucial role in 
the field of health. The process provides ingredients for various medicines, herbal 
remedies and supplements and this process is often fraught with challenges, 
including issues related to transparency, traceability and management of 
intellectual property rights (Hossain et al., 2022). In recent years, blockchain 
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technology has emerged as a potential solution to these challenges, offering many 
benefits to researchers, nurseries and conservationists involved in medicinal plant 
propagation (Wani et al., 2023). 

A primary advantage of blockchain technology in medicinal plant propagation is 
its ability to provide transparent and verifiable records of plant genetics, 
propagation methods, and germplasm transfer. By digitizing plant pedigrees and 
propagation data on blockchain platforms, stakeholders can ensure the integrity 
and authenticity of information related to the origin and history of medicinal 
plant varieties (Bamakan et al., 2021). This transparency not only improves trust 

and accountability but also facilitates compliance with regulatory requirements 
and quality assurance standards. Similarly, Blockchain technology facilitates 
improved traceability throughout the medicinal plant supply chain and enables 
stakeholders to trace the lineage of plant varieties from their origins to their 
current state. This traceability is essential to verify the authenticity and quality of 
medicinal plant products, as well as to ensure compliance with legal and ethical 

standards (Saha et al., 2018; Balekundri and Mannur, 2020). By recording 

transactions and updates on the blockchain, stakeholders can reduce the risks 
associated with counterfeit products and supply chain disruptions, thereby 
protecting the interests of consumers and industry stakeholders alike (de Boissieu 
et al., 2021). 

Blockchain-enabled approaches streamline breeding programs by facilitating data 
exchange and collaboration between researchers and breeders. By digitizing plant 
pedigrees, genetic information and performance evaluations on blockchain 
platforms, breeders can gain valuable insights into the traits and characteristics 
of different plant varieties, accelerating the development of new and improved 
cultivars with improved medicinal properties. This collaborative approach not 

only fosters innovation, but also maximizes the efficiency and effectiveness of 
breeding efforts while ultimately benefiting the entire medicinal plant industry 
(Camacho-Henriquez et al., 2015; Bakarich et al., 2020). Maintaining genetic 

diversity is critical to the long-term sustainability of medicinal plant populations, 
as it ensures resilience to environmental changes and disease outbreaks. 
Blockchain technology can help conservationists more effectively monitor and 

manage germplasm collections, ensuring the preservation of diverse genetic 
resources for future generations (Pathirana and Carimi, 2022). By recording 
germline exchanges, conservation efforts and breeding initiatives on the 
blockchain, stakeholders can track the movement of genetic material and identify 
priority areas for conservation efforts, thereby contributing to the preservation of 
biodiversity and ecosystem health. Smart contracts are a key component of 

blockchain technology, and these self-executing contracts fairly compensate 
breeders and researchers for their contributions and facilitate licensing 
agreements and collaborations (Wang et al., 2019). By eliminating intermediaries 

and streamlining administrative processes, smart contracts improve the efficiency 
and transparency of intellectual property management, thereby encouraging 
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innovation and investment in medicinal plant research and development 
(Bamakan et al., 2021; Wang et al., 2021). 

Case studies and examples of blockchain implementation in medicinal plant 

industries 

With the advancement of information technology, a transparent blockchain 
platform called HerBChain has been developed to improve the quality assurance 
of medicines. It aims to minimize the damage to recorded data by using 
blockchain technology. HerBCchain serves as a platform to document six critical 

stages of herbal product production and distribution, including plantation sites, 
traditional Chinese medicine processing facilities, manufacturers, laboratories, 
distributors, and retailers (Wang et al., 2021). The use of blockchain as a 

distributed ledger technology in the form of a decentralized transaction database 
for food quality and value is encrypted and secured by a consensus mechanism 
(Sharma et al., 2023). Sensors are used to measure various indicators related to a 

product and record information at every stage of the supply chain. Distributors 
and retailers use the VeChain chip to confirm whether a product is authentic or 
not, and customers interact with the chip, tag, or code to retrieve information. By 
doing this, information about how products are handled can be accessed (Kshetri, 
2023). VeChain, a blockchain platform, has been used to trace and verify the 
authenticity of wine products, and this application can be extended to the 

medicinal plant industry, allowing consumers to track the journey of medicinal 
plants from cultivation to consumption (Xiao et al., 2024). On the other hand, 

consumers can confirm that the products they purchased are legal and handled 
properly. When consumers scan a QR code, they can get detailed information 
about the product. Likewise, IBM Food Trust partnered with Walmart to create 
a blockchain-based food tracking system. Initially focused on food products, this 

platform demonstrates the potential for similar initiatives in the medicinal plants 
sector and ensures transparency and quality assurance (Yiannas, 2018). Walmart 
and IBM Build Decentralized Food Delivery Ecosystem Blockchain Technology 
Based on Food Tracking System Based on Hyper Ledger Fabric Tested by 
Tracking Mangoes Sold in Walmart's US Stores and Pork Sold in Chinese Stores 
(Ahamed et al., 2022). Due to its success, this method has been applied to other 

food and medicinal plants as well.  

IBM Food Trust is a collaborative network of growers, processors, wholesalers, 
distributors, manufacturers, retailers, and others, improving visibility and 
accountability across the food supply chain. Built on the IBM Blockchain, this 
solution connects participants through permissioned, immutable, and shared 
records, transaction data, processing details, and more (Kirbac and Ergenc, 

2021). From farmer to processor to retailer to consumer, IBM Food Trust uses 
trust to build transparency. The blockchain solution works to ensure that a 
transparent and scalable food system is enabled. With capabilities to enable safer 
food, longer product shelf life, less wastage, faster discovery, and better access to 
shared information, the IBM Food Trust delivers greater value in the safety of 
herbal products as it empowers it to meet the new standard for food transparency 
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and trust. The solution gives authorized users instant access to actionable food 
supply chain data and delivers safe food from farm to store and ultimately to the 
consumer. The complete history of any food item and its current location and the 

information it contains (i.e., certifications, test data, temperature data) can be 
easily retrieved in seconds. Correspondingly, IBM Food Trust integrates supply 
chain modules with blockchain core functions to deliver business value to the 
food and herbal medicine ecosystem through a combination of governance, 
standards, interoperability, and technology. This ensures the freshness of food 
and herbal medicines as well as product quality, minimizes wastage and product 

loss, optimizes the ecosystem, and ensures sustainability. This condition is 
essential in medicinal plants because it directly contributes to the preservation of 
human lives (Howson, 2020; Nuseir, 2021). Additionally, Farm2Kitchen is a 
food discovery platform used to track the movement of food products from farm 
to table. It enables the operation of organic food warehouses and distribution of 
food to processed food manufacturers, improving food safety. It is also important 
for agricultural growth, food security, and economic development, and can be 
used to improve the safety and quality of medicinal plants. Therefore, the future 
of sustainable agricultural growth and food security worldwide is moving 
towards a new path of medicinal herbal production (Zhang et al., 2021; Kayikci 

et al., 2022). 

Challenges and limitations of blockchain integration in medicinal plant supply 

chains 

Although the integration of blockchain technology into the medicinal plant 
supply chain has been identified as a potential solution to improve transparency, 
traceability and quality assurance, the implementation of blockchain in such 
complex ecosystems has identified several challenges and limitations that require 

careful consideration. 

One of the foremost challenges in integrating blockchain technology is the 
significant cost associated with its implementation. Although blockchain offers 
significant benefits, the required upfront investment in development, 
infrastructure, and maintenance is a challenge, especially for small-scale 

manufacturers or stakeholders in resource-constrained settings. Thus, it is 
important to carefully evaluate the cost-effectiveness of blockchain solutions 
against the potential benefits they offer (Pandey and Litoriya, 2020). Integrating 
blockchain into existing supply chain systems is a complex process requiring 
technical expertise and resources, further complicating the process of integrating 
blockchain interoperability with legacy systems and standards across multiple 
stakeholders. Overcoming these technical challenges requires strong planning, 

collaboration, and investment in IT infrastructure, and the situation can be 
daunting, especially for stakeholders with limited technical capabilities. (Al-
Rakhami and Al-Mashari, 2022). While blockchain technology inherently offers 
enhanced security through its decentralized and immutable nature, it can raise 
data privacy and cybersecurity issues. Unauthorized access to sensitive 
information stored on the blockchain can jeopardize supply chain integrity and 
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undermine consumer trust. Addressing these issues requires strong encryption 
mechanisms, strict access controls, and compliance with data protection 
regulations to protect confidential information (Saha et al., 2024). 

As transaction volume increases, scalability remains a significant challenge for 
blockchain networks, especially public ones. The processing capacity of 
blockchain platforms can be limited, leading to network congestion, transaction 
processing delays, and reduced supply chain efficiency. As demand for real-time 
transaction processing grows, issues of scalability must be addressed through the 
development of scalable blockchain solutions or alternative technologies to 

ensure seamless operation of supply chains (Jabbar et al., 2021). Navigating 

regulatory frameworks and compliance requirements poses another challenge in 
integrating blockchain technology into medicinal plant supply chains. Regulatory 
uncertainty surrounding the use of blockchain, along with evolving standards and 
guidelines, creates ambiguity for stakeholders looking to implement blockchain 
solutions (Nikolakis et al., 2018). Ensuring compliance with existing regulations 

and adapting to regulatory changes requires ongoing monitoring, legal expertise 
and collaboration with regulatory authorities to minimize legal risks and ensure 
regulatory compliance. Despite the potential benefits of blockchain technology, 
limited awareness and understanding of its applications in the medicinal plant 
industry is hindering adoption. Stakeholders may lack the knowledge or 
incentives to invest in blockchain solutions, thereby hindering widespread 

adoption. Educating stakeholders about the benefits of blockchain, addressing 
misconceptions, and fostering a supportive ecosystem for blockchain innovation 
are essential steps to promote adoption and overcome resistance to change 
(Tanwar et al., 2022). Another issue to consider is the environmental 

sustainability of blockchain technology, as some blockchain networks, especially 
those based on proof-of-work consensus mechanisms, consume significant 

amounts of energy, creating large carbon footprints. As environmental 
sustainability becomes more and more important, stakeholders should explore 
energy-efficient alternatives or implement measures to reduce the environmental 
impact of blocking processes (Shibu et al., 2024). Similarly, achieving 

interoperability between different blockchain platforms and systems used by 
different stakeholders is critical for seamless data exchange and transparency in 
supply chains. However, the lack of standardized protocols and interoperability 
standards poses a significant challenge to achieving seamless integration. Efforts 
are needed to develop interoperable blockchain solutions and establish industry-
wide standards to facilitate data interoperability and improve the efficiency of 
blockchain integration in medicinal plant supply chains (Jabbar et al., 2021). 

Another issue to consider is the environmental sustainability of blockchain 

technology, as some blockchain networks, especially those based on proof-of-
work consensus mechanisms, consume significant amounts of energy, creating 
large carbon footprints. As environmental sustainability becomes more and more 
important, stakeholders should explore energy-efficient alternatives or 
implement measures to reduce the environmental impact of blocking processes 
(Shibu et al., 2024). Finally, blockchain technology offers tremendous support for 
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improving transparency, traceability, and quality assurance in medicinal plant 
supply chains despite various challenges and limitations through blockchain 
technology. By acknowledging these challenges and developing scalable, cost-

effective and secure blockchain solutions, stakeholders can overcome barriers 
and realize the transformative benefits of blockchain in ensuring the integrity and 
security of medicinal plant supply chains (Dutta et al., 2020; Sunny et al., 2020; 

Lv et al., 2023). 

Future directions and opportunities for blockchain in sustainable medicinal 

plant management 

Blockchain technology has the potential to optimize medicinal plant supply 
chains by reducing inefficiencies, mitigating risks, and increasing transparency. 
Smart contracts can also automate payment processes and enforce fair trade 
practices in medicinal plant supply chains. By integrating smart contracts with 
blockchain platforms, stakeholders can ensure timely and transparent 

transactions, empower farmers, and promote fair value distribution. Similarly, 
direct interactions between producers and consumers can be fostered, promoting 
community resilience and socio-economic development. Additionally, 
blockchain integration with Internet of Things (IoT) devices enables real-time 
monitoring of environmental conditions such as soil moisture levels and 
temperature in medicinal plant cultivation. This integration improves data 

accuracy and enables proactive decision-making to optimize plant health and 
yield. Correspondingly, blockchain-based decentralized marketplaces facilitate 
direct trade between herbal producers and consumers while reducing transaction 
costs by bypassing intermediaries. These platforms empower small-scale farmers, 
promote market access, and foster community participation in sustainable 
agricultural practices. Furthermore, blockchain-enabled platforms can facilitate 
the evaluation of ecosystem services provided by medicinal plants. By 
sequestering carbon, improving soil fertility, conserving biodiversity, codifying 
ecosystem services, and creating incentive mechanisms, stakeholders can 
promote sustainable land management practices and benefit conservation efforts 
in medicinal plant ecosystems. 

CONCLUSIONS 

In conclusion, the integration of blockchain technology into the medicinal plant 
and organic farming industries offers a transformative solution to address key 
challenges such as traceability, transparency, and sustainability. By leveraging 
blockchain's immutable and transparent ledger, stakeholders in these industries 
can ensure the authenticity, quality, and ethical sourcing of medicinal plants and 

organic products, thus fostering trust among consumers and enhancing industry 
credibility. Blockchain's applications in supply chain traceability, provenance 
verification, smart contracts, asset tokenization, and data management enable 
stakeholders to monitor and optimize agricultural activities while promoting fair 
trade practices and sustainable cultivation methods. Through blockchain 
integration, organic farming standards are elevated, ensuring compliance with 
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regulations and enhancing consumer confidence in organic products. 
Furthermore, blockchain facilitates collaboration among farmers, suppliers, 
distributors, and consumers, creating a transparent ecosystem that promotes 

knowledge sharing, innovation, and sustainable development across the 
agricultural value chain. Additionally, blockchain's role in carbon footprint 
tracking and regulatory compliance enhances environmental stewardship and 
industry accountability. As consumer demand for transparency and sustainability 
continues to rise, the adoption of blockchain technology in the medicinal plant 
and organic farming industries not only meets these expectations but also drives 

positive change towards a more ethical, resilient, and environmentally conscious 
agricultural sector. Thus, embracing blockchain represents a crucial step towards 
achieving a more sustainable and equitable future for medicinal plant cultivation 
and organic farming worldwide. The integration of blockchain technology in 
medicinal plant industries presents a promising pathway towards enhancing 
conservation efforts, sustainable management, and transparency in supply 
chains. Blockchain's ability to create transparent and immutable records enables 
stakeholders to monitor and trace the journey of medicinal plants from harvest 
to distribution, thereby reducing the risks of fraud, mismanagement, and 
unsustainable practices. 

By leveraging blockchain traceability, conservationists can assess the 
sustainability of medicinal plant resources in real-time, identify areas of concern, 

and implement targeted interventions to protect biodiversity and ecosystems. 
Collaboration among stakeholders is facilitated through blockchain-enabled 
platforms, fostering data sharing, and incentivizing sustainable practices such as 
habitat restoration. Furthermore, blockchain streamlines the certification process 
for sustainably harvested medicinal plants, improving consumer confidence in 
certified products and facilitating access to premium markets. Consumers can 

make informed choices by accessing detailed information on plant provenance 
and sustainable practices, empowering them to support conservation-friendly 
products. In the propagation of medicinal plants, blockchain enhances 

transparency and traceability, ensuring the authenticity of plant genetics and 

facilitating collaboration among researchers and breeders. Smart contracts 

automate administrative processes and fairly compensate stakeholders, 

fostering innovation and investment in medicinal plant research and 

development. Despite challenges such as implementation costs, technical 

complexities, and regulatory uncertainties, blockchain offers transformative 

opportunities for sustainable management and conservation of medicinal plant 

resources. With ongoing innovation and collaboration, stakeholders can 

overcome barriers and realize the full potential of blockchain in ensuring the 

integrity, security, and sustainability of medicinal plant supply chains. 

Overall, blockchain technology represents a powerful tool for promoting 

biodiversity conservation, sustainable management, and ethical sourcing 

practices in the medicinal plant industry, contributing to a more resilient and 
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environmentally conscious future for global herbal medicine production and 

consumption. 
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