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ABSTRACT 

Supply chain management has become increasingly complicated with the deepening of 

globalisation. Supply chains and their stakeholders of first-tier and second-tier organisations 

have become significantly more versatile, at a time when there is an expanding relevance for 

delivery times, product quality, and efficiency. Information technologies are potentially 

supportive to the storage and exchange of data, and make the supply chain more easily 

manageable. This research study aims to assess the potential of blockchain technology for 

the major fruit export supply chains of South Africa, which are citrus, pome fruit, and table 

grapes.  

 

This research study follows a deductive approach and utilises a research methodology 

guided by a three-stage process. First, a systematic literature review was conducted to get a 

better understanding of blockchain technology and its potential for agricultural supply chains. 

Second, a qualitative multimethod data collection approach has been followed in the form of 

an industry case study. This research method has been adopted to get a better 

understanding of the information flows throughout the fruit export industry and how data is 

managed. Finally, in the analysis phase, the results of the previous two stages are combined 

to assess the potential of blockchain technology as an information-sharing platform in the 

South African fruit export industry.  

 

The results of the systematic literature review and the industry case study revealed the 

shortcomings of blockchain technology and the complexity of the South African fruit export 

supply chains. Both the produce exporter and the freight forwarder fulfil key roles when it 

comes to data management and the exchange of data elements. The decentralised systems 

of blockchain technology look very promising but they are still in the early phase of 

development. Despite its rapid improvements, the adoption of blockchain technology comes 

with many uncertainties which exposes its early stage of development at this stage.  

 

The analysis phase shows that neither blockchain technology nor the South African fruit 

export industry, is yet ready for the adoption of this system. The adoption of a decentralised 

system such as this brings a high degree of uncertainty as many challenges still need to be 

overcome. Besides that, the system requires a high-quality internet infrastructure which is not 

presently available for either entity. Nevertheless, the results show the relevance of supply 

chain transparency, visibility, and data quality on supply chain performance and their 

contribution to better-grounded decision-making processes.  
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The recommendations given are intended to prepare the industry for the adoption of 

blockchain in the future. Investments are needed for further improvements of the domestic 

internet infrastructure in order to achieve blockchain’s potential. The improvements of 

blockchain technology are proceeding rapidly. It is recommended to follow these 

developments closely until blockchain is ready for industry-wide adoption. Until such time, 

recommendations are given on how to increase transparency, visibility, and data quality as 

these contribute significantly to supply chain performance and decision-making processes.  

 

Keywords: Blockchain technology; Citrus; Pome fruit; South African fruit export industry; 

Supply Chain management; Table grapes 
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OPSOMMING 

Met die verdieping van globalisering word voorsieningskettingbestuur al hoe meer 

ingewikkeld. Voorsieningskettings en belanghebbendes van eerstevlak en tweedevlak 

organisasies, het aansienlik meer veelsydig geword in ’n tyd waar afleweringstye, 

produkkwaliteit, en doeltreffendheid meer relevant word. Inligtingstegnologie het die 

potensiaal om data te stoor en uit te ruil, en maak die bestuur van die voorsieningsketting 

makliker. Die doel van hierdie navorsingstudie is om die potensiaal van blokketting-

tegnologie in die hoof vrugte uitvoer voorsieningskettings van Suid Afrika, bestaande uit 

sitrus, kernvrugte en tafeldruiwe, te evalueer. 

 

Hierdie navorsingstudie volg ’n deduktiewe benadering en gebruik ’n navorsingsmetodologie 

wat deur ’n drie-stap proses gelei word. Eerstens is ’n sistemiese literatuur oorsig gedoen om 

blokketting-tegnologie en die potensiaal daarvan in landbou voorsieningskettings beter te 

verstaan. Tweedens is ’n kwalitatiewe multimetode data-insamelings benadering in die vorm 

van ’n bedryfs gevallestudie gevolg. Hierdie navorsingsmetode is aangeneem om die 

inligtingsvloeie en data bestuur in die vrugte uitvoer bedryf beter te verstaan. Laastens is die 

resultate van die vorige twee fases in die ontledingsfase gekombineer om die potensiaal van 

blokketting-tegnologie as ’n platform om inligting in die Suid Afrikaanse vrugte uitvoer bedryf 

te deel, te assesseer.  

 

Die resultate van die sistemiese literatuur oorsig en die bedryfs gevallestudie het die 

tekortkominge van blokketting-tegnologie en die kompleksiteit van die Suid Afrikaanse vrugte 

uitvoer voorsieningskettings uitgewys. Beide die produk uitvoerder en die expediteur vul 

belangrike posisies in data bestuur en die uitruil van data elemente. Die gedesentraliseerde 

sisteme van blokketting-tegnologie is belowend maar is steeds in die vroeë 

ontwikkelingsfase. Ondanks vinnige verbeteringe kom die aanvaarding van blokketting-

tegnologie met vele onsekerhede wat die onvolwassenheid daarvan op hierdie stadium 

blootlê. 

 

Die ontledingsfase toon dat nóg blokketting-tegnologie nóg die Suid-Afrikaanse vrugte 

uitvoer bedryf gereed is vir die aanvaarding van hierdie stelsel. Die aanvaarding van ’n 

gedesentraliseerde stelsel soos hierdie bring ’n hoë mate van onsekerheid, aangesien baie 

uitdagings nog oorkom moet word. Daarbenewens benodig die stelsel 'n internet 

infrastruktuur van hoë gehalte wat tans nie vir enige van die entiteite beskikbaar is nie. 

Nietemin toon die resultate die relevansie van voorsieningsketting deursigtigheid, 
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sigbaarheid, en data kwaliteit op voorsieningsketting prestasie en die bydrae daarvan tot 

beter gefundeerde besluitnemingsprosesse. 

 

Die aanbevelings wat gegee word, is bedoel om die bedryf voor te berei vir die aanvaarding 

van blokketting-tegnologie in die toekoms. Beleggings is nodig vir verdere verbeterings van 

die plaaslike internet infrastruktuur om blokketting-tegnologie se potensiaal te benut. Die 

verbetering van blokketting-tegnologie gaan vinnig voort. Dit word aanbeveel om hierdie 

ontwikkelings noukeurig te volg totdat blokketting gereed is vir bedryfswye aanvaarding. Tot 

tyd en wyl word aanbevelings gegee oor hoe om deursigtigheid, sigbaarheid en data kwaliteit 

te verhoog, aangesien dit aansienlik bydra tot voorsieningsketting prestasie en 

besluitnemingsprosesse. 

 

Sleutelwoorde: Blokketting-tegnologie; Sitrus; Kernvrugte; Suid-Afrikaanse vrugte uitvoer 

bedryf; Voorsieningskettingbestuur; Tafeldruiwe 
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Chapter 1. Introduction 

With the deepening of the phenomenon of globalisation and division of labour, the supply 

chains of modern enterprises began to appear fragmented, complex, and decentralised, 

which brought great challenges to supply chain management. Amongst other issues, the 

demand for products and services has become more uncertain and volatile (Niu & Li, 

2019:1). It increases the difficulty to coordinate supply chain operations and to deal with risk 

management. In addition, the sharing of information among supply chain members is crucial 

in order to manage business operations and to reach maximum customer satisfaction 

(Colicchia, Creazza, Noè & Strozzi, 2019:1). 

 

Information management is key for dealing with the complexity of today’s supply chains. At 

all times, data must be reliable, accurate, and recent. Only then it can be fully supported for 

management decision-making and business operations. Further, information might be 

confidential which means that not more than a select number of entities should have access 

to it. The security of information has a high priority so that the risk of data corruption, theft, or 

abuse is minimised (Lotfi, Mukhtar, Sahran & Zadeh, 2013:1). Traditional supply chains 

struggle to maintain the quality of data. Supply chains do mostly make use of centralised 

databases that put the quality of data at risk. In this age of big data, the importance of data 

management has never been more crucial. Therefore, well-developed digital infrastructures 

are important to ensure information quality (Madhwal & Panfilov, 2019:4). 

 

Literature supposes that blockchain technology might be considered as an alternative for 

traditional databases for the assurance of data quality. Initially, blockchain technology was 

designed as a platform for the exchange of bitcoin. Over the years, the technology has 

evolved where it goes further than just supporting transactions of digital currencies. 

Therewith, the peer-to-peer system is multifunctional whereby various industries are 

interested to use the technology as an information-sharing platform. As limited projects have 

been implemented at this stage, there is a lack of empirical data from which to conclude the 

effect of the peer-to-peer system on industries.  

 

Niu and Li (2019:1) claim in their research study that the food industry might benefit from the 

technology due to the limited shelf life of the products. The limited shelf life forces the supply 

chain to be agile and aligned in order to make sure that the quality of the product is 

guaranteed when it reaches the final customer. According to Niu and Li (2019:1) blockchain 

technology supports supply chains by providing real-time data, transparency, thus increasing 

the accuracy of information.  
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The South African fruit export industry produced approximately 49 000 000 tons of fruit in 

2019, 90% of which was distributed. The main market targets are the European Union, 

Russia, Asia, United Kingdom and the Middle East (Fruit South Africa, 2020).  The 

distribution channels are challenged to keep the cold chains as closed as possible and to 

keep congestion and lead times to a minimum. This is in order to maintain the fruit’s quality 

and to remain globally competitive. To date, no research has been done nor has any 

literature been published related to the potential of blockchain technology for fruit exports.  

 

These statements were what inspired the researcher to consider the possibilities that 

blockchain technology could offer the South African fruit export industry as the topic for this 

study. In other words, the aim of this research study is to discover the potential of blockchain 

technology to improve the South African fruit export supply chains. The relevance of this 

research topic stems from the limited transparency and the potential that blockchain brings 

for supply chain management. The need for transparency in modern complex supply chains 

has become important. This research study aims to address the advantages, challenges, and 

risks of blockchain technology and the suitability and readiness of the export industry for its 

adoption (Kamilaris, Fonts & Prenafeta-Boldύ, 2019:649). The major export fruit supply 

chains involve the supply chains of citrus, pome fruit, and table grapes. 

 

1.1 Problem statement  
 
South African is widely known as one of the countries in the world with the highest fruit 

production. Most of the production is exported worldwide, including Europe (Nyhodo, 

Phaleng, Matebeni, Ntshangase & Van der Walt, 2017:2). This requires well-organised 

supply chains in order to get the fruit to its destination in good condition. The supply chain 

consists of multiple organisations that vary in nature. In order to coordinate the supply chain, 

businesses are managed by one or more enterprises. Therefore, it adopts hierarchical 

management and information has to be transmitted. Information transmission is often 

delayed and this occurs when both parties cannot obtain the same information. The core 

enterprises cannot control the flow of goods to the upstream and downstream enterprises 

without real time information. In the age of big data, information asymmetry will put 

enterprises at a disadvantage and even reduce the value of a whole supply chain ecosystem 

(Niu & Li, 2019:4; Wang, Wang, Hu, Gong, Ren & Xiao, 2020:1) 

 

With the deepening of globalisation, the supply chain of modern enterprises has become 

more fragmented, complicated, and diversified. This makes it more challenging for 

enterprises to manage their supply chains. In cold chain logistics such as fruit, the 
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temperature has to be managed continuously to maintain the quality of the product and to 

minimise waste (Niu & Li, 2019:1). Data must be gathered to ensure visibility and 

transparency. In this way, actors within the supply chain can manage processes and improve 

their performances if necessary (Kumar, Singh & Modgil, 2019:1; Parfitt, Barthel & 

Macnaughton, 2010:3079). 

 

The South African fruit export industry is challenged by its lengthy supply chains. It 

contributes to the lack of industry control, efficiency, and productivity and is threatened by the 

global competition from other Southern Hemisphere counterparts like Chile, Brazil, and 

Argentina. To compete with these industries, greater supply chain transparency is required to 

maintain market share in the EU and other established markets that have reinforced 

protectionism policies (Department of Agriculture, Forestry and Fisheries, 2018:95). The 

collection and exchange of high quality data elements can ensure a higher efficiency rate 

and a better customer service for the final consumer.  

 

Blockchain offers supply chains the opportunity to increase transparency and prevents 

information asymmetry. The technology has the potential to bring new advantages to fruit 

supply chains. Unfortunately, no literature could be found wherein this is significantly proven. 

However, 108 studies were published in Emerald, Scopus, and Web of Science linking 

blockchain to the agriculture industry which show promising results. Besides that, other 

research studies underpin this by saying that information-sharing technologies within supply 

chain management are crucial for enterprises to achieve their successes (Mathu, 2019:7). So 

far, all research studies have been limited to either medium-sized businesses or to non-

specific industries. For this reason, a lack of research studies exists concerning blockchain 

technology applied within fruit (export) supply chains. 

 

To find out whether blockchain technology can manage the complexity of today’s supply 

chain, increase transparency, and operate as an information-sharing platform, research has 

to be conducted. By conducting this research study it can be found whether blockchain is 

able to increase transparency, to improve data quality, to improve supply chain efficiency, 

and to increase customer satisfaction. The results are relevant to find out whether blockchain 

could bring new advantages for the fruit export industry. Since citrus, pome fruit, and table 

grapes are among the biggest fruit families in South Africa, this study will focus on these 

export chains due to the highest probability of feasibility and to achieve the greatest impact 

(Department of Agriculture, Forestry and Fisheries, cited in Chisoro-Dube et al., 2018a).  
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1.2 Research objectives and research questions 

The main objective of the study is to investigate whether blockchain technology has the 

potential to add value to the South African fruit export industry.  

 

The secondary objectives of the study are defined as follows:  

- To identify how blockchain technology operates as an infrastructure for information 

sharing in supply chain management; 

- To determine the advantages and disadvantages of blockchain technology once it is 

used as an infrastructure for information sharing in supply chain management;   

- To map the current flow of information throughout the export supply chain of the fruit 

supply chain of South Africa and the enabled systems; 

- To identify the potential advantages and opportunities blockchain holds for the South 

African fruit export industry. 

 

The research objectives are turned into research questions which will be addressed along 

with the research study. These form the common thread throughout the research study and 

ensure that the topic will be exhibited from the correct angle. A division has been made 

between primary and secondary research questions. The primary research question is 

defined as follows:  

 

- Is there an opportunity for blockchain technology to improve the export supply chain 

of fruit in South Africa?   

 

Before the primary research question can be answered, several secondary research 

questions are formulated which need to be addressed first. This is to enable an accurate and 

brief conclusion to be reached at the end of the research study. The secondary research 

questions are defined as follows:  

 

- What are the critical success factors for the adoption of blockchain technology as a 

distributed ledger for information management in supply chain management?  

- What are the strengths and weaknesses of blockchain technology as a distributed 

ledger in supply chain management?  

- What information flows are initiated and which software systems are supportive in the 

export process of fruit?   

- Which new opportunities does blockchain technology hold for the South African fruit 

export industry?  
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1.3 Research approach and methodology  

To answer the research questions and to achieve the research objectives, the research 

approach needs to be carefully chosen. The research methodology specifies that the 

procedures and techniques employed to identify, select, process, and analyse information 

has to fit within the research topic that has been chosen. Before it can be concluded whether 

blockchain technology is a potential fit or not, a deeper understanding needs to be gained of 

blockchain technology as well as the fruit export industry. For this reason, the deductive 

research approach has been chosen. Bryman and Bell (2015:44) describe the deductive 

approach as a process where theory drives observations and findings. It is a top-down 

method whereby a study is driven by existing theories instead of aiming to develop a theory.  

Besides that, this research study is conducted from an exploratory angle. The exploratory 

research method is described by Saunders, Lewis, and Thornhill (2009:139-140) as “a 

valuable means of finding out what is happening; to seek new insights; to ask questions and 

to assess phenomena in a new light”. The approach is useful for researchers who are unsure 

about the precise nature of a problem to maintain flexibility and adaptability during the 

investigatory process. The exploratory research method can be combined well with deductive 

reasoning.  

This research study is guided by a three-stage process where different research tools have 

been applied at each stage. The three different phases are:   

- Phase 1:  A systematic literature review on blockchain technology in agriculture 

  supply chains;  

- Phase 2:  A qualitative analysis on current information flows in South African fruit 

  export supply chains;   

- Phase 3:  An assessment of the suitability of blockchain technology for the South 

  African fruit export industry.  

 

In Phase 1, the systematic literature review research methodology is chosen to outline and to 

get a better understanding of blockchain technology and its characteristics. According to 

Saunders et al. (2009:58), the systematic literature review can be chosen for two major 

reasons. First, the preliminary search helps to generate and refine research ideas. Second, it 

helps by requiring the investigator to demonstrate awareness of the current state of 

knowledge with reference to the research topic, its limitations, and how the research fits 

within a wider context. Since the investigator had minimal knowledge about blockchain at the 

start of the research study, the systematic literature review seemed to be a suitable research 
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methodology to apply and to get more familiar with blockchain technology and its 

characteristics. The knowledge gained from the systematic literature review is needed to 

come up with an analysis about the suitability of blockchain technology for the South African 

fruit export industry in phase three.  

 

In Phase 2, qualitative multimethod data collection theory was applied in order to get a broad 

view of the information flows throughout the export supply chains of the South African fruit 

industry. The multimethod data collection theory refers to those combinations where more 

than one data collection technique is used with associated analysis techniques (Saunders et 

al., 2009:152). It consists of two research tools including semi-structured interviews 

complemented with qualitative data provided by archival research. The semi-structured 

interviewing method has been chosen to get a first insight into the role of different entities 

involved in the fruit export supply chains and the exchange of data. To achieve data 

triangulation, information gathered by interviewing is verified with data provided by secondary 

sources including literature, enterprise brochures, internet websites, and other functional 

publications. This is to get a reliable overview of the information flows across fruit export 

supply chains which is needed as input for the analysis in Phase 3. Only then can the 

suitability of blockchain technology for the South African fruit export industry be determined. 

 

The outcomes of the previous two phases come together in Phase 3 of this research study. 

The results of Phases 1 and 2 are combined to assess whether or not blockchain technology 

is a potential fit for the fruit export supply chains. First, consideration is given to the potential 

of blockchain in agriculture supply chains and the information exchange throughout the fruit 

export supply chains from the researcher’s point of view. Second, these two are combined to 

come up with an analysis to see whether blockchain technology is a potential fit, brings new 

advantages, and is able to overcome current supply chain inefficiencies.  

 

The visualisation of the research methodology applied and the relationship between the three 

different phases are captured in a conceptual framework. The conceptual framework is 

presented in Figure 1.3.1.  
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The research design applied in this research is inspired by and closely follows the research 

design applied in the studies of Feng, Wang, Duan, Zhang and Zhang (2020) and Gurtu and 

Johny (2019). These research studies have been inspiring due to their comparable research 

topics, mainly with regard to the publication of Feng et al. (2020). They aim in their research 

study to “review the blockchain technology characteristics and functionalities, identify 

blockchain-based solutions for addressing food traceability concerns, highlight the benefits 

and challenges of blockchain-based traceability systems implementation, and help 

researchers and practitioners to apply blockchain technology-based food traceability systems 

by proposing an architecture design framework and suitability application analysis flowchart 

of blockchain-based food traceability system.” 

Figure 1.3.1 Conceptual framework 
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As the study of Feng et al.(2020) mainly focuses on the identification of blockchain-based 

solutions for addressing food traceability concerns, this research study has a wider focus and 

goes to all the potential benefits that blockchain technology has to offer. For this reason, the 

research study of Gurtu and Johny (2019:881) is valuable in the sense that their research 

study reviews existing literature on the trends and potential of blockchain technology in 

supply chain management.  

This section presented an executive summary of the research approach applied in this 

research study. The design concept of research methodology is referred to in Chapter 3. The 

operationalisation of the research methodology and the precise steps taken at each phase 

are outlined in these specific phases.  

1.4  Chapter outline 

The study contains seven different chapters. This section demonstrates the understanding of 

the material and emphasises the main points of each chapter.  

 
Chapter 2: Literature review 

The second chapter contains the results of a literature review which provides background 

information on the global and the South African fruit industry. It provides a deeper 

understanding of how globalisation and liberalisation have contributed to fruit market 

expansion and how this relates to the South African market. Besides that, topics are 

highlighted including, product flows, industry stakeholders, SWOT analysis, technology 

usage in the agriculture industry, and blockchain technology.  

Chapter 3: Research design and methodology 

Chapter three gives a more detailed outline of the research methodology applied and 

research instruments used at each phase, and how research quality is maintained during the 

process. Further, it indicates the research scope and its limits.  

 

Chapter 4: Phase 1: Systematic literature review on blockchain technology and its adoption 

in agriculture supply chains 

The systematic literature review forms the first phase that aims to get a better understanding 

of blockchain technology and its potential for agricultural supply chains. This chapter starts 

with an outline of the steps taken in the process of data collection and analysis. In the 

second section, the results of the qualitative data analysis are shown and go deeper into the 

functioning and operating of blockchain technology, its consensus mechanism, the 
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interoperability with other technological systems, the challenges and requirements needed 

for implementation, and the advantages and disadvantages that accompany it.  

 

Chapter 5: Phase 2: Mapping the information flows and exchange of data elements 

throughout the fruit export supply chains 

Chapter five represents the second phase of this research study and maps the information 

flows throughout the major fruit export supply chains. This phase is conducted according to 

the multimethod data collection theory. The multimethod data collection theory is a 

combination of semi-structured interviewing complemented by qualitative data from archival 

research. This chapter is divided into subsections, each of which represents an entity and its 

role in the management of information and the exchange of data in the fruit export supply 

chains.  

 

Chapter 6: Phase 3: Assessing the potential of blockchain technology for the South African 

fruit export 

Chapter 6 forms the Phase 3 of this research study wherein the results of the Phases 1 and 

2 are combined to come to an assessment about the suitability of blockchain technology for 

South African fruit export supply chains. In Section 6.1, consideration is given to the potential 

of blockchain technology for agriculture supply chains. Section 6.2 goes deeper into the 

strengths of the fruit export industry when it comes to data management and the exchange of 

information and the opportunities that lie there. The last section of this chapter assesses 

whether the characteristics of blockchain technology can complement the shortcomings or 

strengthen information management processes of the fruit export supply chains.    

 

Chapter 7: Conclusions and recommendations 

This chapter is divided into five sections in the following order; the summary of findings and 

conclusions, recommendations, a summary of contributions, limitations, and future research 

opportunities.  

 

The thesis ends with a reference list and five addendums. The addendums include the 

systematic literature review protocol, selection process of research articles, interview guide 

for the semi-structured interviewing, format of the consent form, and the notice of approval 

issued by the Research Ethics Committee (REC). 
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Chapter 2. Literature review  

This chapter presents the literature review concerning the South African fruit industry. 

Section 2.1 provides some historical facts and background information that are decisive for 

today’s fruit industry. Section 2.2 is mainly focused on the supply chain structure and its 

overarching bodies. Here, a generic overview of the supply chain is presented per fruit type 

in order to visualise the product flow throughout the industry. Section 2.3 consists of an 

analysis of the competitive position of the South African fruit industry globally. A broader 

perspective is presented of today’s challenges and opportunities within the industry. Section 

2.4 presents a SWOT analysis based on the fruit export industry and is inspired by the data 

presented in the previous sections. Section 2.5 goes deeper into information management 

and its relation to supply chain management. Section 2.6 explains the prominent role of 

digital transformation and the usage of information technologies in supply chain 

management. A first outline of the usage of blockchain technology in supply chain 

management is presented in Section 2.7. This chapter closes with Section 2.8 which 

provides a summary of the findings of the literature review. 

 

2.1 South Africa’s development within the global fruit industry 

In recent decades, globalisation has increased the growing interdependence of national 

economies, cultures, and populations. Globalisation has played a significant role in the 

evolvement of the agriculture industry to become one worldwide market. This led to a shift in 

supply and demand as well as increased levels of competition between different countries.  

 

Several authorities argued that globalisation had a positive effect on food security by 

reducing the risk of a global supply shock, food prices in real terms, and their volatility 

(Borsellino, Schimmenti & El Bilali, 2020:2). On the other hand, according to Borsellino et al. 

(2020:1) globalisation has widened the gap between rich and poor countries and worsened 

the problems related to world hunger and the impacts of climate change. Nonetheless, The 

World Bank (2020) states that an increasing number of people suffer from moderate or 

severe food insecurity.  

 

Further, the globalisation and liberalisation of the economy have a significant effect on the 

prices of agri-food products and their volatility. Narayanan and Gulati (2002:19) believe that 

the direct impact of trade liberalisation is usually through the change in prices of commodities 

that have been liberalised. However, it triggers a whole range of second-round effects 
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through factors such as income, investment, employment, and demand linkages (Borsellino 

et al., 2020:4).  

 

Unlike other markets, agriculture is one of the most powerful tools affecting extreme poverty 

and can affect ecosystems and public health. An analysis dating back to 2016 found that 

65% of poor working adults made a living through agriculture (The World Bank, 2020). Due 

to the globalisation of the agricultural market, some the developing countries, such as China 

and India, have managed to adapt to the new market conditions. New policies were adopted 

to support the development of the national markets to evolve their socio-economic systems 

(Borsellino et al., 2020:3).  

 

However, agriculture-driven growth is at risk. Climate change impacts crop yields, especially 

in the world’s most food-insecure regions. It is not only climate change that puts food 

production at risk, crop yields are threatened by multiple factors like political conflicts, pests, 

and emerging infectious diseases. In 2020, supply chains were partially disrupted by 

COVID-19 and it became clear that some populations experienced difficulties getting access 

to nutritious and affordable food (Borsellino et al., 2020:4).  

 

Besides the changing weather conditions impacting the crop yields, the agriculture industry 

also contributes to climate change and is responsible for 25% of greenhouse gas emissions, 

70% of water use, and generates an unsustainable level of waste (The World Bank, 2020). 

Some of the key players in the agriculture market are concerned about water shortages. 

They are focusing on possibilities to improve their water management by using applications 

which embrace the internet of things (IoT), mobile applications, big data analytics, and 

decision support systems. This upcoming trend should result in a more eco-friendly and 

optimised agricultural output for a growing population (Fortune Business Insights, 2020).  

 

The South African fruit industry benefited from substantial state support over most of the 

apartheid period. Das Nair et al.(2018:4) assess in their paper the nature and extent of 

structural transformation and the potential growth across three value chains, namely: fruit, 

sugar, and dairy. Regarding the fruit sector, mainly white farmers benefited from import 

protection, state subsidies, guaranteed prices, and access to new technologies. The 

liberalisation of the agricultural market in the 1990s had a significant impact on the sector. 

The legacy of apartheid policies continues to shape the present-day land-use patterns and 

structure of agricultural production in South Africa. In general, agricultural production remains 

concentrated on low value and less labour-intensive field crops despite substantial growth in 

the export of high value fruit. 
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Yet, the success of the fruit market in South Africa has been achieved with relatively little 

government support in comparison to markets located in Chile and China. Those markets 

have benefited from extensive government support and the development of strong public 

institutions to facilitate and monitor compliance with global food safety standards. Local 

governments facilitated access to new markets, established accreditation institutions, and 

invested in infrastructure to integrate farmers into the transport network (Fernandez-Stark, 

Bamber & Gereffi, 2011:6)  

 
The South African fruit export market grew with the liberalisation of trade after 1996 which 

facilitated access to new export markets and spurred greater production of fruit. Due to 

liberalisation, between 2002 and 2009 the value of fruit export grew faster, by 16% per 

annum, as a result of the integration into international markets (Das Nair et al., 2018:17). The 

export value of fruit had an approximate value of US$3,42 billion in 2019. This is a decrease 

in value in comparison to the preceding year, when roughly US$3,68 billion was exported 

(Figure 2.1.1) (Statista, 2021). 

 

 

Fruit production increased steadily at a compound annual rate of 3% per annum between 

2010 and 2016. According to Chisoro-Dube, Paremoer, Jahari and Kilama (2018:11) this 

growth was largely driven by the entering of new markets. Grapes, citrus, and apples are the 

largest fruit crops which accounted for 78% of total fruit production between 2010 and 2016. 

The fastest-growing fruit crops, which are still produced on a low scale, were plums, 

granadillas, litchis, avocados, and strawberries which all grew at or above 5% per annum 

Figure 2.1.1 Export value of fruits from South Africa from 2015 to 2019 (In million US$)   (Statista, 2021) 
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between 2010 and 2016 as reported by Chisoro-Dube, Paremoer, Jahari and Kilama 

(2018:11).   

 
After 2016, a decrease in the production of fruit began when most of the fruit commodities 

suffered from a negative CAGR in the span of years from 2015 till 2019. It is remarkable that 

the blueberry was the only fruit commodity that demonstrated a strong increase in production 

with an average CAGR of 38% when looking at its production in the same period. The 

production of pome fruit and table grapes remained relatively stable. The average production 

rate of citrus (oranges, lime, lemons, soft citrus, and grapefruit) underwent an increase in 

production rate (Table 2.1.1). Approximately, 64% of the 5.1 million tons of fruit produced 

was exported in 2020. The remainder was processed or consumed by local markets (Fruit 

South Africa, 2021). The total amount of fruit produced in 2020 was a major decrease 

compared to the year before. In 2019, the total amount of fruit produced was 6.5 million tons.  

 

Table 2.1.1 Production of fruit per fruit commodity in South Africa (‘000 tons)                    (Fruit South Africa, 2021) 

 2015 2016 2017 2018 2019  
(% of total 
production 
2019) 

CAGR 

Apples 934 375 916 143 929 028 829 636 891 979 
(13.7%) 
 

-0.92% 

Pears 
 

399 665 423 180 416 215 397 555 407 212 
(6.3%) 
 

0.37% 

Apricots 
 

48 365 25 909 30 637 26 512 25 258 
(0.4%) 
 

-12.18% 

Peaches & 
Nectarines 
 

193 902 182 054 182 489 152 444  144 300 
(2.2%) 

-5.74% 

Plums 
 

80 564 87 746 77 408 74 254 60 961 
(1%) 
 

-5.42% 

Cherries 
 

485 425 245 410 421 
(0.01%) 
 

-2.79% 

Blueberries 
 
 

3 182 5 790 8 229 10 500 16 000 
(0.2%) 

38.13% 
 
 

Avocados 
 

86 189 89 546 63 045 127 568 89 065 
(1.4%) 
 
 
 

0.66% 
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 (Continued) 2015 2016 2017 2018 2019           
(% of total 
production 
2016) 

CAGR 

Mangoes 91 233 7 453 90 561 91 261 112 537 
(1.7%) 
 

4.29% 

Oranges 1 762 579 1 366 032 1 459 757 1 775 760 1 686 455 
(26%) 
 

-0.88% 

Lemons & 
Limes 
 

353 180 323 526 446 340 474 149 510 524 
(7.9%) 

7.65% 

Soft Citrus 181 445 183 345 187 529 191 866 196 122 
(3%) 
 

1.57% 

Grapefruit / 
Pummelos 
 

390 313 318 671 325 566 445 385 378 634 
(5.8%) 

-0.61% 

Table 
grapes 

2 007 336 1 966 291 2 032 582 1 901 736 1 993 048 
(30.4%) 
 

-0.14% 

Total 6 532 813 5 896 411 6 249 631 6 499 036 6 512 516 
(100%) 

 

 
 

From 2010 till 2016, South Africa’s fruit imports were less than the exports which resulted in 

a positive trade balance. The export of fruit represented a value of US$2 900 million which is 

an increase of almost 35% compared to 2010. This was while imports remained stable and 

were valued at US$142 million. Meanwhile, the trade balance increased from about 

US$2 billion to US$2.7 billion (Nyhodo et al., 2017:3). The figures prove that the fruit export 

market is expanding and that it brings many opportunities for the improvement of the South 

African economy.  

 

The European Union accounts for an export rate of 46% and is thus the biggest export 

market for the South African fruit industry (Das Nair et al., 2018:17). According to the 

Department of Agriculture, Forestry and Fisheries (2017a:3), the majority of fruit is exported 

to the United Kingdom and the Netherlands. Figure 2.1.2 presents a bar graph wherein the 

percentages are given of leading target markets of the total fruit exports of South Africa in 

2019/2020.  
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Based on the production and export figures, the fruit industry supply chains present 

opportunities for growing employment. High levels of unemployment largely concentrated 

among the poorest of the population in rural areas remains a core challenge for the South 

African economy. The number of unemployed increased by 238% from 1994 till 2016. The 

fruit industry can be characterised as a labour intensive industry that has the opportunities to 

create jobs, particularly in rural areas. On average, between 1994 and 2016, agriculture 

contributed 10% to total employment, although over that time the share declined from 12% in 

1994 to 6% in 2016 (Figure 2.1.3). A significant decline in employment was observed 

between 2002 and 2011. During this period employment declined at an annual compound 

rate of 8% which was partly to do with the increase in automatization (Das Nair et al., 

2018:8).  

Figure 2.1.2 Share in fruit exports of South African leading target markets in 2019/2020                         
(Trade Map, cited in Nyhodo et al., 2017:3) 
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The decline in employment has been partly to do with the mechanisation of the industry. 

Consolidation of farms into larger units to achieve economies of scale resulted in a decline of 

employment per hectare (Bureau of Food and Agricultural Policy, 2011; Goldblatt & Von 

Bormann, 2010:23). Internationally, a global decline has been monitored in employment 

share in agriculture in the last 20 years (Food and Agriculture Organization of the United 

Nations, 2017:89). However, according to Das Nair et al. (2018:9) the decline in employment 

in agriculture coincides with stagnant employment in food processing, as a result of 

decreasing demand (Figure 2.1.3). 

 
To increase employment within today’s fruit industry, efforts should focus on products with 

higher job creation potential, determined by the number of estimated workers required per 

hectare. Fruit production is labour-intensive, employing on average 1.6 workers per hectare 

as most of the harvesting is done by hand (Bureau of Food and Agricultural Policy, 2011). In 

2015, the fruit farming industry directly employed 179 948 people (Fruit South Africa, 2015). 

This is equivalent to approximately 19% of employment in agriculture as represented by crop 

and animal farming. Furthermore, the industry is linked to a range of ancillary activities such 

as handling, packaging, logistics, and cold chain facilities, which creates services jobs 

throughout the supply chain.     

 

2.2 An overview of the South African fruit export supply chains  

This section includes an overview of the composition of the South African fruit export supply 

chains. It outlines the industry associations and their role in fruit exports, the regulatory 

bodies, and generic cross-functional flowcharts of the product flow for each single fruit 

commodity. The overview helps to provide an impression of the composition of the industry 

Figure 2.1.3 Employment in South African agriculture   (Quantec, cited in Das Nair, 2018:9) 
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and the parties involved for fruit exports. This will form the base for the information flow 

mapping in Phase 2 of this research study.  

 

2.2.1 Industry associations within the fruit industry 

The fruit export supply chains in South Africa are supported by various umbrella bodies and 

associations that are committed to the transformation and settlement of the industry 

worldwide. The various associations have their own specialisms. These associations are 

members of Fruit South Africa, the overarching institution. This section outlines the function 

of Fruit South Africa and its most relevant “subsidiaries” with regard to the citrus, pome fruit, 

and table grape export industry. This is in order to indicate the responsibilities per institution 

and the role they fulfil by improving and the settlement of the industry and its expansion 

worldwide.  

 

Fruit South Africa 

Fruit South Africa (Fruit SA) is a non-profit company registered as an overarching body for 

the South African fruit industry. Fruit SA is committed to industry transformation, which 

encompasses economic development in agriculture based on a value chain approach. The 

organisation is equally committed to addressing socio-economic imbalances and challenges 

in partnership with the public sector (Fruit South Africa, 2019). This stance permeates Fruit 

SA’s various associations, which have their own tailor-made transformation strategies and 

implementation plans. Associations covered by Fruit SA include:  

- Citrus Growers Association Grower Development Company; 

- Citrus Academy; 

- Deciduous Fruit Development Chamber; 

- Fresh Produce Exporters Forum; 

- South Africa Table Grape Industry; 

- South Africa Subtropical Growers’ Association (Fruit South Africa, 2019).   

 

Citrus Growers Association Grower Development Company 

The Citrus Growers’ Association of Southern Africa (CGA) established its Grower 

Development Company in 2016 as a demonstration of its commitment to transformation. The 

CGA states that its focus is based on making a significant impact in the transformation of the 

citrus industry by addressing the challenges faced by black growers. Their goals are:  

- Continue implementation of transformation strategy and support programmes for the 

citrus industry;  
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- Facilitate access to technical and business management knowledge and service to 

develop successful, financially viable enterprises;  

- Enable access to regional, national, and international markets for black growers of 

citrus;  

- Enhance organisational capacity to ensure service excellence and financial security.  

 

The CGA support is mainly focused on the following aspects within the South African citrus 

industry: production, infrastructure, business management support, funding, access to 

domestic and international markets, and social facilitation (Citrus Growers Association 

Grower Development Company, 2019).  

 

Citrus Academy 

The Citrus Academy was established in 2005 and is a sub-member of the CGA. The primary 

aim is to create an enabling environment for skills development in the South African citrus 

industry. Tasked with addressing specific challenges faced by the industry are low production 

skills levels, employment equity, scarce and critical skills, black economic empowerment, 

and the quality of skills delivery. To this end, the association has added a special category to 

the Bursary Fund aimed at enabling and simplifying support to this group (Citrus Academy, 

2021). 

 

According to Burgin (2019), the Academy has a specific responsibility to support black 

economic empowerment citrus enterprises within the citrus industry by:  

- Providing the tools for citrus production and postharvest handling; 

- Managing the Citrus Academy Bursary fund 

- Facilitating skills development plans and implementation strategies; 

- Representing the citrus industry on matters concerning skills development.  

 

Deciduous Fruit Development Chamber  

The Deciduous Fruit Development Chamber (DFDC-SA) was established in November 2007, 

to create inclusivity for black farmers throughout the deciduous fruit industry value chain. Its 

mission is to establish sustainable enterprises that will help to grow black ownership and to 

represent these people within the deciduous fruit industry. The DFDC-SA is working on a 

programme to double the capacity within the industry by 2050 (Decidiuous Fruit 

Development Chamber, 2019).   
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Hortgro  

Hortgro is the South African deciduous fruit industry’s knowledge partner. Hortgro provides 

its growers with industry information to improve and transform the industry. Simultaneously, 

Hortgro cares about the environment in which the fruit is being produced and the conditions 

growers have to work in. The association aims to supply the best-tasting high-quality fruit that 

is produced under safe working conditions incorporating fair labour practices with minimum 

impact on the environment (HORTGRO, 2020a). 

 

Fresh Produce Exporters Forum  

The Fresh Produce Exporters Forum (FPEF) is a voluntary, non-profit organisation 

accountable for about 90% of fresh produce exported from South Africa. The FPEF 

association is a service organisation and is made up of fresh produce exporters, producer-

exporters, export and marketing agents, packhouses, logistics, and other service providers. 

Its role within the industry is to provide leadership and services to its members. Some of the 

FPEF’s services include generic promotions for new and existing markets, the distribution of 

information to members, and the publication of a series of trade chain manuals (Fresh 

Produce Exporters’ Forum, 2020).  

 

Further, the FPEF also manages several projects for the benefit of the industry, such as 

training, mentorship, and transformation initiatives. The FPEF provides a pivotal link between 

Government and the industry regarding market access and related matters (Fresh Produce 

Exporters’ Forum, 2020).    

 

South African Table Grape Industry 

The South African Table Grape Industry (SATI) intends to become a progressive growth-

oriented industry representative, recognised as a global leader in the table grape industry. 

The organisation aims to expand the industry’s opportunities within existing markets and to 

diversify the industry’s current market risk profile in order to improve and protect the 

industry’s position in the global table grape market (South African Table Grape Industry, 

2020). 

 

South African Subtropical Growers’ Association 

The South African Subtropical Growers’ Association initiates and coordinates diverse 

activities beneficial to the industry. They aim to provide technical assistance and services to 

growers. Further, it manages and administers the collective affairs of three growers’ 

associations in the subtropical fruit industry, namely: The South African Avocado Growers 

Association (SAAGA), the South African Litchi Growers Association (SALGA), and The South 
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African Mango Growers Association (SAMGA) (South African Subtropical Growers 

Association, 2020). 

 

2.2.2 The structure of fruit export supply chains 

This section gives an explanation of the structure of the fruit export supply chains of South 

Africa. The introduction starts with some general background information on the fruit industry. 

Thereafter, a more detailed description is given about the product flow and the operational 

process within the export supply chains of citrus, pome fruit, and table grapes. The 

understanding of the product flow is relevant for the mapping of the information flow in Phase 

2 of this research study.  

 

Modern agri-food markets and supply chains are characterised by a high level of vertical 

coordination/integration and the dominance of multinational corporations and companies. 

The liberalisation of the South African industry has resulted in an increase in competitive 

pressure and enhanced the role of economies of scale (Swinnen & Maertens, 2007:5). 

Nowadays the difference between the traditional and the modern agri-food markets is 

enormous. There are a number of factors that distinguish these two markets: specialised 

logistics and centralised sourcing/procurement to achieve better supply reliability in quality 

and quantity terms, product traceability, quality, and food safety as main drivers of vertical 

integration; the centrality of the private standard; diffusion of formalised contract; and 

increasing interest in Corporate Social Responsibility (CSR) (Borsellino et al., 2020:4). The 

transformation of traditional into modern agri-food supply chains has resulted in an increase 

in complexity.  

 

Before a closer look is taken into the structure of the South African fruit export supply chains, 

a description of the term “supply chain management” helps one to understand what is meant 

by this, which processes are included, and which are not. Therefore, let us consider the 

definition that is given by The Council of Supply Chain Management Professionals. They 

define supply chain management as, “encompassing the planning and management of all 

activities involved in sourcing and procurement, conversion, and all logistics management 

activities. Importantly, it also includes coordination and collaboration with channel partners, 

which can be suppliers, intermediaries, third-party service providers, and customers. In 

essence, supply chain management integrates supply and demand management within and 

across companies. Supply Chain Management is an integrating function with primary 

responsibility for linking major business functions and business processes within and across 

companies into a cohesive and high-performing business model. It includes all of the logistics 
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management activities noted above, as well as manufacturing operations, and it drives 

coordination of processes and activities with and across marketing, sales, product design, 

finance, and information technology” (Council of Supply Chain Management Professionals, 

2016). 

 

The fruit export supply chains involve the chain of events that has to take place before the 

fresh produce arrives at the final customer. For full customer satisfaction, the industry needs 

to make sure that the fresh produce is what the consumer wants in terms of how it looks, 

what it tastes like, and how it gets produced. This means that the industry has to comply with 

the quality standards and requirements of the consumer and the regulatory institutions. By 

meeting these requirements fruit increases in value, which the customer is willing to pay for. 

To facilitate the exporting process of fresh produce, strict guidelines and protocols are set 

and regulated by regulatory bodies like South Africa’s Perishable Products Export Control 

Board (PPECB).  

 

The supply chain processes within the fresh produce supply chain consist of production, 

packing, cold storage, processing, and distribution. After harvesting, fruit is sent to cold 

storage facilities where it gets packed and stored. Sophisticated packaging and cold storage 

units maintain freshness, quality, and preserve the shelf life of the fruit. Packaging requires a 

suitable design for maintaining the quality of fresh produce and to enable its efficient storage 

and transportation. The packing process is mainly carried out by larger producer-exporters 

(Fernandez-Stark et al., 2011:3). Investments in these activities remains critical because of 

the highly perishable nature of the fruit. The bulky nature of fruit also makes handling and 

transportation difficult. Roy (2015) argues that any inefficiencies in the system lead to large 

post-harvest losses. 

 
Fruit that does not meet the quality requirements is sold on local markets or is sent to 

processing facilities to manufacture fruit juice, puree, pulps, and preserves (Das Nair et al., 

2018:25; Waarts, Bakker, Snels & Danse, 2009;35).  

 

At the upstream fruit production level, an estimated 6,000 to 8,000 commercial farmers were 

involved in the cultivation of fruit and vegetables across the country in 2016. However, the 

number of commercial farmers has declined by 26% over the last decade. This was mainly 

due to the trade liberalisation in the 1990s as some farmers struggled to adapt and compete 

for the international markets (Chisoro-Dube, Paremoer, Jahari & Kilama, 2018:39). 

Production meant for the fresh export market is being dominated by large producers and 

marketing companies. Production of fresh fruit requires advanced technologies and large-
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scale operations to meet the requirements of those markets (Fernandez-Stark et al., 2011:7). 

For the small and medium-sized farmers, it has major implications. Most of them cannot 

compete with the largest farmers because of the lack of industrial capabilities, technologies, 

and infrastructure to meet the global requirements of the sector. Therefore, for small-scale 

farmers, it is hard to participate due to their smaller production volumes and their inability to 

comply with high-quality requirements (Greenberg, 2003:407). For this reason, since the 

2000s the South African government has started to regulate strategic partnerships between 

emerging farmers, local agribusinesses, and governmental departments. The proliferation of 

strategic partnerships represents an explicit departure from the historically low levels of 

cooperation between emerging farmers. Hence, they constitute an institutional innovation 

that establishes new norms for collaboration and support (Bitzer & Bijman, 2015:2191).  

 

The fruit export channels can be roughly divided into two sales channels. The first is featured 

as a straight sell to an importer with or without the assistance of an agent. The second option 

is to export by contracting a member of a private or cooperative export organisation which 

will find agents or importers and market the produce collectively. An export organisation can 

either supply wholesale market or retail chains, depending on particular circumstances 

(Department of Agriculture, Forestry and Fisheries, 2018:90).  

 
Depending on the agreed incoterms, transport is organised by the exporter (agency) or the 

importer (agency). Ocean cargo is preferred compared to air cargo as the latter is more 

expensive and therefore commercially less interesting. Except for the costs of transportation, 

the mode of transport also depends partly on the perishability of the fresh produce and how 

long it can remain relatively fresh (Department of Agriculture, Forestry and Fisheries, 

2018:90). Due to improvements in container technology, fresh produce can be transported 

under suitable temperature conditions to preserve the product. The attractiveness of 

transport by sea has increased considerably. Because of the increase in the quantity of fruit 

being exported, maritime routes have increased and ports are equipped for handling fruit 

produce efficiently, like the terminal of Durban (Department of Agriculture, Forestry and 

Fisheries, 2018:90). 

 

Sea cargo can be divided into conventional refrigerated shipment and container shipment. 

For conventional refrigerated shipments, pallets are stored below deck in controlled 

conditions. These ships are specially built to transport certain types of products and are often 

used to transport perishable commodities which require temperature-controlled 

transportation. Some of the ships are also able to transport containers above deck and to 

load and unload using the cranes located on the deck (Khumalo, 2018:65). The process of 
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loading a vessel can take up to three days, depending on several factors that can influence 

the rate of loading, such as the weather and the flow rate of incoming fruit (Goedhals, 

2003:59). 

 

One of the conditions for using conventional refrigerated shipments is that cold stores have 

to be located close to the port to keep the cold chain as closed as possible. The port of 

Rotterdam is one of the few terminals in Europe that is properly equipped to receive 

conventional reefer ships. The pallets of fruit are unloaded from the reefer ship and go 

straight into one of the cold stores (Port of Rotterdam, 2020).  

 

With conventional refrigerated shipments, a clear trend has emerged in recent years. The 

specialised reefer fleet has been reduced and the container fleet has been equipped with an 

increased number of reefer containers. The container solution has become dominant. As a 

result, the container supply chain is often congested due to the bottlenecks in many 

European hub ports which put the ocean carriers’ schedule reliability at risk. In spite of these 

risks, many exporters prefer this mode of transport for several reasons, including mainly its 

mobility and reduced cost. First, contemporary container ships have become bigger and 

bigger which has resulted in a decrease in transport costs equivalent to the capacity in a 

specialised reefer (Bright, cited in Giulia & Parola, 2010:8). Second, produce can be shipped 

in smaller quantities where temperature and humidity become easier to control. This allows 

the quality of the fresh produce to be better preserved. An additional advantage is that due to 

the decrease in risk of cargo damage and deterioration, lower insurance costs are associated 

with this method. The third advantage is that the use of containerised shipments increases 

mobility. Global container shipping lines obtain resources whereby they are able to ship the 

container to any part of the world (Giulia & Parola, 2010:8). Nevertheless, the specialised 

reefer fleet can still be an interesting option for many exporters and importers of produce. 

The major advantage of this modality is the reduced transport time. Unlike containerised 

shipments, conventional refrigerated shipment offers port-to-port services that are faster, 

without any additional transit times in hubs (Giulia & Parola, 2010:8).    

 

At the port of destination, the phytosanitary certificate needs to be handed over to the local 

customs officials. The phytosanitary certificates are issued to indicate that consignments of 

plants and plant products comply with the specified phytosanitary import requirements of the 

National Plant Protection Organisation of the importing country, and are in conformity with 

the certifying statement on the phytosanitary certificate (Nederlandse Voedsel- en 

Warenautoriteit, 2021). On some occasions, the fruit might get rejected. According to the 
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Dutch customs, several reasons may cause the shipment to be rejected (Nederlandse 

Voedsel- en Warenautoriteit, 2021):  

- When any harmful organisms are found; 

- When the original phytosanitary certificate is not present; 

- When the original phytosanitary certificate does not meet the requirements;  

- When the composition of the shipments is not in line with the information presented at 

the phytosanitary certificate.   

 

On occasion when a potentially harmful organism is found, a sample is sent to the National 

Reference Laboratory. The laboratory determines whether or not the organisms are harmful 

to European agriculture. If the organisms are found to be harmful, the shipment will be 

officially rejected and various measures could be taken. One of the consequences may be 

that the shipment has to be fully destroyed. Sometimes it is up to the distributor whether they 

want to redirect the shipment to another destination where other restrictions apply and where 

the load will not be rejected by the local authorities (Nederlandse Voedsel- en 

Warenautoriteit, 2021). 

 

Import organisations located in Europe have a major role in the distribution of South African 

produce. Some retail chains have expanded greatly over the last few years. Furthermore, 

some of the retailers have consolidated their purchase activities to increase their buying 

power. The Superunie is a great example of a buying organisation which is responsible for 

the purchase of all kinds of items that are sold by supermarkets among which are fruits and 

vegetables cultivated in South Africa. Some of the buying organisations or retail chains 

market the products under the name of the supermarkets. In this case, extra material 

handling is necessary to repack and relabel the products (Superunie, 2022). Some importers 

enter into collective agreements with 3PL organisations. These offer value-added logistics 

services such as repacking and relabelling of items.  

 

In some supply chains agents function as an extra link. Agencies establish contact between 

producers/export organisations and buyers on the importing side, and will usually take 

commission of between 2% and 3% (Department of Agriculture, Forestry and Fisheries, 

2018:90). This is in contrast to importers who buy and sell their capacity and participate 

within the risk. The importer is also responsible for clearing the produce through customs, 

packaging, and assuring label/quality compliance and distribution of the produce. In some 

cases, treatment of the fresh produce and the arrangement of packing is included. Margins of 

an importer lie between 5% and 10% (Department of Agriculture, Forestry and Fisheries, 

2018:90). Produce is transported towards the supermarkets straight from the importer or will 
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first be sorted in the distribution centre of the supermarket chain. This depends on the 

agreement between the actors.  

  

A limited number of exporters have long-term contracts with wholesale grocers who deliver 

straight to retail shops, but with the increasing importance of standards and the year-round 

availability of fruit, the planning of long-term contractual relationships is expected to increase 

(Department of Agriculture, Forestry and Fisheries, 2018:90). The power in the export supply 

chain shifts downstream as the vertical coordination increases mainly through supply chain 

management practices. Supermarkets tend to build long-term relationships with their 

preferred suppliers. These long-term relationships should guarantee continuous supply at the 

required levels of quality. The focus on supplying local markets has been decreased since 

export markets have been developed (Department of Agriculture, Forestry and Fisheries, 

2018:93).  

 

Regardless of the fruit’s target market, consumers are globally more aware of their 

(un)healthy lifestyle and so their preferences are changing for healthier and more natural 

foods that are low in fat and sugar. Consumers demand a higher quality of the fruit they 

purchase and want to be informed about the food they are consuming. At the same time, 

they are ever more concerned about production conditions, both environmental and social. 

This increases the demand for fair trade products (Department of Agriculture, Forestry and 

Fisheries, 2018:93).  

 

2.2.2.1 Citrus export supply chains 

All of the citrus fruits are from the family Rutaceae (orange family). Citrus fruits are a 

distinctive berry with the internal parts divided into segments and include oranges, lemons, 

limes, citrons, grapefruit, pomelos, mandarins, or a hybrid form of these. This species grows 

across the country of South Africa. The area under cultivation with citrus amounts to some 

74,902 hectares divided over Limpopo, Eastern Cape, Western Cape, Mpumalanga, 

KwaZulu-Natal, Northern Cape, and North West provinces. The Limpopo province is the 

largest citrus production area accounting for 43% of the total planted. The Western Cape and 

Eastern Cape are featured as a cooler climate, which is suited for the production of navel 

oranges, lemons, limes, and mandarins / tangerines (soft citrus). The provinces 

characterised by warmer climates are better suited for the production of grapefruit and 

Valencia oranges (Wellington, 2019:3). 

 

After the citrus is harvested it is destined for the fresh fruit market once it meets the quality 

requirements. The major part of the citrus is exported whereas the minor part of all produce 
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is sold on local markets. Citrus that doesn’t meet the quality requirements goes straight to 

the processing industry. Figure 2.2.1 depicts the division in sales between the processing 

industry, local market, and the export market of citrus. The figure represents a significant 

increase in exports since 2012. This in contrast to the local market and the processing 

industry which remained relatively stable with increases in 2018 and 2019 (Department of 

Agriculture, Land Reform and Rural Development, 2020a:22). 

 

 

The citrus export industry was not able to fully benefit from the increasing demand. Between 

2012 and 2015, the country faced the threat of citrus black spot disease. Citrus imports were 

halted by European customs after several batches exceeded the allowable limit of this 

disease. The introduction of citrus black spot into European territory would pose a serious 

threat to the EU’s citrus-producing areas. For this reason, extra restrictions were taken for 

the import of citrus from South Africa. The ban applied to all South African citrus shipments 

from regions where the disease was present, which covers the bulk of the country’s 

production. The annual export of 600,000 tonnes of citrus was threatened, which created 

huge uncertainty in the South African export industry (Reuters, 2019).  

 

Normally, the fruit has to undergo multiple operational processes to preserve the quality 

before it can be sold on the market. Most of these operational processes take place at the 

orchard, packhouses, cold stores, and loading depots. Starting at the orchard, the citrus must 

be removed from the orchard immediately after harvesting. This should decrease the 

possibility of dehydration, which could lead to incidences of physiological disorders. Fruit is 

transported in bins towards a drench area near the orchard where it waits to get transported 

further to the cold storage where it undergoes the degreening process. Degreening is the 

Figure 2.2.1 Division between export, local and processing industry soft citrus from 2010 till 2019  
(Department of Agriculture, Land Reform and Rural Development, 2020a:22)                       
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process of accelerating colour change in fruit through the use of a ripening hormone. When 

the peel is still green in colour, the citrus is reaching its maturity. The degreening process 

can take up to three days, after which the citrus will be moved into the packhouse for further 

processes (Khumalo, 2018:55). Thereafter, the citrus will be washed, dried, waxed, sorted, 

and packed. Sorting is done based on quality and colour. 

   

Only if the citrus meets all the quality standards and when it has undergone all operational 

processes, is it ready to be packed. The packaging is designed carefully as it must comply 

with the handling, recyclable, and marketing standards. The business panel of any carton 

must comply with the requirements as established by the EU or any other regulations that 

are specified by the target market (Department of Agriculture, Forestry and Fisheries, 

2018:91). Palletisation is the final process that takes place in the warehouse before the fruit 

is packed into containers and transported to the port of departure. 

 

Before produce gets exported, it needs to be checked by the PPECB to see that it meets the 

quality standards. The regulations are set by the PPECB itself and the DALRRD and are 

renewed annually. The regulations are meant to provide a disciplined export and minimum 

quality platform. These standards prescribe requirements for quality, food safety, traceability, 

containers, packaging, and sampling. Further, the standards also prescribe methods in which 

batches have to be evaluated, as well as the tolerances allowing for maximum permissible 

deviations from quality defects on export products (Heilbron, 2016:12).   

 

To get an idea of the export supply chain of citrus and the foremost parties involved, a 

generic overview is given in Figure 2.2.2. The figure illustrates the flow of fruit in a cross-

functional flowchart. Besides the leading bodies involved, the main ports from which ships 

are (un)loaded are named as well. Citrus is mainly transported via several seaports located 

in South Africa, England, and the Netherlands. These seaports are the ports of Port 

Elizabeth, Cape Town, Durban, Rotterdam, Antwerpen, and the Port of Tilbury.  

 

For shipment, incoterms define when the responsibilities for a shipment shift from the 

produce exporter to importer. It determines who is responsible for the arrangement and costs 

of what part of the shipment, where the risk shifts, and whether the shipment must be 

insured. The incoterm is relevant in terms of the division of responsibilities as to which party 

is responsible for the arrangement of what type of documents. It affects how information 

flows throughout the export supply chain and it is relevant to take it into account at the 

mapping of the information flow in Phase two in this research study. In general, Cost, 
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Insurance, and Freight (CIF) is a frequent incoterm used in the South African fruit export 

industry (Department of Agriculture, Forestry and Fisheries, 2014:14). 
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Figure 2.2.2 Generic export supply chain citrus  
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2.2.2.2 Pome fruit export supply chains 

Pome fruit is part of the deciduous fruit family which must not be confused with stone fruit 

that is included within this family as well. The distinction between pome fruit and stone fruit is 

made based on their cores. Stone fruits have a pit at their core, which contains the seeds. In 

contrast to that, pome fruits’ seeds are surrounded by a membrane. Pome fruit examples 

include apples, pears, and quinces (Fedeli, 2019:18).  

 

The pome fruit season spans from January till August. The majority of the apple farmers are 

located in the Western Cape (Fresh Produce Exporters’ Forum, 2013:73). A few are also 

located in the Eastern Cape, Mpumalanga, and Free State provinces. In total, there are 

approximately 640 pome fruit producers in South Africa. The production of pome fruit 

contributed R8.2 billion in turnover to the agricultural sector in 2015 (HORTGRO, 2015:16), 

and grew to R12.19 billion in 2021. About 92% of the pome fruit industry’s income is 

generated by sales of fresh produce (HORTGRO, 2021:1). 

 

In South Africa, pears are mainly cultivated in the Western Cape. The Western Cape 

province accounts for more than half of all pome fruit production nationally, with Ceres as the 

main region, 7625 hectare containing 31% of the total production area (HORTGRO, 

2021:14). 

 

Despite the harvesting season of pome fruit running from January till August, fruit can be 

made available all year around. This is because of technological developments such as 

controlled atmosphere storage chambers and synthetic quality enhancing products. 

Depending on the storage method of pome fruit, it can remain in a consumable condition for 

between twenty days to twelve months (Fresh Produce Exporters’ Forum, 2013:54).  

 

The flow of pome fruit throughout the supply chain does not differ significantly compared to 

the flow of citrus. The start of the harvest is when the fruit reaches its physiological maturity 

i.e. it would ripen to good eating quality after a period of storage. It is thus the absolute 

minimum maturity to harvest, and the fruit should not be presented for immediate marketing 

from a consumer’s eating quality point of view. After harvesting, the fruit will ripen normally 

but will only develop an acceptable taste after storage and the ripening process. The 

optimum stage of harvesting, to obtain the best balance of red or blushed colour, usually 

occurs 10 to 14 days after its physiological maturity. A fruit that is picked immature, will not 

ripen normally or develop a good taste during storage (HORTGRO, 2020b:2).  
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In contrast to the product flow of citrus, it differs from supply chain to supply chain whether 

pome fruit is stored under conditioned circumstances first or whether it undergoes inspection 

straight after harvesting. After harvesting, exposure to the sun should be kept to a minimum. 

Pome fruit is moved throughout the packhouses by means of water. The water serves a dual 

purpose of firstly, washing the fruit and secondly, transporting throughout the packhouse with 

minimal injuries such as bruising (Fedeli, 2019:18). At the packhouse facility, fruit gets 

inspected, palletised, and kept in a holding room before further distribution takes place. 

Apples and pears are first pre-cooled and kept in a cold store before being packed for export 

(Goedhals-Gerber, Haasbroek, Freiboth & Van Dyk, 2015:3). Packaging must comply with 

the handling requirements set by the PPECB and the DALRRD to be handled efficiently 

(HORTGRO, 2020c). Packaging needs to be recyclable and attractive for marketing 

purposes. Further, it has to comply with the requirements that are set by the EU or any other 

regulations that are specified by the target market as well (Department of Agriculture, 

Forestry and Fisheries, 2018:91).  

 

After the packing process is complete, the pallets are staged and then loaded into 

containers. In case of refrigerated shipment, pallets are moved to the staging area at the 

harbour and then loaded onto a reefer ship. From this point, the exporting process starts 

which is identical to the exporting process of citrus.  

 

Figure 2.2.3 presents the generic export supply chain of pome fruit captured in a cross-

functional flow diagram. The flow diagram depicts the most common product flow and 

prominent bodies, organisations, and seaports within the export supply chain. Seaports are 

located in South Africa, England, Belgium, and the Netherlands.  
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Figure 2.2.3 Generic export supply chain pome fruit        (Fedeli, 2019) 
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2.2.2.3 Table grapes export supply chains  

The table grape industry includes approximately 10,000 different cultivars (Fresh Produce 

Exporters’ Forum, 2016:74). Table grapes can be grown for different purposes; immediate 

consumption, for the purpose of making wine, or to be dried and to become raisins. 

Worldwide, China is the largest fresh table grape producer with a production contribution of 

slightly over 49% in the production season of 2017/2018. South Africa is ranked tenth, with a 

contribution of approximately 1.3% to global production (United States Department of 

Agriculture, 2017). 

 

The gross value of production for table grapes has been increasing significantly since the 

2006/2007 production season. The gross value increased from R2 billion 2006/2007 to R7.1 

billion in 2015/2016, an increase of 248% over nine years. The increase in production value 

is not significant to the increase in production volumes, as these remained relatively stable 

over the same period. The increase in production value is a result of the rising prices for 

table grapes mainly caused by inflation (Department of Agriculture, Forestry and Fisheries, 

2017b:5).  

 

South Africa has five major table grape producing regions. These are the Hex River Valley 

with 6,543 hectares (33%), the Orange River Valley with 5,705 hectares (29%), the Berg 

River Valley with 4,525 (23%), the Northern provinces with 1,735 hectares (9%), and the 

Olifants River Valley with 1,335 hectares (6%). The harvesting period of table grapes spans 

from October till May (South African Table Grape Industry, 2017:8).  

 

The structure of table grape supply chains is fairly straightforward. The temperature 

conditions are highly critical since table grapes are vulnerable to being exposed to variable 

temperatures. Once the temperature of the fruit has started on its downward trend, it must 

not rise, but rather remain on its downward trajectory. For this reason, great attention is paid 

to temperature conditions throughout the table grape export supply chain, especially during 

the field heat removal phase, which is also known as the pre-cooling process. Pre-cooling 

refers to the rapid removal of field heat shortly after the harvest of a crop. Field heat can be 

defined as the difference in temperature between the temperature of the crop harvested and 

the optimal storage temperature of that variety of grape (Fedeli, 2019:28).  

In contrast to pome fruit, table grapes are palletised and packed before they are stored in a 

cold store facility. Table grapes have a limited shelf life and will be prepared for transport 

shortly thereafter. Table grapes are transported employing containerised shipment or by 
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conventional refrigerated shipment. In the latter, relevant is that the table grapes are staged 

at the waterfront with minimal exposure to the sun and environmental weather conditions.   

Figure 2.2.4 depicts the generic export supply chain of table grapes captured in a cross-

functional flow diagram. The flow diagram takes into account the most common product flow 

and prominent bodies, organisations, and seaports within the export supply chain. Seaports 

are located in South Africa, England, and the Netherlands.  
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Figure 2.2.4 Generic export supply chain table grapes                     (Fedeli, 2019) 
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2.2.3 Regulatory bodies for fruit exports 

Before fruit can be exported, organisations have to adhere to strict rules and regulations that 

are set by various regulatory bodies. The rules and regulations are set to ensure and 

maintain the quality of the product. The primary bodies involved within the export supply 

chain are the DALRRD and the Perishable Produce Export Certification Board (PPECB). The 

protocols and procedures set by these organisations must be met at each stage of the supply 

chain and aim to guarantee the quality of fruit, aim shipment to be successful, and aim safety 

for consumption.   

 

DALRRD 

The DALRRD is a branch of the South African government and is charged with the 

responsibility of supporting and overseeing the agricultural sector. The organisation is 

charged to ensure sufficiency and safety within the market and that nutritious food can be 

accessed by the South African population. Prices should be acceptable for South African 

citizens, but they may not be at the expense of quality. The DALRRD prescribes export 

requirements and standards broadly outlined in the Agricultural Products Standards (APS) 

Act (Fresh Produce Exporters’ Forum, 2013:65). The APS Act is then further broken down 

into specific regulations for individual fruit types and their particular varieties. Moreover, the 

DALRRD is solely responsible for maintaining as well as updating all standards, 

requirements, and advances in technology and knowledge change (Fedeli, 2019:48).  

 

PPECB 

The PPECB was established in 1926 through a Parliamentary Act and currently operates 

under Act 9 of 1983, known as the Perishable Products Exports Control Act (De Beer, 

Paterson & Olivier, 2003). The PPECB is a government-owned agency and is involved in 

several activities across the supply chain. The PPECB defines itself as “an independent 

service provider of quality certification and cold chain management services for producers 

and exporters of perishable food products” (PPECB, 2020). 

 

In general, the PPECB controls and regulates all perishable exports produced in South 

Africa. In total, the perishable product produced in South Africa has a total value of 

approximately R20 billion per year (Department of Agriculture, Forestry and Fisheries, 

2017c). Food safety is also one of the concerns of the PPECB. Therefore, regular on-site 

inspections are executed (PPECB, 2020). The PPECB is recognised and approved by the 

European Commission for its EU-equivalent standards during inspections and was the first 

service provider in South Africa to receive the EUROGAP accreditation (Department of 

Agriculture, Forestry and Fisheries, 2017c). The EUROGAP accreditation entails that 
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inspections done in South Africa are on par with inspections done in Europe and ultimately 

result in fewer statutory inspections upon arrival at European ports of import (Fresh Produce 

Exporters’ Forum, 2013:65). The accreditation increases the efficiency that benefits the 

export to Europe. Every country has its own regulatory body comparable with the PPECB 

with unique requirements and perishable produce treatments entering and exiting their 

country.  

 

The PPECB releases a manual every year called the ‘blue book’. The blue book contains a 

detailed description of “general procedures, loading and carrying temperature requirements 

for the export of perishable products from South Africa” (Perishable Product Export Control 

Board, 2013:40). These standards include the handling, storage, and transport aspects of 

perishable products. The agricultural standards addressed in the ‘blue book’ must be strictly 

adhered to, otherwise the shipment will not get export approval and will not be permitted to 

leave South Africa. PPECB officials are present at farms, packhouses as well as within the 

port terminals of South Africa (Fedeli, 2019:49).  

 

2.3 The competitive positioning and current challenges of the fruit industry  

This section addresses the competitive position of the South African fruit industry globally. 

First, a close look is taken at the leading countries with the greatest import rates divided 

between citrus, pome fruit, and table grapes. The second phase highlights and discusses the 

current challenges that the industry is facing. 

 

2.3.1 Competitive positioning 

Internationally, several countries that experienced successes of sustained economic growth 

and structural transformation have been centred on fruit supply chains. Yet, South Africa has 

not been able to match the growth rates in fruit exports that are achieved by countries such 

as India, Mexico, Chile, Brazil, and China. This is partly to do with the political economy 

dynamics that have been shaped and the structure and development trajectory of these 

value chains. Powerful actors and dominant players influence the policy space which is 

important in gaining access to resources in fruit value chains in South Africa (Kirsten, Van Zyl 

and Van Rooyen, 1994:19). 

 

Agriculture plays a significant role in sustained economic growth and poverty reduction in 

countries like Brazil and Chile. However, South Africa’s export figures did not grow as fast as 

those of some of its competitors. Even so, the sector recorded strong growth in the 

agricultural export market, especially between 2009 and 2014 as can be seen in Figure 
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2.3.1. The South Africa’s export of fruits has grown at a similar pace to countries such as 

Chile between 2009 and 2010. The increase in exports shows improvements in the 

competitiveness of South Africa’s industry. The success of its exports hinges partly on the 

strong private industry associations like Fruit South Africa (Das Nair et al., 2018:21). 

 

 

The South African fruit industry finds itself in a highly competitive global industry. The 

successes of the agriculture market in South Africa have been achieved with relatively little 

government support. This is in contrast to markets located in Chile and China. Those 

markets have benefited from extensive government support and the development of strong 

public institutions to facilitate and monitor compliance with global food safety standards. 

Local governments facilitated access to new markets, established accreditation institutions, 

and invested in infrastructure to integrate farmers into the transport network (Fernandez-

Stark et al., 2011:6). 

 

To see how South Africa is positioned in the global fruit market, a closer look is taken at the 

export statistics of each fruit commodity. The export statistics indicate which countries 

dominate the global fruit market and which of these are South Africa’s biggest competitors.  

First, Figure 2.3.2 depicts that South Africa is the second-largest export country globally after 

Spain. In 2019, South Africa exported approximately about 2.1 million tons of citrus in a 

Figure 2.3.1 Growth of international agricultural export market per country (Index 2001 = 100)      
(Quantec, 2018) 
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global export market representing an export rate of roughly 16 million tons of citrus 

(International Trade Centre, cited in Darley-Waddilove, 2021:26).   

 

 

Second, a closer look is taken at the global export market of pome fruit. In 2020, pome fruit 

was the world’s 316th most traded product, with a total trade of US$10 billion. Between 2019 

and 2020 the exports of pome fruit grew by 5.07%, from US$9.56 billion to $10 billion. The 

trade in pome fruit represents 0.06% of the total world trade, with China as the greatest 

exporting country (The Observatory of Economic Complexity, 2021b). The total trading value 

of the global pome fruit market is relatively stable as the market grew only 0.3% from 2015 to 

2020. Figure 2.3.3 shows that South Africa fulfills a prominent role in the global market with 

its major competitors being China, Italy, the United States, Chile, the Netherlands, and New 

Zealand (The Observatory of Economic Complexity, 2021b).   

 

Figure 2.3.2 Citrus exports divided by country 2019  (International Trade Centre, cited in Darley-Waddilove, 2021:26) 
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The third fruit commodity where the export statistics are outlined are those of the table grape 

industry. Table grapes were the world’s 316th most traded product with a total trade value of 

US$9.31 billion in 2020. The market grew by 17% from 2016 to 2020. Herewith, the inflation 

rate must be taken into account to come to the net growth rate. It is remarkable that Chile 

lost almost 26% of the value of its exports within this period. This happened while the 

industry was in an uptrend. (The Observatory of Economic Complexity, 2021c). In this period, 

China and Peru experienced above-average growth while the export value of South Africa’s 

crop grew steadily. As can be seen in Figure 2.3.4, Chile, China, and Peru occupied 

prominent positions in the global export industry in 2020, while South Africa was the sixth-

largest exporter of table grapes.  

 

 

 

 

 

 

 

 

 

 

Figure 2.3.3  Export value pome fruit per country in million US$         (The Observatory of Economic Complexity, 2021b) 
  

Stellenbosch University https://scholar.sun.ac.za



41 
 

 

According to the export figures published by The Observatory of Economic Complexity 

(2021a), South Africa has a vibrant fruit industry and is among the ten leading fruit export 

countries globally. In South Africa, citrus, pome fruit, and table grapes are the three fruit 

commodities with the highest export figures.  

 

2.3.2 Industry Challenges  

Nowadays, the fruit export industry faces a series of challenges. This section outlines several 

of the challenges in the fruit industry: for example; the structural transformation and 

digitalisation of the industry, consolidation of shipments, failure to maximise the substantial 

opportunities for export growth, and the uncertain demand due to the South African 

economic environment. Each of these challenges is discussed in this section.   

 

The liberalisation of agricultural markets in the 1990s had a significant impact on the sector. 

The legacy of apartheid policies continues to shape the present-day land use patterns and 

structure of agricultural production in South Africa. The downstream agro-processing industry 

has been a recipient of support as part of post-apartheid targeted industrial policy with 

associated growth in fruit products. However, (financial) support has been provided towards 

a few large, leading firms. The limited state support has resulted in a slow process of 

structural transformation in the supply chains and in few opportunities for industrialisation in 

terms of value-addition, employment creation, and increased participation of small and 

emerging players (Das Nair et al., 2018:4). Besides that, opportunities are not taken to 

Figure 2.3.4 Export value table grapes per country in million US$         ( Observatory of Economic Complexity, 2021c)           
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integrate the industry with other sectors in the overall economy to create a mutually 

beneficial process (Das Nair et al., 2018:4).  

 

The slow process of industry transformation impacts the opportunities for smaller fruit 

farmers to export their fruit products. The volumes are too small to load an entire 20 ft. or 40 

ft. reefer container. This automatically raises their cost price, whereby they are not able to 

ultimately reach cost-efficiency. On some occasions, farmers pack various fruit types in one 

reefer container to increase the load factor. By doing this they put the preservation of the 

fruit’s quality at risk. The storage conditions wherein the preservation of the fruit’s quality is at 

its best are different for each fruit commodity. According to Waarts et al. (2009), the support 

farmers receive from industry associations is limited when it comes to exports. Because of 

this, it remains hard to consolidate shipments for smaller farmers. In this way, they are 

limited to local markets and the fruit export industry is not able to benefit from the increasing 

global demand for fresh produce.  

 

The increasing global demand requires substantial scope for change in the fruit industry to 

apply more sophisticated technologies to produce higher value crops and for further 

integration of the industry. Such changes require building industrial capabilities and bringing 

together design and production with logistics, branding, and marketing. The fruit export 

supply chains, therefore, represent a process of industrialisation that is wider than only 

manufacturing. Structural transformation within the fruit supply chain has different dynamics 

from traditional manufacturing activities. Higher value is not associated with more 

processing, but with functional and process upgrading to maintain quality and preserve the 

shelf life of fresh fruit. This is referred to ‘industrialisation of freshness’ (Cramer & Sender, 

2015:3). The industrialisation of freshness entails investment in packhouses, cold chain 

facilities, and logistics, as well as growing the most desirable fruit varieties. When it comes to 

global exports, the market requires technological sophistication, packaging, temperature and 

disease control, and computerised logistics (Cramer & Sender, 2015:2). Systems are 

required to become more capital intensive and productive to transform Agriculture 4.0 

(African Center for Economic Transformation, 2017:3). 

 

Nevertheless, the South African fruit export industry fails to maximise the substantial 

opportunities for export growth considering the increasing global demand and the results of 

competitive countries. South Africa’s volumes of fruit exports have grown at an average of 

3% per annum from 2012 till 2017. This is much poorer than key competitors such as Mexico 

and Peru, whose exports grew at an average of 8% to 15% per annum respectively in the 

same period. According to Chisoro-Dube, Das Nair and Namhla Landani (2019:1) adopting 
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and adapting to the advances in technology is critical for a strategy to significantly improve 

South Africa’s performance. They state that if South Africa is to maintain its global position 

within the fruit industry, it is imperative that key changes are implemented within the industry 

in the upcoming period. Innovation in sorting equipment, ripening technologies, logistics, and 

cold chain technologies is necessary for a more flexible, precise, and transparent export 

industry. Achieving these step-wise changes in speed, quality, and traceability to upgrade the 

chains requires an integration of the systems utilised by key users for a structural increase in 

efficiency rather than piecemeal adjustments (Chisoro-Dube, Das Nair & Namhla Landani, 

2019:6).  

 

Fresh Plaza (2020) published a newspaper article in which they state that innovation is key 

to South Africa’s citrus export. The strong demand in export markets can be a huge potential 

for the South African citrus export industry. To tap this growth potential, complementary 

public investments in ports and irrigation infrastructure, and technical capacity are needed to 

negotiate access to wider export markets. Demand for citrus in international markets has 

boomed due to COVID-19 and prices have increased. The volume of citrus exports also grew 

amid the crisis. The sales rate more than doubled in the first four months of 2020 compared 

to the previous year. Due to the increasing demand, exports have been somewhat restricted 

by congestion at ports, ageing infrastructure, and labour issues (Henry, 2020). On this 

occasion, small and medium growers were not able to fully benefit from the increasing 

demand. An increasing export rate could boost foreign exchange earnings and create jobs in 

an industry that already directly employs 125 000 workers, more or less 14% of total 

employment in agriculture Fresh Plaza (2020).   

 

In contrast to citrus exports, the export of pome fruit has been thrown into uncertainty due to 

the spread of COVID-19 and tumbling oil prices in 2020. Up until March 2020, South Africa’s 

apple exports were running 10% up and pear exports 5% down. The South African crop 

came amid low supplies in Europe, where domestic pome fruit production was down by 

around a quarter compared to the previous season. However, pear exporters have not been 

able to take full advantage of the relatively empty market as weather conditions in the 

Western Cape growing region led to smaller-sized fruit for the earliest varieties. Supply and 

demand have changed over the last period due to the pandemic. The devaluing of the Rand 

against the dollar, and the lower oil price, have had a big impact on Africa’s purchasing 

power. Those aspects result in an uncertain demand regarding the export industry 

(FreshFruitPortal.com, 2020). 

 

Stellenbosch University https://scholar.sun.ac.za



44 
 

As stated earlier, due to the COVID-19 pandemic the export of fruit faces multiple 

challenges, including port congestion, ageing infrastructure, and labour issues. In addition to 

that, the industry is at risk of a potential shortage of reefer equipment. As a result of the 

pandemic and the regulations arising from this, the ports were not able to operate at full 

capacity. At the beginning of April 2020, at the start of South Africa’s lockdown, the capacity 

at the Cape Town Container Terminal was reduced to one-third of the total capacity. The 

number of containerships waiting at anchor began to rise, whereby the incoming flow of 

reefer containers got limited (Van Marle, 2020). Produce Business UK (2021) states that 

there are enough containers in the world, but the problem is that most containers do not 

make the round trip to South Africa. This resulted in a lack of empty reefer containers to load 

growers’ exports. At the end of April, Maersk launched a special sailing from Dubai with 

1 800 empty reefer containers to African growers Van Marle (2020).  

 

2.4 SWOT-Analysis South African fruit export industry 

Section 2.4 depicts a SWOT-analysis of the South African fruit export industry. The analysis 

is inspired by the information presented in the previous sections of Chapter 2. In these 

sections, several topics were discussed concerning the industry’s past, the structure of the 

supply chain, and the associations and regulatory bodies involved. The following SWOT-

analysis gives a quick overview of the strengths, weaknesses, opportunities, and threats of 

the export industry. The SWOT-analysis is depicted in Table 2.4.1.   

Table 2.4.1 SWOT-Analysis South African fruit export industry  (Expanded from: Department of Agriculture, 
        Forestry and Fisheries, 2018:95) 

Strengths Weaknesses 

- The industry’s export operations and 

players are well established;  

- An efficient export infrastructure 

exists and market access has been 

improved; 

- Well established regulatory bodies 

and strong private industry 

associations; 

- Recognition by the European Union; 

- The industry has a strong 

international reputation for excellent 

overall quality. 

- Production is largely dependent on 

climatic conditions which can only 

be partially manipulated by farmers 

through irrigation; 

- Relatively high input and capital 

costs; 

- Lengthy supply chain beyond the 

packhouse; 

- The slow process of structural 

transformation and digitalisation; 

- Delays due to degradation of the 

supporting infrastructure regarding 
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 handling facilities at ports, roads, 

and energy supply; 

- South African port congestion  

Opportunities Threats 

- Liberalisation of markets;  

- Market access initiatives to the 

Middle East, Asia, and China; 

- Increasing demand due to the 

consumers’ demand for healthy 

diets; 

- Increased urbanisation; 

- Harmonisation of the institutional 

environment; 

- Agriculture 4.0. 

- Increased competition from the 

Southern Hemisphere counterparts 

like Chile, Brazil, and Argentina; 

- International competitors receiving 

state support; 

- Impact of climate change, especially 

in the Western Cape; 

- Inflation rate regarding the cost of 

labour, farming, and packing 

prerequisites; 

- Currency variability; 

- Increased protectionism by the EU 

and other established markets; 

- Aged infrastructure, both digital and 

physical; 

- Slow process of mechanisation and 

consolidation of farms into larger 

units to achieve economies of scale. 

 

2.5 Information management in supply chain management 

Collaboration between member companies in a supply chain is needed to serve the final 

customer to its fullest. To make sure operations are managed properly, information and data 

need to be sourced, exchanged, and stored. The flow of information is relevant to align 

internal business processes and processes that are cross-organisational. A well-managed 

information flow helps all members of the supply chain to increase their efficiency rate and to 

achieve customer satisfaction (Webster, 2008:18). This section outlines background 

information of communication and the exchange of data, information systems and the 

interoperability of data systems, and how to measure the efficiency of data exchange in 

supply chains.  
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To reiterate, The Council of Supply Chain Management Professionals defines supply chain 

management as “encompassing the planning and management of all activities involved in 

sourcing and procurement, conversion, and all logistics management activities. Importantly, it 

also includes coordination and collaboration with channel partners, which can be suppliers, 

intermediaries, third-party service providers, and customers” (Council of Supply Chain 

Management Professionals, 2016). This definition shows that supply chain management is 

not limited to the activities and coordination for the movement of goods, but that the 

coordination of processes and activities cross-organisational are relevant as well.   

 

The relation between the product flow and information management becomes clearer by the 

theory given by Hugos (2016). According to him, supply chain management requires 

continuous decision-making in four distinct areas: production, inventory, location, and 

transportation (Hugos, 2006:4). Decisions must be carefully considered as the sum of these 

decisions affects the efficiency and effectiveness of the entire supply chain. Careful and well-

founded decisions can only be made once information is comprehensive, accurate, and 

reliable (Hugos, 2006:16). These factors, combined with the interoperability of systems, are 

directly associated with the effectiveness of the exchange of data. High interoperability 

between systems and partners ensures an increase of pace in the exchange of information. 

Furthermore, it also contributes to a better decision-making process where decisions are 

made based on fundamental data (Tyrinopoulos, 2004:103). Therefore, according to Webster 

(2008:20), information-sharing technologies have been recognised as one of the most critical 

factors in building integrated supply chains. 

 

Besides the information-sharing technologies, data must to be of high quality. Information 

quality is a critical characteristic of the vast amounts of data flowing across the supply chain. 

Decision-making processes are based on data and the analyses that arise out of this. In fact, 

the ‘seven rights’ definition can logically be adapted to information; “getting the right 

information to the right partners, in the right quantity, in the right format, at the right, place, at 

the right time, and at the right cost. Change any “right” to “wrong” and the value of the 

information to supply chain managers will decline. To ensure the actionable knowledge 

readily flows across the supply chain, information must display a variety of key 

characteristics. Chief among these attributes are accuracy, accessibility, relevancy, 

timeliness, transferability, usability, reliability, and value (Coyle, Langley, Novack & Gibson, 

2017:552).  

 

The accuracy and the effectiveness of information flow also depend on the parties involved in 

the transaction. Based on the traditional communication model, illustrated in Figure 2.5.1, 
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information is transferred between a sender and receiver and is subject to certain conditions 

to be successful. Person-to-person information transfer largely depends on the expertise and 

acquaintance of the parties involved, social and cultural barriers, trust, and psychological 

safety. Differences in the interests of the sender and receiver of information and personal 

privacy policies might influence the success of information transfer (Saariluoma, 2006:1). In 

terms of business data, the receiver has to understand the meaning behind the information 

and what it tries to represent. When it comes to the flow of information, the message must be 

sufficiently conveyed to ensure that the data are interpreted as it is meant by the sender to 

avoid miscommunication.  

 

 

From an organisational supply chain perspective, information flow may be differentiated. On 

a strategic level, information flows between companies may be inhibited by a lack of trust (Li 

& Lin, 2006:1641). This is more likely with a high degree of independence of the member 

companies (Trkman & Groznik, 2006:562). Despite the level and mode consulted wherein 

information is transferred, the pace at which information flows from the sender to the receiver 

is determined by the path length. The pace at which point information is shared affects the 

Figure 2.5.1 Traditional communication model  (Reeker & Jones, 2002:11) 
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efficiency level within the supply chain. Information systems are often integrated to increase 

data quality and quicken the exchange of data elements.  

 

Information systems operating in supply chain management must address the fundamental 

supply chain process consisting of the activities: buy, make, move, store, and sell. According 

to Oz and Jones (2008:23), each of these processes should be supported by a module within 

the information management system. These systems are capable to link activities to different 

modules and to compute the effect of change within supply chain management. The aim of 

modelling the supply chain is to determine the interdependency of different supply chain 

activities and to constitute the supply chain. Besides that, it supports to assess the 

consequences of local decisions for the rest of the supply chain (Oz & Jones, 2008:23).  

 

Since the intervention of the first computer, many information management systems have 

been developed over time. To start with the material requirement planning systems which 

soon evolved into cross functional enterprise resource planning (ERP) systems. ERP 

systems pertain to the entire organisation and include all the fundamental activities such as 

buy, make, move, store, and sell. Real-time data contribute to thorough decision making, 

which is what production execution systems (MES) were invented for. MES enables 

manufacturing machinery to retrieve the occurrence of events and to process production data 

into the ERP system. Subsequent developments in supply chain information systems include 

advanced planning and scheduling systems, customer relationship, and supplier relationship 

modules. These contributed to the increase of customer service and to the reduction of 

operational costs (Van Eck, 2003:1).  

 

According to Swink, Melnyk, Cooper and Hartley (2011:530-531) the internet and other 

emerging technologies have improved communications, data management, visibility, and 

coordination across the global supply chain networks. An ERP system is capable of sharing 

information with suppliers’ systems so that inventory records can be updated automatically 

and generate replenished orders. Real-time data enable operators to make better grounded 

and more accurate decisions by using information across the organisation and the supply 

chain. 

 

Interoperability between systems is important to align business processes that are managed 

internally and cross-organisation. It refers to the ability of computer systems or software to 

exchange and make use of information. The ‘bullwhip effect’ is one of the many examples 

that emphasise the necessity for information management. Even small fluctuations in 

demand or inventory levels of the final company in the chain are propagated and enlarged 
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throughout the chain. Applying the bullwhip effect, small fluctuations in demand forecast 

errors that travel back through the supply chain and cause progressively larger fluctuations in 

demand at the parties downstream in the supply chain. The bullwhip effect is a direct 

consequence of a lack of real-time information and demand information at each stage of the 

supply chain (Trkman & Groznik, 2006:38). The occurrence of the bull-whip effect has many 

implications on efficiency and inventory levels and results in an increase in costs.  

 

Badenhorst et al. (2013:2) conducted a research study with the aim to develop metrics with 

indicators that would help to measure the efficiency of the flow of information in supply chain 

management. These metrics should help business enterprises to confront manifold and ever-

changing challenges from their business environment and to constantly monitor and possibly 

revise their strategies including data exchange. Business scorecards (BSC) could help as 

these contain specific indicators and metrics to measure the organisation’s performance by 

using key performance indicators (KPIs). KPIs may be defined as “financial or non-financial 

quantifiable measurements that reflect the critical success factors (key activity) of an 

organisation” (Von Haaren & Sonderforschungsbereich, 2007:9). KPIs included in 

performance metrics are capable of quantifying the effectiveness and/or efficiency rate of 

actions. The outcome is typically expressed in terms of time, quantity, quality, or cost.  

 

Badenhorst, Maurer and Brevis-Landsberg (2013:6) published in their article an entire list of 

characteristics of performance measurement criteria used to assess the information flow. 

The characteristics serve as indicators to assess the performance once associated with 

particular activities. By doing a literature review they developed possible indicators and 

associated metrics for the determination of information flow efficiency in supply chains which 

are listed and described in Table 2.5.1. The important characteristics were segregated form 

the less important ones which showed that the following indicators are the best ones to use 

as indicators for the measurement of information flow efficiency: ‘Accessibility’, 

‘Consistency’, ‘Timeliness’, ‘Relevance’, ‘Accuracy’ and ‘Usefulness’. 

  

Stellenbosch University https://scholar.sun.ac.za



50 
 

Table 2.5.1 List of characteristics of performance measurement systems  (Badenhorst et al., 2013:6) 

Characteristic Description 

Accessibility Takes into account the ease of obtaining information and the user-friendliness of 

interfaces aiding the access of data or information. 

Interpretability Relates to the concept of ‘understandability’ The ability to read the content of data or 

information, as well as the ambiguity of the content retrieved from the data or 

information by different persons. 

Consistency Refer to the steadfast adherence to the same principles, course, form, agreement, 

harmony, compatibility, correspondence, or uniformity amongst the parts of a complex 

phenomenon. 

Timeliness Refers to the speed with which the dissemination of data takes place. It relates to the 

time it takes to provide the information and whether it is possible to produce the 

information on time. However, of equal importance is the response time to certain 

information received. 

Relevance Is related to the capability of the information to make a difference in a specific decision.   

Accuracy Deals with the correctness of data or information which is used to make decisions. 

Security Can be defined as the protection of information systems against both the unauthorised 

access or modification of information or data, whether in storage, being processed or in 

transit as well as the denial of service to authorised users. 

Acceptability Concerned with the acceptance of the general format and the personalisation of the 

layout of the information or data.  

Usefulness Can be interpreted as how well used the particular information is. 

Believability Concerns the correctness of the information or data contained in a transition, as well as 

the continued correctness of the specific information or data. This relates closely to the 

definition of verifiable information which is considered to be information that is free from 

error. It also implies that the information is reliable. Reliability assures decision-makers 

that they may depend on the information to be effective in terms of doing what it is 

expected to do.  

Repeatability Deals with the fact that it is possible to obtain the information or data for a second time 

by providing the same input parameters. However, repeatability may be inhibited when 

long periods are required to produce the information or data, whilst the actual 

information or data may change far more quickly.  

Responsiveness Deals with the time delay between the actual information or data becoming available 

and the actual possibility of being able to retrieve it.  

Comprehensiveness Covers the overall completeness of information or data required to arrive at meaningful 

decisions based on the information or data. 
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According to Badenhorst et al. (2013:11), the flow of information in supply chains affects 

productivity and innovation because it determines the speed with which individuals can act 

and plan future activities. Therefore, information flow need to be managed. Regarding 

metrics for information flow efficiency, models similar to the BSC and the SCOR are seen as 

effective. The characteristics of measurements illustrated in Table 2.5.1 contributed to the 

development of the framework of indicators and can be applied in such frameworks to 

evaluate the efficiency of information flow in supply chains.  

 

2.6 The application of technologies in agriculture 

The current era is characterised by the emergence of the internet and new digital 

technologies. Over the years digital technologies have become an integral part of all spheres 

of human life including supply chain management. Thereby, the internet and technologies 

were and are still of great support to the globalisation and liberalisation of markets. 

Globalisation and liberalisation resulted in supply chain management facing great 

challenges. In the same way the volatility in demand increased. Besides that, due to the 

outsourcing of business processes to countries which have cheaper operations, more 

businesses and organisations are involved in delivering goods to the end consumer. As 

cross-functional supply chains did not already exist, supply chains became way more 

complex. To keep businesses up and running new technologies and trends arose. Big data, 

robotics, artificial intelligence, the internet of things, and blockchain are some of these and 

became well-known terms within supply chain management (Hrustek, 2020:1). 

 
Digital transformation enables the continuation of the process of human social development 

and the economic development of countries. Agriculture, industry, services, and innovation, 

driven by digital technologies, are mentioned as four key determinants of global economic 

growth. These days, agriculture is seen as an integral part of the value chains at the heart of 

our economies, providing invaluable services to society, ensuring food security, stability and  

strengthening countries’ economies (Herlitzius, 2017). Advances in technology have 

changed our diet and eating habits, lifestyle, and our perception and understanding of some 

environmental issues. In this way, agriculture is directly related to these changes in society 

(Yahya, 2018).  

 
Because agriculture is directly related to the greater community, several reasons exist for the 

agriculture industry to embrace digital transformation soon. Improvements in technology not 

only ensure the sustainability of an agricultural business individually but help to sustain 

economies, and this leads to the environmental and social sustainability of society as a 

whole. According to the predictions of the Food and Agriculture Organization (FAO) 
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published in 2017, the world population will increase to ten billion by 2050, with significant 

regional differences in economic growth. At the same time, food production is a major 

challenge that will become a bigger concern taking into account climate change, the reduced 

water supply, and the environmental impact of intensive plant and livestock production. 

Therefore, the FAO recommends that the agriculture industry embrace and adopt digital 

technologies that increase productivity and address food safety risks (Lanucara, Oggioni, Di 

Fazio & Modica, 2020).  

 

The introduction of digital technologies in agricultural processes and changes in the way of 

working are considered to be the fourth revolution in agriculture (Yahya, 2018). The concept 

of Agriculture 4.0 originated from the concept of Industry 4.0. Agriculture 4.0 refers to the 

adoption of digital technologies and creating a value chain that integrates organisations, 

customers, and other stakeholders (Sott, Furstenau, Kipper, Giraldo, Lopez-Robles, Cobo, 

Zahid, Abbasi & Imran, 2020:2). Digitalisation evolves a key role within the agriculture 

evolution and implies new ways to gather data by using sensors, machines, drones, and 

satellites. Data gathered from farming processes are great input for management that is 

engaged with decision-making.  

 

Agriculture 4.0 is a broad term that can be divided into several divisions. In recent years, 

precision agriculture and smart agriculture have been showing an upward trend. Precision 

agriculture is a discipline characterised by the collection, storage, processing, and sharing of 

digital data from various sources with clearly defined objectives (Lanucara et al., 2020). 

Smart agriculture represents the use of smart, data-rich ICT services, and applications in 

combination with advanced hardware. It extends the precision agriculture concept as farmers 

have a high need for efficiency and this usually induces them to adopt precision agriculture 

technologies (Wolfert, Goense & Sorensen, 2014:2). In contrast to precision agriculture, 

smart agriculture is more focused on applying new techniques based on earlier gathered 

data. After harmonisation and aggregation of data, it can be used as input for management 

decision-making units to increase the efficiency and quality of products. (Bucci, Bentivoglio, 

Finco & Belletti, 2019:2). Data harmonisation forms the core of smart agriculture and is 

mainly about friendly user interfaces, creating algorithms, applying new methodologies, 

interoperability between systems, scalability, and support for metadata (Lanucara et al., 

2020). However, the concepts of smart agriculture and precision agriculture are merged to 

express different forms of digitalisation in the agriculture industry. 

 

Agriculture 4.0 and the digitisation of the industry create new possibilities for the agriculture 

industry to adopt new business models and improve agriculture activities. A large number of 
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business models have been adopted that increased production, optimise resource 

consumption, reduce costs, and create new production opportunities (Trivelli, Apicella, 

Chiarello, Rana, Fantoni & Tarabella, 2019:1733). IoT plays a key role within Agriculture 4.0 

since the sensors can measure several quantities continuously, and by using the cloud 

processing power (Kamienski, Soininen, Taumberger, Dantas, Toscano, Salmon Cinotti, 

Filev Maia & Torre Neto, 2019:18), it is possible to create models to evaluate crop 

development, soil resources, and water availability. These models are based on real-time 

data by using IoT sensors to support decision-making or agriculture automation. The most 

adopted technologies these days are object identification, measurement of physical and 

chemical parameters, satellite navigation, connectivity, data storage and analysis, process 

automation, and self-driving vehicles. Some of the other scenarios covered by digital 

technologies in agriculture are sensor greenhouse management, energy efficiency, 

observation of phenological phases, detection of insects or crop diseases, traceability of the 

production chain, irrigation planning, optimisation of plant growth, monitoring of agricultural 

land, and agricultural land management (Valecce, Strazzella, Radesca & Grieco, 2019).  

 

According to Hrustek (2020), the benefits of the digital evolution are not in question as it 

initiates new business models, services, and products. The concept of sustainability 

emphasises the goals related to three main aspects: economic, environmental, and social 

sustainability. For this reason, Hrustek (2020) emphasised the necessity of embracing 

sustainability and applying new digital technologies in the agriculture sector. The current 

technologies applied within the industry have strong linkages with this concept. However, 

solutions are linked to some of the activities limited to individual processes. To comply with 

climate change, Agriculture 4.0 is highly desirable (Sott et al., 2020:2).  

 

New industry strategies need to have a wider focus that goes further than sustainability and 

environmental protection. Quality and healthy food issues are high priorities to tackle in 

combination with cost reduction. This could be partly achieved by harmonising the economic 

activities and by greater transparency. Stakeholders at all levels are expected to be linked to 

the value chain by advanced algorithms and smart digital technologies. At the same time, the 

evolution within the industry needs to secure its flexibility of agricultural holdings in the event 

of potential disruption within economic or environmental flows (Hrustek, 2020:15; Feng et al., 

2020:13). 

 

This statement is partly confirmed by Shamin et al. (2019) which state that accurate 

improvements of most agricultural operations have been achieved without the use of 

technological gauges or other devices in agricultural organisations. However, these have 
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been limited to operational processes and primary tasks like farming. Results achieved by 

applying digital technologies are mainly related to the exchange of information by software 

systems and improvements in cost control. The conclusion of Shamin et al. (2019) is that the 

digital economy plays an important role in assessing food security and the maturity of the 

agriculture industry.   

 

2.7 The adoption of blockchain technology in supply chain management 

Blockchain technology was introduced in 1992 and has become evident since 2008 when 

Satoshi Nakamoto aimed to serve blockchain as a bond ledger of the cryptocurrency Bitcoin 

(Dave, Parikh, Patel and Doshi, 2019:1; Safak, Furkan & Erol, 2019:1). Nakamoto stated that 

blockchain technology should never be compared with existing technologies such as the 

internet as blockchain technology is revolutionary. After Bitcoin’s success, researchers 

wondered about the multifunctional employability of blockchain technology. Since then, 

blockchain technology has been used in different kinds of fields like the financial sector, 

health, energy, agriculture, and supply chain management (Dave et al., 2019:740). One of 

the greatest features of blockchain technology is the decentralised storage of information. 

This is in contrast to traditional databases where information is stored at a central facility. In 

this case, a single partner within the supply chain has the authorisation and responsibility for 

the storage of information whereby the risk of data mutability or fraud is more plausible. Trust 

among supply chain parties is key for efficient and effective collaboration (Rouhani & Deters, 

2019:50772).  

 

Over the years technology has evolved and the application of blockchain technology is 

mainly concentrated in the financial field, but it also leads to disruptive changes in non-

financial fields, such as e-commerce, e-government, credit evaluation, and supply chains 

(Ming, Chao, Ming-Lang & Yan, 2021:1). According to Lim, Li, Wang and Tseng (2021:1) the 

features of information and communication technology (ICT) and in particular blockchain 

technology, may fulfil a role in supply chains. Namely, they describe that contemporary 

supply chains are non-transparent whereby relevant information is not always accessible or 

reliable. Supply chain information is mostly isolated within an enterprise. The opacity of 

information reduces the trust between parties. Events that happen in the supply chains are 

hard to trace and tracking a product’s origin seems not always to be possible (Jia, Blome, 

Sun, Yang & Zhi, 2020:27).  

 

Regarding the definition of blockchain technology, several definitions are presented in 

literature by various authors. “Yan Yong states (cited in Niu & Li, 2019:2) that blockchain 
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technology is the use of encryption of the block structure to validate and store data, using a 

distributed node consensus algorithm to generate and update the data, the use of automated 

script code to programming and operating data of a new kind of decentralised infrastructure 

and distributed computing paradigm”. According to Arora, Sharma and Bhaskaran 

(2019:4939) blockchain technology is defined as a chain of blocks wherein each block 

contains certain information; it was originally described by a group of scientists and 

researchers in 1991 in the use of time-stamped documents to not backdate or tamper with 

them.  

 

Comparing those two definitions shows that in either case blockchain technology is 

described as a chain of blocks that ensures information. Niu and Li (2019:2) also describe 

blockchain technology by saying that blockchain is characterised as a chain that is encrypted 

because the chain is making use of a distributed node consensus algorithm to generate and 

update data. The definition that is given in the study of Niu and Li is more accurate and 

detailed compared to the definition of Arora et al. (2019:4939) and emphasises that 

blockchain is a decentralised infrastructure and distributed computing paradigm which is 

relevant for this study.  

 

Kumar et al. (2019) present in their findings that the relationship between information and 

communication technology in the agri-food supply chain determines the impact of supply 

chain management practices (SCM practices) on a firm’s performance. Just like Lim et al. 

(2021:1), Kumar et al., (2019:1) noticed that contemporary supply chains are struggling to 

strive for cohesion. Therefore, they state that the use of information and communication 

technology and blockchain is valuable to make the supply chain capable of quick response 

and performance management. Besides that, it also improves the integration of logistics and 

the relationship with first-tier suppliers and first-tier customers. The results indicate that ICT 

and SCM practices (information sharing, logistics integration, and supplier relationship) have 

a significant relationship and are capable of reducing delivery lead time and moderating the 

cost of food products (Kumar et al., 2019:1).  

 

 

The study of Mohammadi (2012:943) underlines the findings of Kumar et al. (2019). 

Mohammadi (2012:943) conducted a case study about the effects of information technology 

on the capabilities and performance of the supply chain of dairy companies. He stated that 

information technologies can improve SCM capabilities by way of responding to changing 

market conditions. Furthermore, these technologies help to coordinate business processes 

among the supply chain members (Mohammadi, 2012:933). The results show that 
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information-sharing technologies have a positive effect on business operations. Sharing of 

accurate and reliable information can help firms to forecast market demands better, reduce 

inventory costs, and be more responsive to customer orders (Mohammadi, 2012:944).  

 

Besides the studies that have been executed concerning information-sharing technologies, 

several studies exist which focus on blockchain technology and its effect on supply chain 

operations and the flow of information. Feng, Wang, Duan, Zhang and Zhang (2020:1) aim to 

review blockchain technology characteristics and functionalities, identify blockchain-based 

solutions for addressing food traceability concerns, and highlight the benefits and challenges 

of the implementation of blockchain-based traceability systems. The challenges faced by 

Feng et al. (2020) were on the business level as well as on the industry level. The struggles 

were mainly related to technical challenges, the infrastructure of blockchain technology, 

interoperability and standardisation, social and institutional challenges, and performances of 

certain systems. Based on their findings, they designed an architecture design framework 

and suitability application analysis flowchart of blockchain-based food traceability systems.  

The study of Feng et al. (2020) is limited to one of the many features of blockchain 

technology, namely transparency. Gurtu and Johny (2019:881) review the existing literature 

on blockchain technology, present trends, and consider its potential in supply chain 

management. According to their study, blockchain technology has the potential to improve 

trust through the supply chain by increasing visibility within the industries and across 

organisations (Gurtu & Johny, 2019:891). The value of blockchain technology is focused on 

three primary areas: smart contracts, supply chain finance, and increased supply chain 

visibility and traceability. Furthermore, the technology also increases cybersecurity (Gurtu & 

Johny 2019:892). 

In contrast to the study of Gurtu et al. (2019), the study of Arora et al. (2019) focuses on the 

use of blockchain technology within enterprises. Their study aims to analyse all processes 

from entry to exit with the adoption of blockchain technology. Arora et al. (2019) have chosen 

for a case discussion method and evaluation as a research approach. The findings of the 

study state that blockchain technology could be implemented in every enterprise. Arora et al. 

(2019:4942) characterise blockchain technology by the following features: transparency, 

sharing of information, distributed network, and security. They state that the technology does 

save time and redundancy is removed in most of the processes due to automatization.  
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2.8 Summary of findings literature review  

The South African fruit industry encompasses a wide variety of fruit commodities and 

approximately 90% of its production is exported. The remainder is consumed locally or 

processed by other industries. The industry produces above the 7 000 tons of fresh produce 

and has a compound annual growth rate of 3%. Therewith, the South African fruit industry is 

among the top 10 biggest global fruit industries and is still expanding (Nyhodo et al., 

2017:2).This is partly thanks to the establishment of the industry and its export operations. 

The industry has a strong relationship with the European Union and contains strong private 

industry associations that help the industry to further improve its competitive global position.    

Citrus, pome fruit, and table grapes are among the fruit commodities with the greatest export 

rates within the South African fruit export industry. The biggest share of almost 21% of the 

total fruit produced is exported to the port of Rotterdam. Hence, this research study focuses 

on the export supply chains of these three fruit commodities with the European Union as 

target market (Trade Map, cited in Nyhodo et al., 2017:3; Department of Agriculture, Forestry 

and Fisheries, cited in Chisoro-Dube et al., 2018a).  

In contrast to the strong global position of the fruit export industry, the industry faces multiple 

challenges. It suffers from the slow process of structural transformation and digitalisation. 

The transformation is necessary for better manageability of the product flow and the 

preservation of fruit’s quality (Department of Agriculture, Forestry and Fisheries, 2018:95). 

The complexity of today’s supply chains requires higher transparency to decrease the high 

level of congestion that occurs at handling facilities and during transportation. According to 

Mathu (2019:7), information-sharing technologies are supportive of the reduction of these 

events and contribute to the achievement of supply chain successes.   

According to literature, blockchain is characterised by the decentralisation of the storage of 

information and the immutability of data. This is in contrast to traditional databases where 

information is stored at a central facility. Blockchain decreases the risk of data mutability and 

fraud and increases supply chain transparency. As a result, it has the potential to boost the 

level of trust among supply chain members (Rouhani & Deters, 2019:50772).  

So far, a limited number of research studies have been published about blockchain 

technology and supply chain management in the agriculture sector, let alone the fruit 

industry. The decentralised system is expanding rapidly towards other industries like e-

commerce and supply chain management and goes beyond the industry of cryptocurrencies. 

In total, 108 studies published by Emerald, Scopus, or Web of Science show promising 

results of blockchain. Unfortunately, no research studies have significantly proven that 
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blockchain technology can add value to the major fruit export supply chains. Due to the 

limited publications about blockchain in the fruit export industry, this research study aims to 

fill the gap in the literature by finding out whether the decentralised system can add value to 

the South African major fruit export supply chains towards Europe.  
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Chapter 3. Research design and methodology 

3.1 Introduction 

This chapter outlines the research design and methodology chosen for this research study. 

These terms are often used interchangeably while there is a distinction according to 

Saunders et al. (2009:136). They describe the research design as the general plan of how 

the researcher is about to answer the research questions. It contains research objectives, 

derived from the research questions, specifies the sources from which to collect data, and 

considers the constraints that will inevitably present themselves. Meanwhile, the research 

methodology is better known as the theory of how research should be undertaken. It refers to 

techniques and procedures used to obtain and analyse data (Saunders et al., 2009:3). There 

is a selection of single or multiple tools available to collect the required data. Primarily, it 

should be carefully considered which of these tools to employ and what sources to use to get 

a complete and reliable reflection of the topic investigated. This chapter presents a more 

detailed outline of the research design and methodology applied, and for what reason these 

methods have been chosen. This starts with the research design in Section 3.2. This is 

followed by the research methodology in Section 3.3. Section 3.4 is about the data collection 

and analysis methods applied in this research study. Section 3.5 is about how the research 

quality is maintained so far as possible. The Scope and research limitations are presented in 

Section 3.6. The last section of this Chapter, Section 3.7, is about the confidentiality of 

research data gathered from respondents and the research ethics that were taken into 

account during the interviews.  

 

3.2 Research design  

This research study follows a case study strategy based on the South African fruit export 

industry. According to Eisenhardt (1989:534), the case study strategy is a research strategy 

which focuses on understanding the dynamics present within single settings. Case study 

research is used to investigate a specific phenomenon through an in-depth limited-scope 

study. It is useful in the early phases of research where there are no prior hypotheses, 

previous work for guidance, or where the research has no idea about the related dependent 

variables (Steenhuis & De Bruijn, n.d.). In the case of this research study, blockchain 

technology can be defined as a phenomenon examined as an application within the fruit 

exporting industry. Therefore, the industry needs to be investigated to determine its suitability 

and readiness for the adoption of the decentralised system.  

 

The research study is conducted based on a deductive research approach combined with an 

exploratory angle as earlier described in Section 1.3. Bryman and Bell (2015:44) describe the 
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deductive approach as a process where theory drives observations and findings. It is a top-

down method whereby the study is driven by existing theories instead of aiming to develop a 

theory which is known as an inductive approach. An exploratory study is described by 

Saunders et al. (2009:139-140) as “a valuable means of finding out what is happening; to 

seek new insights; to ask questions and to assess phenomena in a new light”. The approach 

is useful for researchers who are unsure about the precise nature of a problem and so they 

can maintain flexibility and adaptability in their process. The researcher has the freedom and 

must be willing to change the direction as a result of new data that appears and new insights 

that occur. This method seemed to be most suitable due to the unfamiliarity of the researcher 

with both blockchain technology and the South African fruit export industry. There are three 

principal ways of conducting exploratory research:  

• A search of literature; 

• Interviewing ‘experts’ in the subject; 

• Conducting focus group interviews (Saunders et al., 2009:140).  

 

The exploratory research method can be well combined with the qualitative research method 

which is used for this study. Qualitative research involves collecting and analysing non-

numerical data to understand concepts, opinions, or experiences (Mathu, 2019:4). Section 

3.3 further outlines how qualitative research is adopted as a method for analysing data.   

 

3.3 Research methodology 

The research methodology applied in this research study has been carefully chosen and 

inspired by two publications, namely the publication of Feng et al. (2020) and that of Gurtu 

and Johny (2019). The objectives of these publications came closest to the research 

objectives defined for this research study. To start with Feng et al. (2020), in their research 

study they reviewed blockchain’s characteristics and functionalities to see whether it is 

capable of addressing food traceability concerns in contemporary agri-food supply chains. 

Except for the characteristics and functionalities, they analysed the benefits and challenges 

that come with the use of a blockchain-based traceability system and during the 

implementation phase. They aim to help other researchers and practitioners to apply 

blockchain-based traceability systems by proposing an architecture framework and 

application analysis (Feng et al., 2020:1). As a data collection method, Feng et al. (2020:2) 

chose to conduct a comprehensive literature review to understand the characteristics of 

blockchain technology and to get a better view of the current developments, applications, 

and solutions for addressing food traceability concerns. In contrast to the study of Feng et al. 

(2020), the research study of Gurtu and Johny (2019) applied a wider angle that goes 
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beyond the traceability of blockchain. In this study, they analysed the current trends of 

blockchain technology and considered its potential value for supply chain management. Just 

as in the research study of Feng et al. (2020), Gurtu and Johny (2019:882) conducted a 

systematic literature review for data gathering. The results were used to identify industries 

that have the potential to benefit from blockchain technology.   

 

As can be seen in the conceptual framework (Figure 1.3.1), the research study consists of 

three different phases which also reflect the structure of the report, namely: systematic 

literature review, qualitative multimethod data collection theory, and data analysis, starting 

with the systematic literature review. According to Saunders et al. (2009:66) the systematic 

literature review helps to review the most relevant and significant research on the topic. If the 

analysis is effective, new findings and theories will emerge. Despite this, while writing the 

critical review, it needs to show how findings and the theories that have been developed or 

are used relate to the research that has gone before. It helps to demonstrate what is already 

known about the research topic. Gall, Gall, and Borg (2006) discuss various reasons that 

indicate the added value of a systematic literature review:  

- To help to narrow down the research questions and objectives;  

- To point out research possibilities that have not been addressed in research to date;  

- To detect explicit recommendations for further research;  

- To prevent doing work over again that has been published before;  

- To sample current opinions, journal articles, thereby gaining an understanding into  

the aspects of the research questions and objectives that are considered 

newsworthy;  

- To gain an understanding of the research approaches, strategies, and techniques 

applied which may be appropriate and useable to the research questions and 

objectives for the research study to be conducted.  

 

The systematic literature review has two objectives. First, it aims to identify how blockchain 

technology operates as an infrastructure for the sharing of information in agriculture supply 

chains. Second, it aims to highlight the advantages and disadvantages of blockchain 

technology once it is used as infrastructure for information sharing. The systematic literature 

review seems to be an appropriate methodology to apply since at the beginning of the study 

the researcher is less familiar with the technology of blockchain. The systematic literature 

review provides the opportunity to read up on the topic and to get a better understanding of 

the evolution and applicability of blockchain technology. These theories help to assess 

whether blockchain technology is potentially a good fit for the South African fruit industry in 

the third phase of this research study, the analysis phase.  
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In the second phase of this study, the qualitative multimethod data collection approach has 

been followed in the form of an industry case study. The purpose of this phase is to map the 

current information flow through the major fruit export supply chains of South Africa and the 

systems that are enabled. According to Saunders et al. (2009:152) the multimethod data 

collection technique refers to those combinations where more than one data collection 

technique is used with associated analysis techniques but restricted within either a 

quantitative or qualitative world view. In terms of this research study, the multimethod data 

collection technique is applied for the collection of qualitative data to gain a helicopter view of 

the information flow throughout the fruit export supply chain on an industry level. With the 

use of the multimethod data collection technique, more than one data collection technique 

can be applied to collect all required data and for the verification of data. In the second phase 

of this research study semi-structured interviewing has been chosen to collect data by means 

of the use of literature, enterprise brochures, websites, and other functional publications 

(Saunders et al., 2009:320). The adoption of this data collection technique is inspired by the 

research study of Zhao, Liu, Lopez, Chen, Lu, Mangla and Elgueta (2020). Their research 

study aims to provide other researchers and practitioners with a deep understanding and 

knowledge of interrelationships among different agri-food supply chain risks.  

 

The qualitative multimethod data collection technique is chosen due to the limited availability 

of data about the exchange of information throughout fruit export supply chains of South 

Africa. This is in contrast to the product flow for which a lot of data are available in the 

literature. To ensure the triangulation of data, more than one data collection technique had to 

be applied. The semi-structured interviews were conducted to gain a better understanding of 

the industry, which contributed to the search for relevant data documented at secondary 

sources. Research participants were chosen based on the non-probability sampling method 

whereby the sample is selected based on non-random criteria which makes it easier to 

collect relevant and valuable data. In non-probability sampling, not every person meeting the 

criteria has the chance of being included. For the gathering of respondents, purposive 

sampling and snowball samplings are applied. In purposive sampling, the researcher aims to 

gain detailed knowledge about a specific phenomenon rather than make statistical 

inferences. Snowball sampling is used to recruit participants via the network of other 

participants. The criteria used for the inclusion of research participants is that these either 

has to work at the management, planning, or consulting level in one of the major fruit export 

supply chains.  
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The third phase of this research study contains an assessment which aims to identify the 

potential advantages and opportunities blockchain holds for the South African fruit export 

industry. This phase combines the data of the previous two phases to arrive at a conclusion. 

It accommodates an efficiency and effectiveness analysis of the current way of data sharing 

in the industry to see if blockchain technology can overcome any current inefficiencies that 

relate to the information flow. Before this can be concluded, the question is raised whether 

blockchain technology is mature enough to address these inefficiencies. The results of these 

analyses should answer the research question of whether blockchain technology can be 

used as an information-sharing platform and is able to add value to the industry.  

 

3.4 Data Collection and Analysis 

Based on the research methodology, the data collection and analysis methods have been 

carefully chosen. To start with the systematic literature review, three databases were 

consulted for the gathering of relevant research studies. These were; Emerald Insight, 

Scopus, and Web of Science. This selection is inspired by the research studies of Sott et al. 

(2020:1) and Bermeo-Almeida, Cardenas-Rodriguez, Samaniego-Cobo, Ferruzola-Gómez, 

Cabezas-Cabezas and Bazán-Vera (2018:5). Both research studies aimed to link blockchain 

technology to the agricultural industry with the systematic literature review chosen as the 

research methodology. Initially, only Emerald Insight and Scopus were chosen for collecting 

relevant research studies. After it was found that insufficient publications met the inclusion 

criteria, a third database was chosen to consult, namely, Web of Science. This resulted in a 

larger selection of peer-reviewed publications to include. Emerald Insight is known as a 

growing and evolving database that publishes peer-reviewed studies on a wide range of 

industries spanning the business and management disciplines from across the globe. All 

three databases consulted are well-known for their wide range of academic peer-reviewed 

studies with a broad array of scientific tasks across diverse knowledge domains.  

 

The search phase identified a total of 108 publications. All of these were examined based on 

inclusion and exclusion criteria. In the end, 28 studies remained and were analysed by 

means of coding with the help of Quirkos. This is a software package for the qualitative 

analysis of text data. It can provide a graphical interface in which the themes of analysis are 

represented. The different themes defined in this research study:   

- Advantages of the adoption of blockchain 

- Blockchain framework 

- Challenges of blockchain implementation 

- Current challenges within SCM 
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- Data elements exchanged at blockchain network 

- Definition of blockchain technology 

- Disadvantages of the adoption of blockchain 

- Financial implications 

- Findings of the study 

- How blockchain works 

- Implementation process 

- Other definitions 

- Other relevant information 

- Purpose of the research study 

- Preconditions for adoption 

- Providers of blockchain technology 

- Risks in adopting blockchain 

- Requirements  

- Security measurement to take for safe adoption 

- Structure (design)  

 

Section 4.1 goes deeper into what these themes entail, how they came about, and how these 

relate to the objectives of the systematic literature review.  

 

Regarding the second phase of this research study, the semi-structured interview approach 

has been applied to get a better understanding of the information flow throughout fruit export 

supply chains. According to this approach, several interview questions are defined prior to 

the interview and may diverge based on the response given by the interviewee. Since phase 

two focuses on the flow of information, the respondent is asked for data related to this topic. 

Therefore, a set of interview questions was defined in advance to get a better understanding 

of these processes. Nevertheless, since the researcher was less familiar with the industry 

and its flow of information prior to the interview, the possibility should remain to be able to 

ask further questions on the information provided by the interviewee and to get a more 

detailed understanding. Therefore, the semi-structured interview approach is seen as an 

appropriate manner of interviewing. The respondents interviewed are mainly industry role 

players who work at one of the entities which are part of the South African fruit export supply 

chain. Each supply chain link is represented by at least one respondent to get a complete 

overview of how information flows through the industry.  

 

The semi-structured interviewing method fits well with the deductive research approach that 

has been earlier discussed in Section 3.2 (Saunders et al., 2009:320). Appendix C includes 
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the interview format representing the interview questions which were defined prior to the 

interview and shared with the respondent. The key themes that were addressed during the 

interview are outlined in Chapter 5. 

 

The information given by the respondents is analysed employing the condensation theory of 

Brinkmann and Kvale (2018:9). They describe the condensation analysis method as “an 

abridgment of the meanings expressed by the interviewees into a shorter formulation in 

which long statements are compressed into briefer statements.” The briefer statement 

rephrases the main sense in a few words. The qualitative data gathered is visualised in a 

flow diagram, one of the techniques named by the bricolage method discussed by Brinkmann 

and Kvale, (2018:16). They define the bricolage method as follow: “a mixed technical 

discourse where the researcher moves freely between different analytic techniques. The 

eclectic form of generating meaning is a common mode of interview analysis.” The outcome 

can be presented in qualitative data, in numbers, in figures, and in flow charts.  

 

In the third phase the results of previous phases are combined to assess whether or not 

blockchain technology is a potential fit for the fruit export supply chains. First, consideration 

is given about blockchain and the information exchange throughout the export supply chains 

from the researcher’s point of view. Second, an analysis is made to see whether blockchain 

technology holds any advantages for the fruit export industry and if it is able to overcome 

current supply chain inefficiencies.  

 

3.5 Research quality  

The quality of research stands or falls with the measures taken to ensure the validity and 

reliability of data. The validity of data are concerned with the findings being about what they 

appear to be. The findings should truly represent the phenomenon that the research is 

claiming to measure (Saunders et al., 2009:157). In contrast to that, the reliability of data are 

about the extent to which data collection techniques or analyses will yield consistent findings 

(Saunders et al., 2009:156). Starting with the research title, a reference is made to the “major 

fruit export supply chains”. The major fruit export supply chains refer to the supply chains of 

fruit with the highest export rates in terms of volumes, among these being citrus, pome fruit, 

and table grapes (Das Nair et al.;2018:17). It is a relevant detail since it affects different 

steps taken in the process of data collection.  

 

Assuring the research quality starts with choosing a sufficient research methodology. In this 

research study it has been chosen to combine the systematic literature review with the semi-
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structured interviewing approach. A systematic literature review allows the investigator to 

familiarise themselves with a topic they are less familiar with and to see what has been 

researched according to literature. The semi-structured interview method offers the 

possibility to investigate certain topics that are industry and organisation related.  

 

Research quality at the systematic literature review is promoted by selecting appropriate 

databases. The three databases selected for this research study are: Emerald, Scopus, and 

Web of Science. These have been carefully chosen whereby each of these is enriched with 

scholarly peer-reviewed literature across a wide variety of disciplines. Applying the research 

phrase and inclusion and exclusion criteria, results in a selection of relevant research 

studies. The publications had to undergo the coding process for the proper sorting of 

qualitative data. An outline of the inclusion and exclusion criteria applied is presented in  

Section 4.1. 

 

In the second phase of this research study, an attempt has been made to maintain research 

quality in several ways. In advance of each interview, the interview framework has been 

shared with the interviewee for preparation. By sharing the interview framework the 

interviewee has been able to prepare themselves which increases the accuracy of the 

response given. The interview questions were formulated in a non-technical and 

understandable way.  

 

After the interview, notes were sent for confirmation to avoid any misinterpretation. The 

greatest threat to the reliability of a research study is to come to conclusions based on 

participant’s observation which may be biased (Saunders et al., 2009:297). For this reason, 

information gathered from one interviewee has been verified by a second respondent and 

archival research to achieve triangulation. Unfortunately, due to peak season in the fruit 

industry, which occurred at the same time that the interviews were conducted, there was a 

shortage of respondents. Hence, information was not always able to be verified by a second 

respondent, in which case the research has to rely on secondary sources of information.  

 

All steps taken in the first and second phases are elaborated and written out in this research 

study. The transparency given should help other researchers to repeat the steps taken which 

increases the reliability and reproducibility of this research study. The generalisability of this 

research is limited to the South African fruit export industry to European target markets 

where citrus, pome fruit, and table grapes are central.  
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3.6 Scope and limitations of the study 

The scope of this research study was limited to a number of South African fruit export supply 

chains towards Europe focusing on a limited number of fruit commodities with the highest 

export rate: citrus, pome fruit, and table grapes. The scope and limitations of a research 

study are relevant as these need to be translated into the data collection process. For 

instance, the non-probability sampling of industry role players to participate in the interview. 

Only industry role players linked to the supply chains of one of these three fruit commodities 

are suitable. Besides that, the worldwide pandemic restricted that no fruit growers, packing 

facilities, cold stores, or terminals were able to be visited. This made it more difficult to get a 

clear understanding of the industry and its processes.  

 

As mentioned, this research study is limited to the European target markets. For the 

distribution process of fruit from South Africa to Europe, the fruit has to comply with the 

European quality standards which are checked by the PPECB. Furthermore, the (official) 

documents required to export fruit may differ per target market or even per fruit commodity. 

Therefore, the results of this research study are not generalisable to other target markets 

than the European Union.  

 

3.7 Confidentiality and research ethics   

To maintain the confidentiality of data and to ensure research ethics, all industry role players 

that were willing to participate in the interview were sent the consent form and the interview 

framework in advance. The consent form informs the interviewee what the research is about, 

what the interview is about, contact details of the investigator and its supervisors, the 

interviewee is informed that participation is anonymous and that no recordings are taken 

without permission. In addition, the respondent is informed that they may decline to 

participate at any stage of the research without any consequences. At the beginning of the 

interview, the interviewee is again reminded of this and asked whether they consent to the 

interview being recorded. Prior to the interview, the respondent is asked to sign the consent 

form and return it to the investigator. Appendix D includes an example of the consent form 

which is shared with each respondent prior to the interview.  

 

To ensure and protect the integrity of data all documents are stored on the investigator’s 

computing device. The computing device was not used in public spaces so as to decrease 

the risk of theft. Only the investigator has access to the computing device that is locked with 

a password. All documents saved on this device were backed up weekly. The backup is 
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stored on the University’s cloud which only the investigator has access to it and where it is 

secured from external threats. 

 

Prior to the interviews, a notice of approval had to be issued by the research ethics 

committee of the University of Stellenbosch. By obtaining ethical approval the researcher is 

demonstrating that he has adhered to responsible research conducted and the accepted 

ethical standards of a research study and that data must be handled with care. For the 

ethical approval, refer to Appendix E.   
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Chapter 4. Phase 1: Systematic literature review on blockchain 

technology in agriculture supply chains 

The systematic literature review entails an outline of published literature concerning 

blockchain technology and the opportunities that it holds for agriculture supply chains. This is 

to analyse whether blockchain can tackle any of the existing challenges and/or add value to 

the agriculture sector. Section 4.1 presents the systematic literature review objectives and 

outlines the method used for data collection. It discusses, among other things, the databases 

consulted and the search phrase applied. To examine whether a source is useful, inclusion 

and exclusion criteria have been defined which are also discussed. The findings of data 

analysis are presented in Section 4.2. Overall, this section discusses the use of blockchain 

technology within the agriculture industry. Topics such as the consensus mechanism, smart 

contracts, integration, challenges, and requirements for implementation, privacy, and security 

are discussed. The last section, Section 4.3, contains the conclusion of this chapter.    

 

4.1 Systematic literature review objectives, data collection and analysis  

Before starting with the systematic literature review, objectives were defined for it. These 

objectives indicate the direction to follow and help with the search for information more 

targeted. These are an extension relating to the research objectives mentioned in Section 

1.2. The systematic literature review must show:  

- How blockchain can be used within the agriculture industry;  

- What role blockchain fulfils with the automation of operational processes;  

- The operability of blockchain technology with other information systems;  

- Which factors are crucial for successful implementation. 

 

Some steps taken in the systematic literature review are briefly outlined in this section 

including the databases consulted for the gathering of data, the search phrase applied, and 

the results that were produced. For a more detailed outline of this process and the search 

criteria applied, refer to Appendix A.  

 

For the gathering of qualitative data, databases have to be selected. For conducting the 

systematic literature review the following databases were chosen: Emerald Insight, Scopus, 

and Web of Science. The three databases offer a wide range of academic peer-reviewed 

studies, used as a research tool supporting a broad array of scientific tasks across diverse 

knowledge domains. The selection emanating from these three was inspired by the research 

studies of Sott et al. (2020:1) and Bermeo-Almeida, Cardenas-Rodriguez, Samaniego-Cobo, 
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Ferruzola-Gómez, Cabezas-Cabezas and Bazán-Vera (2018:5). Both studies published 

research focused on (blockchain) technologies in the agricultural industry, where a 

systematic literature review was also used as a methodology. After database selection, the 

search terms and search phrases were defined.  

 

To come up with a search phrase, several search terms are predefined that are based on the 

review questions. Inspiration for the search terms is gathered while reading up on the topic at 

the start of the research. It is remarkable that according to literature there are two ways of 

spelling ‘blockchain’. “Blockchain” as a single word is most commonly used while several 

studies also write “block chain” as two separate words. Hence, both varieties are included in 

the search phrase. Besides that, literature also uses the terms ‘distributed ledger’ and 

‘hyperledger’ as synonyms for blockchain technology. These are added as well. Some 

literature publications assess whether blockchain can be beneficial by applying it in different 

contexts and sectors. In contrast to that, this research study limits it to “supply chain” and 

“logistics” in the fruit industry which has been added in the second part of the search phrase. 

Since the search terms “fruit“, “citrus“, “apples“, “pears”, and “table grapes” yield limited 

results, the term “agriculture” has also been added to come to a more extensive selection of 

publications. An overview of the search terms used is shown in Table 4.1.1.  

Table 4.1.1 Search terms systematic literature review 

AND 

 

 

OR 

Blockchain Supply chain Fruit 

Block chain Logistics Agriculture 

Distributed Ledger  Citrus 

Hyperledger  Apples 

  Pears 

  Table Grapes 

 

Based on the search terms presented in Table 4.1.1, the search phrase has been defined as 

follows: (Blockchain OR “Block chain” OR “Distributed ledger” OR Hyperledger) AND 

(“Supply chain” OR Logistics) AND (Fruit OR Agriculture OR Citrus OR Apples OR Pears OR 

“Table grape”).  

 

Publications related to blockchain technology have increased since 2005 (Feng et al., 

2020:3). The first publications were related to the use of Bitcoin wherein blockchain 

technology fulfils the role as digital infrastructure. Over the years, blockchain technology was 

seen more independently instead of as in combination with Bitcoin. The research found that 
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the digital infrastructure could be useful for different purposes. The distributed network 

became more popular. From then on, an increase in research studies has been published 

about blockchain technology as a distributed network in several industries and with different 

purposes. This can be confirmed by the results that have shown up after using the defined 

search phrase in the three databases. In total this resulted in 108 publications. An overview 

of the entire selection existing of 108 research studies is included in Appendix B. Figure 4.1.1 

shows that the number of publications has increased exponentially regarding blockchain 

technology linked to agriculture and the fruit industry since 2017.  

  

To come to a useful selection of research studies, inclusion and exclusion criteria were 

defined. Initially, the duplications occurring in two or more databases were eliminated, which 

were 24 studies. Thereafter, all non-English publications were excluded, which entailed two 

studies. Other exclusion criteria applied were publication date, accessibility to publication, 

and relevance. To start with the publication date, all publications prior to 2005 were excluded 

based on the research study published by Feng et al. (2020:3). In their research study, they 

applied blockchain technology to see if it could improve agri-food traceability. They applied a 

time window from 2005 till 2019 as they reasoned that all publications older than 2005 were 

outdated. The relevance of research studies is based on title, keywords, and abstract 

screening. After the publications were examined according to the inclusion and exclusion 

criteria, 28 studies remained. A full overview of the flow diagram where the screening and 

selection process is captured, is shown in Figure 4.1.2. 

Figure 4.1.1 Number of publications / articles on blockchain technology linked to agriculture and 
fruit industry  
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To get an impression of the most common topics and angles applied in the 28 studies, a 

word cloud is presented in Figure 4.1.3. A word cloud is a useful tool to provide a hierarchical 

view of large quantities of data. On this occasion, a hierarchical view is presented based on 

the frequency of keywords used in the articles. In this way, it is visualised what the selected 

publications have focused on most. As expected, “blockchain” and “blockchain technology” 

are the most frequently terms used of all keywords. These are often combined with 

traceability, trust, smart contract, and food security. 

 

 

 

Figure 4.1.2 Flow diagram of search, screening, and selection process 
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Figure 4.1.3 Word cloud made up of all author-provided keywords 

 

To be able to analyse all 28 studies, a qualitative data analysis was executed according to 

the template analysis method (Saunders, Lewis & Thornhill, 2019:660). An initial coding 

structure and interpretive themes, known as a coding template, were developed by reading a 

variety of literature on blockchain. The themes were defined prior to the coding process. 

Articles were coded according to the template, and these were modified into new data. 

Relevant information presented in each study is coded and linked to a (sub) theme to be 

processed in the systematic literature review.  

 

Quirkos was used to organise and analyse all gathered data. Quirkos is a software package 

for the qualitative analysis of text data and provides a graphical interface represented in 

themes. At the start of the coding process, 20 different themes were identified to which 

quotes can be linked. These themes are defined based on the chapter’s structure and the 

systematic literature review objectives. The different themes and their descriptions are listed 

below in alphabetical order:   

- Advantages adoption blockchain: All the advantages of blockchain technology in 

combination with supply chain management after adoption;  

- Blockchain framework: Proposed blockchain models discussed from a logistical 

perspective meant for specific markets / industries; 

- Challenges blockchain implementation: Challenges that occur during the 

implementation phase of blockchain technology; 
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- Current challenges of agriculture SCM: The biggest challenges faced by today’s 

agricultural supply chains; 

- Data elements exchanged at blockchain network: The type of data elements that are 

exchanged in agricultural supply chains that are / can be supported by blockchain;  

- Definition blockchain technology: All definitions given of blockchain technology by 

literature; 

- Disadvantages adoption blockchain: All the disadvantages or challenges encountered 

with blockchain technology (in supply chain management) after adoption; 

- Financial perspectives: All information related to the costs, earnings at the 

implementation and use of blockchain technology;  

- Findings of the study: The findings of a specific research study; 

- How blockchain works: All information that explains how blockchain technology 

operates and how it can support (agricultural) supply chains; 

- Implementation process: Information about the implementation phase of blockchain 

technology (step by step); 

- Other definitions: Literature that outlines definitions other than blockchain technology; 

- Other relevant information: Other relevant information related to blockchain 

technology; 

- Purpose research study: The purpose of a specific research study;  

- Preconditions for adoption: Information that explains the conditions that need to be 

met for a successful implementation of blockchain technology; 

- Providers of blockchain technology: Suppliers of blockchain technology software 

packages and support;  

- Risks adopting blockchain: The risks that arise at and after the implementation of 

blockchain technology;  

- Requirements: Hard assets needed for a successful implementation of blockchain 

technology 

- Security measure: All security measures that need to be taken for a secure and 

reliable blockchain network;  

- Structure (design): All information about blockchain technology and its structure from 

an (IT) technical perspective.  

 

An overview of the systematic literature review objectives and how these correspond to the 

different themes is presented in Figure 4.1.4. As shown in the figure, themes can be linked to 

an objective once or multiple times. Six themes are linked to the heading “other” to collect 

and sort background information more easily.  
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Figure 4.1.4 SLR objectives and coding themes  
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Naturally, a disproportionate amount of information has been published per theme in 

literature. To get an impression of the themes that have been cited most, Figure 4.1.5. 

displays the number of quotes per theme.  

 

4.2 Systematic literature review findings 

4.2.1 The application of blockchain in agricultural supply chains  

Blockchain technology is an encrypted ledger and featured as a decentralised network 

whereby every computer holds a single copy of all transactions in the network. It can hold 

any form of information such as transactions, records, and events according to the 

predefined rules for information updates (Sikorski, Haughton & Kraft, 2017:235). The 

transactions and the identity of the user cannot be compromised. When a fraudulent 

transaction occurs, the decentralised mining system will block it to prevent it from accessing 

the encrypted chain (Madumidha, Ranjani, Vandhana and Venmuhilan, 2019:174).  

 

To get a better understanding of what blockchain technology entails, several definitions can 

be found in literature. According to Antonucci, Figorilli, Costa, Pallottino, Raso and Menesatti 

(2019:6129) blockchain technology is ”a distributed database of records in the form of 

encrypted blocks, or a public ledger of all transactions or digital events that have been 

executed and shared among participating parties and can be verified at any time in the 

Figure 4.1.5 Number of quotes per theme 
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future.” Another definition found in literature is that given by Mirabelli and Solina (2020:414), 

who define blockchain technology as “an immutable ledger for recording transactions, 

maintained within a distributed network of mutually untrusted nodes. A blockchain is a list of 

ordered blocks, where each block stores a variable size list of transactions.” Based on the 

definitions provided, these agree that blockchain is a digital distributed network wherein 

information can be shared in the form of transactions. This information is encrypted and 

therefore immutable.  

 

Blockchain technology has four major features that lead to its success, namely: consensus, 

security, provenance, and trust (Tian, 2016). Consensus exists when the decentralised 

network conveys the information related to distributed trust which will be achieved by the 

consensus mechanisms, as will be further explained in Section 4.2.2. The consensus 

mechanism operates to examine transactions to ascertain whether these are valid and 

accurate. Transactions have to be validated by the majority of the network in order to be 

added to the blockchain. All actors hold a copy of all transactions which are irreversible after 

validation. These transactions will remain on all records forever. The records hold information 

of all previous ownerships of the product from which the origin can be deduced. As all 

records hold a copy, information cannot be manipulated or altered. Therefore, blockchain is 

often described as the ultimate trust machine (Chopra, 2020:5). That is also what the second 

feature, namely security, is based on, according to Tian (2016). It refers to the safety of the 

linked nodes and the immutability of data. Due to the immutability of data and the tracking 

system, product history can be retrieved, which refers to data provenance, the third feature 

named by Tian (2016). Data provenance refers to recording the history of data, from its 

inception to various stages of the data life cycle. It provides users with detailed information 

on how data were collected, where it was stored, and how it has been used. Because of the 

immutability of data and the increase in transparency, trust increases among members of the 

network which is the fourth feature of blockchain technology according to Tian (2016). 

 

In contrast to Tian’s findings, Torky and Hassanein (2020:8) state that blockchain can be 

characterised by four other key features that determine its success, namely: decentralisation, 

persistency, auditability, and anonymity. Decentralisation ensures that transactions in the 

blockchain are processed and validated through a distributed ledger based on a peer-to-peer 

network. No central database is involved nor parties that have to regulate the network. 

Instead, all nodes work together on a peer-to-peer basis for adding and verifying block 

transactions onto the blockchain. After validation, it is impossible to withdraw transactions. 

Moreover, invalid transactions can be discovered immediately. Regarding anonymity, each 

participant can communicate with the network by a generated virtual identity code, which 
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does not disclose the real identity of the participant. The last feature named by Torky and 

Hassanein (2018:8) is auditability. Auditability specifies that each block is securely linked to 

the previous block. The design increases the ability to track and trace transactions and 

information.  

 

4.2.1.1 Public versus Private versus Consortium blockchain 

To get a full understanding of how blockchain technology functions, its design and technical 

specifications are studied. In general, three different designs exist, namely: public, private, 

and consortium. The public blockchain is based on a decentralised network where each 

participant or node records transactions on a public ledger. In public designs all transactions 

are transparent to any user linked to the network. However, all users can remain anonymous 

whereby their real identities are not revealed. The network typically has an incentivising 

mechanism which means that the network is open for anyone interested to join. This is to 

encourage participants to link up to the digital infrastructure. The advantage of public models 

is that it is more likely that the network consists of a greater number of nodes, making it more 

difficult to perform a successful attack. In general, public blockchains are more secure 

(Wang, Han & Beynon-Davies, 2019:63). 

 

Private blockchains and consortium blockchains are comparable as both require permission 

to join the network. Because of the requirement of consent, these blockchains remain closed 

infrastructures used by a selected number of parties. These models are best suited for the 

exchange of data with high sensitivity. The main difference between these models is that 

private blockchains are operated by single organisations whereas consortium blockchains 

have multiple owners rather than a single owner. Visibility and transparency become limited 

at a single-owner network (Wang et al., 2019:63). In contrast to public blockchains, closed 

infrastructures are more efficient. This is mainly due to the number of parties that are linked 

up to the network. Since every computer holds its copy, the exchange of data works more 

efficiently as fewer parties are involved. Within the public blockchain network, each node has 

to approve new additional blocks that can only be done by executing calculation models. 

Therefore, a lot of computer power is required to approve transactions. The fewer nodes 

involved, the more efficiently the network can function (Yermack, 2017:11).  

 

4.2.1.2 Data authentication 

Blockchain technology is characterised as a secure distributed ledger. Nevertheless, 

corruption cannot be completely ruled out. If someone attempts any alteration on one or 

more blocks of the chain, the attacker has to attack and manipulate more than 50 percent of 

Stellenbosch University https://scholar.sun.ac.za



79 
 

the network’s nodes to validate the transaction. Otherwise, the peers that remain will 

immediately realise the difference and will alert the network by sending a signal to restore the 

broken block. In this way, distributed peer-to-peer networks add an extra level of security to 

the existing cryptographic hash, which is on a one-level security schema. The consensus 

protocol entails the procedure for transaction validation and determines the number of layers 

used for security purposes. The more layers included, the stronger and safer the blockchain 

(Demestichas et al., 2020:5).   

 

Before blockchain technology can be used for operations, protocols must be drawn up with 

each party reaching an agreement. A blockchain protocol defines a node authorisation and 

accessibility to data, how the network cooperates without a trust requirement between them. 

The protocol entails validation rules and procedures which have to be formulated for secure 

verification of transactions. In other words, the blockchain protocol is simply a set of 

principles that are agreed upon by all peer nodes in the peer-to-peer network. The principles 

make sure that procedures and rules regarding synchronisation and conflicts are defined 

(Demestichas et al., 2020:5).   

 

Validators of a blockchain network check whether new transactions are valid and accurate so 

that a new block can be created and linked to the blockchain. The work intensity that a 

validator has to deliver depends on the mining difficulty indicator. The mining difficulty 

indicator suggests the work intensity a node’s computer has to perform to create a new block 

and can vary by blockchain. This depends mainly on the blockchain’s design, consensus 

mechanism (which is further explained in Section 4.2.2), and the size of the network. For 

instance, in the Bitcoin blockchain, the difficulty indicator increases and is adjusted every 

2016 blocks. The difference between mining and validation is that with mining, 

cryptocurrencies are being “born” to be offered at the crypto market. At validation, nodes are 

rewarded for the validation of transactions (Demestichas et al., 2020:5).  

 

User authentication is important for any type of network. The authentication of data ensures 

that information is authentic by using a hash code. In traditional peer-to-peer networks, 

servers maintain the authenticity of the information. In contrast to that, peer-to-peer networks 

make use of digital signature technologies in encryption algorithms as a means of 

authentication (Hua et al., 2018:98). The encryption algorithms and authentication processes 

enable the network to check up on who the original author of the uploaded data was, what 

supply chain event it is related to, and the involved party who can be held responsible for the 

accuracy and reliability of data.  
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Entities who are willing to join the blockchain network need to register at the registration 

centre of that specific network. The registration centre is concerned with the registration of 

entities only and not further involved in the validation or execution of transactions within that 

same network. The registration centre receives a user’s registration application which needs 

to be verified with their true identity. After validation, a pair of keys is generated; one private 

and the other a public key. The private key is kept secretly by the user. This is in contrast to 

the public key that is uploaded at the registration centre and linked to the company’s 

account. Once the keys have been issued, the registration process has been completed 

(Hua et al., 2018:99).  

 

The purpose of the private and the public key is to give the user limited access to the 

network. The powers of the new entity regarding accessibility and authorisation within the 

network are laid down in the blockchain protocol. All information sent by the user gets signed 

by the private key (Hua et al., 2018:99).  

 

Furthermore, each user of the blockchain network uses an asymmetric encryption method to 

indicate the identity. According to this method, asymmetric information within the 

decentralised network can be adapted with help of the private and public key. The private 

key can decrypt data that are encrypted by the public key and vice versa. After decryption by 

the private key and modifications have been made, the same private key is necessary for 

signing the modification which can again be encrypted by the public key. According to this 

method, asymmetric information can be remedied and validated by other nodes (Schneier, 

2015; Kamble, Gunasekaran & Sharma, 2020:2).  

 

Within the blockchain network, each node in the network can add or remove data from the 

blockchain within its power defined in the blockchain protocol. When it comes to supply chain 

management, algorithms can be programmed in such way that only the first nodes within the 

supply chain can generate new blocks and others are only able to add certain information. 

The overall information chain starts at the farmer and ends at the consumer who has a read-

only permission (Rogerson & Parry, 2020:177). Figure 4.2.1 illustrates an overview of the 

interaction between the nodes connected to the blockchain. All events have to be validated 

by the majority of the network to get added to the blockchain. The figure presents an 

example wherein a financial transaction is sent from A to B. The transaction is presented as 

a block that captures data e.g.: amount, currency, number of invoice.  
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Before the transaction can take place, the payee address is firstly generated to which the 

payer can transfer the amount. After the transmission has taken place, the transaction is 

signed by both parties according to the encryption protocol. The information gets collected 

into a block and is broadcasted into the network so other nodes can start the validation 

process. At this stage, the consensus mechanism starts to operate. The consensus 

mechanism involves all computer nodes to validate the transaction with minimal risk of data 

manipulation or the system being hacked. The consensus mechanism verifies A’s and B’s 

real identities and the date of submission. The mechanism tries to reach a consensus 

between all nodes to allow the new block with data to be linked to the blockchain. Once the 

block has been connected, it is linked back to all other nodes of the network so their ledger 

gets updated and verified to ensure data integrity (Basnayake & Rajapakse, 2019:105).  

 

4.2.1.3 Structure of blockchain technology 

Blockchain technology is a multi-layered network, each of which adds different components 

to its development. The three layers are known as the protocol layer, the network layer, and 

the application layer (Figure 4.2.2). The protocol layer lays the foundational structure of the 

decentralised network. It determines the computing language the blockchain will be coded in 

and any computational rules that will be applied on the blockchain. The network layer is 

where the rules are programmed and translated from the blockchain protocol into a 

programming language. It specifies the interface methods used by hosts in a 

communications network. The network layer is where the rules set up on the protocol layer 

Figure 4.2.1 Overview of user interaction                  (Chopra, 2020:6) 
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are implemented. The application layer is where networks and protocols are used to build 

applications that users interact with (Chopra, 2020:10).  

 

 

To exchange data by blockchain technology, sets of transactions accumulate and are placed 

into an algorithm. The algorithm generates a unique hash code related to that data set at a 

particular point in time. This code is saved in the first piece of data in the next set of 

transactions forming the next block (Madumidha et al., 2019:177; Rogerson & Parry, 

2020:603). Each block exists of a block header and a block body. The block header contains 

several elements, including the previous block hash value, nonce (number only used once), 

Merkle tree root hash, block version, and timestamp. Moreover, the block body holds the 

actual data that are either transaction records or protected data. Elements could vary based 

on the blockchain protocol (Lin, Huang, Fang, Wang, Hua, Wang, Yin, Yi & Yau, 2020:3).    

 

Each new block receives a unique hash code when it is created. The hash code is encrypted 

and should match with the hash code captured in the header of the second block. Hence, 

any manipulation of a given block would result in a mismatch in the hashes of all successive 

blocks. Furthermore, the block saves various types of data such as the timestamp of the 

block when it was created (Rogerson & Parry, 2020:603; Hua, Wang, Kang, Wang & Wang, 

2018:98; Demestichas, Peppes, Alexakis & Adamopoulou, 2020:5). Figure 4.2.3 depicts a 

schematic view of three blocks with their corresponding elements.   

 

Figure 4.2.2 The layers of blockchain technology  (Chopra, 2020:10) 
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Figure 4.2.3 Data structure of blockchain       (Lin et al., 2020:3) 

 

Anyone that tries to tamper or corrupt the data will disrupt the cryptographic link. The hash 

will change automatically and will no longer correspond with the hash captured in the block 

header of the next block. The hash ensures that blocks can be linked to each other and it 

changes automatically if anyone tries to tamper with the information. This results in an 

interruption within the chain and all of the subsequent blocks will no longer be valid, which 

means that these will be disconnected from the chain. For this reason, data that have 

entered the blockchain, cannot be altered without using your pair of keys. Without the keys, 

the hash code of the previous block captured in the block header of all next blocks has to be 

altered as well. Because of this fundamental structure, it is practically impossible to tamper 

with the information stored on the chain. If it happens that one or many blocks of the chain 

are maliciously changed, or a system error occurs in the process of data input, the 

cryptographic link will be broken and this will cause a data storage problem. Other nodes will 

notice the justification and try to validate the adapted block. It will soon be noticed that the 

justification is invalid so the information cannot be altered. This is thanks to the deployment 

of the distributed peer-to-peer network, whereby every node within the network has to 

validate the transaction before it can be admitted (Demestichas, Peppes, Alexakis & 

Adamopoulou, 2020:5).  

 

4.2.1.4 The exchange of data elements in agriculture supply chains 

Globalisation also plays a role in the complexity of the supply chain as a greater number of 

organisations are now involved in supply chains than ever before. This also reflects on the 

exchange of data among the parties. As a result, a business’s portfolios with supplier and 

customers extends, which becomes harder to build up and maintain. Cultural barriers may 

also become challenging for building strong and long-term relationships. It is because of this 
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and due to the extension of centralised databases that supply chains become more fragile. It 

increases the attractiveness and popularity of decentralised databases (Tian, 2016).  

 

In the perspective of agriculture supply chain management, blockchain could be used to 

share information about products, people, or events. Transactions may include information 

like quantity, raw material, diseases that occurred, or pesticides used (Madumidha et al., 

2019:174). In this way, products can be tracked and traced. According to Olsen and Borit 

(2013) traceability can be defined as “the ability to access any or all information relating to 

that which is under consideration, throughout its entire life cycle, by means of recorded 

identifications”. Tracking refers to the possibility to follow a product from upstream to 

downstream within the supply chain. Tracing is the other way around. Tracing is used to 

reconstruct the history of a product and all processes it has undergone.  

 

An agriculture traceability platform aims to record information related to operational 

processes within the supply chain, including data for the production, processing, storage, 

transportation, and distribution of agricultural products. In this way, processes can be 

supervised by stakeholders. To prevent the network becoming overloaded with unnecessary 

data, it has to be determined between the stakeholders which data are uploaded and which 

is not. Hua et al. (2018:98) created two concepts wherein they state which data elements 

need to be exchanged at the blockchain network; basic planting information and provenance 

record. Basic planting information refers to the information of agricultural production (the 

origin of an agricultural supply chain). Each batch should have a record that contains source 

production information. The concept published is listed in Table 4.2.1. A unique label for 

every set of information is defined as global identification.  

Table 4.2.1 Concept of basic planting information             (Hua et al., 2018:99) 

Key Explanation 

Identity Global identification 

Name of species Seed name 

Geographical location Longitude and latitude of the greenhouse 

Planting time Time when the planting begins 

Company name Name of the planting company 

Grower’s name Name of the grower 
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The provenance record contains the information of an agricultural operation. A concept of the 

data captured in the blockchain’s body is presented in Table 4.2.2. The structure is generic 

so the body is applicable to different supply chain operations (Hua et al., 2018:99).  

Table 4.2.2 Data structure of a provenance record     (Hua et al., 2018:99) 

Key Explanation 

Identity Global identification 

Date time Operation time 

Location Location where operation occurred 

Company Name of company who is responsible for 

this operation 

Person Name of the person who holds the 

responsibility for the operation 

Operation type Operation type, such as irrigation, fertilizing, 

and spaying pesticides 

Inputs Description of inputs in the operation, such 

as name and quantity of pesticides 

(sources) 

Memo Some additional information 

Digital signature Digital signature of the company  

 

 

The blockchain protocol ultimately determines what data elements are recorded on the 

blockchain. The collection, confirmation, assessment, and monitoring of these data elements 

need to be executed by various other technologies such as QR codes, RFID, sensors and 

actuators, and mobile devices. Every action performed along the food chain, empowered by 

the use of these digital technologies, is recorded to the distributed network which is seen at 

the bottom layer in Figure 4.2.4. The figure represents a generic example of the use of 

blockchain in the food agriculture supply chain interoperated with various other technologies 

(Kamilaris, Fonts & Prenafeta-Boldύ, 2019:642). The entity responsible for a certain activity 

within the supply chain uploads the block with information to the blockchain. After this block 

has been validated, the block is added to the chain, whereafter the ledger of all other entities 

gets updated (Rose, Ratterman, Griffin, Hou, Kelley-Loughnane, Naik, Hagen, Papautsky & 

Heikenfeld, 2015). 
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Figure 4.2.4 Generic agriculture supply chain supported by blockchain    (Kamilaris, Fonts and Prenafeta-Boldύ, 2019:642) 

 

4.2.1.5 Blockchain software suppliers and programming languages 

Blockchain networks do not have to be built from scratch as several frameworks are offered 

by different providers. The most common providers of blockchain-based frameworks are 

Ethereum, Hyperledger, and R3 Corda. Ethereum is an open-source blockchain platform that 

allows everyone to create, read, and write. The network uses decentralised applications 

running on blockchain technology (Safak et al., 2019:2). C++, Python, and JavaScript are the 

most applied programming languages for the development of applications (Wood, 2017:10). 

In the case of Ethereum, external nodes provide the computing power that is needed to keep 

the network running. These nodes are other than the ones that are directly involved with the 

agricultural supply chain activities. The computing power they deliver is needed for the 

validation of transactions. In return, they get rewarded with a cryptocurrency named after 

Ethereum. Developers are forced to use these tokens for building new applications. As a 

result, a new market exists in the trade of Ethereum cryptocurrencies. The use of tokens for 

building new applications is what is called “burning”. The consensus mechanism applied runs 

according to the Proof of Stake method that will be further explained in Section 4.2.2. The 

number of nodes involved in the consensus algorithm is unrestricted. It is feared is that this 

leads to scalability problems (Safak et al., 2019:2). 

 

Hyperledger is developed in a similar way to Ethereum, as an open-source blockchain 

framework for developing cross-sector blockchain technologies. This means that every node 

can create, read, and write within the blockchain. Hyperledger is a global enterprise that 
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offers frameworks, standards, guidelines, and tools, to build open-source blockchains. It 

allows JavaScript and Golang as programming languages. The computing power needed to 

keep the network running is provided by allocated nodes. Hyperledger ensures that 

transactions remain within the parties that are associated with them, rather than being public 

for all other nodes connected to the network. It has a modular and expandable architecture 

that can be used in a variety of sectors, and thus for supply chain management as well. 

Therefore, it provides several options for the installation of the block network, the deployment 

of the network after installation, and the creation of intelligent contracts. Hyperledger offers 

various blockchain concepts, each with its industry focus: Hyperledger Besu, Hyperledger 

Burrow, Hyperledger Fabric, Hyperledger Indy, Hyperledger Sawtooth, and Hyperledger 

Iroha (Hyperledger, 2020; Safak et al., 2019:2).  

 

R3 Corda is known for its development framework that is specialised in supporting financial 

transactions. It allows the Kotlin programming language and can only be implemented in a 

limited number of sectors. R3 Corda is not widely used among industrial companies but aims 

to achieve an agreement between individuals instead. The consensus mechanism is also 

uncommon compared to the other providers. R3 Corda has chosen consensus mechanisms 

whereby the nodes committed to the transaction are the same as those that validate it. 

According to this concept, the costs incurred for the required computing power are directly 

made and paid for by the involved parties. For this reason, a valuation model is excluded 

(Brown, Carlyle, Grigg & Hearn, 2016). 

 

4.2.2 The functioning of consensus mechanism and blockchain technology  

All transactions made in the blockchain network are disseminated through the network of 

machines running through the blockchain protocol. The ability of blockchain is to keep a 

consistent and agreement among the participants, even if some of them might not be honest. 

The Byzantine fault tolerance is known as the feature of blockchain technology that is 

capable of regulating the system and achieving consensus between nodes. This section 

helps with understanding how the consensus mechanism affects the triangulation between 

the efficiency and the computing power required for transaction validation, the level of 

security, and the processing time. The triangulation between these is relevant in terms of 

which concept of the consensus mechanism is most suited and how this operates within 

agricultural industries.  

 

The Byzantine Generals’ Problem was conceived in 1982 as a logical dilemma that illustrates 

how a group of nodes, who may experience communication problems, will try to agree on the 
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next transaction and reach a consensus on the state of the system. A consensus is achieved 

if more than 50 percent of the nodes agree and execute the same action in order to avoid 

failures. Each connected node on the blockchain system stores a copy of all previous 

records and transactions ever executed on the concerned system (Surendra Yadav, Singh, 

Raut & Govindarajan, 2020; Demestichas, Peppes, Alexakis & Adamopoulou, 2020:7). The 

system is designed to operate real-time audit and inspections. Together with the 

decentralisation of data, it increases transparency across the supply chain. As a result, 

blockchain technology creates a guarantee of trust for today’s supply chain members 

(Demestichas et al., 2020:7).  

 

The Byzantine fault tolerance assures that all information stored on the ledger belongs to the 

system and prevents all possible costs and failures derived from the Byzantine Generals’ 

Problems. It has the priority to keep systems running even if nodes fail to communicate or act 

in a malicious way. Various concepts exist of the Byzantine fault tolerance blockchain system 

to aim consensus within the decentralised network. These programming formulas are so-

called consensus mechanisms (Demestichas et al., 2020:7). They define the consensus 

mechanism as “a mechanism through which a blockchain network reaches consensus”. The 

algorithm of a consensus mechanism has to solve two major challenges. The first challenge 

is to protect the blockchain network from cyberattacks and hackers. The second challenge is 

to tackle competing chains.  

Several consensus mechanisms have been designed over time, some of which have already 

been implemented. The algorithm behind the mechanisms differs in functionalities and 

procedures. These are tailored to the wishes and needs of the chain and captured in the 

blockchain protocol. For instance, different procedures and conditions need to be met before 

a block may be generated. In some cases, a block may only be generated by a limited 

number of parties in the network. These are often the parties that are at the start of the 

supply chain. Besides that, the consensus mechanism chosen also influences the computing 

power needed for the validation of transactions. The computer power needed influences, 

among other things, the energy consumption, costs for validation, the pace at which a block 

is verified, the composition of a blockchain protocol, and the authorisation per user (Torky & 

Hassanein, 2020:9).  

Proof of Work (PoW) and Proof of Stake (PoS) are the most well-known consensus 

mechanisms within the blockchain community. The PoW is applied in the Bitcoin network and 

PoS in the Ethereum blockchain. Both have proven their effectiveness and will be further 

explained later in this section (Demestichas et al., 2020:7). Other examples of consensus 
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mechanism designs are Proof of Authority (PoA), Proof of Burn (PoB), Proof of Luck, Proof of 

Assignment (PoAss), Proof of Elapsed Time (PoET), Practical Byzantine Fault Tolerance 

(PBFT), and Simplified Byzantine Fault Tolerance (SBFT) (Kamilaris, Fonts and Prenafeta-

Boldύ 2019:1; Surendra Yadav et al., 2020:2). 

 

Proof of Work 

PoW owes its popularity to Bitcoin and it is meant to operate in public blockchains. PoW 

existed even before Bitcoin was founded. To be able to operate, computer nodes are needed 

in the network that focuses on completing difficult computational tasks to validate 

transactions. These nodes are called miners and can add new blocks to the blockchain. The 

first node that completes the calculation model bundles the new block (transaction) to the 

chain, which is then validated by the rest. The node that has completed the puzzle gets 

rewarded with newly minted coins plus a small transaction fee (Kamilaris et al., 2019:1).  

 

A common criticism of the PoW consensus mechanism is that computers are continuously 

competing against each other. The ones that possess better and more advanced equipment 

get rewarded more. This results in higher energy consumption. The hash code of a new 

created block refers to the node that solved the cryptographic puzzle which can be 

considered as the “proof of work”. The higher the hash rate of a user the higher the chance 

of creating the next block and receiving a mining award. As a result “mining pools” get 

created. This term refers to the combination of hashing power and the distribution of the 

reward across every node in the winning pool. Nevertheless, because of the design, PoW 

runs at a low speed during the mining process which is greater than 100 seconds per block. 

This also depends on the mining difficulty indicator. The use of mining pools renders the 

blockchain more centralised than decentralised schemas. The risk of centralisation increases 

which is against the principles of the blockchain (Demestichas et al., 2020:7).  

 

Proof of Stake 

PoS was invented because of the drawbacks encountered with the PoW consensus 

mechanism. PoS aims to secure decentralisation within public networks. Within PoS, nodes 

are assigned and they can create new blocks. These are also known as ‘validators’ and 

rather than mining cryptocurrencies, they validate transactions in return for earning a 

transaction fee. As a select group of nodes can create new blocks, solving the cryptographic 

puzzle becomes less expensive. The competition between nodes decreases as nodes are 

chosen randomly to solve the puzzle which assures the decentralisation of the network. 

Therefore, minimal computing power is needed and less energy is required. This results in a 
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decrease in transaction costs (Demestichas et al., 2020:8). In contrast to PoW, PoS takes 

less than 100 seconds processing time to generate a block (Torky & Hassanein, 2020:9).  

 

PoS has its drawbacks as well. Since a select group of nodes can create new blocks and 

validate transactions, the risk emerges that a single node obtains more than 51% of the 

hashing power. In this scenario, the node has the power to effectively control and manipulate 

the blockchain by fake transactions. This is also known as the “51% attack”. The algorithm 

behind PoS determines and selects the net validator which is partly randomised. The 

selection is influenced by the number of coins a single node owns. A validator with 300 coins 

will be three times more likely to be chosen than someone with 100 coins. In this way, 

decentralisation is still at stake. (Demestichas et al., 2020:8; Kamilaris et al., 2019:1). 

 

4.2.3 Blockchain technology and the application of smart contracts 

This section entails an outline of the utilisation of smart contracts within blockchain 

technology. Smart contracts can automate digital repetitive actions and increase the 

efficiency rate. Therefore, it helps to achieve one of the systematic literature review 

objectives to see how blockchain can automate operational processes. First, a bit of 

background information is given about the existing and evolvement of smart contracts over 

time. Second, a further explanation is given about how these work in combination with 

blockchain technology. Since the existence of smart contracts is still relatively new, the 

challenges and vulnerabilities of this technology are discussed at the end of this section.   

 
Smart contracts were initialised by Nick Szabo in 1997. His vision was the creation of a 

distributed ledger to store contracts. The first smart contract blockchain-based platform was 

Ethereum that went public in 2015 (Demestichas et al., 2020:6). Traditional supply chains 

involve large paper amounts wherein agreements are captured in contracts that are signed 

between two or more parties. Demestichas et al. (2020:6) define a contract as “a set of rules 

or clauses that parties have agreed upon the governing relationship between them”.  Smart 

contracts are just like traditional contracts, the difference being that these are digitalised. 

Traditional contracts comprise of large amounts of paperwork and it is time-consuming to 

monitor whether or not parties stick to their agreements. Even if they do not, the other party 

has to be noticed of their default and the event that occurred must be recovered. This 

process is time-consuming, involves high costs, and could even result in a lack of trust 

among parties. Blockchain technology can overcome these drawbacks by adopting smart 

contracts (Madumidha, Siva Ranjani, Vandhana & Venmuhilan, 2019:75).  
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According to Ramachandran and Kantarcioglu (2017), smart contracts refer to the 

autonomous transaction capabilities of one of the key features offered in blockchain 

technology. Smart contracts are automatically activated when predefined conditions are met. 

They are self-executed code-based contracts that allow agreed-upon actions (such as 

payments) to occur immediately and without a middleman. For example, a smart contract will 

release payment to a carrier when the customer confirms their parcel. Infinite possibilities 

exist as smart contracts can be programmed according to the agreements stated in the 

blockchain protocol. This technology eliminates and drastically reduces the role of 

intermediaries such as bankers (Madumidha, Siva Ranjani, et al., 2019:75; Kamble et al., 

2020:5). As the role of intermediaries becomes irrelevant with the use of smart contracts, 

they can reduce transaction costs and transaction delays. Further, it provides real-time 

visibility of the transactions as these are executed straight after all predefined conditions are 

met. In this way, the availability of information increases, and all supply chain partners have 

access to real-time information (Bhero, Hoffman, Lusanga & De Coning, 2015:9). 

 

Smart contracts are computerised programs that consist of states, values, addresses, and 

logical functions that are required to operate at the application layer. Since smart contracts 

are self-executed, third parties become unnecessary. This results in a reduction in time, 

effort, money, reduces the risk of errors and frauds, and eventually contributes to the 

increase of transparency (Lin et al., 2020:9). Smart contracts do replace traditional contracts 

as a smart contract is an agreement among parties involved in a transaction that holds each 

party in authority for their role in the transaction and ensures that the contract is enforced. 

Digital contracts improve the transparency, traceability, and effectiveness of a supply chain, 

allowing it to be more agile in strengthening the relationships among the parties. It is not 

possible to change the code of a smart contract after it has been deployed as every contract 

is assigned with a unique address of 20 bytes. After deployment of the contract within the 

blockchain, users can only send transactions to the contract’s address. After predefined 

conditions are met, the transaction will be automatically activated and executed. It needs 

endorsement from peers according to the policy to get validated. All nodes aim to solve the 

cryptographic puzzle according to the consensus mechanism and will keep calculating till 

consensus is reached on its output. The verified transactions can now be captured into 

blocks and added to the blockchain (Madumidha, Siva Ranjani, et al., 2019:75; Basnayake & 

Rajapakse, 2019:104).  

 

Two types of smart contracts can be distinguished, namely: deterministic and non-

deterministic contracts. Deterministic smart contracts refer to automated transactions that are 

executed without the input of information by human interaction. Non-deterministic smart 
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contracts are the opposite and are only executed once information is given as input by 

human action. In both cases the transaction is only executed if the conditions are met which 

are stated in the blockchain protocol, as reported by Madumidha, Siva Ranjani, et al., 

(2019:75). In the case of non-deterministic smart contracts, these are often combined with 

other digital applications such as scanning devices, or QR-codes. For instance, incoming 

batches can be scanned by mobile, based on their QR-code. By scanning the QR-code, the 

receiving party confirms they received the goods according to the agreed conditions. Based 

on the programmed computer script, the total amount due is paid automatically without any 

interaction of financial employees. Afterwards, the transaction is confirmed and processed 

into the body of the block. The block is added to the chain after the validation process has 

taken place (Jabbari & Kaminsky, 2018:8; Provenance, 2015). 

 

Challenges of Smart Contracts  

Smart contracts and blockchain are relatively new and several challenges arise with the 

adoption of these technologies. These challenges can be categorised based on the smart 

contract’s life cycle, which includes creation, deployment, execution, and completion stages 

Lin et al., (2020:10). 

 

At the creation stage, function and readability issues are experienced by the developers and 

practitioners. Developing human-readable computing codes and the flawless execution of 

these are crucial for the accountability of smart contracts. Smart contracts which are well 

programmed can solve the problem of under-optimised operational processes, which could 

lead to extra transaction costs. At the deployment phase, two factors are crucial to ensure 

the quality of smart contracts, namely: contract correctness and control flow. Several 

methods, such as bytecode analysis, formal verification, and graph-based analysis, are 

proposed to check contract correctness before deployment (Luu, Chu, Olickel, Saxena & 

Hobor, 2016).  

 

At the execution phase, the execution efficiency of smart contracts is crucial. Software 

Transactional Memory is a concurrency control mechanism to transactions for controlling 

access to shared memory in concurrent computing. So far, only a proposed model has been 

published in the literature. Software Transaction Memory can be a solution that leads to 

execution efficiency of smart contracts and to decrease process time (Lin et al., 2020:10). 

Shahid, Almogren, Javaid, Al-Zahrani, Zuair and Alam (2020:69241) state that it is hard to 

fully maintain trust between nodes despite the trusting nature of smart contracts. Entities may 

act maliciously and the credibility can be questioned as smart contracts and automated 
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transactions check upon certain predefined conditions but are not able to check up on the 

quality of the product and nor on the information accuracy and quality input. 

 

At the completion stage, the security of the smart contract is the most crucial factor. From 

Ethereum it is known that every 8 833 out of 19 366 smart contracts deployed have serious 

security bugs that can easily be exploited. Nevertheless, it is difficult to reduce these security 

risks and vulnerabilities without automated tools due to the diverse levels of blockchain 

programmers. Therefore, several security analysis methods are developed to increase the 

level of smart contract security (Rouhani & Deters, 2019:50766). 

 

Vulnerabilities and smart contracts 

At present, the utilisation of smart contracts still experiences some security gaps. For 

instance, Ethereum overcame a Decentralised Autonomous Organization (DAO) hack that 

was one of the biggest hacking incidents ever experienced which caused the loss of 3.6 

million ethers that are equivalent to US$70 million on 17 June 2016 (Shahid et al., 

2020:69239). DAO was responsible for decentralised financial transactions via smart 

contracts. Other risks like re-entrancy bugs, time dependency, concurrency bugs, and 

callstack attacks are not risk-free. These vulnerabilities cause significant losses to 

blockchain-based systems (Shahid et al., 2020:69239). 

 

The Time Dependency Attack is a miner-centric attack in which a miner manipulates the 

conditions of the timestamp to favour himself. While mining a transaction, the miner sets the 

timestamp of the transaction. The concurrency bug is also a miner-side bug and comes 

under the umbrella of transaction ordering dependency. It arises when two transactions are 

executed at the same time. This problem often comes up when a data structure or database 

is updated. The re-entrancy vulnerability refers to a well-known DAO attack as described in 

the Ethereum example earlier. It makes use of patch conditions to check for re-entrancy 

conditions (Shahid et al., 2020:69239).  

 

For risk reduction, analysis is needed to find out how the technology behind smart contracts 

can be made more robust. Luu et al. (2016) already made a start by proposing an open-

source security analyser named Oyente, which is capable of analysing smart contracts 

based on symbolic execution paths. This model can explore all possible execution paths by 

using dummy values and concludes if any insecurities exist within the system. The results 

can be used as input to reshape and redeploy smart contracts into the blockchain since 

existing smart contracts cannot be adapted (Shahid et al., 2020:69239). Other security 

models which can be consulted to reduce security risks are Securify and Smartinspect.  
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4.2.4 Blockchain technology and its integrations with other digital applications  

4.2.4.1 Blockchain and application of other technologies 

Information exchanged across traditional supply chains is mostly stored in centralised 

databases. In this way, sensitive information is at high risk of information asymmetry, 

cyberattacks, and trust issues. For minimisation of these risks, blockchain technology is 

offered as an alternative for the storage of information. Blockchain technology is seen as an 

information storage facility and interacts with information input systems for the collection of 

data. Information input systems could be applications or cutting-edge technologies which can 

collect data and send it towards the peer-to-peer system. Which technologies and devices 

are most suited to link to the blockchain depends on several factors, among them being 

supply chain strategy, product flow, and the type of data that needs to be collected (Wamba 

& Queiroz, 2020:1). Information input systems are supportive of a wide variety of processes 

within the agriculture industry. Several research studies regarding blockchain applications 

and cutting-edge technologies are present in the literature. This section outlines a variety of 

commonly used information input systems mentioned in the literature and how these 

interoperate with the blockchain network.  

 

The use of applications and cutting-edge technologies in the agriculture industry is on an 

upward trend. Research studies examined the use of blockchain together with emerging 

technologies such as IoT, CPFR, RFID, robots, Big Data, QR codes, and sensors. These are 

so-called oracles that connect the physical and digital world. Sensors are most commonly 

used and are supportive to monitor or measure a wide variety of processes and events, for 

instance, to monitor soil moisture, humidity, leaf moisture, solar emission, infrared radiation, 

and rain prediction (Hussain Awan, Ahmed, Safwan, Najam, Hashim & Safdar, 2019:174).  

 

With regard to IoT-based traceability systems, these often rely on centralised digital 

infrastructures which are against the principles of blockchain technology. The use of IoT in 

supply chain management and operational processes has become more popular and more 

accessible for small farmers. Kamilaris et al. (2019:648) affirm that blockchain technology 

has a high dependency on information input systems to function and to be effective. It has to 

rely on external systems to obtain accurate and reliable information gathered in fields, 

events, and operational processes. By integrating these systems it can automate production 

processes, increase productivity, and increase transparency throughout the supply chain.  

 

According to the principles of Industry 4.0, IoT integrated with blockchain technology is key 

when it comes to digital transformation. The use of IoT devices can create a greater network 

Stellenbosch University https://scholar.sun.ac.za



95 
 

where all devices can be linked to communicate Leng, Bi, Jing, Fu and Van Nieuwenhuyse 

(2018:10). These devices are also called smart objects. Smart objects are proficient to collect 

environmental data, information, and communicating with diverse systems. Hussain Awan et 

al. (2019:172) state that IoT applications play a unique role throughout the lifespan of the 

agriculture sector, such as irrigation, harvesting and post-harvesting, crop storage, and 

transportation. Applications can be connected to a network of sensors which results in a 

decrease in human interference to reduce labour costs. After implementation, reliable data 

can be gathered and verified.  

 

A few concepts have already been published of blockchain-based traceability systems 

integrated with smart objects. AgriBlockIoT is one of these. AgriBlockIoT is a fully distributed 

system that aims to enable traceability throughout the supply chain by the integration of IoT 

devices (Caro, Ali, Vecchio & Giaffreda, 2018). This concept comes together with the trend of 

Big Data whereby all actors can benefit from the increase in available and reliable data used 

for decision-making. The design of the system ensures that information is immutable and 

auditable. Lin, Shen, Zhang and Chai (2018:14) proposed a similar concept based on 

blockchain and IoT technology in their research study. The purpose of their concept is 

comparable with that of Caro et al. (2018). However, the focus of their concept was mainly 

related to the insecurities of food safety and trust issues among parties. They combined the 

technologies of blockchain, IoT, low-power wide-area network, and existing ERP systems. 

Presently, no experiments have been executed of any of these systems in the agriculture 

industry.  

 

Originally, blockchain was designed to improve financial efficiency and to reduce transaction 

and audit costs by improving accountability in trading systems. These factors are still 

powerful for small-scale farmers who suffer from high transaction costs and accidental crop 

losses. Mao, Hao, Wang and Haisheng, (2018:5) presented in their study a food trading 

system called FTSCON, which was developed to assist entities with high transactional costs 

and the trade of agricultural products. Further, it gives parties the possibility to automate 

payments and dispute handling. The system has been deployed in the agricultural industry in 

the Shandong province, China. The trial was promising.  

 

4.2.4.2 Blockchain models developed for agricultural supply chains  

Blockchain technology has already been implemented in diverse sectors like the health 

sector, banking sector, insurance sector, and supply chain management. At the 

implementation phase, frameworks are used to customise according to the customers’ needs 

and demands. In terms of this research study, a framework refers to a set of software 
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components that can be used in the development of software. The framework consists of 

coded pieces of software that provide structure and functionalities. It is used as starting point 

for a larger software package to be customised. In this way, developers do not have to start 

from scratch. Frameworks are customised into new blockchain network integrations with 

cutting-edge technologies and information input systems. A few of these proposed 

integrations have been published in the literature. This section goes deeper into these 

concepts and how they relate to the agriculture industry.  

 

Since multiple blockchain integrations have been published in the literature, this section only 

outlines the blockchain concepts that have an explicit focus on the agriculture industry and 

supply chain management. New blockchain concepts have been published by 8 out of the 28 

studies that met the inclusion criteria discussed at the beginning of this chapter. These eight 

studies were examined as to whether they were explicitly designed for the agricultural 

industry and intended for use in supply chain management. Four of these concepts met the 

criteria which are outlined later in this section. Table 4.2.3 represents an overview of the 

eight blockchain concepts that were examined and whether these meet the criteria to be 

discussed further.  

Table 4.2.3 List of research studies presenting different blockchain models 

Source / 

Author(s) 

Title research study Year 

published 

Agriculture Supply 

chain 

Included/ 

Excluded 

Basnayake and 

Rajapakse 

(2019) 

A Blockchain-based 

decentralized system to 

ensure the transparency 

of organic food supply 

chain 

2019 Yes Yes Included 

Madumidha et 

al. (2019) 

A theoretical 

implementation: 

Agriculture-food supply 

chain management 

using blockchain 

technology 

2019 Yes Yes Included 

Chopra (2020) Blockchain technology 

in food industry 

ecosystem 

2020 No Yes Excluded 

Shahid et al. 

(2020) 

Blockchain-Based Agri-

Food Supply Chain 

2020 Partly (Agri-

food) 

 

Yes Excluded 
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Leng et al. 

(2018) 

Research on agricultural 

supply chain system 

with double chain 

architecture based on 

blockchain technology 

2018 Yes Yes Included 

Chen, Li and Li 

(2020) 

Electronic agriculture, 

blockchain and digital 

agricultural 

democratization: Origin, 

theory and application 

2020 Yes No Excluded 

Hussain Awan et 

al. (2019) 

Role of Internet of 

Things (IoT) with 

Blockchain Technology 

for the Development of 

Smart Farming 

2019 Yes Yes Included 

Safak et al. 

(2019) 

Hybrid Database Design 

Combination of 

Blockchain And Central 

Database 

2019 No No Excluded 

 

 

Blockchain-based decentralised system to ensure the transparency of organic food 

supply chain  

Basnayake and Rajapakse (2019:103) exposed their concerns about the low quality of 

agricultural products in their research study. They state that the overuse of chemicals in the 

production process, and the use of uncertified chemicals and mechanisms for the 

preservation and ripening processes, are the major issues that impact agricultural products’ 

quality as well as the overall health of consumers. An increase in transparency in the supply 

chain would have a positive effect on the quality of products. This would help customers to 

identify the quality of agricultural products. Their proposed model aims to offer a solution to 

verify the product’s quality and its origin. 

 

The decentralised network design created by Basnayake and Rajapakse (2019:103) is a 

public blockchain as they state that any person should have access to the network. 

Especially from the customer’s perspective, it is relevant to check upon the quality of the 

product and its origin without having direct access to the network. The use of smart contracts 

should increase sufficiency to control business logic within transactions and other events 

which are related to food production. The QR-code was identified as a cost-effective and 

Stellenbosch University https://scholar.sun.ac.za



98 
 

practical solution to identify each food product within the supply chain from farm to 

consumer. QR-codes were generated including the address of the product, returned by the 

blockchain network when products were deployed to the network. A smart contract’s address 

can be given by scanning the QR code. Address could be used to fetch data directly from the 

blockchain network without depending on the application layer. This makes it easy to transfer 

product ownership. A token-based mechanism indicates a farmer’s reputation and their 

products. By placing a certification request regarding their products they can gain reputation 

tokens for each certification validated by peers.  

 

Due to the use of smart contracts, trust is decentralised and third parties within the traditional 

supply chain are excluded. This results in a decrease in transaction costs as the costs of 

validation are less than the involvement of a third party. The farmers were paid at the 

beginning of a season according to the blockchain protocol. All transactions executed were 

tested with help of the Ganache testing network and confirmed that trust and transparency 

were successfully ensured according to the proposed model.  

 

Theoretical implementation: Agriculture food supply chain management using 

blockchain technology 

Just as Basnayake and Rajapakse (2019), Madumidha et al. (2019:174) acknowledge the 

importance of a decentralised network and the increase in transparency in agriculture supply 

chains. Their study aims to “present a fully decentralised blockchain based traceability 

network that enables to build blocks for agriculture that continuously integrate with IoT 

devices from provider to consumer.” Their model exists of what they call a “Provider-

Consumer Network”. It refers to a theoretical end-to-end food traceability application with the 

purpose to provide access to information for every single person in a decentralised network. 

 

What makes this model unique is that Madumidha et al. (2019:177) make use of RFID (radio 

frequency identification) tags to increase the quality of products. RFID tags can “read-write” 

various types of information that are not limited to just holding the ID and serial numbers. 

Transactions are executed by smart contracts at the moment that the RFID tags are 

scanned. The tags can be read and scanned by mobile devices. To couple RFID to IoT, 

product information can be tracked at all stages of the supply chain, increasing accuracy, 

efficiency, and accountability. Theft and other illegal activities can be discovered which can 

be acted on immediately. By means of RFID tags, shipments and stock locations are 

identified automatically as the product moves through warehouses and trucks. 

Implementation of RFID to these systems can ensure that both correct products and the 

correct qualities of the product are collected at both points, thereby eliminating errors. This 
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concept has not yet been implemented, which is why it is not possible to state how 

successful this concept is.  

 

Research on agricultural supply chain system with double chain architecture based on 

blockchain technology 

The adoption of public service platforms could be a comprehensive solution to the current 

challenges the agriculture industry faces. According to Leng, Bi, Jing, Fu and Van 

Nieuwenhuyse (2018:641), agriculture industries are scattered, small, disorderly and weak. 

Their blockchain design aims to improve weaknesses by proposing “a public blockchain of 

agricultural supply chain system based on a double chain architecture”. Considering that a 

public blockchain is not able to protect the privacy of enterprise information, Leng et al. 

(2018:644) designed a public blockchain of agricultural business resources based on a “user 

information chain” and on “transaction chain”. The user information chain is used to record 

and store the user information of the agricultural business enterprises in the public service 

platform. It assures the authenticity, integrity, and privacy of the personal information of the 

participants. The transaction chain is used to record and store all transaction data. This chain 

assures the authenticity, integrity, and openness of the transaction process, as well as the 

authenticity, openness, integrity, traceability, accessibility, and extensibility of the transaction 

results (Leng et al., 2018:644).  

 

There are two major benefits of adopting a public double chain structure in the agricultural 

industry. First, any node in the network can read the resources used on the public service 

platform without knowing the private information of the enterprises. This not only guarantees 

the authenticity, integrity, and non-tampering of transaction data, it also ensures the privacy 

and identity of user information (Leng et al., 2018:644). Second, diverting enterprise 

information and transaction data can reduce the redundant amount of information gathered 

by nodes and improve the throughput rate and consensus speed of the system to a certain 

extent (Leng et al., 2018:644).  

 

Multiple simulation experiments are conducted to check the effectivity of the double chain 

network. The results show that the model can guarantee transparency and security of 

transaction information and privacy of enterprise information. Further, it ensures the 

credibility of the public service platform and the overall efficiency of the system.  

On the other hand, Leng et al. (2018:648) emphasise that further research is needed to 

conclude how a greater number of nodes and resources on public services platforms would 

influence the speed and the efficiency of the consensus mechanism.  
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Role of Internet of Things (IoT) with Blockchain Technology for the Development of 

Smart Farming 

When it comes to the need for qualitative and healthy food, there is a growing awareness 

among customers. Agriculture supply chains struggle to track and trace a product’s origin 

and the events that a certain batch has gone through, especially when it comes to foodborne 

diseases. In traditional supply chains, it can take weeks before the origin of products has 

been located (Hussain Awan, Ahmed, Safwan, Najam, Hashim and Safdar, 2019:170). The 

blockchain concept designed by Hussain Awan et al. (2019) aims to solve issues related to 

transparency, tracking, and tracing. This is to improve the product’s quality. The concept of 

an integration combined of blockchain and IoT technologies exists.  

 

The IoT devices are connected to sensors in the field for data gathering. Smart devices can 

monitor crop health and generate information to provide supportive data for farmers. In this 

way, farmers can respond in time for optimal crop growth and quality because the data have 

stored on the blockchain Hussain Awan et al., (2019:179). Except for using IoT as a monitor 

function, it can also be used in combination with machine learning to gain more insight 

regarding crop field predictions, the crop growth factor, and demand forecasting. Data are 

uploaded to the blockchain from where it can be accessed by stakeholders, among these 

being farmers, investors, innovators, and retailers. Just like previously proposed models, 

smart contracts are integrated. (Hussain Awan et al., 2019:180).  

 

Simulation experiments were conducted which have proven that blockchain in combination 

with IoT can be beneficial to track the lifespan of food and avoid large amounts of food 

wastage. In addition, the proposed model offers better consumer self-assurance which will 

reveal customer satisfaction and improve their health (Hussain Awan et al., 2019:185).  

 

4.2.5 Requirements and challenges of implementing and operating blockchain technology  

Despite all research studies conducted and published in the literature, adopting blockchain 

technology in the agriculture industry is still in its early phase. Most projects are not even 

older than two years and are conducted on a small scale with a limited number of 

organisations and countries involved (Kamilaris et al., 2019:649). According to Torky and 

Hassanein (2020:40), 93% of these projects are either in the concept stage or have started a 

small pilot study in 2020. Merging blockchain technology with an information input system 

faces several challenges and requires more research and pilots at this stage. Enterprises are 

reluctant to adopt the technology if their current system can satisfy their business needs and 

they are not aware of the possibilities that blockchain can bring. Developing integrations and 
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modelling new structures are complex processes and lead to many challenges and open 

questions. This section outlines the challenges and risks faced during the entire lifespan of 

blockchain technology. It also explains how some of these risks can be kept to a minimum. 

The challenges and risks are divided into categories including the implementation, 

accessibility and privacy, technical, and cyberattacks.  

 

4.2.5.1 Implementation challenges and requirements 

The intercontinental character of agriculture supply chains makes it challenging to integrate 

all stakeholders into a single decentralised platform. Only if supply chains can achieve this, 

will blockchain work at its best (Rogerson & Parry, 2020:607). Countries differ in regulations 

when it comes to the use of digital infrastructures and privacy concerns. Despite blockchain 

technology emerging, it is still immature and relatively new. For this reason, regulations and 

laws are lagging behind in most countries. This leads to uncertainty among parties that could 

affect their decision to participate in innovating projects like blockchain. The more parties that 

are connected, the harder it becomes to hack the system. Besides that, parties who are not 

linked to the decentralised network may hold back information that is relevant for other 

entities in the supply chain or the final consumer. The results of the research study 

conducted by Surendra Yadav et al. (2020:13) reveal that the lack of governmental 

regulations and the lack of trust among stakeholders are the major reasons for parties 

holding back on participating.  

As blockchain technology has not yet been implemented on a large scale, there is not a good 

understanding of the impacts of blockchain on the industry. At this stage, empirical data are 

available in small quantities therefore it is hard to get a better understanding of which 

challenges are faced at the implementation phase (Demestichas et al., 2020:15). For 

instance, the costs of implementation and maintaining the system are hard to estimate and 

depend largely on the scale on which the peer-to-peer system is utilised. According to Song 

et al. (2020:2) and Safak et al. (2019:4) blockchain-enabled systems usually require 

comparatively large set-up investment and consistent maintenance costs. Song et al. 

(2020:2) argue that larger and higher technical-intensive farms are more likely to take up 

blockchain technology. This is in contrast to small farmers, for whom it will be more difficult to 

make the investment and thus to embrace the technology.  

If somehow all parties are positive to adopt the technology, it would be challenging to find a 

compromise between all the competing interests. It is important to create and maintain trust  

and to record the agreements in the blockchain protocol (Dave et al., 2019:742). The 

blockchain protocol defines among other things, to what extent access and authorisation are 

Stellenbosch University https://scholar.sun.ac.za



102 
 

granted to an entity. It takes time to resolve issues such as conflicting interests (O’Leary, 

2017). 

In order to embrace and adopt new technologies successfully, four factors are crucial: 

internet access, the use of web pages by farmers, age of farm owners, and level of 

proficiency. Bucci, Bentivoglio, and Finco (2019:126) questioned in their research study 

which factors would have the greatest influence on the adoption of precision agriculture 

technologies. In the beginning, several factors were defined which are investigated and 

tested based on a regression model. The regression model tested the correlation between 

these factors and the chance of successful adoption of precision agriculture technologies.  

In contrast to the willingness and reaching synergy between the parties in the supply chain, 

the readiness of blockchain is also questioned by Demestichas et al. (2020:15) and Safak et 

al., (2019:3). Both research studies published their concerns about the interoperability of the 

systems once connected to the distributed network. Interoperability refers to the ability of 

computer systems or software to exchange and make use of information. Due to the 

intercontinental character of the agriculture supply chains, products are distributed to large 

geographical areas which even cross the borders to other continents. Therefore, it is likely 

that companies have to deal with different digital infrastructures and software formats that 

may negatively influence interoperability (Song, Wang & Merveille, 2020:2). Chopra 

(2020:14) does not fully agree as he argues that blockchain is a more homogenous system 

that stores transactions rather than data element values. These are online and immutable 

due to the use of cryptographic encryption. He claims that many success stories are based 

on the improvement in operability and data sharing along the supply chain.  

4.2.5.2 Access and privacy challenges  

While blockchain technology has proven to increase visibility and transparency throughout 

supply chains and within the agriculture industry, data corruption is still lurking. The risk of 

data corruption cannot be eliminated as it remains vulnerable at blockchain integrations with 

information input systems. Data and information can be entered according to the 

deterministic or non-deterministic way, which is explained in more detail in Section 4.2.3. In 

the first case, error and corruption in data entry are compounded in blockchain-enabled 

systems due to the technology’s inbuilt trust mechanism whereby data can be accepted 

unhesitatingly. Therefore, the reliability of the information input by human elements can 

always be questioned (Rogerson & Parry, 2020:607; O’Leary, 2017). 
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The more parties who are part of the export supply chain, and who are linked to the 

blockchain network, the better the blockchain technology works. It benefits the volume of 

relevant data and increases the security of the network since a greater number of nodes 

have to approve each transaction (Rogerson and Parry, 2020:607). One of the greater issues 

faced by blockchain is the early stage of of privacy solutions. Subcontractors need to upload 

the contractors’ and customers’ identities, prices, and contractual data; sensitive information 

that is not meant to be seen by every organisation (Song, Wang & Merveille, 2020:2). Hua et 

al. (2018:100) addressed this challenge as well but also stated that this could be avoided by 

applying for different data licences. Data licences can be customised and can limit an actor’s 

accessibility to sensitive data and authorisation in the network.  

 

The anonymity of parties cannot be entirely ensured as the risk of cyberattacks cannot be 

excluded. Transactions shared via the blockchain are visible to other members within the 

limits of the blockchain protocol, regardless of whether it is a private or public network. IoT 

devices and participants are authenticated by a public key or hash value. There will always 

be a possibility of being attacked and identities being interfered with. Privacy is a complex 

challenge to overcome but also an improvement compared to traditional databases. 

Nevertheless, some limited techniques are proposed for mitigating privacy issues. In the 

case of private blockchains, digital certificates are utilised to identify nodes’ identities and IoT 

devices. Extracting an automatic device signature can be used to authenticate IoT 

applications and other users. In this way, no personal data have to be interchanged (Dorri, 

Kanhere & Jurdak, 2017:4).  

Besides the digital security and privacy concerns, there is also an issue surrounding the 

economic and organisational effect on the supply chain and on individual companies. 

Mirabelli and Solina (2020:419) questioned this impact of the implementation of blockchain 

technology, and found it to be a concern that cannot be entirely answered due to a lack of 

literature about this topic. They state that the number of papers published is limited. In 

addition to this, Hald and Kinra (2019:6) wonder whether the deployment of blockchain 

technology is leading to “deskilling” employees due to the automation of procedures and the 

elimination of third-party intermediaries. At the present time, a limited number of industry role 

players have a sufficiently high level of know-how about digital technologies and computer 

systems within the agricultural industry. For example, the focus of some farmers extends 

only to farming and they are in general less aware of what possibilities cutting edge 

technologies can bring (Demestichas et al., 2020:15; Kamilaris et al., 2019:649). 

Demestichas et al. (2020:15) and Song et al. (2020:2) state that large-scale implementations 

would help to get a better understanding of the impact of the technology on the industry and 
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the challenges, risks, and advantages that it brings. More empirical data are needed to 

estimate costs and socio-organisational impacts. 

4.2.5.3 Technical challenges and requirements  

When using blockchain technology, four technical challenges remain unsolved, namely: 

limitation on storage capacity and scalability, blockchain forking, latency and throughput, 

multichain management, and the trinity issue (Torky & Hassanein, 2020:44). In this section, 

these challenges are explained one by one. To start with the limitation of storage capacity, 

Torky and Hassanein (2020:44) state in their research study that they doubt the 

appropriateness of blockchain technology as integration with IoT, the nodes of which can 

send gigabytes of real-time data. Based on the applied consensus mechanism and the 

design of the model, the system can process only a few transactions per second which could 

lead to a potential bottleneck.  

Originally, blockchain was not designed to store large amounts of data and to serve 

thousands of different heterogeneous devices (Khan & Salah, 2018:4). Lin et al. (2020:10) 

named in their research study the InterPlanetary File System (IPFS) as a solution to tackle 

the issue of exponentially increasing data storage. The IPFS is a peer-to-peer distributed 

data storage system in which data content are stored in distributed peers and whereby their 

hash value is used to ensure integrity. According to these authors, it is a popular approach to 

counteract the weaknesses of large amounts of data storage. Demestichas et al. (2020:15) 

and Song, Wang and Merveille (2020:2) share their concerns as well but state that large-

scale implementations would help to get a better understanding of the impact of the 

technology on the industry. Therefore, empirical data are needed to estimate deeper 

technical impacts. 

 

Blockchain forking can best be described as a technical problem that occurs when two 

validators try to add two blocks to the chain at the same time. Most blockchain models try to 

solve this issue by programming extra rules for validation in the protocol. Blockchain forking 

can create confusion, fake transactions, and cause economic uncertainty (Torky & 

Hassanein, 2020:45). 

 

The enormous amount of data that needs to be processed influences the throughput rate and 

latency of the network. Throughput refers to the number of transactions that can be captured 

in one block. Data requires rapid processing which would be a great challenge to overcome. 

Blockchain technology in the agriculture industry has much data to process, especially when 
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it gets integrated with other information input systems like IoT or sensors. High throughput of 

data are needed for rapid processing. For example, Bitcoin’s blockchain can execute a 

maximum of seven transactions per second (Dave et al., 2019:5). 

 

Latency indicates how long it takes for a transaction to reach its destination. This process 

entails the creation, validation, and the time needed to add the block to the chain 

(Fernández-Caramés & Fraga-Lamas, 2018:16). Throughput and latency are subjected to 

the integrated consensus mechanism and protocol wherein is stated how transactions are 

validated and how much computing power is needed for validation (Torky & Hassanein, 

2020:45). According to Mirabelli and Solina (2020:420), the time needed to create new 

blocks and to process these takes too long to guarantee traceability.  

 

In some cases, software developers and industry role players need to configure more than 

one blockchain platform to transact data. According to this approach, each platform is used 

to exchange its group of data, for instance, financial data elements or data elements related 

to harvesting. The downside of this approach is that multichain platforms in standalone 

systems are at higher risk of privacy, lower scalability, and monitoring challenges. 

Collaborative implementations and the use of standardisation of consensus protocols, 

authentication, authorisation, and encryption algorithms are essential for managing 

multichain platforms (Fernández-Caramés & Fraga-Lamas, 2018:17).    

 

The last issue discussed is the trinity problem. The trinity problem entails that the peer-to-

peer network cannot simultaneously take into account scalability, security and 

decentralisation. It is only able to address two of the three features. If decentralisation and 

security are being pursued, scalability cannot be guaranteed. According to Chen, Li and Li, 

(2020:13), the trinity problem is seen as the biggest challenge that blockchain faces.  

 

4.2.5.4 Cyber-attacks and countermeasures 

Despite the reputation of blockchain as a secure distributed network, the risk of cyberattacks 

cannot be excluded. Blockchain is in essence more secure than traditional databases as in 

blockchain the majority of nodes have to be attacked to tamper with data. Nevertheless, the 

network will always be at risk for cyberattacks. The four most common cyberattacks are 

Denial of Service (DoS), Sybil Attacks, Eclipse Attacks, and Routing Attacks. In this section, 

these attacks will be explained one by one.  
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With a DoS attack, the adversary tries to compromise the availability of an IoT device or a 

network device to the authenticated users. The attacker often does this by sending fake 

connections to the blockchain network to deceive the authenticated users. Actors are 

prevented from mining tokens or validating transactions. Blockchain-based IoT systems are 

targeted by different types of DoS-attacks such as the Distributed Denial of Service, in which 

the adversary uses thousands of fake IP addresses to flood IoT nodes with streams of bits to 

make them unable to respond correctly.  

Several techniques exist to minimise the risk of a successful DoS attack. According to O’Dell 

(2017), one of the techniques is to apply Application Front-End hardware. These work as a 

firewall for IoT networks and verify data packets before digital transactions reach the 

blockchain network. Xie and Ettema (2017) recommend another DoS defence technique like 

Blackhole Routing, which is used to protect the blockchain-based IoT system by sending the 

transactions from the attacked IoT device to a ‘black hole’. The black hole represents a non-

existent network domain. However, this technique may be efficient for certain types of 

network attacks. It intercepts the transactions from the attacked IoT device and sends them 

to the black hole. All the information sent to the non-existing network domain will be lost.  

One of the other cyberattack risks that the blockchain faces is the Sybil attack. In this attack 

scenario, the attacker tries to create fake IoT nodes or fake sensors by duplicating identities 

and setting up fake connections. The original IoT devices become unable to distinguish 

between valid and invalid transactions. It is hard to detect fake connections. Some 

countermeasures exist that can be taken to minimise the risk of the Sybil attack. Finite 

Automat is recommended to identify devices and detect Sybil nodes (Meligy, Ibrahim & 

Torky, 2017:1).    

The third most common cyber-attack is the Eclipse attack. The Eclipse attack aims to 

obscure certain nodes from the entire peer-to-peer network. The attack scenario 

monopolises an IoT node’s connections so that it cannot receive data from any nodes other 

than the ones that are attacked. The main difference compared with a Sybil attack is that the 

Eclipse attack mainly attacks a single IoT node rather than the entire network at once. The 

attacked node could easily execute double-spending transactions on the system. This can 

easily be achieved by sending a transaction on the declaration of the proof of payment to the 

legit node, obscuring this from the network, and then sending a second transaction into the 

network by spending the earlier received tokens. In this way, the victim node becomes 

isolated as it only receives information and data from its attacker. The countermeasures that 

could be taken to minimise the risks of these attacks is to apply an upper limit on the number 
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of internet connections. Nevertheless, the risk of Eclipse attacks cannot be completely 

excluded (Torky & Hassanein, 2020:42). 

The last cyberattack discussed in this section is the Routing attack. This attack is when the 

attacker seeks to intercept messages propagating between IoT devices. It aims to tamper 

with these messages before it receives other nodes in the network. This can be achieved in 

two ways, namely according to the Portioning attack and Delay attack. During a portioning 

attack, the system is divided into two or more disjoint groups by hijacking a bridge node 

between two groups of networks. The delay attack entails that the adversary intercepts the 

propagated messages, tampers with them and finally propagates them again to the network 

(Torky & Hassanein, 2020:43). Just as the other attacking varieties, routing attacks cannot 

be excluded. Minimising the risk of this cyberattack can be achieved by diversifying the 

connections between IoT nodes based on dynamic topologies. Another possibility is to check 

the network for Round-Trip time (Youm, 2017:1653).  

The greatest challenges and risks that come along with the implementation and adoption of 

blockchain technology have been outlined in this section, Section 4.2.5. According to the 

literature, some lesser challenges exist which are summarised in Table 4.2.4. 

 

Table 4.2.4 Further challenges and risks of implementing and operating with blockchain technology  

 Challenge Explanation Source 
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Infrastructure barriers Access to the agriculture 

market for new users 

becomes more difficult due 

to the high barriers to 

participating in the 

information infrastructure 

(Kamilaris et al., 

2019:648) 

Lack of expertise by Small-Medium 

enterprises 

Blockchain is an advanced 

technology that needs 

highly skilled software 

engineers and developers 

who can maintain the 

system 

(Kamilaris et al., 

2019:648) 

Limited education and training 

platform 

Limited sources to train 

industry role players 

(Kamilaris et al., 

2019:648) 

(Huge) resource and initial capital 

required  

Energy consumption in 

blockchain-based systems 

is quite high, and it requires 

sufficient infrastructure 

(Kshetri, 2019) 
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which needs a high initial 

investment 

Lack of awareness and ease of use Few stakeholders like 

farmers are not much tech-

savvy. Therefore, 

understanding and working 

with blockchain can be 

challenging.  

(Surendra Yadav et al., 

2020:7) 

The complexity of blockchain 

system design 

Coding flow is a major 

concern as this requires a 

high skill-set for efficient 

system design 

(Lansiti & Lakhani, 

2017:2708) 

Culture change Adopting blockchain 

technology would be a 

major, challenging culture 

change 

(Surendra Yadav et al., 

2020:7) 

 

4.2.6 Advantages and disadvantages of blockchain technology within agriculture supply 

chains  

Many studies agree with the fact that blockchain technology is emerging and evolutionary 

compared to traditional information systems. Nevertheless, the technology is relatively new 

and has many obstacles to overcome. The systematic literature review revealed the many 

advantages and disadvantages that blockchain brings along once adapted in agriculture 

supply chains. This section sums up the most prominent pros and cons of the decentralised 

system. The blockchain models as discussed in Section 4.2.4.2 have been disregarded as in 

this section it is examined as a stand-alone system. Each section ends with a brief summary 

of the most relevant pros and cons.   

 

4.2.6.1 Advantages of blockchain technology  

Blockchain technology is featured as a decentralised network where each node keeps the 

records in its ledger. With help of the blockchain protocol, the records stored on the ledger 

increase the transparency of data across the supply chain. Data on the blockchain is 

encrypted with authentic signatures. Due to the encryption, data cannot be tampered and 

corruption of data becomes less likely. This avoids the problem of data asymmetry and 

maintains data immutability and reliability. The immutability of data ensures that when 

anyone tries to tamper or corrupt the hash of a block, it will result in a cryptographic link 
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disruption that can be noticed by other nodes. Information will thus always be stored on the 

blockchain.  

 

Due to the cryptographic function, data asymmetry is not possible which decreases the risk 

of database pollution (Demestichas et al., 2020:4). Rogerson and Parry (2020) state that 

peer-to-peer systems can fulfil the increasing need for visibility downstream of the supply 

chain. It would be beneficial to end consumers and other parties to help them with sourcing 

control and enhanced risk management (Zhao, Fan & Yan, 2016:4). The success of the 

technology lies in its properties of reliability, transparency, and immutability which are seen 

as advantageous by Bermeo-Almeida, Cardenas-Rodriguez, Samaniego-Cobo, Ferruzola-

Gómez, Cabezas-Cabezas and Bazán-Vera (2018:15). Madumidha et al. (2019:175) and 

(Chopra, 2020:7) claim that due to these factors blockchain can overcome the main 

drawbacks of traditional supply chains, namely:  

- Failure to secure food safety at any stage of the supply chain;  

- Unavailability of detailed information of a product’s origin;  

- Failure to distribute relevant data and information among parties;  

- The difficulty to control the supply chain;  

- The reality is that information can be easily copied, which undervalues data.  

 

In contrast to other publications, Song et al. (2020:2) doubt the increasing transparency 

across the supply chain despite the use of blockchain technology. They state that blockchain 

is too immature and that it puts sensitive data at risk. Actors’ identities, pricing data, 

contractual data, and all other personal information is visible to the rest of the network which 

could negatively influence an actor’s competitive position in the industry. Hua et al. 

(2018:100) agreed with this statement but also claim that this issue can be prevented by 

defining the level of competence and authorisation of parties in the blockchain protocol. 

 

Existing literature disagrees on whether blockchain technology would improve or deteriorate 

the interoperability in supply chain management. Interoperability refers to the ability of 

computer systems or software to exchange and make use of information. Demestichas et al. 

(2020:15) and Safak et al. (2019:3) share their concerns about the challenge to link 

blockchain technology to existing systems. The software formats applied may differ per 

organisation. The likelihood of this increases at international-orientated supply chains. It 

increases the challenge to connect and link these to one single overarching network. Chopra 

(2020:14) does not agree with this statement and argues that due to the homogenous 

character of the peer-to-peer system it would improve the exchange of data. The system 

stores transactions rather than data element values. These are online, immutable, and use 
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cryptography for identity verification. Therefore, it is suited to be integrated with any other 

cutting-edge information technology systems in the agriculture industry (Torky & Hassanein, 

2020:4). 

 

The blockchain concept and its integration with other cutting-edge technologies published in 

literature offers new possibilities for the agriculture industry. The created models need to 

match the needs and strategy of the agricultural industry. For instance, the phytosanitary and 

sanitary standards that need to be guaranteed can be facilitated by the use of blockchain 

(Kamble et al., 2020:14). Torky and Hassanein (2020:27) argue that well-implemented 

concepts can contribute to the reduction of post-harvest losses. The use of blockchain will 

provide more rapid and smooth communication between sensor networks and can monitor 

crops’ condition. Potentially, it would be able to detect losses 3–5 weeks earlier than 

traditional monitoring techniques. It can work as a significant boost for the sector to manage 

the land and interchange records, purchase details, and use of farm equipment, seeds, 

pesticides, and financial transactions across the entire supply chain (Kamble et al., 2020:1). 

In addition, supply chain partners and end consumers can track down the food’s origin, its 

source, and safety (Torky & Hassanein, 2020:31). 

 

The trust between supply chain parties can also be guaranteed by the adoption of smart 

contracts and digitalisation of the industry. Smart contracts are self-executed transactions 

that occur when all preconditions are met (Madumidha et al., 2019:174). As a result of 

automation, intermediary parties can be excluded as their services are no longer needed. 

Significant savings will be achieved as time, the amount of effort, and user errors are 

reduced and fraud, failure of payments, or trade settlement delays will be excluded (Mirabelli 

& Solina, 2020:419; Kamble et al., 2020:4). Hussain Awan et al. (2019:182) claim that smart 

contracts offer farmers the possibility to interact straight away with retailers and to get a fair 

price for their cultivated products. Farmers often need help from a middleman to get goods 

distributed to retailers where an extra commission is paid (Madumidha et al., 2019:602). 

Farmers can now browse and check data and information on the blockchain without being 

dependent on a third party (Torky & Hassanein, 2020:4).  

 

With the adoption of blockchain technology in the supply chain, central servers are no longer 

needed. For this reason, Demestichas et al. (2020:5) claim that data are less vulnerable to 

being hacked or lost. In a peer-to-peer network, copies are made of all transactions made by 

the existing computers on the network. To alter data on one or more blocks, at least 50% of 

the network’s peers have to be manipulated. A successful cyberattack is less likely to happen 
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than with traditional databases. Nevertheless, the risk of cyberattacks cannot be fully 

excluded.  

 

Kamilaris et al. (2019:644) claim that small-scale and big-scale farmers will both take 

advantage of the implementation of a decentralised network. Information captured on the 

network could help to solve disputes and conflicts among farmers and help to exclude 

existing problems such as unfair pricing and the influence of big companies on smaller ones 

(Kamilaris et al., 2019:647). Cooperatives are created by smaller fruit growers to be able to 

compete with the bigger ones. These cooperatives hope that an increase in transparency 

and traceability will create greater trust among their members. They can foster their 

collaboration and engage and strengthen their position in the market. A complete overview of 

all advantages of blockchain technology in the agriculture industry is presented in Table 

4.2.5. 

 

Table 4.2.5 Overview advantages of blockchain technology in agriculture supply chains 

 Advantages  Explanation 

Data quality and availability Decentralisation Decentralisation of information 

storage 

Traceability  Traceability and openness of 

information in supply chain 

Immutability Prevention of information asymmetry 

and thus increase the reliability of 

data 

Distribution of data Able to distribute data to every node 

linked to the network 

Security of network and 

data 

Encryption Encryption of data that cannot be 

tampered with and changed 

Consensus mechanism The network is difficult to attack since 

the majority of nodes have to be 

manipulated  

Supply chain management Traceability Able to trace a product’s origin and 

all processes it has undergone 

Trust Increase trust among supply chain 

participants 

Controllability Increase ability to control the flow of 

goods 

Interoperability Literature does not agree whether 

blockchain technology would 

increase or decrease interoperability 

of supply chain systems 
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Smart contracts Automation of transactions based on 

predefined conditions 

Intermediaries Can be excluded with implementing 

of smart contracts 

Other Food safety Able to prove food safety 

 

 

4.2.6.2 Barriers to the adoption of blockchain technology  

The implementation of a peer-to-peer system asserts that due to the many challenges it will 

be a challenge in itself to convince all parties to participate in the network. Only when all 

parties are connected to the network, does it works at its best and only then can advantage 

be gained to the fullest. At the implementation phase of blockchain technology several 

barriers exist in the areas of culture, financially, lack of awareness, lack of trust, lack of 

knowledge, and lack of governmental regulation (Demestichas et al., 2020:16; Kamilaris et 

al., 2019:648; Kshetri, 2019:7; Surendra Yadav et al., 2020:7). Implementation of blockchain 

as of now costs more time and effort than that of traditional databases. There is a need to 

authenticate signatures using cryptography and consensus algorithms (Chopra, 2020:14). 

Anyway, blockchain has good potential to bring significant reformation in the agriculture 

industry but its adoption in actual practice is still in its infancy (Surendra Yadav et al., 

2020:2).  

 

One of the other barriers that blockchain is facing is the trinity problem whereby the system is 

not able to fulfil the needs of scalability, security, and decentralisation simultaneously (Chen 

et al., 2020:13). It is only able to address two out of these three features. Originally, 

blockchain was designed to support financial transactions for cryptocurrencies, not to 

process industry data. Therefore Dave et al. (2019:744) and Torky and Hassanein (2020:44) 

state in their study that at this phase blockchain already struggles with scalability issues and 

the storage of a large amount of data. The throughput of the number of transactions is much 

lower compared to existing technologies. Saberi, Kouhizadeh, Sarkis, and Shen (2019) 

believe that advanced storage management and cloud computing can decrease the 

throughput rate and reduce latency.  

 

In contrast to traditional databases, blockchain technology requires expensive hardware and 

has a higher energy consumption to provide all the computing power required (Antonucci, 

Figorilli, Costa, Pallottino, Raso, & Menesatti, 2019:6130). While blockchain can connect 

complex supply chains, the information infrastructure required to operate and maintain the 

system might prevent access to markets for new users or food suppliers. The system could, 
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in effect, become a technical barrier to trade (Kamilaris et al., 2019:648). The computing 

power is used to solve cryptographic puzzles to validate transactions. As all nodes have to 

examine whether a transaction is valid or not, the energy consumption increases. The 

completion of a transaction using a public blockchain can take a considerable amount of time 

and computing power (Demestichas et al., 2020:16). In this respect, selecting a certain 

blockchain concept should be considered carefully, as it might affect the overall performance 

of a supply chain. In addition, there is a general lack of awareness and skilled professionals 

in the field of blockchain technology. The availability of training platforms is a condition to its 

wider adoption (Kamilaris et al., 2019:648). 

 

Nevertheless, the increase in transparency and visibility of data do not automatically result in 

full valid transactions (O’Leary, 2017:114). Blockchain technology is dependent on the input 

of information that it gets from external sources. The input of information can be entered by 

humans or be completely automised by information input systems and/or sensors. 

Blockchain is suitable to be used for the definition of communication standards between 

sensors and machines (Torky & Hassanein, 2020:23). However, the quality of data entered 

according in the non-deterministic way always depends on human actions and will for this 

reason be at risk for human errors or even fraud. It leaves all data stored on the blockchain 

open to doubt. To exclude this factor, full digitisation of the agriculture industry and supply 

chains is a prerequisite.    

 

Blockchain is known for being more secure than traditional databases. Even then the privacy 

concerns are questioned and can thus not be entirely ensured. Transactions are 

authenticated by a unique hash code that refers to one of the participants. Data captured in 

these transactions are shared publicly over the network. Meanwhile, there is always a 

possibility for the network to be hacked. The attacker can analyse transactions and infer the 

real identities of the nodes  (Torky and Hassanein, 2020:43). Kamble et al. (2020) agree with 

this statement by saying that blockchain deploys a cryptographic private key that aims to 

assure actors’ identities. Ring signatures are used to secure the anonymity of users. A ring 

signature verifies the signer, one of the stakeholders holds a private key that corresponds to 

a unique set of public keys without revealing which one. It is claimed is that the network 

ensures data security without compromising on the privacy of the stakeholders (Yue, Wang, 

Jin, Li & Jiang, 2016:217; Nakamoto, 2008). Table 4.2.6 lists all barriers to consider before 

proceeding to the adoption of blockchain in the agriculture supply chain.  
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Table 4.2.6 Overview barriers to blockchain technology in agriculture supply chains 

 Barriers Explanation 

Implementation Culture Cultural change in the industry 

Financially Investment required for 

implementation and expensive 

hardware and software 

Lack of awareness Lack of awareness blockchain 

technology has to offer 

Lack of trust Lack of trust between parties for 

successful implementation 

Lack of governmental 

regulation 

Lack of governmental regulation 

causing grey area in law 

Trinity problem  Scalability Latency Processing time takes longer due to 

the validation process and 

consensus mechanism 

Throughput Throughput of number of 

transactions is low 

Security An increase in scalability or 

decentralisation comes at the 

expense of network security 

Decentralisation An increase in scalability or security 

comes at the expense of 

decentralisation 

Blockchain usage Energy usage Higher energy consumption 

Access barriers Access barriers might prevent new 

users or suppliers 

Lack of skilled professionals Lack of skilled professionals to 

implement and maintain the system 

Lack of training platforms Lack of training platforms to educate 

users 

Reliability of data All data on the blockchain is open to 

doubt. The input of information is still 

open to doubt as long as it is entered 

by human action.  

Privacy Increase of privacy  
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4.3 Conclusion 

Blockchain technology was introduced in 1992 and has become evident since 2008 when 

Satoshi Nakamoto aimed to serve blockchain as a bond ledger of the cryptocurrency Bitcoin. 

Blockchain technology can be best described as a distributed database of records in the form 

of encrypted blocks, or a public ledger of all transactions or digital events that have been 

executed and shared among participating parties and can be verified at any time in the 

future. Information stored on the blockchain is immutable and transparent to other nodes 

within the limits defined in the blockchain protocol. The four major features that led to 

blockchain’s success are consensus, security, provenance, and trust. 

 

Coming back to the first systematic literature review objective, the success of the blockchain 

network depends largely on the information input systems that it is integrated with. 

Blockchain designs need to be compiled according to the supply chain’s strategy as these 

affect the reliability of data, costs, practicability, latency, and throughput rate of the system. 

Regarding the second objective, the automation of operational processes, the use of smart 

contracts can automate the execution of an agreement once predetermined conditions are 

met. This means that the intervention of intermediaries and third parties is no longer 

necessary, which leads to cost savings. The interoperability of the blockchain system is still 

under discussion. Different software formats are likely used at companies that negatively 

influence the interoperability. Besides that, information can be entered according to the 

deterministic and non-deterministic principle which influences the quality, reliability, and 

completeness of data. Regarding the implementation of blockchain, technical and socio-

economic challenges are faced which question the readiness of the industry for blockchain. 

At this stage, no large-scale implementations have taken place yet, resulting in a lack of 

empirical data.  

 

Blockchain technology is in its early phase and improving rapidly. However, there are still 

many uncertainties that reveal the early stage of development of blockchain. For the time 

being, the lack of know-how, empirical data, technical challenges, socio-economic 

challenges, lack of governmental regulation stand in the way of its widespread adoption.
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Chapter 5. Phase 2: Mapping the information flows and exchange of 

data elements throughout the fruit export supply chains 

5.1 Introduction  

Nowadays all organisations are somehow exposed to information technology revolutions and 

the applicable aspects of data exchange. Therefore, the advent of IT during the last 

generation has ushered in a new era. The technological revolution had a great influence on 

many industries and it still has, including the South African fruit industry. This also has 

repercussions on blockchain technology and its improvement. The technology seems to 

improve rapidly and to play an increasing role in information management. Before things can 

be put into perspective and to see whether the characteristics of blockchain technology could 

also be beneficial for the fruit industry, the information flows throughout the fruit export 

industry need to be traced first. Therefore, this chapter entails an outline of how the flow of 

information is organised and which data elements are exchanged between the industry 

entities of the citrus, pome fruit, and table grape supply chains. By mapping the information 

flow, an analysis can be made at a later stage of the research in order to see whether 

blockchain technology has the capabilities to address the shortcomings or inefficiencies the 

industry currently faces.  

The success of exported fresh produce depends on the coordination between entities in the 

fruit export supply chains. In product flow management, information flow refers to a two-step 

process for creating a shared understanding of product strategy. In the first step, the initiator 

gathers various stakeholders to discuss the goals and plans to receive the product in terms 

of the agreed conditions (Badenhorst et al., 2013:5). The second step is for these 

stakeholders to share this information with member parties. The cross-organisational flow of 

information deserves attention since most entities tend to focus inward on their own 

responsibilities, priorities, and internal metrics. Without a shared understanding of the supply 

chain’s priorities, it cannot be guaranteed that every link is working towards the same goal, 

and this could be at the expense of reaching synergy (Badenhorst et al., 2013:5).  

To see how this is balanced and what the relationships are between entities in the export 

supply chain, this chapter aims to map the information flows of selected supply chains 

throughout the industry. In order to map these, a multimethod research approach has been 

chosen. According to Saunders et al. (2009:152), a multimethod approach can be described 

as “those combinations where more than one data collection technique is used with 

associated analysis techniques, but the technique is restricted within either a quantitative or 
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qualitative world view.” According to their research study, this technique can either be used 

for data completeness or to achieve triangulation (Saunders et al., 2009:154). For this 

research study, two data collection techniques have been chosen, namely semi-structured 

interviewing and data collection by archival research. Due to the co-occurrence of the data 

collection phase and the industry’s peak season, there was limited interest in the 

participation in the research study. To achieve data triangulation, it was decided to consult 

secondary sources for data verification.  

The semi-structured interviewing technique is used to gain a first impression of information 

management and data exchange in the industry. At least one industry role player from each 

link in the export supply chain is interviewed about their perspective of information sharing, 

data creation, and the use of information technologies. Prior to the interview, the interview 

participant is asked to sign the consent form which promises, among other things, that the 

identity of the respondent is kept anonymous. To secure the referencing of data to its original 

source, it has been decided to go for “anonymous referencing”. Table 5.1.1 lists the 

references used for each interview participant in this chapter while ensuring anonymity. Key 

themes discussed at the interviews include: the entity’s stakeholders in the fruit industry; the 

involvement of each entity in the fruit supply chain from two different perspectives; product 

flow wise and information flow wise; the exchange of data elements; and the use of 

information systems.   

Table 5.1.1 References used for securing the anonymity of interview participants 

Respondent Type of organisation that respondent represents 
in export supply chain 

Reference used 

 
Respondent A 

 
Fruit grower 

 
(Respondent A, 2021) 

 
Respondent B 

 

 
Pack house 

 
(Respondent B, 2021) 

 
Respondent C 

 
Respondent D 

 

 
Cold store facility 

 
(Respondent C, 2021) 

 
(Respondent D, 2021) 

 
Respondent E 

 
Produce exporter 

 
(Respondent E, 2021) 

 
Respondent F 

 
Respondent G 

 
Freight Forwarder 

 
(Respondent F, 2021) 

 
(Respondent G, 2021) 

 

 
Respondent H 

 
Importer 

 
(Respondent H, 2021) 

 
Respondent I 

 
PPECB 

 
(Respondent I, 2021) 
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The initial semi-structured interviews helped to get a better focus for searching for 

information in databases and other secondary sources. A second data collection technique 

was chosen for collection of data by literature, enterprise brochures, enterprise manuals, and 

reports. The second technique aims to complement data and to achieve data triangulation.  

As mentioned in Chapter 3, the data gathering multimethod approach applied in this chapter 

was inspired by the research study of (Zhao et al., 2020). This study aims to provide 

researchers and practitioners with a deep understanding and knowledge of interrelationships 

among different agri-food supply chain risks (AFSC). The semi-structured interview is used to 

get an insight of the AFSC managers’ opinions in regards to AFSC risks (Zhao et al., 

2020:4852). To get a better understanding of the explored subject domain, a review on 

AFSC risk identification, classification, assessment, and mitigations was conducted prior to 

the collection of empirical data. The review helps in the process of data collection, validation 

and to supplement data gathered by interviewing. It uses archival and documentary data 

such as solution designs, enterprise brochures, and functional documents. This was done in 

order to achieve triangulation.  

This chapter outlines the flow of information throughout the selected fruit supply chains, at an 

industry level. The chapter entails a description of the creation of data and data elements 

exchanged between industry entities from the fruit grower up to the European importer. In 

supply chain management, the information flow is a dependent variable of the product flow. 

As many different product flows exist, the representation given in this section is reasoned 

from the most common product flow as presented in Section 2.2. Each of the first seven 

sections represents a link in the fruit export supply chains and their role in terms of 

information creation, exchange of data, and the information technologies used. The product 

flow starts in Section 5.2 with the fruit grower, followed by the packhouse in Section 5.3, the 

cold store facility in Section 5.4, the produce exporter in Section 5.5, the freight forwarder in 

Section 5.6, the importer at 5.7, and the PPECB in Section 5.8. Each section closes with a 

cross-functional flowchart that visualises the information flow from that entity’s perspective. 

Universal symbols are used for the graphical representation originally developed by the 

BPMN (Business Process Model and Notation). Chapter 5 ends with Section 5.9 where the 

conclusion is presented.  

5.2 Information management at fruit growers  

The fruit export process starts with the fruit grower. In contrast to the pome fruit and table 

grapes, citrus fruit grows in many locations across the entire country. Pome fruit and table 
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grapes are mostly cultivated in the Western Cape (Wellington, 2019:3). In terms of apple 

cultivation, other provinces where many fruit growers are located are The Eastern Cape, 

Mpumalanga, and the Free State province. Table grape growers can also be found in the 

Orange River and the Northern Provinces (HORTGRO, 2015:16). 

 

The fruit produced by fruit growers is mainly exported to foreign target markets with the help 

of fresh produce exporters. Therefore, a strong collaboration exists between the fresh fruit 

producer and the produce exporter. Fresh produce exporters take care of the export process 

and finding a suitable target market to sell batches against the best paying conditions 

(Respondent A, 2021). The clauses involved in the agreement between the two parties can 

vary and determines the division of the ownership and where the risk shifts from fruit grower 

to produce exporter. Besides that, the agreement also involves the financial rewards for the 

delivered goods and services (Respondent A, 2021).  

 

Broadly speaking, three different agreements exist, which are distinguished by the level of 

collaboration between the two parties. The first type is called the consignment agreement 

wherein the exporter has the responsibility to find target markets whereby the batches can be 

sold against the best paying conditions. In return, the exporter receives a commission 

(percentage) of the revenue for which the batch was sold. The higher the sales price 

received for the batches, the higher the commission is that is received by the farmer. 

According to the consignment agreement, the farmer also has a greater interest in supplying 

good quality of fruit. The second agreement is based on a fixed price. At the start of the 

growing season, the fruit grower and the exporter agree on a fixed price for each batch 

delivered by the fruit grower. This agreement gives the fruit growers more certainty as they 

are less dependent on the market forces and the prices paid by the importer. The third 

agreement is based on a hybrid type between the first two. The fruit grower and the produce 

exporter agree on a minimum price for each fruit type. All batches sold to the importer for 

higher than the agreed price in the agreement, the fruit grower will receive extra commission 

on it. In this case, the fruit grower benefits from both worlds, a fixed price and a commission 

in times where the global fruit market is performing well (Respondent A, 2021).  

 

The involvement of the fruit grower in the export process can either be rendered from a 

product flow perspective or from an information flow perspective. From a product flow 

perspective, the involvement starts as soon as the fruit is harvested and gets transported to 

one of the packhouse stations. The packing process can either be arranged by the fruit 

grower, the produce exporter, or by an independent organisation. Therefore, who arranges 

the packing process differs per fruit type. The terms included in the agreement dictate where 
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risk and responsibility shift from the fruit grower to the exporter. In the absence of any 

contractual clause, the responsibility shifts to the exporter as soon as the truck is unloaded at 

the facility owned by the customer’s organisation downstream the supply chain. At that stage, 

the involvement in the product flow from a fruit grower’s perspective ends in the fruit export 

supply chain (Respondent A, 2021). 

 

Regarding the information flow, this flow refers to the transfer of information from one party to 

another in a given process. From an industry-level perspective, the information flow for the 

fruit grower implies the exchange of data about fruit specifications and phytosanitary 

information. The phytosanitary check is obligatory for each fruit grower who is intending to 

export their fruit produce. Therefore, they must register at the DALRRD. In return, the fruit 

grower receives a production unit code (PUC code). Each fruit grower has a unique PUC 

code that aims to trace regulated plant products one step upstream or one step downstream 

the supply chain. The PUC code is needed to register for a phytosanitary check. Completion 

and submission of the phytosanitary application forms do not guarantee automatic approval 

to export the batches to their target market. By completing the relevant form, the producer 

confirms that the production unit complies with the phytosanitary measures of the relevant 

importing countries. All batches must be inspected and verified by the Directorate: 

Agricultural Products Inspection Services (D:APIS) (Department of Agriculture, Land Reform 

and Rural Development, 2020b:306; Respondent A, 2021).  

 

After the phytosanitary forms have been submitted, the D:APIS checks the submission and 

sends forward the confirmation to the national agencies for food safety standards of the 

importing country for final approval (Department of Agriculture, Land Reform and Rural 

Development, 2020b:306). Only if final approval is given, are the relevant units ready to be 

inspected by the D:APIS. On some occasions the D:APIS gives a mandate to the PPECB to 

do the phytosanitary check instead. But that seems to be the exception rather than the rule. 

The phytosanitary inspections are different from quality inspections as these focus on 

quarantine pests and diseases, while quality inspections focus on the final quality of fruit 

only. The inspections are mandatory and depend on the nature of the permit conditions. 

Fresh produce can be qualified in different classes which consist of classes A, B, or C. Class 

C represents fresh produce of the poorest quality. No fresh produce classified as one of 

these classes shall contain plant injurious organisms of phytosanitary importance, any 

organisms which may be a source of danger to human being, such as arthropodal 

infestation. (Department of Agriculture, Forestry and Fisheries, n.d.; Department of 

Agriculture, Land Reform and Rural Development, 2020b:309; Respondent A, 2021).  
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Compliance with the phytosanitary measures is the responsibility of the exporters, with the 

assistance of their representative commodity organisations (Department of Agriculture, Land 

Reform and Rural Development, 2020b:306). Only production units that are registered and 

obtain food business operator (FBO) codes are allowed to apply for phytosanitary approval 

and registration. FBO registration is done by email, faxes, or online registration. The FBO 

code ensures fresh produce can be traced upstream the supply chain to the place where it 

originated from. Each food business operator obtains a unique FBO code issued by the 

D:APIS. The directorate is also responsible for ensuring that the industry complies with all 

prescribed regulations exports (Department of Agriculture, Land Reform and Rural 

Development, 2020b:305; Department of Agriculture, Forestry and Fisheries, 2020:2). 

 

Besides the food’s condition, D:APIS also checks whether the packaging used meets the 

prescribed requirements. According to the regulations, all cartons must carry certain 

markings which are used to provide the customer with the most important fruit specifications 

of that batch (Department of Agriculture, Land Reform and Rural Development, 2020b:308; 

Respondent A, 2021). Each box must contain information about: 

 - Country of origin; 

 - Class of the product (Quality); 

 - The name and address of the exporter and / or packhouse; 

 - The Producer Unit Code (PUC) 

 - The packhouse code (PHC) 

 - The product type; 

 - The variety; 

 - The count (or size) of the product. 

 

Once all checks comply with the regulations set, the phytosanitary certificate is issued to the 

fruit grower for the batch inspected.  

 

The PPECB has been mandated by the DALRRD to deliver food safety audits and quality 

inspection services on perishable products destined for export. The PPECB is South Africa’s 

official quality certification agency. Assessors are stationed across South Africa and deliver 

inspection services on 200 product types at more than 1 500 locations. To have export-ready 

fruit it is imperative to have quality control and traceability measures in place that start at the 

production phase. Local and international laws, regulations and protocols require all farms 

that handle fresh produce to follow certain basic good agricultural practices. The quality 

check is mandatory and provides European importers certainty that the fresh produce is safe 

and traceable. Approved export products carry the PPECB “passed for export” stamp, which 
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is regarded as a symbol of quality assurance to clients and consumers in the European 

Union (Department of Agriculture, Land Reform and Rural Development, 2020b:309). 

Inspection results are processed and captured in TITAN 2.0® by the PPECB inspector. 

TITAN 2.0® is an application that enables entities to transfer information across the supply 

chain. The application is designed for all PPECB’s stakeholders, from fruit growers to 

importers, and aims to eliminate all manual processes related to quality and phytosanitary 

inspections.  

 

Regarding the involvement of the information flow from a fruit grower’s perspective, the 

involvement ends as soon as the inspections have taken place and the phytosanitary 

certificate, quality certificate and packing slip have been issued and shared with the 

customer together with the fruit specifications (Respondent A, 2021).  The packing slip and 

its purpose will be further explained in Section 5.3. The information flow from a fruit grower’s 

perspective is visualised in Figure 5.2.1 
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Figure 5.2.1 Cross-functional flowchart information flow fruit grower’s perspective 
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5.3 Information management at packhouse facilities   

After the fruit has been harvested, it is transported to a packhouse facility. Packhouse 

facilities are the second link in the South African fruit export supply chains and are owned by 

fruit growers, produce exporters, or by independent organisations. Some fruit growers have 

their growing and packing process integrated at one farm. This is more likely at fruit 

commodities that are more vulnerable for exposure to higher temperatures after they have 

been harvested or where the lead time is crucial, for instance with table grapes. This is less 

likely for citrus and pome fruit since these have a stronger peel which makes these 

commodities less vulnerable. Nevertheless, to maintain the quality of fruit, lead time and 

exposure must be kept to a minimum (Respondent B, 2021).  

 

Like any other industry operator, the packhouse facility must register with the Department of 

Agriculture, Land Reform and Rural Development in order to obtain a unique PHC code. 

This code is needed by the packhouse facility to register for inspection at the PPECB. 

Inspections conducted by the PPECB are mandatory for the export of fresh produce. 

Inspectors examine whether the packhouse complies with the food and safety standards set 

by the Department of Agriculture, Land Reform and Rural Development in collaboration with 

the PPECB. A facility can only register at the PPECB if it is in possession of a cold chain 

certification and if they comply with the SA GAP safety standards (or with a standard 

comparable to this trademark). All incoming batches need to be registered with the PPECB 

to ensure traceability. Registration is required for the export certificate issued in a later stage 

in the supply chain. The export certification is needed for the declaration of freight at customs 

(Respondent B, 2021; Respondent I, 2021). For a more detailed explanation of any of these 

inspections conducted by the PPECB, refer to Section 5.8. 

 

In general, the packhouse facilities operate according to two different business models that 

differ in the ownership of fresh produce. According to the first business model, the entity 

takes over ownership of the fresh produce once the batch has been bought (Respondent B, 

2021). The second business model reasons from a service-providing perspective. With the 

second model, a packing fee is charged for each batch sorted. The client can either be the 

fruit grower or the fresh produce exporter depending on the agreement between the two 

entities. However, the business model chosen has no further influence on the exchange of 

information or the data elements between the parties on industry level (Respondent B, 2021).   

 

At the start of the season, the produce exporter shares a time frame with the expected sales 

rate for that period. In collaboration with the fruit grower, the packhouse facility estimates the 
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extent to which they can meet the client’s demand in terms of expected harvest and capacity. 

These two factors are matched for efficiency purposes in the exporting process. The actual 

flow starts as soon as the packhouse facility receives a purchase order from the produce 

exporter. Important data elements include the fruit commodity that needs to be packed, the 

price, the weight, and the delivery date (Respondent B, 2021). From then on, the fruit grower 

checks the resource planning to see how much fresh produce needs to be shipped to the 

packhouse facility. Depending on the agreement between the packhouse facility and the fruit 

grower, the packhouse facility takes responsibility for arranging transport from the fruit 

grower to the packhouse. That is where the physical involvement of the packhouse facility 

starts (Respondent B, 2021).  

 

Before the fresh produce is unloaded by the logistics service provider, the phytosanitary and 

quality certification, as well as the packing slip, are shared by the fruit grower. The 

certifications are both shared via the PPECB’s system named Titan which will be further 

explained in Section 5.8. The packing slip can either be shared in hard copy or digital format 

depending on the technological assets of the fruit grower. Data elements captured on the 

packing slip are among (Respondent A, 2021; Respondent B, 2021): 

- Total number of bins transported; 

- Bin numbers; 

- Type of commodity; 

- The orchard number where the commodity was harvested; 

- At what time of day the fresh produce was harvested.  

 

After the goods have been unloaded and delivered at the packhouse, the facility receives a 

copy of the shipping document. The driver will ask a mandated employee to sign the original 

document, which will be taken by the driver for administration purposes. The shipping 

document functions as proof for the delivered goods. The bins get weighed on a platform 

scale for production and financial administration purposes. The weight of each bin is 

processed in the stock system together with the bin number and the date when the bin was 

weighed. Some packhouses use more advanced technologies such as scanning devices. In 

this instance, barcodes can be scanned, after which the bins get registered in the system 

and data can be added more easily (Respondent B, 2021).   

 

In the meantime, packing instructions are shared by the packhouse’s client. These 

instructions are sent before the start of the sorting process and entail all information needed 

to make sure that the fresh produce is packed according to the customer’s requirements. For 

instance, it entails information in what order fruit has to be packed for which client, the 
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number of boxes that have to be packed, and which carton to use. (Respondent B, 2021; 

Respondent E, 2021). 

 

The sorting process can be started as soon as the bins are weighed and the packing 

instructions are received. Fresh produce gets sorted according to colour and weight and gets 

packed separately. Only if the fresh produce does not meet the predefined quality standards, 

it gets separated and culled from the production process. Reasons for rejection might be: 

wind carving, picking injuries, black spots, mealybug, bot worms, looper, fruit flies, bud mite, 

and rust mite. A sample is taken of the rejected fruit and the details are captured on a 

spreadsheet. The spreadsheet keeps track of the reason and what quantity of fruit has been 

rejected. The “culling results” are shared with the fruit grower afterwards. The data are 

captured in a spreadsheet file and shared via internet if possible. The culling results are used 

for improvement purposes for the next season’s harvest (Respondent A, 2021; Respondent 

B, 2021).   

 

After the fruit has been classified and packed according to its weight and colour, it is ready to 

be palletised. The pallet gets weighed on another platform scale. The results are used to 

avoid overloading the truck and for the preparation of the invoices. The weight of all pallets is 

entered in the stock system together with the results on the HACCP and Quality 

management System document (HQS). By entering this data the stock system is able to 

create a pallet ID, format the dispatch file, and print the labels which are pasted on the 

pallets before these are dispatched (Respondent B, 2021; Respondent C, 2021). 

 

The HQS document is a formalised document set up by the operational department of the 

packhouse facility which presents relevant details of each pallet. The data elements captured 

on the HQS document are (Respondent B, 2021): 

- Pallet ID; 

- The weight; 

- Number of cartons on the pallet; 

- PUC code; 

- PHC code; 

- Date of packing; 

- Target market; 

- Type of carton the fruit has been packed in.  
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After the weight and the HQS document have been manually processed into the system, the 

shipping labels can be printed. The labels are pasted on each outgoing pallet for traceability 

purposes and operational efficiency. Pallet labels contain the following data elements:  

- Pallet ID (barcode); 

- The type of commodity; 

- Phytosanitary class; 

- Weight; 

- Packing date; 

- Production unit code; 

- Packhouse code; 

- Number of packing line on which fruit has been packed (Respondent B, 2021).  

 

Throughout the packing process, a pallet intake file (PI file) is shared with the produce 

exporter. The document is shared as soon as all data elements are entered into the stock 

system and the palletisation of fruit has been completed. The PI file functions as an 

indication to confirm that fruit is ready to be dispatched. Meanwhile, the pallet is stored and 

kept on stock. The produce exporter receives a pallet stock file (PS file) daily which functions 

to remind the produce exporter of how many pallets of each fruit type are ready to be 

dispatched. This information is used by the client for their distribution planning (Respondent 

A, 2021).  

 

The dispatch file, also known as the consignment note, is a document accompanying the 

consignment of goods in transit. It must be signed by the consignee on delivery and acts as 

evidence that the goods have been received. The consignee is in most cases the cold store 

facility where the pallets are stored before these are shipped to their target market. The 

consignment note needs to be signed by the PPECB as well as the packhouse manager 

before the freight leaves the packing facility. The document acts as an extra check to ensure 

that the actual cargo coincides with the document and to ensure that food safety regulations 

and traceability requirements are met. The original document is sent as a hard copy along 

with the consignment to the consignee. A copy is shared with the fresh produce exporter 

which is needed for the arrangement of export documentation. Data elements presented on 

the consignment note partly overlap with the data presented on the PI file, PO file, and the 

PS file. Data elements stated on the consignment note are:  

- Details of the receiving party (delivery address, name etc.); 

- Pallet ID’s; 

- Weight of each pallet; 

- Number of cartons on each pallet; 
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- PUC code (orchard number in case of citrus); 

- PHC code; 

- Date of packing; 

- Target market; 

- The carton used for each pallet (Respondent B, 2021). 

 

Product flow wise, the involvement of the packhouse facility in the fruit export supply chain 

ends as soon as the truck has been loaded for dispatch (subject to agreement on who is 

deemed responsible for the arranging of transportation). From that point on the risk shifts 

from the packhouse facility to the cold store facility / produce exporter (Respondent B, 2021). 

As soon as the truck is ready to go, the PO file is formatted and sent to the produce exporter. 

(Respondent A, 2021). Information flow-wise, the involvement ends as soon as the dispatch 

note, the phytosanitary certificate, and quality inspection certificate are shared with the 

produce exporter. The original copy of the dispatch note is sent along with the freight to the 

cold store facility and the produce exporter receives a copy of the document (Respondent B, 

2021).  

 

A visualisation of the information flow and the exchange of data with other relevant industry 

organisations is presented in Figure 5.3.1. Due to the deviating product flow between citrus, 

pome fruit, and table grapes in packhouse facilities, these processes have been recorded as 

product handling, intake, and storage in the cross-functional flowchart. For a more detailed 

product flow per fruit type refer to Section 2.2.2. The three separate product flows do not 

reflect further on individual information flows.   
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Figure 5.3.1 Cross-functional flowchart information flow packhouse’s perspective 
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5.4 Information management at cold store facilities  

Cold store facilities fulfil a prominent role in the export supply chain as these are the last stop 

before fruit gets shipped to its target market. These take care of the storage of fresh produce 

under conditioned circumstances to preserve the fruit’s quality so far as possible. The fresh 

produce is kept in storage until instruction is given by the customer to load it for shipment. 

For an efficient process, cold store facilities are located close to container terminals where 

the fruit can be loaded for conventional or containerised shipment. Others are based on land 

either at the fruit grower’s premises, packhouse facilities, or an independent organisation. 

This is most often seen as table grapes are loaded into reefer containers and then 

transported to the container terminals.  

 

Just as for many other South African links in the fruit export supply chains, the cold store 

facility needs to register the incoming batches with the D:APIS. All batches must be 

registered with the Commercial Cold Store (CCS) code, a unique code that every cold store 

has to obtain before they may handle the export of fresh produce. Registration helps to 

facilitate the traceability process of regulated plant products or products of plant origin one 

step upstream or downstream in the export supply chain (Department of Agriculture, Forestry 

and Fisheries, 2020:2). 

 

The contractor of the cold store facility can either be the fruit grower, produce exporter, or 

freight forwarder. Regardless of who the contractor is, the business philosophy of the cold 

store facility is to handle the fresh produce but not to take over the ownership of it. Since not 

all links in the export supply chain possess the infrastructure needed to store fresh produce, 

cold store facilities offer services for the conditioned storage of fresh produce. Therefore, the 

cold storage facility is more of a service provider than a trader in fresh produce. This means 

that the customer retains ownership of the fresh produce during the process. Conditioned 

storage of fresh produce must comply with the protocols and regulations set by the PPECB 

and DALRRD (Respondent C, 2021;  Respondent D, 2021). 

 

The involvement of the cold store facility in the fruit export supply chains can be divided into 

the physical flow of goods and the information flow. The physical involvement starts as soon 

as the fruit arrives at the facility. Only if agreed otherwise, the risk shifts from supplier to the 

cold store facility once the truck is unloaded, and the intake has taken place right after that. 

Before the actual produce arrives, the cold store receives the packing list (EDI-file) which 

contains all the specifications of the fruit, including information about the orchard, variety of 

fruit, and the customer. This file is automatically pulled into the stock system. Paltrack and 
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Profit are two examples that are commonly used in the industry (Respondent D, 2021). From 

the EDI-file, the pallet intake file (PI-file) which is used at the intake process is configured 

and printed. This document contains all the information necessary to check whether the 

physical delivery is in accordance with the data provided, including the variety, weight of the 

batch, and the total number of pallets delivered. If the delivery seems to be in accordance 

with the documentation, the form is signed by the producer, carrier, and the PPECB 

(Respondent C, 2021).  

 

The phytosanitary check and quality check must take place no more than two days before 

the fruit is transported to the cold store facility. The phytosanitary check is usually conducted 

by the D:APIS. In some cases, a mandate is given to the PPECB to conduct the 

phytosanitary check instead of the D:APIS. The PPECB is also responsible for the quality 

check and they issue the quality certificate. Most checks are arranged and conducted at 

packhouses. On some occasions, fruit comes straight from the orchard. In this case, batches 

might not yet have been inspected and no quality certification has been issued by the 

PPECB. Dependent on the agreement, the cold store facility is responsible for the check that 

has to take place before the fresh produce arrives (Respondent C, 2021).   

 

The phytosanitary check must determine whether fruit is classified as A, B, or C. The 

classification is decisive for the storage conditions under which fruit has to be stored and the 

procedures that need to be followed. Fruit categorised in division A has a higher quality 

compared to division C. The division the fruit belongs to is stated on the phytosanitary 

certificate that is shared with the cold store facility before the freight arrives (Respondent A, 

2021; Respondent C, 2021). The procedures and storage conditions are set by the 

regulatory bodies of the target market and can differ per classification and country. 

Therefore, it is essential that the cold store facility gets informed about which target market 

the batch belongs to. This information is given by the produce exporter. The phytosanitary 

certificate is checked upon arrival which will be decisive for further handling of the batch. 

After intake, the batch is given a pallet location within the cold store facility that is tracked by 

the cold store facility’s stock system (Respondent D, 2021).   

 

Besides the EDI-file and the PI-take file, the pallet stock file (PS-file) and the pallet out file 

(PO-file) also contain relevant information that is involved in the export process. The PS-file 

is a document that is sent daily to the exporter and is a snapshot of all pallets ready to be 

dispatched. The PO-file is created and sent to the exporter while freight is loaded in the 

container with the purpose of confirming that the fruit is on its way to the container terminal 

where it gets shipped. The PO-file contains different data elements, among these are the fruit 
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specifications; the information needed for shipment, such as actual variety, unit type, weight, 

pallet ID, pack location code, and original depot. Since the record contains codes of all 

facilities that are involved in the route before the fresh produce gets shipped, it is possible to 

trace down the route to see when it first entered the system. Fruit specifications stated on the 

PO-file need to correspond with the specifications on the PI-file at all times. If not, the 

PPECB will not allow the batch to be dispatched before it is rechecked and the documents 

are adjusted. To make sure that all hygiene procedures and storage conditions are 

maintained, the PPECB is on site while containers are loaded and unloaded. They also 

check whether the reefer containers used are clean and cooled to the right temperatures. 

The physical involvement of the cold store facility ends once the containers are loaded and 

sealed. From that moment the risk shifts to the next party downstream the export supply 

chain. From an information flow perspective, the involvement of the cold store facility ends 

after the PO-file is sent and the packing list is returned to the cold store facilities customer 

(Respondent C, 2021;  Respondent D, 2021). A visualisation of the information flow from the 

cold store facility’s perspective is presented in a cross-functional flowchart, Figure 5.4.1. 
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Figure 5.4.1 Cross-functional flowchart information flow cold store facilities perspective 
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5.5 Information management at produce exporters 

Produce exporters are concerned with the intercontinental trade of fresh produce whereby 

they aim to find suitable target markets with the selling conditions. Like any other party within 

the fruit export supply chains, the produce exporter must comply with all the food safety 

regulations that are imposed by the local authorities and regulatory bodies. Therefore, a well-

organised exporting process is essential to avoid any delays in the process or the rejection of 

cargo. Meanwhile, phytosanitary and quality requirements need to be met and the correct 

documentation needs to be collected and be accurate.  

 

In general, exporting organisations follow three types of business models and these will be 

explained further. According to the first business model, produce exporters combine the 

farming process with their export activities. In this situation, the farm is part owner of the 

produce exporter. This principle makes produce exporters able to manage the exporting 

process from farm to export. It benefits the adaptability of the export organisation to 

anticipate the changing market circumstances. The second business model is based on the 

affiliation of the exporting organisation to the growing process. In this instance, the produce 

exporter does not take ownership of the farm but keeps the fruit grower informed about the 

evolvement of the target market and how customers’ needs are changing over time. Factors 

like market demand, import regulations, or food safety might influence the management of 

business operations. A strong collaboration between farmer and produce exporter helps to 

align daily processes and to serve the market to its fullest. The third business model is based 

on the stock buying principle. An excessive amount of fresh produce and a surplus of stock 

gives produce exporters the possibility to buy these up and to offer these to target markets 

against better prices (Respondent E, 2021). This business model is at the highest risk of the 

three since the produce exporter is dependent on the harvesting.  

 

Like all other parties in the supply chain, the exporter needs to register the organisation at 

the DALRRD. This needs to be done before the organisation is involved in any export 

businesses. Registration is necessary because each shipment has to be registered as well at 

the D:FSQA with an unique FBO code (Department of Agriculture, Forestry and Fisheries, 

2020:2; Department of Agriculture, Land Reform and Rural Development, 2020b). 

 

The produce exporter fulfils a central role in the exporting process and is directly in contact 

with multiple organisations. Therefore, it is key that information is accurate and complete to 

prevent any miscommunication and delays. To get the freight delivered to the customer, 

information flows to multiple organisations including the packhouse facility, cold store facility, 
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freight forwarder, and the customer. The information flow to each of these organisations will 

be discussed.  

 

Information flow wise, the involvement of the produce exporter starts as soon as the 

purchase order is sent to the produce exporter’s first-tier supplier. This could either be the 

fruit grower with their own packhouse facility or an independent packhouse organisation. In 

return, the exporting company receives a PI-file, PO-file, phytosanitary and quality 

certification, and a copy of the dispatch file while the freight leaves the depot or thereafter. 

The dispatch file contains all necessary information about the freight including fruit 

specifications, amount / weight / number of pallets, the transporter, FBO code, PUC code, 

and PHC code. This file is sent together with the pallet-out file and the phytosanitary 

certificate and the quality certificate (Respondent E, 2021).   

 

The PI-file is created by the packhouse after the fresh produce has been palletised. It 

confirms to the exporter that the fresh produce has been packed and is ready to be 

dispatched. After the file has been received, it is sent downstream to the cold store facility. 

The PI-file is used to check whether the incoming freight is affiliated with the physical 

delivery. The PO-file is intended to be confirmation that the freight is on its way to its 

destination (Respondent C, 2021).  

Before the fresh produce arrives at the cold store facility, the exporter has determined and 

communicated which target market the fruit is destined for. In order to be sure that the right 

protocols are maintained on site, different protocols have been drawn up for each 

phytosanitary classification. These can vary per target market. Protocols and regulations are 

imposed by the authorities and regulatory bodies of the importing country. It is to the benefit 

of the produce exporter to communicate in time which target market the fresh produce will go 

to (Respondent E, 2021). The electronic EDI-file (packing list), dispatch note, phytosanitary 

certificate, and quality certificate are sent before the freight arrives at the facility. The 

electronic EDI-file contains fruit specifications of the incoming freight and is sent digitally. The 

cold store facility is able to upload the file into their ERP-system so all data are available in 

their system right from the beginning. Data elements presented on the EDI-file are 

(Respondent E, 2021):  

- Fruit type; 

- The amount of incoming freight; weight / number of pallets; 

- Type of packaging; 

- Date of packaging;  

- Whether the fruit is already labelled; 

- What orchard the fresh produce is coming from (PUC-Code); 
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- Which packhouse packed the fruit (PHC-Code); 

- Name of exporter. 

 

The freight forwarder is one of the other stakeholders who fulfils a prominent role and 

collaborates closely with the shipper. The freight forwarder specialises in the arrangement of 

cargo shipments, which will be outlined in further detail in Section 5.6. This organisation 

keeps the produce exporter updated when it comes to shipping notifications (name of boat, 

time of departure, and the estimated time of arrival) and they are able to manage specific 

export, import, and transport documentation. First, a booking must be made by the produce 

exporter at the freight forwarder wherein it is stated what, when, and where the freight has to 

be exported to. This information is captured in the letter of instruction. In order to arrange the 

export and import clearance, multiple data elements are needed by the freight forwarder from 

the produce exporter including (Respondent E, 2021):  

- Booking document; 

- Authority documents;    

- Phytosanitary certificate; 

- PPECB export certificate;  

- Packing list; 

- Pallet migration certificate; 

- Q10 / Q58 inspection form. 

 

The packing list is shared with the customs at the port of destination. They may use the 

packing list to identify the location of certain packed items they want to inspect. The packing 

list identifies items in the shipment and includes the net and gross weight and dimensions of 

the packages. The shipper’s letter of instruction contains instructions meant for the freight 

forwarder on how and where to handle the export shipment. The produce exporter grants 

permission to the freight forwarder to act as the authorised forwarding agent for export 

control and customs. This is often captured in the authority documentation (Respondent E, 

2021). Other relevant forms and data elements that need to be handed over from the 

produce exporter to freight forwarder are outlined further in Section 5.6. 

 

Either the freight forwarder or the carrier has to issue the Bill of Lading / Sea Waybill based 

on the packing list sent by the shipper. The main difference between the Bill of Lading and 

the Sea Waybill is that a Sea Waybill allows the carrier to deliver the goods to the person 

who identifies himself as the consignee. Sending a Sea Waybill is done digitally. A Bill of 

Lading is a paper ownership document that represents the value of the goods. The document 

is issued by the shipping company or the freight forwarder. It functions as a declaration that 
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the goods stated on the Bill of Lading have been loaded. Upon arrival at the port of 

destination, the Bill of Lading serves as proof of ownership. The goods can only be received 

after the presentation of the original Bill of Lading. The advantage of a Bill of Lading 

compared to a Sea Waybill is that the shipper can only release goods when the recipient has 

paid the terminal handling costs. The disadvantage is that it takes longer to send the 

document and that the envelope containing the document can get lost. For shipments where 

the shipper is assured of payment, a Sea Waybill is preferred (Respondent E, 2021; 

Respondent G, 2021). 

 

Before the freight gets shipped to the importing country, the pro forma invoice is sent to the 

consignee of the goods. The invoice describes the purchased items as well as other 

information such as the shipping weight and transport charges. The pro forma is different 

from a price quotation in that it is a binding agreement. Pro forma invoices often come into 

play with international transactions, especially for customs purposes on imports. The 

commercial invoice is the final invoice and represents the actual amount shipped and the 

costs that have been made. Commercial invoices are sent for accounting and payment 

purposes (Department of Agriculture, Forestry and Fisheries, 2014). The aim and use of 

these two documents are further explained in Section 5.6.  

 

In the meantime, the shipping company keeps the freight forwarder updated about the 

shipping notifications and they send this information forward to the importing company. This 

information is relevant for the importer to organise their planning and operations to prepare 

for the incoming freight. Besides the shipping notifications, the freight forwarder sends other 

data including the phytosanitary certificate, Bill of Lading / Sea Waybill, packing list, and the 

mate’s receipt. Regarding the mate’s receipt, the document is returned by the shipper and 

signed by the officer of the vessel to acknowledge the goods received but not yet loaded on 

the ship. Before goods are loaded on board, they are inspected by tally clerks who record the 

date of loading, number of individual packs and note any defect or comment about the 

condition in which the goods are received (occurs for conventional shipment only). An extra 

check is done to check if the genset is still working properly to prevent any temperature 

breaks. In case of any adverse observations, the mate’s receipt is qualified and stated to be 

unclean. If there are no adverse observations, the mate’s receipt is termed clean 

(Respondent E, 2021; Respondent F, 2021). 

 

The genset unit attached to the reefer container is used as a power source to keep the 

shipment cooled. If the container is not cooled properly, it could affect the quality and 

condition of the fruit. To make sure no temperature breaks occur during shipment, 
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temperature devices are placed in the container by the shipper before sealing. These 

devices measure the conditions within the container and log data on the internal storage that 

can be read upon arrival by the quality inspector on behalf of the importer.  

 

The agreed incoterm defines when the responsibilities for a shipment shift from the produce 

exporter to importer. It determines who is responsible for the arrangement and costs of what 

part of the shipment, where the risk shifts, and whether the shipment must be insured. Cost, 

Insurance, and Freight (CIF) is a common incoterm applied in the South African fruit industry. 

According to the CIF incoterm, the importer’s risk shifts as soon as the freight is loaded on 

the vessel at the port of departure. In case of any temperature breakdowns or container 

damage during shipment, one of these two organisations can declare the shipping company 

in default. The shipping company has ownership of the containers and is responsible for their 

functioning. If the three parties do not come to an agreement for compensation, a survey can 

be started. Each party is represented by a surveyor who determines the effect of the 

temperature breakdown on the fruit’s quality. They determine the final damage and what 

financial compensation would be appropriate (Respondent E, 2021; Respondent G, 2021).  

 

Based on the CIF incoterm, the involvement of the produce exporter ends as soon as the 

freight has been unloaded from the vessel and the importer has agreed on the quality check. 

The necessary documents and data elements are exchanged before the ship docks at one of 

the terminals to make sure that the importer is able to clear the freight at customs and is 

ready to receive the incoming goods. A visualisation of the information flow from the produce 

exporter’s perspective is shown in Figure 5.5.1.  
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Figure 5.5.1 Cross-functional flowchart information flow produce exporter’s perspective 
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Figure 5.5.1 Cross-functional flowchart information flow produce exporter’s perspective (Continued)  
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5.6 Information management at freight forwarders 

Freight forwarders are one of a few links in the export supply chain that act as a service 

provider. Services offered by these entities can vary and depend on the organisation and 

their business model. Services offered by freight forwarders are arranging the packing 

process, arranging of cold storage, arranging of logistics, the preparation of export 

documentation, arranging transport, and import clearance. The majority of freight forwarders 

do not possess hard assets to execute these processes themselves. Instead they relieve 

their client by taking over the responsibility and management of the events requested. By 

their broad network, they are able to find a well-suited organisation to outsource these 

processes to help their client to focus on its core business. Events such as export and import 

clearance are taken care of by specialists who are employed by the freight forwarder. These 

events are the ones that freight forwarders are most often consulted for, and are thus taken 

as a starting point for this section. In all other cases, the flow of information and the 

exchange of data elements is no different from when the production facilities choose to 

manage these events themselves instead of outsourcing them.  

 

In contrast to most of the entities in the fruit export supply chains, the involvement of the 

freight forwarder is limited to information management and they are not directly involved in 

any product handling events. The involvement starts with the client’s booking. They are 

mainly the produce exporters. The booking often comes along with a letter of instruction that 

initiates:  

- What cargo needs to be shipped; 

- At what time slot it needs to be shipped (arrival vs departure);  

- Where it can be collected; 

- The final destination of the cargo; 

- Which events to organise with the freight forwarder.  

 

Based on the letter of instruction, the freight forwarder starts to look for suitable time slots 

and offers these to the produce exporter. It is up to the client which time slot and which 

shipping company to book. After confirmation, the letter of instruction is forwarded to the 

shipping company to inform them about the type of freight that will be loaded and shipped. 

Once the time slot has been booked, the freight forwarder can start collecting all documents 

needed for exports. Therefore, the input of the produce exporter is needed who shares the 

following documents: 

- Booking document;  

- Authority documents;    

Stellenbosch University https://scholar.sun.ac.za



142 
 

- Phytosanitary certificate; 

- PPECB export certificate;  

- Packing list; 

- Pallet migration certificate; 

- Q10 / Q58 inspection form. 

 

At the very start, the authority document needs to be signed by the client as proof that the 

freight forwarder is allowed to act on the clients’ behalf. The phytosanitary certificate is 

needed for the arranging of export certifications to get the freight at the South African 

customs. Any attachments to the certificate must bear the phytosanitary certificate number 

dated, signed, and stamped. In the case of citrus, for all consignments consisting of two or 

more PUCs, an addendum is mandatory that entails detailed information of which pallets 

originate from which fruit grower and which orchard. The addendum is used to aid with 

traceability should the consignment be intercepted by the importing country. The attachments 

should not contain any information that would not be put on the phytosanitary certificate itself 

(Department of Agriculture, Land Reform and Rural Development, 2020b:312; Respondent 

F, 2021). In case fresh produce has been stacked on wooden pallets, a pallet migration 

certificate is mandatory that confirms that the pallets are free of bugs. The aim of this 

certification is to prevent the moving of bugs to other parts of the word. For issuing this 

certificate, the pallet needs to undergo one of two approved treatment methods: heating 

treatment or fumigation treatment (Respondent F, 2021).  

 

With regard to shipments, all containers are equipped with temperature loggers that are able 

to keep track of the temperature within the container periodically. The temperature logger 

can be read upon arrival by the receiving party. All equipment must be tested and maintained 

by an accredited agent for issuing the service certificate. The certificate confirms  

that the equipment is in good working order and it needs to be forwarded to the PPECB. For 

examination, the PPECB inspection form (Q10) is a supportive document. Confirmation is 

stated in the confirmation form (Q58) (Respondent G, 2021; PPECB, 2011). 

 

By means of the earlier named documents and data elements shared by the produce 

exporter, the freight forwarder can prepare the transport, commercial, and the official 

documents. The data gets converted into the preparation of the documents and forms listed 

below:  
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Transport documents: 

- Bill of Lading / Sea Waybill; 

- Delivery note / proof of delivery; 

- Shipping instructions. 

 

Commercial documents: 

- Pro forma Invoice; 

- Commercial invoice; 

- Packing list; 

- Portnet combined export document; 

- Container terminal order. 

 

Official documents 

- Export certificates; 

- Bill of entry / Customs Declaration Form SAD 500;  

- Certificate of origin 

• Euro one (EUR1) document 

• Form A 

• SADC Certificate of Origin     

- Insurance certificate.    

 

Transport documents: 

Transport documents are contracts of the carriage of goods exchanged between different 

actors. The Bill of Lading represents the value of goods and is issued by the shipping 

company or the freight forwarder. The form functions as proof of ownership in the importing 

country upon arrival and has been discussed earlier in Section 5.5 (Respondent F, 2021; 

Respondent G, 2021). The delivery note accompanies the shipment of goods and is taken 

care of by the shipper or the logistics provider. It lists the product specifications such as the 

description and quantity of the freight transported. The document must be signed upon 

arrival and services three roles:  

- Cargo receipt: States that the goods have arrived. It accounts for the types of goods 

delivered, as well as all the specifications of those goods; 

- Title to cargo: Identifies the intended owner of the cargo; 

- Evidence of contracted carriage: The delivery note functions as a legal contract that 

binds the carrier and consignee (Flock Freight, 2021; Respondent F, 2021; 

Respondent G, 2021).  
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The shipping instructions are provided by the freight forwarder to the shipping company and 

contain further details of the cargo to be shipped and the requirements / conditions under 

which the freight has to be transported. The shipping instruction contains basic information 

that is also needed to draw up the Bill of Lading, such as:  

- Booking number; 

- Involved parties, including shipper, consignee, and the notify party which is in most 

cases the broker consulted by the importer; 

- Place of receipt; 

- Port of loading; 

- Port of discharge; 

- Final destination; 

- Container number; 

- Seal number; 

- Cargo description / weight and measurement; 

- Payment terms (Respondent F, 2021; Respondent G, 2021).  

 

Commercial documents:  

In general, commercial documents are written records of commercial transactions describing 

various aspects of them. The pro forma invoice is one of these and is meant to mirror the 

commercial invoice but is sent beforehand by the fresh produce exporter. In some cases it is 

used as the first legally binding offer. In other cases, it functions as a confirmation for the 

importer’s purchase which should then be stated explicitly on the form. The pro forma invoice 

specifies the basic terms of sale, prices, delivery information, and payment terms and is used 

in importing and exporting to declare the value of goods for customs. Therefore, a packing 

list is attached that details which items are shipped and packed on each individual pallet 

(Department of Agriculture, Forestry and Fisheries, 2014). In contrast to that, the commercial 

invoice is the final invoice and must be prepared by the fresh produce exporter based on the 

actual amount of fresh produce shipped and costs incurred. It is most often used for 

accounting and payment purposes. The commercial invoice should include the following data 

elements: 

- Invoice information; 

- Shipper information; 

- Shipping information (refers to the transport / date of export); 

- Shipment information (Refers to the information about the goods to be shipped); 

- Shipment; 

- Consignee information (Lynden, 2021; Respondent G, 2021). 
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The Portnet combined export document is used for containerised cargo. The document acts 

as a wharfage clearance certificate in terms of which Portnet wharfage charge is declared 

and paid to the harbour revenue authorities. Wharfage is paid to Portnet and covers the berth 

infrastructure costs. It also serves as an instruction to the container terminal for receiving the 

fresh produce at the harbour and to ship these. Shipping charges are also paid against the 

combined export document levied by Portnet, which covers shore handling costs and the use 

of cranes for (un)loading of the containers. The harbour revenue authorities require the 

original plus several copies after these have been stamped by customs. On presentation of 

this document, the exporter / freight forwarder is required to pay the shipping fee and/or 

wharfage clearance charge (Mbendi, 2018; Respondent F, 2021).  

 

The container terminal order (c.t.o.) is required for all containerised exports. The c.t.o is the 

prime document that is used by the port to accept export containers into the terminal or to 

release import containers out of the container terminal. It is lodged with the carrier once the 

goods have been cleared through customs and the wharfage charge has been paid. The 

carrier / container operator will request the customs stamped bill of entry document prior to 

stamping the c.t.o. The bill of entry is on the document which the customs stamps and 

confirms that the cargo is allowed to be exported or imported. Data elements captured on the 

bill of entry include a description of the goods, number of pallets / cartons, weight, and 

taxable amounts. The documents are submitted to the Commissioner of Customs (a sub-

department of the SARS) at the time the goods are exported (Mbendi, 2018; Respondent F, 

2021; Respondent G, 2021). 

 

Official documents 

Products and fresh produce regulated by the DALRRD need to be inspected by the PPECB. 

Only if these products pass the phytosanitary inspection and the samples have been 

analysed by the laboratory, are the related certifications are issued, including the 

phytosanitary certificate, the certificate of analysis, and the export certification. The export 

certification is only issued on the basis of the presentation of a valid pallet migration 

certificate. All wooden pallets need to undergo a fumigation or heat treatment to make sure 

they are free of elements that endanger public health or local cultivation of the importing 

country (Department of Agriculture, Forestry and Fisheries, 2014:9; Respondent F, 2021; 

Respondent G, 2021).  

 

The customs declaration form (SAD 500) is a South African document required by the South 

African Revenue Service. This document ensures that exported goods are properly declared. 

It has to be submitted to the Commissioner of Customs at the time that the goods are 
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exported and is only issued on the display of a valid export certificate issued by the PPECB 

and the packing list. The documents need to be approved by Customs before clearance. In 

the past, this document was known as the Bill of Entry which now has been replaced by the 

SAD500. The SAD500 must be signed, stamped, and returned by customs. Data elements 

captured on the bill of entry include: description of the goods, number of pallets / cartons, 

weight, and taxable amounts. Upon receipt of the export certification and the SAD500, the 

exporter can arrange for export customs clearance and for shipment to the foreign country in 

accordance with the terms and conditions of the contract of sale between the seller and the 

buyer (Department of Agriculture, Forestry and Fisheries, 2014:9; Respondent F, 2021; 

Respondent G, 2021). 

 

Besides the export documentation, fresh produce exporters and / or importers can benefit 

from trading preferences agreed between two or more countries. South Africa has trade 

agreements with the European Union that enables importers to import fresh produce at 

reduced import duty. This makes it less expensive for importers who are more interested in 

importing fresh produce from countries where a reduced import tax is levied than from 

countries with no trade agreement. To benefit from such trade agreements, a certificate of 

origin is needed which certifies the produce exporter from which the goods originated. The 

reduced import rate can differ per commodity and per country. The preferential import duty 

rate allowed under the trade agreement will apply only if a valid certificate of origin is 

presented. Types of certification of origin administered by the South African Revenue Service 

are: EUR1 certificate, Form A, and the SADC Certificate (Department of Agriculture, Forestry 

and Fisheries, 2014; Respondent G, 2021). 

 

The EUR1 document is also known as the ‘movement certificate’, which enables importers in 

certain countries to import goods at reduced or nil rate of import duty under trade 

agreements between the European countries with other countries or a group of countries. By 

using this document, importers can make use of these tariff preferences (Chamber 

international, 2021; Department of Agriculture, Forestry and Fisheries, 2014:20). Form A is a 

certificate that proves the origin of goods from specific developing countries. This certificate 

is used for obtaining discounts or an exemption from tariffs for exported goods to the 

European Union (Kamer van Koophandel, 2021; Department of Agriculture, Forestry and 

Fisheries, 2014:20). South African exporting companies are eligible for the SADC certificate 

that gives exporters a competitive advantage as there is little or no import duty charged on 

cargo. The lower the importer’s costs, the more attractive fresh produce is for importing 

companies (Department of Agriculture, Forestry and Fisheries, 2014:20).  
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Insurance is mandatory under the CIP and CIF incoterms. According to both these two 

incoterms, the produce exporter is responsible for procuring marine insurance during 

transportation. Specific insurance companies specialise in offering insurance for sea freight. 

The policy schedule is shared with the consignee upon request. (Department of Agriculture, 

Forestry and Fisheries, 2014; Respondent G, 2021). 

 

Whether the freight forwarder is mandated to be in direct contact with the importer differs 

from client to client. If direct contact is not permitted, documents and updates about the 

shipment are sent via the produce exporter which decreases the efficiency and increases the 

lead time of processing information. During transport, the freight forwarder updates the 

importer about shipment regarding the name of the boat, delays occurring, and the expected 

time of arrival (ETA). Approximately 20% to 40% of the documentation is sent in hard copy 

and needs to be scanned in order to store and transfer these digitally. It differs per event, 

agreement, and incoterm where the involvement of the freight forwarder ends  (Respondent 

F, 2021; Respondent G, 2021).  

  

Figure 5.6.1 depicts the information flow from the freight forwarder’s perspective. The flow of 

information and the data elements exchanged are subjected to the incoterm agreed between 

the produce exporter and importer. This figure assumes that the freight forwarder has been 

consulted by the produce exporter for the arrangement of transport and export clearance.  
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Figure 5.6.1/1 Cross-functional flowchart Information flow Freight forwarder’s perspective 
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Figure 5.6.1/2 Cross-functional flowchart Information flow Freight forwarder’s perspective 
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5.7 Information management at importers  

The majority of fruit exported from South African goes to the European and United Kingdom 

target markets via ports located in the Netherlands, Belgium, and England. The main ports 

used are the Port of Rotterdam, Port of Antwerp, Port of Tilbury, and the Port of Portsmouth. 

The importer is concerned with the clearing process at the customs and transit of fresh 

produce onward towards the retail industry. Some importers collaborate with import agencies 

/  cold store facilities who relieve them from custom formalities. Importers with cold store 

facilities are often located next to the seaport where fresh produce can easily be stocked, 

whether it is transported by conventional or containerised shipment. It increases operational 

efficiency and keeps the cold chain closed so far as possible.  

In general, two different business models are often applied by the importing organisations. 

The importer can either engage long-term relationships with its South African supplier or 

might analyse the global market, constantly looking for batches with the best price / quality 

ratio. Long-term relationships between the importer and the South African supplier help to 

align the market demand with the offer. At the beginning of the season, importers share their 

data in the form of a demand plan with the expected sales rate per fruit type per time frame. 

Based on this information, the South African fruit exporter evaluates to what extent it expects 

to be able to fulfil the demand by the European importer. In case of excess demand, the 

gaps are filled by secondary suppliers. The second business model (described in section 5.2) 

is at higher risk since it is highly dependent on the yield of that season. Good yield results in 

a greater offer of fresh produce whereby the importer can benefit from the market surplus 

(Respondent G, 2021).  

The involvement of the importer can be defined from a product flow perspective as well as 

from an information flow perspective. From the information flow perspective, the involvement 

of the importer in the supply chain starts as soon as the purchase order is sent to the South 

African fresh produce exporter. Besides the contact details and the physical addresses, the 

most important data elements stated on the purchase order are the type of fruit ordered, 

demanded quality, and the requested delivery date. As soon as the purchase order is 

confirmed and both parties have agreed on the conditions such as the incoterm, the order is 

filled by the grower and then shipped to the port of destination. Meanwhile, the importer gets 

notified from time to time of the most recent shipping notifications by the produce exporter / 

freight forwarder. The shipping notifications state which batches are shipped, when these are 

shipped, and when the arrival is expected at the agreed port, estimated time of arrival (ETA). 

In total, eleven different incoterms exist where four can be exclusively applied for sea 

transport. Regarding the fruit supply chain, CIF is one of the most common incoterms 
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applied. At the latest two weeks after shipment, exporting and shipping documents are 

received by the importer. These documents involve: the mate’s receipt, the South African 

phytosanitary certificate, and the Bill of Lading / Sea Waybill. The mate’s receipt 

acknowledges the goods were loaded on the ship and contains many relevant data 

elements, among:  

• Fruit specifications; 

• Weight of the freight; 

• Number of pallets; 

• Type of packaging; 

• Date of packaging; 

• Whether the packaging is already labelled;  

• The PUC code; 

• The PHC code; 

• The CCS code; 

• The name of the boat (Respondent G, 2021). 

Either the Sea Waybill or the Bill of Lading is sent to the importer. The Sea Waybill can be 

seen as the digital version of the Bill of Lading. Both documents are issued by the carrier or 

the freight forwarder and are used as a receipt and proof of ownership. Besides shipment 

details and the contractual agreement, special instructions are written on how to handle 

freight with care. On presentation of one of these two documents, the importer is able to 

collect the container at the container terminal. The fresh produce exporter is responsible for 

the accuracy and completeness of all documents shared with the European importer 

(Respondent E, 2021; Respondent G, 2021).   

After the vessel has arrived, the terminal operators start to unload the (reefer) containers. 

The containers get stacked on a container “parking lot”. The terminal handling costs first 

need to be paid before the container can be collected at the terminal. Depending on the 

incoterms, the terminal handling costs are most often fulfilled by the importer. Some 

importers come to new agreements with the container terminals which exempt them from 

these payments and they switch to a new agreement wherein different payment conditions 

are stated. This benefits the efficiency in the operational process and the reefer container 

can be collected straight after it has been unloaded. It gets transferred to the docking station 

at the cold store facility where the Kwaliteits-Controle-Bureau (KCB) is waiting to get the 

reefer container inspected (Respondent G, 2021). The KCB is a regulatory body that 
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maintains the food safety standards and is a Dutch independent governing body that is 

directed by the Ministry of Landbouw, Natuur en Voedselkwaliteit. This organisation works to 

protect public health by reducing the burden of foodborne illness and to assure the fruit’s 

quality. The English and the Belgium counterparts are The Foods Standards Agency (FSA) 

and the Federal Agency for the Safety of the Food Chain (FASFC) (KCB, 2021).  

The regulatory body starts inspecting the cargo after the seal has been broken. Not all 

shipments are inspected since the PPECB is enhanced by its recognition as an approved 

industry body under the European Commission Regulation. According to the regulation, the 

South African inspection systems are equivalent to those of the European inspection bodies 

whereby the number of inspections is reduced by the KCB for fresh produce originating from 

South Africa. After inspection, the importer receives a release certificate, also known as the 

P2 code, in terms of which the shipments have been cleared. If not, a record follows wherein 

it is stated that the phytosanitary requirements have not been met. The importer is obligated 

to store its fresh produce in the so-called Q-room (Respondent G, 2021). In the meantime, 

samples are sent to the laboratory that should determine to what extent the freight is 

hazardous to the European agriculture market. Further instructions are given after the results 

have become available. The worst-case scenario is that the freight gets denied to the 

European market and so the batches cannot be sold. The importer must find another target 

market with less strict import regulations to which they can distribute the fresh produce (KCB, 

2021).   

After the phytosanitary check is done, the fresh produce has to undergo a quality check as 

well. The quality check can either be conducted by some internal employee or a third party 

hired by the importer. A physical inspection is done and the temperature recorder is read on 

arrival. The device is placed by the South African cold store facility while loading the reefer 

container commissioned by the exporter. The temperature recorder measures and keeps 

track of the temperature frequently. On arrival at the destination, the quality inspector can 

monitor whether any temperature breaks have occurred during transport that might have 

impacted the fruit’s quality. The shipping company is responsible for the reefer containers 

since these are rented out and included in the transport costs. It can sometimes be difficult to 

determine whether the temperature break had an impact on the quality of the fruit or not. If 

the quality has been affected, a survey is started to conclude if any financial compensation is 

appropriate (Respondent E, 2021; Respondent G, 2021).  

The agreement with the retailer or retail organisation states how many pallets are required 

and when it wishes to receive the fresh produce. The reefer container can either go on transit 
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or be unloaded at the cold store facility to get the fresh produce stacked. Some retailers do 

not obtain enough storage capacity to receive the whole shipment at once. Therefore, the 

importer offers the service to store the fresh produce at the cold store facilities at one of its 

partners. In this case, the freight is divided into smaller shipments that will be sent according 

to the agreed time frames. If desired, the customer can also choose for value-added 

activities (VAL). Some fruits are packed in punnets without the tops sealed, as is the case 

with grapes. This ensures that the KCB and the quality inspector can carry out the 

inspections without having to remove the lid. The importer offers a service to seal the 

punnets after the inspections have taken place (Respondent G, 2021). 

The ERP system enables the importing organisation to represent relevant data at all layers of 

the organisation and to exchange data with their suppliers and customers. The packing list 

(EDI-file) sent by the produce exporter / freight forwarder is pulled into the system, after 

which all data are processed. From that moment, the sales department is able to check how 

much is already allocated for orders, how much still has to be sold, and at what moment 

these batches will be available for distribution. To have real-time data availability, some 

importers have chosen to integrate their information systems with those of the cold store 

facility with the help of electronic data interchange (EDI) devices. EDI enables the structured 

transmission of data between organisations by electronic means (Lotfi et al., 2013:299). In 

EDI transactions, information moves directly from a computer application in one organisation 

to a computer application in another. EDI standards define the location and order of 

information in a document format. With this automated capability, data are shared rapidly. 

The involvement of the importer ends and the risk shifts as soon as the freight is unloaded at 

the site of the retailer. The data elements sent to the retailer to finalise the process are the 

fruit specifications, quantity (weight), number of pallets, and country of origin (Respondent G, 

2021). 

Figure 5.7.1 depicts an overview of the information flow from the importer’s perspective. As 

shown, the involvement starts as soon as the purchase order is sent to the produce exporter. 

The figure and the scope of this research study ends as soon as the fruit has been 

dispatched to the retailer and unloaded on site.  
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Figure 5.7.1/1 Cross-functional flowchart Information flow importer’s perspective 
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Figure 5.7.1/2 Cross-functional flowchart Information flow importer’s perspective 

 

 

Figure 5.6.1/2 Cross-functional flowchart Information flow importer’s perspective 

 

Stellenbosch University https://scholar.sun.ac.za



156 
 

5.8 Information management at the PPECB  

The PPECB is a South African independent service provider of quality certification and cold 

chain management services. The services provided by the PPECB are meant for the 

qualification and conditional checks of fresh produce and its facilitations. It is a national 

public entity that is constituted and mandated in terms of the Perishable Products Export 

Control (PPECB, 2021a). Besides that, the PPECB also delivers inspections and food safety 

services assigned by the DALRRD. The presence of the PPECB in the South African fruit 

export industry is enhanced by its recognition by the European Commission Regulations. By 

coming to this agreement, the European Commission recognises the South African 

inspection systems as equivalent to those of the EU inspection bodies. As a result, less 

frequent checks are needed at the port of the importing country (PPECB, 2021b; Respondent 

I, 2021). 

The services provided by the PPECB are applicable and mandatory for all links in the South 

African fruit export supply chains. The services are offered in the form of inspections and 

need to be successfully completed to export fresh produce to target markets. The PPECB 

offers services according to three different programmes: cold store management inspections, 

product inspection services, and food safety services. To register for one of these 

inspections, any food business operator must register at the DALRRD. It  is first necessary to 

obtain a valid FBO code. Only if a unique FBO code has been obtained, is the food business 

operator able to register with the PPECB for inspection (Respondent I, 2021). 

As stated earlier, the PPECB is a regulatory body that is not directly involved in the primary 

production process of the fruit export industry. Nevertheless, this does not mean that the role 

of the PPECB is less relevant. The audits conducted by the PPECB are crucial when it 

comes to food safety and guaranteeing the high quality of fresh produce. It strengthens the 

competitive position of the South African fruit export industry and makes retailers and 

consumers willing to purchase fruit originating from this industry. Further, this section entails 

a more detailed explanation of each of the three different inspection programmes offered by 

the PPECB and the information flows involved: cold store management inspections, product 

inspection services, and food safety services. This section ends with an outline of the cross-

functional system, TITAN 2.0, that is controlled by the PPECB and which is crucial in the 

exchange of data elements and certifications.  

Cold chain management 

The PPECB has been responsible for managing the export cold chain since 1926 and 

ensures that fresh produce meant for exports is handled, stored and transported at specific 
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temperatures and optimum conditions. The institution describes the cold chain as the 

“seamless movement of fresh, chilled or frozen products, from the production area to the 

market, through various storage and transport mediums, without any change in the optimum 

storage temperature and relative humidity” (PPECB, 2021c). The main reason for cold chain 

certification is to ensure that the perishable products are stored and handled in such a way 

that they are free of contamination and their quality is preserved to minimise losses. 

Furthermore, international trade becomes increasingly more demanding on aspects such as 

food safety and traceability (Respondent I, 2021).  

 

After harvesting, fresh produce must be stored and handled under environmental conditions 

which all links in the export supply chain have to comply with. Therefore, regulations are set 

by the DALRRD in collaboration with the PPECB and need to be met at all times. These 

regulations that need to be compiled with can differ per party depending on their role in the 

export supply chain. Key items to check at each organisation include cross taint (the strong 

smell of products may be so strong that they tend to be absorbed by other products inside 

the same storage space), temperature, humidity, air circulation and distribution, heat 

transmission, thermal insulation, water vapour barriers, and safety equipment. In addition, 

various aspects are checked depending on the organisation, such as: room insulation, 

sealing of pipes and wiring, lighting in the storage area, machinery, cargo (un)loading areas, 

forklift trucks, and rodent checks (Respondent I, 2021).  

 

The results of the inspections are captured in the inspection findings sheet and uploaded in 

TITAN 2.0. This application enables entities to transfer information across the supply chain 

and is designed for all PPECB’s stakeholders, from fruit grower to importer, and aims to 

eliminate all manual processes during quality inspections. As soon as the organisation 

passes the inspection, a letter of approval and the cold store inspection certification are 

issued. The certification allows the facility to export fresh produce and can be requested by 

either the importer or customs at the port of destination. Only by obtaining a cold chain 

management certification, the export facility is allowed to export fresh produce (Respondent 

I, 2021).  

 

Product inspection services  

Product inspection services aim to guarantee that fruit meets the quality requirements and is 

safe to consume. This includes the quality and the phytosanitary aspects as well as marking 

requirements. The phytosanitary inspection most often takes place at the fruit grower. The 

product inspection service can be requested at the registered inspection point. The PPECB’s 

product inspection services are performed by inspectors stationed across South Africa. 
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These inspectors deliver quality inspections on a wide variety of product types to ensure the 

produce complies with the minimum export standards of the target market. The quality 

inspection and the check whether marking requirements are met, take place at the 

packhouses. For instance, the cartons should indicate at what fruit grower the fresh produce 

originates and which packhouse has been packing the fruit. This is indicated by stating the 

PUC and PHC code to ensure traceability. In the case of citrus, specifying the orchard 

number is also obligatory. Once all requirements are met, the pallet gets a “passed for 

export” sticker  (PPECB, 2021e; Respondent I, 2021) 

 

The PPECB’s product inspection services also take place further downstream in the supply 

chain, including the cold store and loading depot. During the loading process, several checks 

take place. The product’s temperature gets checked as well as the pallet’s condition, and the 

reefer container’s temperature. The reefer container is set to the optimum carrying 

temperature for the export of fresh produce. After the cargo has been loaded on the specified 

vessel, the temperature of the loading areas at the vessel is measured at various points of 

the journey to ensure the optimum temperature is maintained. The inspection continues until 

the product reaches its destination in the importer’s country (PPECB, 2021d). The inspection 

results are captured on the inspection finding sheet, which is automatically transferred to 

TITAN 2.0 and these are shared with the client, but only on request. Besides that, the 

packhouse facility is responsible for sharing the delivery note with the PPECB which is added 

to the inspection finding sheet afterwards. (Respondent I, 2021). The delivery note includes 

loading and shipping instructions for the carrier and all the fruit specifications of the 

investigated batches (Respondent B, 2021).  

 

Food safety services  

In order to ensure that fresh produce is safe to be consumed, it is essential that all role 

players have a proper understanding of the food safety requirements which are applicable for 

the entire export supply chain. All food business operators must act in accordance with the 

standard of food hygiene and safety of agricultural products intended for export (Notice 

NOR707 of 13 May 2005). This forms part of the Agricultural Products Standard Act, 1990 

(Act 119, 1990 ) (PPECB, 2020). According to the PPECB, food safety refers to the 

“assurance that food will not cause harm to the consumer when gets prepared and / or eaten 

according to its intended use” (PPECB, 2021e). The priority areas of this programme are:  

 

- Ensuring consistent production of safe and quality products by reducing risks of 

compromised food quality; 
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- Maintaining consumer confidence in food safety and quality by using reliable, 

advanced and rapid technologies in testing quality characteristics of food to ensure 

compliance, and testing mycotoxin tolerance levels, pesticide residues and 

microorganisms; 

- Promoting safe production practices for growers through food safety audits and 

strengthening national food control systems; 

- Reducing the negative impact on the environment by ensuring compliance to 

regulations (PPECB, 2021e). 

 

The samples taken for the check on mycotoxin tolerance levels, pesticide residues, and 

microorganisms are sent to the PPECB’s laboratory where these are further inspected. A 

successful food safety audit gets awarded with a food safety compliance certificate, referred 

to as the South African Good Agricultural Practices (SA GAP). The certification demonstrates 

the compliance with the food safety requirements and is mandatory for all the export of fresh 

produce. Only if the FBO achieves one of the undermentioned commercial food safety 

certifications, is it accepted for the SA GAP certification:   

- Global G.A.P.; 

- Tesco; 

- Natures Choice; 

- HACCP; 

- BRC; 

- IFS; 

- ISO 22000:2005. 

 

Certifications have to be renewed before the expiry date and might be regarded invalid 

should the food business operator not pass the unannounced inspections coordinated by the 

DALRRD. The results of the inspection and the achievement of the SA GAP certification are 

registered in TITAN 2.0 (PPECB, 2021f).  

 

Titan 2.0 

In October 2014 the PPECB launched a new IT system named Titan, a cross-functional 

system that aims to digitalise all inspection findings sheets. The launch of the first version 

resulted in an increase in pace and accuracy of the export certification process. The PPECB 

describes the IT system as a strategic asset that aims to eliminate all manual processes 

during inspections and that allows export certifications to be performed electronically. 

Meanwhile, the PPECB decided to take ownership of the development, the maintenance, 

and to take care of all the upgrades themselves. Since then, the PPECB’s development team 
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has launched the upgraded version named Titan 2.0 which was officially launched in October 

2019 (PPECB, 2021g). 

 

All entities that export fresh produce have to register at the DALRRD in order to obtain a 

FBO code. The FBO code is needed to register at the PPECB. Only if an FBO has been 

registered at both the DALRRD and the PPECB, is the entity able to register for product 

inspections and food safety inspections. Besides the registration process,  

clients need to have the following in place in order to make use of Titan 2.0:  

- The FBO code must be registered with the PPECB food safety department; 

- Clients need to have an active account with the PPECB’s finance department; 

- The software vendor of the entity must update the entity’s software to accommodate 

Titan 2.0; 

- The relevant exporter, cold store and freight forwarder with their respective users must 

be registered on the new Titan 2.0 website.  

 

The results of each inspection are captured in the inspection finding sheet, which is only 

shared with the entity on request. The inspection finding sheet is uploaded to Titan 2.0 after 

submission by the lead assessor or the inspector. Only if the inspection has been 

successfully passed, are the certifications issued and verified via the same system, 

consisting of the export certification and the phytosanitary certificate. With regard to the 

product inspection, this entails the SA GAP certification. The receiving party can share 

documentation with other entities in the supply chain via Titan 2.0 if they are also registered 

parties. Freight forwarders and exporters must be registered via the PPECB’s website to 

receive the documentation. The export certificate and the phytosanitary certificate are 

needed to prepare the export documentation to get the freight cleared at the customs of the 

importing country (Respondent I, 2021; Respondent G, 2021). Besides the information 

exchange related to the inspection process, Titan 2.0 also offers modules for produce 

exporters and freight forwarders to book container and conventional shipments online via the 

Cold Chain Export Notification module.  

 

Titan 2.0 allows PPECB’s inspectors and lead assessors to fill out the inspection results 

digitally straight into the system using tablets. All data are stored in one single database 

which helps the industry to gain new insights. Since the launch of Titan, data quality has 

increased and has become more accurate. To be able to upload the inspection finding sheet, 

the inspector or assessor needs to be connected to the internet. At this stage, between ten 

and twenty percent of all the production facilities, mainly fruit growers, do not yet have a 

proper internet connection (Respondent I, 2021). For this reason, inspectors and lead 
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assessors are not able to upload the inspection results, which stagnates the process. This 

loses the advantage of real-time data and the increase in pace which the system has to offer. 

Inspectors and assessors first need to connect to the internet so the inspection finding sheet 

can be uploaded (Respondent I, 2021; Respondent A, 2021). All data captured in the 

database is analysed where a monthly report is published by the PPECB. The report 

presents the monthly export figures per fruit type which helps the industry to see how the 

market develops over time.  

 

5.9 Conclusion 

The South African fruit export industry consists of multiple links with each one fulfilling their 

own role and bearing their own responsibilities. Many different routings exist wherein each 

product follows its way towards the final consumer. Each product flow is controlled, managed 

and monitored with the help of data. The establishment of the internal and external flow of 

information and the coordination of data play their role in the supply chain’s success.  

Information needs to be well-managed to maintain and increase the efficiency rate, quality, 

and to optimise customers’ satisfaction. The supply chain strategy is decisive for the 

prioritisation and dividing the responsibilities in order to ultimately work towards a shared 

goal and to reach synergy.  

 

The information flow throughout the fruit export supply chains is characterised by its 

extensive focus on traceability and food safety, wherein the PPECB plays a central role. All 

entities in the fruit export supply chains have to be registered with this regulatory 

organisation that is recognised by the European Commission as an equivalent body to that of 

the European counterparts. Each incoming batch at food business operators, with exception 

of the fresh produce exporter, needs to be registered for traceability purposes. The PPECB is 

mandated by the DALRRD to conduct phytosanitary, quality, and cold chain inspections. 

After the inspections have been passed, certifications are issued via the PPECB’s system, 

named Titan. Besides the issuing of certifications, Titan is adopted for the registration of 

incoming batches, the application for inspections, and the exchange of certifications issued 

by the PPECB. It aims to transform the supply chain from paper to paperless. Approximately 

ten to twenty percent of the fruit growers suffer from a lack of proper internet connection that 

makes them unable to make use of the digital system.  

 

The information flows have a complex composition wherein each entity in the supply chain 

fulfils a significant role. Except for the information related to product quality and cold chain 

management, data elements are exchanged on organisational level rather than on industry 
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level. In this way, each organisation uses its own software systems with a low degree of 

industrial integration. The entity responsible for customs clearance and the arrangement of 

transport has a high dependency on the upstream role players. Product specifications and 

mandatory certifications are needed to get the fresh produce cleared by customs and for the 

arrangement of transport.  

 

At the concept level, the flow of information in supply chain management does not differ 

between the three fruit commodities. Identical documents are needed where each of these 

has a comparable use case. At the operational level, data elements specified and exchanged 

may differ. Nevertheless, these are often the data elements that are related to product 

handling or for conditioned storage. This goes into more detail and is beyond the scope of 

this research study.   
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Chapter 6. Phase 3: Assessing the potential of blockchain technology 

for the South African fruit export 

This chapter outlines an assessment of the potential of blockchain technology for the South 

African fruit export industry. The assessment is based on the researcher’s insights which are 

established on the data presented in the previous phases. The first section of this chapter, 

Section 6.1, discusses the potential of blockchain technology in agriculture supply chains. 

The assessment is based on the data presented about blockchain technology in the 

agriculture industry outlined in Phase 1 of this research study. Section 6.2 assesses the 

information flows and the exchange of data elements throughout the fruit export supply 

chain. The assessment is based on the data presented in Phase 2 of this research study. In 

Section 6.3, an analysis is presented based on the results of the assessments in the 

previous two sections to examine the potential of blockchain technology for the South African 

citrus, pome fruit, and table grape export supply chains.  

6.1 The potential of blockchain technology in agriculture supply chain 

management 

Globalisation has contributed to the increased competition between companies as well as 

entire supply chains. As this increased, supply chain efficiency became more relevant and 

processes more data-driven. Information-sharing technologies and the quality of data play a 

dominant role in managing the flow of goods. The collaboration between entities and the 

exchange of information can increase supply chain efficiency and reduce costs. For this 

reason, this section takes a closer look at the potential of blockchain technology for 

agricultural supply chains. Blockchain is analysed based on its viability at the implementation 

phase as well as the readiness to operate as a distributed ledger in the agriculture supply 

chain.  

 

6.1.1 The achievability and challenges at the implementation phase of blockchain 

technology 

Blockchain technology can be best described as a distributed database of records in the form 

of encrypted blocks, or a public ledger of all transactions or digital events that have been 

executed. The transactions are shared among participating parties and can be verified at any 

time. Information stored on the blockchain is immutable and transparent to other nodes 

within the limits defined in the blockchain protocol. At the time of this research, no large-scale 
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implementations have yet been done, which results in a lack of empirical data. Despite the 

great interest, stakeholders and interested parties see it as a complex solution. To see if 

blockchain is actually that complex and raises that many barriers, an overview of the socio-

economic and technical obstacles are presented in Figure 6.1.1. The barriers presented in 

this figure are based on the challenges faced at the exploratory and implementation phase of 

the distributed ledger. Each line is marked with an orange or a red dot. In the South African 

context, an orange dot indicates a lower difficulty rate to be overcome compared to a red dot. 

After the figure, a brief explanation is given for each line.  

 

 

To start with, the first line related to the integration of all stakeholders is considered in order 

to reach the maximum potential of blockchain technology. Based on the systematic literature 

review conducted in Phase 1, the willingness of all stakeholders to participate in the 

integration of blockchain technology is one of the conditions for it to reach its maximum 

potential. In the absence of one or multiple links it is at the expense of the accuracy, 

completeness, and reliability of data (Badenhorst et al., 2013:6). Only if all stakeholders are 

willing to join, can synergy be reached. Once the entities are convinced and the threshold is 

overcome, the entities need to agree on the blockchain protocol. It is another enormous 

barrier to overcome as there are many stakeholders from the agricultural industry involved 

with divergent interests. This makes it challenging to come to an agreement on how the 

Figure 6.1.1 Socio-economic and technical challenges at exploratory phase and  implementation phase  

Source: Author’s compilation, synthesis of systematic literature review results 
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structure of blockchain should be designed and what the level of authorisation will be for 

each individual stakeholder. Such an agreement would detail what level and what type of 

data elements are exchanged, the authorisation per organisation within the network, the 

accessibility to data per entity, and the regulations set how to achieve consensus within the 

network; or in other words the consensus mechanism (Demestichas et al., 2020:5).  

 

Since blockchain technology is relatively new and emerging, the majority of countries lag 

behind in government regulation. Even if government regulation is set in place, the 

differentiation in terms of privacy, storage of data, and registration, makes it challenging to 

come to an ultimate blockchain design. It makes it hard for agricultural supply chains as 

these are often internationally orientated. Besides that, the implementation costs of the 

blockchain network are hard to determine. These two factors might hold back agricultural 

entities that are risk-averse or limited in their financial capabilities. The uncertainties that it 

brings, form an extra barrier for organisations to join the network.  

 

For the successful adoption of blockchain technology stakeholders and users need to be 

trained and educated. The agricultural sector is characterised by a high level of knowledge of 

the cultivation of high-quality plant-based products. Conversely, agricultural industries and 

industry professionals are less tech-savvy when it comes to cutting-edge technologies and 

modern software systems in general, especially when it comes to small fruit growers. With 

limited education sources available it will become challenging to get all stakeholders well 

trained. Except for the training, it also demands a cultural change within the industry. 

 

One of the technical challenges at the implantation phase will be to get blockchain 

technology interoperable with other information input systems and technologies. Blockchain 

is a distributed ledger for the validation and storage of information. In fact, it needs external 

applications for the input of data. The throughput of high volumes of data demands a good 

interoperable infrastructure that links many different systems. Either way, the interoperability 

of systems is still under discussion. The uncertainties increase at internationally orientated 

agricultural supply chains. This is due to many different software formats and languages 

used at organisations that all need to be connected to the blockchain infrastructure.  

 

6.1.2 The readiness of blockchain to operate as distributed ledger in agriculture supply 

chains 

 Literature lists many advantages and opportunities that blockchain technology provides for 

agricultural supply chains. Despite this, many challenges still need to be overcome in order 
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to be fully adopted (Torky & Hassanein, 2020; Demestichas et al., 2020; Kamilaris et al., 

2019). Earlier in this chapter the barriers at the exploratory and implementation phase have 

already been discussed. Figure 6.1.2 presents the advantages and challenges / 

disadvantages of blockchain as an information-sharing platform after implementation. It 

indicates the readiness of blockchain technology to operate as a distributed ledger in 

agricultural supply chains. The figure is followed by a brief description of each line included.  

 

Figure 6.1.2 Readiness of blockchain to operate as distributed ledger in agriculture supply chain management 

Source: Author’s compilation, synthesis of systematic literature review results 

 

Blockchain brings numerous advantages for agriculture supply chains but still has multiple 

challenges to overcome. We first discuss the benefits that it has to offer. Compared to 

traditional databases, blockchain technology increases the security of data due to the 

adoption of the consensus mechanism. To get a transaction validated, at least 50% of all 

nodes have to reach consensus to get the block approved and added to the network. It is 

unlikely to get an invalid transaction approved as the majority of nodes need to be tampered. 

This makes blockchain more secure than traditional databases that are often administered by 

a single party. With blockchain, all parties hold a copy with the history of all transactions 

accomplished. It benefits the availability of data and results in expanding the rate of visibility 

and transparency within the limits stated on the blockchain protocol. As a result of this, 

supply chain entities have a shorter response time and are able to act sooner regarding 

expected or unexpected events that occur in the supply chain.  
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The inclusion of the consensus mechanism decreases the risk of data tampering. The 

storage of data are encrypted with authentic signatures. The encryption ensures that data 

cannot be altered without the use of a public and private key and decreases the risk of data 

corruption. The copy of all transactions accomplished held by each entity and with the use of 

the consensus mechanism, data asymmetry is avoided and raises the reliability of data. The 

increase of data quality and visibility benefits decision-making processes and serves entities 

with their sourcing control and enhanced risk management.  

 

The adoption of blockchain technology also contributes to the level of trust among supply 

chain parties. Except for the increase of data quality and the minor risk of data corruption, 

blockchain also facilitates the adoption of smart contracts. The use of smart contracts makes 

the need for intermediaries redundant. It results in cost savings and a reduction in the 

processing time of information and thus lead time. Some studies also claim that the use of 

blockchain leads to fair pricing of products. This remains questionable as the bigger sized 

organisations will continue to press prices and can benefit from the economies of scale. In 

addition, it also strongly depends on the ethics of the organisation.  

 

Despite the many advantages that blockchain has to offer, the maturity of the system 

remains in question. One of the previously mentioned advantages about the increasing 

reliability and accuracy of data also has its downside and is related to the entering of data 

elements. Data can be entered either in a deterministic or non-deterministic way whereby the 

latter detracts from the information quality. The input of data by human elements is at greater 

risk of data corruption whether this is intentional or accidental. Deterministic data entry 

excludes the intervention of human elements so the risk of data corruption is minimised. 

Error and corruption of data entry are compounded in blockchain-enabled systems. Due to 

the inbuilt trust mechanism and the adoption of smart contracts, data are accepted 

unhesitatingly. One of the negative side-effects of automating processes is that it endangers 

the institutional knowledge of industry role players. The application of blockchain in 

combination with smart contracts has the ability to exclude third-party intermediaries who 

fulfil a consulting role within the industry. The exclusion of these stakeholders might put the 

institutional knowledge of consultants at risk.  

 

The implementation of a blockchain network requires a comparatively large investment, 

running, and maintenance costs. At this stage, there is a lack of empirical data that indicates 

the total investment needed for the implementation of blockchain technology industry-wide. 

So far, research studies have been published that indicate the implementation costs of 
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blockchain only on an organisational level. The uncertainty that its implementation brings 

creates new barriers for entities to join the network and could make them hesitate.  

 

Regarding the technical aspects of blockchain technology, the system has several technical 

issues among which are the low storage data capacity, low throughput rate, high latency, and 

the trinity issue. The low capability of data storage and low throughput rate force the 

designers of blockchain to be critical of what data elements to store on the network and what 

not. This is to avoid overloading the system. As it seems that the blockchain is unable to 

process all data needed to control the product flow, it is at the expense of the data quality 

and traceability. This also applies when it comes to the latency rate of blockchain. The time 

needed for the creation, validation, and adding a new block to the chain, comes at the cost of 

real-time data. The trinity issue challenges the designers to find the right balance between 

scalability, security, and decentralisation. The three aspects cannot be achieved 

simultaneously. The right balance between the three depends on the supply chain strategy 

and the objectives that are set.  

 

The blockchain protocol and the consensus mechanism chosen are decisive in determining 

the amount of energy that the system will consume. The validation process is highly energy-

consuming and it depends on the number of validators involved and the consensus 

mechanism chosen. The energy that is mainly needed for the computing power that is 

supplied is far from sustainable. The absence of large-scale implementations makes it hard 

to assess the energy amount needed and the costs involved.  

 

Ultimately, it can be stated that blockchain is still at an early stage of development. The 

decentralised system is evolving rapidly, but many challenges remain to be overcome at the 

exploratory and implementation phase.  

 

6.2 The complexity of information flows throughout the South African fruit 

export industry 

Based on the results in Phase 2 of this research study, fruit traceability and fruit safety turned 

out to be high priority within the fruit export industry. Food business operators have to 

register with the DALRRD to obtain a unique FBO code. This code is required to register 

their batches with the PPECB for traceability purposes. Only if registration is completed, can 

quality, phytosanitary, and cold chain inspections be requested. The registration of incoming 

batches as well as the request for inspections can be done via Titan, the PPECB’s system. 

Titan is used as the platform to register incoming batches, to apply for inspections, and to 
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check where certifications are issued. Entities may share the inspection results and their 

certifications issued by the PPECB at the request of partner organisations via this platform. 

Since all supply chain entities are mandatory to register their incoming batches, the route of 

export can be traced. Using Titan requires a good internet connection, which many entities 

do not have access to at the present time. This mainly concerns the fruit growers’ facilities. 

This causes delays in the upload of data, at the expense of supply chain transparency.  

 

After maintaining the transparency of fresh produce and food security, operational excellence 

is the third greatest priority in the fruit export supply chain. Operational excellence refers to 

the execution of operations excellently with optimum results and the creation of maximum 

value for the customer. Operational software, advanced technologies, and high quality data, 

increase the chances of success. Currently, the majority of entities maintain their own 

databases, which means that some of them can see other’s stock levels. As long as 

companies do not have shared databases, real-time data remains an illusion and supply 

chain transparency is limited. This results in increased lead times and higher costs. Besides 

that, the use of multiple databases also puts the reliability of data at risk. Data corruption and 

mutability are highly likely. 

 

Another disadvantage of traditional databases is the increased risk for cybercrime. At a time 

when companies are increasingly confronted with the hacking of software systems and theft 

of (vulnerable) data, the security of software systems deserves adequate attention. 

 

As in every supply chain, information is relevant for supply chain performance because it 

provides the foundation on which supply chain processes execute transactions and 

managers make decisions. Information and information systems support the controllability of 

goods and get the fresh produce to its final consumer. Table 6.2.1 presents an overview of 

all forms and (digital) documents involved and used by various stakeholders. Since it has 

been shown that there is no difference in the use of documents on the industry level, the 

table attempts to provide a singular overview of the citrus, pome fruit, and table grape export 

supply chains. Below, a brief description is given of the characters used in the table:  

- O:  The original author of the document; 

- X:  The receiver of the document; 

- OX:  The entity receives the document and extends it with extra data elements;  

- O / X:  The entity sends and gets the form returned for confirmation.  
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Table 6.2.1 The shared use of data between stakeholders in the major fruit export supply chains   

Source: Author’s compilation, synthesis of information flow mapping 

 

 

 

Documents:  

Fruit 
grower 

Logistics 
service 
provider 

Packhouse 
facility 

Cold 
store 
facility 

Produce 
exporter 

Freight 
forwarding 
company 

Vessel 
company 

South 
African 
Revenue 
Service 

D:APIS 
/ 
PPECB 

Sea port 
exporting 
/ 
importing 
country 

Importer Customs 
importing 
country 

Federal 
agency 
food 
safety 
standards 
of 
importing 
country 

Phytosanitary 
inspection 
application 
form 

O 

       

OX 

   

X 

Application 
form quality 
inspection 

O 

       

OX 

   

X 

Approval for 
inspections 

X 

       

O 

   

OX 

Phytosanitary 
certificate 

X 

 

X X X X 

  

O 

 

X 

  

Quality 
certificate 

X 

 

X X X X 

  

O 

 

X 

  

Registration 
for incoming 
batches  

 

O O O O 

   

X 

    

Packing slip 

 
 

O 

 

X 
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Document:  

Fruit 
grower 

Logistics 
service 
provider 

Packhouse 
facility 

Cold 
store 

facility 

Produce 
exporter 

Freight 
forwarding 
company 

Vessel 
company 

South 
African 

Revenue 
Service 

D:APIS 
/ 

PPECB 

Sea port 
exporting 

/ 
importing 
country 

Importer Customs 
importing 
country 

Federal 
agency 

food 
safety 

standards 
of 

importing 
country 

Order for 
transport 
Fruit grower 
→ Packhouse 

  X O                     

Delivery note 
Fruit grower 
→ Packhouse 
facility     

  O X                     

Packing 
instructions 

    X   O                 

PI-file 
Packhouse 
facility  

    O   X                 

Culling 
analysis 

X   O                     

Dispatch note 
from 
Packhouse 
facility 

    O X X       OX         

PO-file 
Packhouse 
facility 

    O   X                 
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Document:  

Fruit 
grower 

Logistics 
service 
provider 

Packhouse 
facility 

Cold 
store 

facility 

Produce 
exporter 

Freight 
forwarding 
company 

Vessel 
company 

South 
African 

Revenue 
Service 

D:APIS 
/ 

PPECB 

Sea port 
exporting 

/ 
importing 
country 

Importer Customs 
importing 
country 

Federal 
agency 

food 
safety 

standards 
of 

importing 
country 

Order for 
transport 
Packhouse 
facility → 
Cold store 
facility 

  X     O                  

Packing list       OX O / X  X OX   X   X X      

Dispatch note 
Packhouse 
facility → 
Cold store 
facility 

      X O                 

Delivery note 
Packhouse 
facility → 
Cold store 
facility 

  O   X                   

PI-file Cold 
store facility 
 

      O X                 

PS-file    O X         

PO-file Cold 
store facility 
 

      O X                 
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Document:  

Fruit 
grower 

Logistics 
service 
provider 

Packhouse 
facility 

Cold 
store 

facility 

Produce 
exporter 

Freight 
forwarding 
company 

Vessel 
company 

South 
African 

Revenue 
Service 

D:APIS 
/ 

PPECB 

Sea port 
exporting 

/ 
importing 
country 

Importer Customs 
importing 
country 

Federal 
agency 

food 
safety 

standards 
of 

importing 
country 

Purchase 
order 
Produce 
exporter → 
Packhouse 
facility 

    X   O                 

Order for 
VAL-services 

        O X               

Letter of 
instruction 

        O X  X             

Available 
time slots for 
vessel + 
confirmation 

        X O / X  O             

Authority 
document 

        O X               

Pallet 
migration 
certificate 

        O X               

Q10 / Q58 
certificate 

        O X               
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Document:  

Fruit 
grower 

Logistics 
service 
provider 

Packhouse 
facility 

Cold 
store 

facility 

Produce 
exporter 

Freight 
forwarding 
company 

Vessel 
company 

South 
African 

Revenue 
Service 

D:APIS 
/ 

PPECB 

Sea port 
exporting 

/ 
importing 
country 

Importer Customs 
importing 
country 

Federal 
agency 

food 
safety 

standards 
of 

importing 
country 

Bill of Lading 
/ Sea Waybill 

        X O       X X     

Pro forma 
invoice 

        O         X       

Commercial 
invoice 

        O         X       

Delivery note 
Freight 
forwarder → 
Vessel 
company 

          O X             

Shipping 
instructions 

          O X             

Portnet 
Combined 
export doc. 

          O       X       

Container 
terminal 
order 

          O       X       

Export 
certifications 

          O   X           
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Document:  

Fruit 
grower 

Logistics 
service 
provider 

Packhouse 
facility 

Cold 
store 

facility 

Produce 
exporter 

Freight 
forwarding 
company 

Vessel 
company 

South 
African 

Revenue 
Service 

D:APIS 
/ 

PPECB 

Sea port 
exporting 

/ 
importing 
country 

Importer Customs 
importing 
country 

Federal 
agency 

food 
safety 

standards 
of 

importing 
country 

Bill of Entry / 
SAD 500 

          X   O   X       

Certificate of 
origin 

          O           X   

Policy 
schedule 
insurance 

          O           X   

Shipping 
notifications 

        X X O       X     

Purchase 
order 
Importer →  
Produce 
exporter  

        X           O     

Dispatch 
note: Freight 
forwarder → 
Importer 

          O         X     

P2 Code                     X   O  
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What can be observed from Table 6.2.1 is the complexity and the comprehensiveness of the 

number of documents. The table illustrates the interdependence between stakeholders when 

it comes to the data elements needed for the export of fresh produce. The collection of data 

by one party is needed for the creation of export documentation by the other. The exchange 

of detailed information requires a good business-to-business relationship, as some 

information flows can be complex. Long-term relationships can be fostered by the 

implementation of cross-organisational software systems or extensions wherein one of the 

two organisations can consult the data in the other’s database. Others exchange information 

in a less complicated manner via email, post, telephone, or fax. The selected mode whereby 

data are transferred varies per organisation and depends on the data elements exchanged 

between the stakeholders.  

 

Additional to Table 6.2.1, Figure 6.2.1 presents the thirteen documents which are most 

widely shared throughout the supply chain. Among the documents that are most widely 

shared throughout the supply chain are the packing list, the quality certificate, and the 

phytosanitary certificate whereby seven links are involved. Besides that, the figures shows 

that there are multiple documents which multiple links in the supply chain depend on. The 

more parties that make use of the same data or document, the more relevant it becomes that 

the data are of high quality and accurate. Therefore, the creation and enriching of these 

documents with data needs to be done extra carefully. The corruption or asymmetry of these 

data can do extra harm which can have cross-organisational consequences.  

 

 

Figure 6.2.1 Documents most widely shared throughout the South African fruit export supply chain 

Stellenbosch University https://scholar.sun.ac.za



177 
 

The links in the supply chain participate in varying degrees when it comes to the creation and 

sharing of data. Not all parties have an equal interest in the data that is shared industry-wide. 

For those with higher utilisation of industry data, blockchain technology would be more 

interesting. These organisations benefit from higher transparency and better data quality. 

Figure 6.2.2 indicates the degree of involvement per link when it comes to the creation, 

enrichment, and receiving of data and documents. It shows that the produce exporter and the 

freight forwarder are heavily involved in the flow of information compared to other supply 

chain entities.  

 

 

6.3 The possibilities blockchain technology brings for the South African fruit 

export industry 

Globalisation plays a prominent role in the complexity of contemporary supply chains as 

many regulations must be taken into account in international trading. Moreover, products 

travel greater distances with an increasing number of stakeholders involved in the supply 

chain. This also applies to the South African fruit export supply chains of citrus, pome fruit, 

and table grapes. The previous two sections outlined the suitability of blockchain for the 

agricultural industry and the type of data elements that are supportive of the product flow. In 

this section, these two are aggregated to see if blockchain has the potential to add value to 

Figure 6.2.2 Number of documents to deal with per party in South African fruit export supply chain 
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the South African fruit export industry. This section begins with a reflection on the 

implementation challenges reflected from the South African supply chain perspective. This is 

followed by an outline of the pros and cons that blockchain brings in combination with 

industry readiness. 

At the implementation phase, multiple challenges come across. To take advantage of the full 

potential of blockchain technology, all stakeholders need to participate and be linked to the 

decentralised network. In the absence of one or more organisations, the accuracy, reliability, 

and completeness of data declines. This is at the expense of data quality and has a direct 

effect on decision-making processes. In addition, there is still uncertainty about the adoption 

of blockchain when it comes to government regulation and included costs. Government 

regulations differ from country to country. Some countries do not have regulation at all. 

Regarding the costs, implementation and operating costs are hard to define. The 

implementation costs also include the construction of proper internet infrastructure for those 

entities who do not have access to proper internet access. All these challenges combined 

result in barriers that hold parties back from embracing the implementation of blockchain 

technology.  

After the first barriers have been cleared, the parties can start drafting the blockchain 

protocol. To agree on the blockchain protocol, all parties must agree on the level of 

authorisation for each entity and how information must be stored, structured, validated, and 

how it is sent and received. Because of the number of parties involved in the industry and 

their divergent interests, it will be a challenge to come to an agreement. The sector has a lot 

of sensitive information related to pricing and fruit quality. The blockchain protocol is the 

foundation for all programming work to be accomplished. Currently, the number of 

professional blockchain programmers is limited, and limited training is available on the use of 

blockchain technology. For a more detailed analysis of the challenges and barriers at the 

exploratory and implementation phase, refer to Section 6.1.  

To see whether blockchain technology is beneficial for the fruit export industry, the reasoning 

is based on the strategic supply chain objective. With the extensive focus on traceability and 

food security, these are the industry’s highest priorities. Operational excellence is subjected 

to these but remains more than relevant. The controllability of goods has to be managed well 

to secure the first two priorities and to get it to the end consumer in the most efficient way 

possible. Moreover, the correct implementation of these three aspects enables the export 

supply chain to be competitive with the global fruit market.  
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An analysis was performed to determine to what extent blockchain can support the 

achievement of these industry priorities. Figure 6.3.1 displays a traffic light principle with the 

assessment of how blockchain affects the different disciplines. The figure is divided into three 

categories and a fourth that accommodates general aspects. Each line is assessed with a 

red, orange, or green mark. Red indicates a poor rating, orange is average, and green 

represents an efficient rating. An explanation of each aspect and its rating is followed after 

the figure.  
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Figure 6.3.1 The potential of blockchain technology at the South African major fruit export supply chains 
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Traceability 

The traceability of freight needs to be ensured for troubleshooting and improving fruit quality. 

Currently, incoming batches have to be registered at Titan. Blockchain technology is a 

worthy replacement when it comes to the registration of incoming batches. Data can be 

uploaded and stored on the network. Each time the batch is rescanned, a block is added to 

the chain. Traceability is ensured by saving the authentic hash code of the previous block in 

the body of the new validated one. To integrate blockchain with IoT and mobile scanning 

devices, the manual registration of incoming batches can be automated. Once scanned, 

other nodes are briefed about who, when, where, and what batch was scanned and can 

check up on the status. The deterministic way of data entry reduces the risk of identity fraud 

and data corruption, intentionally or accidentally. Preventing identification fraud should 

ensure that supply chain events are not conducted under false identities. Entities willing to 

export fresh produce should be inspected by the PPECB first in order to obtain a cold chain 

certificate. This forestalls supply chain activities being outsourced to other parties against 

reduced prices. With the adoption of blockchain, customers can download an app and track 

the origin of their fruit after registration.   

 
Fruit security 

With reference to fruit security, the phytosanitary and quality certificate are both essential 

pieces of evidence indicating that the fruit is in good condition. Nowadays, the documents 

are issued and shared among the organisations by using Titan. Even for traceability 

purposes, blockchain is capable of securing the quality of fruit. The certifications issued by 

the PPECB can be assigned to specific batches to prove that the batch is free from harmful 

pests and plant diseases and meets the quality standards. By uploading the certifications 

together with the inspection results, these can be shared with the purchaser if required.   

 

The blockchain can even be programmed so that as long as an entity does have a valid cold 

chain certificate, the organisation is allowed to export fresh produce. Otherwise, restrictions 

can be imposed on the blockchain network which makes the organisation unable to export.  

Nonetheless, the current integration with Titan offers a good solution for maintaining fruit 

security.     

 

Moreover, the assimilation of blockchain technology with IoT also brings new opportunities. 

The fruit has to travel long distances before it reaches the retail market. In the meantime, 

temperature breaks in the cold chain are lurking. Temperature breaks in the cold chain pose 

a risk to the quality of fruit that becomes apparent at a later stage in the supply chain. 

Batches are inspected on quality based on random sampling. By integrating temperature 
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sensors throughout the supply chain, shared data can indicate to the importer which batches 

to inspect based on non-random sampling to increase fruit quality.  

 
Operational excellence  

The pursuit of operational excellence with the adoption of blockchain is assessed on two 

different features; namely the product flow and data quality. We first discuss the product flow. 

The adoption of blockchain technology, requires it to be assimilated with information input 

systems. These need to be installed on the application layer, after which data can be 

uploaded and shared with other supply chain entities. The storage of data on the blockchain 

increases the accessibility of data and transparency throughout the blockchain. It can mainly 

be supportive for documents that are shared widely throughout the supply chain such as the 

packing list, Bill of Lading or Sea Waybill, and the shipping instructions. Besides that, by 

uploading the data elements stated on documents such as the PI-file, PS-file, and PO-file, 

stakeholders are updated real-time. In this way, these can react at an early stage to new 

data and activities that take place in the supply chain. Besides that, it also benefits the 

traceability of fresh produce throughout the supply chain. The extent to which transparency 

and accessibility are increased is subjected to the limitations agreed in the blockchain 

protocol.  

The embracement of blockchain combined with the adoption of smart contracts has the 

potential to reduce lead time and increase supply chain efficiency. Using smart contracts 

driven by deterministic data input results in a decrease in lead times. With the utilisation of 

technologies such as mobile scanning devices, the manual input of data can be eliminated. 

After confirmation on the scanning device, the smart contract starts to check whether all 

conditional data elements are entered and met. Only then can the programmed transaction 

be automatically executed. However, the smart contract cannot check if the entered data are 

also correct. Once all data are available it is uploaded straight to the blockchain network for 

validation. After validation, the information is visible on the blockchain for other stakeholders. 

To complete transactions via smart contracts, there needs to be a high degree of 

interoperability between the blockchain and its information input systems. So far, literature 

does not agree whether blockchain technology is capable to increase the interoperability of 

software systems in global supply chains.  

To assess the influence of blockchain technology on data quality, it is divided into several 

aspects. These include the recency of data, its accuracy, completeness, reliability, and 

immutability. The quality of data are directly supportive to decision-making processes and the 

controllability of the product flow. Based on blockchain’s characteristics, it is capable of 
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improving data quality compared to the storage of data in traditional databases. With 

reference to real-time data, the adoption of blockchain makes it possible to consult a wider 

range of data after installing multiple organisations on the same network. The downside is 

that there is a delay between the upload of data and when it becomes accessible to other 

stakeholders. After data are entered, it has to be validated, the block has to be created and 

added to the chain, for which computing power is needed. The scalability of blockchain is 

limited which reflects on the latency and throughput rate. It is hard to state how much 

congestion occurs on the network since this is subjected to the design and not universal for 

each decentralised system. Though, software developers and designers are working on 

multichain platforms as standalone systems to increase processing capacity. The downside 

is that these are more complex and that privacy and security are at higher risk. 

Despite the scalability issue of blockchain, it also offers new possibilities for faster processing 

of data via smart contracts. In the traditional way of processing data, from the moment it is 

received until it is processed by human interaction, a downtime exists before it is entered into 

any information input system. With the adoption of smart contracts and deterministic data 

entry, the downtime can be eliminated and the processing time for validation compensated 

for. Unfortunately, not all transactions can be fully automated as these require human 

interaction such as the compiling of transport documentation, commercial documentation, 

and official documentation. On the other hand, it can offer a solution for operational 

processes such as checking in and out of fresh produce.  

Regarding data accuracy, blockchain can check whether conditional data elements and/or 

fields are entered. This also contributes to the completeness of data. However, blockchain 

and smart contracts are not capable of checking if the entered data are also correct and free 

from mistakes. The entry of false data can be reduced by the deterministic data entry 

method. Barcodes can be scanned and data can be transferred without the risk of data 

tampering or typing errors.  

As blockchain is a single decentralised platform, each entity holds a copy of all the 

accomplished transactions. The increase in data completeness coincides with the number of 

organisations linked to the network. It has a direct effect on supply chain transparency and 

visibility. Organisations such as fruit packhouses and the PPECB are key when it comes to 

involvement. These are the original authors of data elements and documentation that is 

widely used in the supply chain such as the phytosanitary certificate, quality certificate, cold 

chain certificate, and the packing list. Besides that, it would help to get all entities linked to 
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the blockchain, otherwise Titan has to keep running and be maintained as well. To convince 

entities to join the network, hurdles must be overcome. These are presented in Section 6.1.  

As with data accuracy, blockchain technology does not contribute to the reliability of data. 

The reliability of data must be preserved from the point of creation to the point of usage on 

the blockchain. The adoption of smart contracts can be supportive as these can only allow 

text data, numerical data, or dates. The encryption of data and consensus mechanism 

secures against the tampering of data. Data can be decrypted according the asymmetric 

encryption method to indicate the identity. Only then can entities adapt data with the help of a 

set of keys, public and private. This means it can always be traced by whom the modification 

was made. After this, the copy each entity holds of the transactions accomplished are 

updated. The ability of organisations to produce a complete and indisputable history of the 

transactional ledger makes the inspection at the importer easy and efficient. 

Overall, blockchain is capable of increasing data quality. Compared to traditional databases, 

decentralised systems have the potential to increase the recency of data, its completeness, 

and to secure its immutability. The increase in data quality, visibility, and transparency 

through the use of blockchain also has its advantages in decision-making processes. 

Erroneous or confined availability of data can lead to incorrect decision-making and result in 

negative consequences such as higher costs or longer lead times. The expansion of lead 

time can be critical in supply chains in which food products are traded.  

General  

Finally, the general discipline is discussed that accommodates a wide range of facets. To 

start with the lack of empirical data, currently, a limited number of large-scale 

implementations results in a lack of empirical data. Previous experiences help to build scripts 

and to draft blueprints on the adoption and utilisation of blockchain. Further, it helps to arrive 

at a more nuanced analysis of the financial impact of blockchain. Without these data, 

profitability is hard to establish even the implementation costs, and the fixed and variable 

costs for operating the system. The uncertainties that come along deter parties who are risk-

averse and possess limited financial resources to take on this risk.  

 

To reach the full potential of blockchain, each entity must be connected to the internet 

infrastructure with good internet quality. It is one of the conditions to reach the full potential of 

blockchain technology. Currently, most of those who do not have internet access, are fruit 

growers and packhouse facilities who can’t make use of the internet as there is no 

infrastructure installed on site or the internet quality is inconsistent. Besides being relevant 
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for the overall data quality, it is also necessary for ensuring the decentralisation of the 

network. Without access to high quality internet, entities are excluded from validating 

transactions. This can be solved by adopting the PoW consensus mechanism as the use of 

PoS is not feasible on this occasion.  

 

The trinity issue is one of the technical barriers that blockchain faces. The trinity issue entails 

that the peer-to-peer network cannot simultaneously take into account scalability, security, 

and decentralisation. It is challenging to find the right balance and this will have to be 

factored into the supply chain strategy. Whatever balance is ultimately chosen, the 

blockchain will remain more secure than traditional databases. This has to do with the 

immutability characterisation and the consensus mechanisms whereby most of the nodes 

must be hacked to achieve data corruption.  

 

The adoption of blockchain technology in combination with smart contracts makes financial 

intermediaries redundant. This may offer a solution for global supply chains with a lower level 

of trust or one-time agreements. In general, financial intermediaries are often consulted to 

guarantee and release payment on behalf of the buyer, for which a fee is charged. These 

types of agreements are often covered in a letter of credit. Since the South African fruit 

export industry holds a sustainable relationship with the European fruit industry, these 

agreements are less common. The relationship is characterised by a high level of trust and 

long-term partnerships. Some parties choose to take care of both export and import 

processes which makes consultations with financial intermediaries non relevant. The 

adoption of smart contracts can further raise the trust level but this is also seen as redundant 

due to the high-level of trust within the export industry.    

The decentralised system demands a high degree of computing power that results in high 

energy consumption. The computing power required depends on the blockchain design and 

can differ by the chosen consensus mechanism. So PoW requires a higher energy usage 

than PoS, but it also has its drawbacks when it comes to the level of security. Systems need 

to be integrated into one network which calls for more intensive collaboration between 

organisations. Even then, a high level of interoperability isn’t guaranteed and can raise new 

entry barriers for parties willing to join the fruit export market. It can lead to a disrupted 

market force that may be considered to be unfair.  
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Chapter 7. Conclusion and recommendations 

7.1 Summary of findings and conclusion 

The motivation of this research study was the deepening of the globalisation of modern fruit 

supply chains. This increasing internationalisation challenges industry role players to 

manage their supply chains as these become more fragmented, complex, and diversified. At 

the same time, the focus of the South African fruit export chains on fruit quality, traceability, 

and efficiency must be preserved. For this reason, qualitative research is combined with a 

deductive research approach to find out whether blockchain can improve supply chain 

management and if it adds value to South Africa’s three largest fruit export industries, namely 

citrus, pome fruit, and table grapes.  

For the gathering of qualitative data a systematic literature review combined with a 

multimethod data collection approach is chosen. Both approaches seemed sufficient as this 

research study is of an exploratory nature. Meanwhile, the literature showed a knowledge 

gap of empirical data that hampered answering the research question related to the 

advantages and disadvantages of blockchain technology used as infrastructure. Besides 

that, the limited interview response rate hampered the results gathered from the industry and 

challenges to get a full overview of the information flows involved.   

For the adoption of blockchain technology to reach its full potential, several conditions need 

to be taken into account. Among these are the industry-wide adoption, the agreement on the 

blockchain protocol, a high level of interoperability between software systems and 

blockchain, and the accessibility to internet connection for all supply chain entities. The 

limited number of large-scale implementations leads to the limited availability of empirical 

data. For this reason, costs involved in implementation, operation, and maintenance are hard 

to determine. The adoption of blockchain comes along with uncertainties which makes it 

more challenging for an industry-wide adoption that is needed to reach its full potential. 

Simultaneously, the more parties involved, the more challenging it becomes to agree on the 

blockchain protocol due to the conflicting interests of organisations. The roll-out of blockchain 

technology must be supported industry-wide and has to be implemented according to certain 

conditions to reach its potential. This is seen as a hurdle as some fruit growers and 

packhouse facilities do not have access to high quality internet. The ratio of data quality and 

industry-wide adoption has not been previously published, contributing to the enrichment of 

the literature.  
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The adoption of blockchain technology has its pros and cons for supply chain management. 

The decentralised network controls the decision-making from a centralised entity to a 

distributed network. It strives to reduce the level of distrust between supply chain entities and 

deters their ability to exert authority or control over one another in ways that degrade the 

functionality of the supply chain. The cryptographic function and consensus mechanism 

makes blockchain technology more secure than traditional databases. Besides that, it 

improves supply chain visibility, transparency, and the quality of data. These benefit daily 

operations in supply chain management in several ways, namely: the reduction of lead times, 

better grounded decision-making, improved fruit quality to increase supply chain efficiency, 

and fulfilling the customer’s need to be informed about the fruit’s origin and the production 

methods used. This is in line with the findings of Kumar et al. (2019) who state that the 

adoption of blockchain technology can increase quick response and performance 

management. Referring to the disadvantages, blockchain struggles with some technical 

barriers and energy consumption. It concerns the trinity issue and the scalability which 

makes blockchain limited in the amount of data it can process. This reduces the suitability of 

blockchain technology on the organisational level. This observation is in contrast to the 

findings of Arora et al., (2019) who state that the implementation of blockchain technology is 

suitable within each enterprise.  

Blockchain technology provides additional benefits once integrated with information input 

systems wherein data are entered according to a deterministic manner where possible. This 

manner of data entry can further enhance some benefits named earlier, namely: the increase 

in data quality, supply chain transparency, and it reduces the risk of data corruption and 

fraud. This reveals the relationship between blockchain technology, deterministic data entry, 

and data quality. 

When it comes to the information flows in the fruit export industry, supply chains are 

characterised by their extensive focus on food traceability and fruit security. Entities have to 

register their incoming consignments with their unique FBO code for traceability purposes. 

To ensure fruit quality, each batch must be inspected by the PPECB to obtain a 

phytosanitary and quality certificate. Registration for both can be accomplished via Titan. The 

quality and phytosanitary certificates are needed by the fresh produce exporter / freight 

forwarder for the arrangement of export documentation. Overall, many different information 

flows exist which are cross-organisational and whose degree of visibility and transparency is 

limited.  
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As an application for the South African fruit export industry, blockchain technology holds 

several opportunities and could provide many advantages compared to traditional databases. 

Despite this, the research results show that embracing of blockchain technology on industry 

level seems not to be feasible yet. This observation is based on two main reasons. First, the 

early stage of development of the technology and the lack of empirical data results hamper 

the introduction of the decentralised system by industry stakeholders. Only if the technology 

were to be adopted by all stakeholders can it reach its full potential. Second, high quality 

internet is needed for the validation process of data and to reach real-time information. Given 

that not all entities within the industry have access to high-quality internet, blockchain will not 

come in as strength. Poor internet quality hampers supply chain transparency and the 

validation of data.   

7.2 Recommendations 

Based on literature, blockchain brings many opportunities and is promising to the field of 

supply chain management. Meanwhile, many challenges and barriers still need to be 

overcome. However, the technological development of the decentralised system is 

progressing rapidly which is needed for a more mature network. Figure 7.2.1 presents the 

hype cycle for data management and is used to identify promising technologies and 

practices. It helps to decide when it is appropriate to evaluate technologies for adoption and 

plan ahead to make informed decisions relative to emerging and maturing data management 

technologies. According to Russom and Feinberg (2021), blockchain finds itself in a place 

that is called the “Trough of Disillusionment”. It needs another two to five years before the 

“Plateau of Productivity” will be reached and the decentralised system can be successfully 

adopted. Hence, it is recommended to follow the technical improvements and literature about 

blockchain closely and to see how the technology evolves over time.  
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Given that blockchain is not a solution yet, there are however clear opportunities for 

improvement when it comes to the sharing of information and supply chain transparency. To 

start with the availability of (high quality) internet. The South African internet infrastructure is 

underdeveloped with the result that some links in the supply chain don’t have access to (high 

quality) internet. Therefore, it is advisable to start working on the internet infrastructure first to 

ensure that the entire industry is able to upload and download data to the cloud. The 

accessibility to the internet increases the improvement of supply chain transparency and 

more actual data.  

Lots of data and files are shared among three or more links in the export supply chain. In 

total, thirteen documents are related to three or more entities. Herein, the produce exporter 

and the freight forwarder are the two organisations that fulfil a key role in information flow. 

These organisations might benefit the most by the usage of portals that function as 

information-sharing platforms that support the storage and exchange of data at a central 

place such as Titan. These portals decrease the risk of data immutability, increase supply 

chain transparency, and contribute to the distribution and recency of data, taking into account 

that the immutability is not as low as with the usage of blockchain technology. Besides that 

Figure 7.2.1 Hype Cycle for Data Management              (Russom & Feinberg, 2021) 
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blockchain offers a few extra advantages, which are the automation of transactions, security, 

trust, and traceability.  

7.3 Summary of contributions  

Where lots of information and literature can be found about product flows throughout the 

South African fruit export supply chains, less information is available when it comes to the 

flow of information. The flow of information is supportive of the product flow and makes it 

manageable. Without the collection and sharing of data, the product flow will not move. The 

focus of this research study is explicitly on the flow of information through the South African 

fruit export supply chain and how blockchain can be supportive of this. Therefore, the 

mapping of the information flows has been relevant to indicate to what extent data are 

shared and what the relevance is of supply chain transparency. The results show what data 

elements are collected and shared, by whom, and how this relates to other supply chain 

entities. It indicates the interdependence between all organisations in the export supply 

chain.  

 

Besides that, the findings of this research study emphasise the relevance of supply chain 

visibility, supply chain transparency, and data quality for the effectiveness of supply chain 

management. The improvement of these three facets (achieved with or without blockchain 

technology) provides new opportunities to decrease lead times, increase supply chain 

efficiency, and is supportive of better-grounded decision-making processes. The outcome 

also applies to non-agricultural supply chains and shows the relationship between these 

facets and supply chain management’s successes.  

 

Regarding blockchain technology, the results of this study are also worthwhile for supply 

chains that are interested in the early adoption of the decentralised system. This report 

outlines the functioning of blockchain technology, its advantages and disadvantages, the 

(technical) challenges that come along, and the conditions that need to be met during the 

implementation phase and while it is in use.   

 

7.4 Limitations 

This research study is limited to the three largest South African fruit export industries to 

Europe; citrus, pome fruit, and table grapes. This has been taken into account in the data 

gathering process and selecting industry role players operating within these domains. Other 

fruit commodities or export supply chains with target markets other than Europe are not 

included. Moreover, the number of respondents for mapping the inflow flows was limited. At 
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least one respondent was found for each position in the supply chain. Given the limitations of 

sample size, the results can been as explorative rather than conclusive in nature. Where 

needed, information was supplemented and verified by the use of archival research. 

The COVID-19 pandemic limited the investigation to desk and remote research and no sites 

were able to be visited. The data collected for this research study are based on primary and 

secondary sources and is collected through literature review and semi-structured interviews 

with industry role players. The possibility to include field research would have been helpful to 

get a more complete and better understanding of the South African fruit export industry.  

7.5 Future research opportunities 

This research study recommends that more research opportunities exist on three different 

topics. Firstly, more research can be conducted on the creation and design of the blockchain 

protocol. Based on the research findings, the agreement on the blockchain protocol seemed 

one of the greatest challenges to overcome. A research study could help to go deeper into 

the design of the blockchain protocol and to come up with a proposal for a framework 

applicable to each of the supply chains. The framework could be useful for the adoption and 

roll-out of blockchain technology. The format should entail an indication of the level of 

authorisation per organisation, the level of visibility and transparency, and the most 

appropriate consensus mechanism to apply.  

 

Secondly, this research study is limited to three fruit commodities which are citrus, pome 

fruit, and table grapes. From the PPECB’s perspective, it would be helpful to extend the 

research scope that goes beyond the fruit export supply chains of the citrus, pome fruit, and 

table grapes. The aim of the investigation should be to find out if blockchain technology is 

suitable for all types of export supply chains the PPECB is involved in and whether it is a 

worthy replacement for Titan.  

 

The third recommendation for future research is regarding the field of information technology. 

As this literature review was from a logistical angle, it did not become clear to what extent 

blockchain technology is interoperable with other information input systems. Conflicting 

arguments were given by literature. A subsequent study from an information technology 

perspective should give more clarification about the interoperability of blockchain technology 

with other information systems. After all, it is one of the conditions for a smooth flow of 

information exchange and the highest level of transparency and visibility possible in supply 

chain management.  
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Chapter 1 Background 

Blockchain technology is an upcoming and revolutionary technology that has been 

researched more often in recent years about its possibilities and potential in industries and 

supply chains. Blockchain technology was invented by Satoshi Nakamoto as a peer-to-peer 

exchange system (Gupta & Sadoghi, 2018:1;  Niu & Li, 2019:2). Nakamoto came up with the 

design of an unanticipated technology that revolutionised research in the distributed system 

community. The technology was coupled with the emerging digital token named “Bitcoin” 

which increased the amount of trading in recent years. Therefore, the distribution system was 

often confused with the digital token while it actually supported electronic transactions (Gupta 

& Sadoghi, 2018:1).  

 

Since 2005, publications about blockchain technology have shown an upward trend. 

Particularly since 2017, more studies have been published and it now seems to be a more 

popular topic among researchers (Feng, Wang, Duan, Zhang & Zhang, 2020:3). This 

changed the perspective of blockchain technology from a secure monetary transaction 

system into an emerging technology that includes artificial intelligence (AI), the Internet of 

Things (IoT), and smart contracts. Some believe that it represents the technical foundation of 

the future of business activities (Dorri, Kanhere & Jurdak, 2016:12; Ferrer, 2016:10; 

Omohundro, 2014:20).  

 

Ølnes, Ubacht & Janssen (2017:363) state that blockchain technology will improve 

information security and transparency throughout the supply chain. Furthermore, the 

technology contributes to sustainable traceability management by means of IoT-based 

devices for the information acquisition and persistence of agri-food products. Gurtu & Johny, 

(2019:891) concur with this statement. According to their study, blockchain technology 

improves trust through the supply chain by increasing visibility within industries and across 

organisations. In their statement, blockchain technology is expected to be focused on three 

primary areas: smart contracts, supply chain finance, and increased supply chain visibility 

and traceability (Gurtu & Johny, 2019:892).  

 

As indicated, several studies state that blockchain technology could be beneficial for 

business operations and supply chain management. Unfortunately, fewer publications exist 

about successful real-world implementations of blockchain-based food industry cases (Feng 

et al., 2020:3). Moreover, research has established that a lack of studies exists about 

blockchain technology that has been applied in the South African context. Meanwhile, 

Shingie Chisoro-Dube states that the South African fruit industry has a huge potential to 

extend their market globally. Therefore, it needs to invest in industrialisation of the value 
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chain, and technology is needed for sustainable growth (Patel, 2020). This will result in better 

yields, shelf life, and quality of the products (Chisoro-Dube, Das Nair & Namhla Landani, 

2019:1) For this reason, this research aims to investigate whether blockchain technology 

adds value to the South African fruit industry.  

 

This protocol entails an outline of how literature is reviewed. In the second chapter, the 

review objectives and questions are defined. The third chapter outlines the inclusion and 

exclusion criteria, the search strategy, the strategy of data collection, and an explanation is 

given as to how data are analysed.  

 

Chapter 2 Review questions 

The aim of the literature review is to establish the theory behind blockchain technology and 

to analyse which factors within the supply chain determine whether blockchain technology is 

beneficial.  

 

Therefore, the following research questions have been formulated:  

- Which historical factors play a role and led to the improvements of blockchain 

technology as we are familiar with it today?  

- What is known by literature when it comes to the functioning and operating of 

blockchain technology in agriculture supply chains?  

- Which factors determine whether blockchain technology could be beneficial for 

agriculture supply chain management?   

- What advantages and disadvantages does blockchain technology bring to agricultural 

supply chain management?  

 

 

Chapter 3 Methods 

With reference to the systematic literature review, a number of databases have been 

selected, including Scopus, Emerald, and Web of Science. All three databases contain peer-

reviewed literature delivering a comprehensive overview of the world’s research output in 

different fields including agriculture. These databases are consulted for the gathering of 

relevant research studies which can be used for the systematic literature review. To arrive at 

a relevant selection of research studies, a number of steps are taken in the following order: 

Defining search strategy and collection of data, applying inclusion and exclusion criteria, and 

finally the analysis and synthesis.  

 

A. Search strategy and collection of data 
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The search strategy is defined with the aim of selecting research studies that are related to 

blockchain technology and information sharing across agriculture supply chains. To come to 

a sufficient search phrase, the following search terms are defined: “blockchain AND 

information sharing” or “blockchain AND supply chain” “blockchain AND enterprises” or 

“blockchain AND data transaction” or “blockchain AND information security” or “blockchain 

AND visibility” or “blockchain AND transport time” or “blockchain AND agriculture” or 

“blockchain AND business operations” or “blockchain AND traceability” or “information 

sharing systems AND business operations.”  

 

The search terms are combined to come to a sufficient search phrase that is used at each 

database. The search terms cover title, abstract, and keywords. At each database a filter is 

applied so that only peer-reviewed studies are found. The table presents an overview of the 

search terms included.  

 

 

 

 

OR     ↓ 

                              AND            AND ANDs 

Blockchain Data transaction Supply chain 

management 

Agriculture 

Block chain Information 

security 

Supply chain  

Information 

sharing system 

Visibility Value chain  

Information 

sharing 

Transport time Enterprises  

 Business 

Operations 

Logistics  

 Traceability   

 

 

B. Inclusion and exclusion criteria 

The results that show up after applying the search phrase are examined according to the 

inclusion and exclusion criteria defined that are outlined in the table below. By applying the 

criteria and by screening the abstract, the level of relevance of a research study can be 

estimated. Based on this indication, research is included or excluded from the final selection. 

Only the publications that belong to this selection undergo the coding process.  

 

 

The evolution and structure of the South African fruit export supply chain 
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 Criterion criterion Note 

Relevance How recent should the 

item be? 

Studies that are 

published since 

2005.  

Feng, Wang, Duan, 

Zhang & Zhang 

(2020) state that the 

number of 

publications 

increased over the 

last three years.  

Since 2005 relevant 

publications have 

been published and 

fewer papers are 

available about 

implementations.  

Are the research 

questions or 

objectives sufficiently 

close to your own to 

make it relevant to 

your own research? 

Not necessarily 

 

Cases wherein 

blockchain 

technology has been 

implemented should 

involve the following 

keywords: “food 

chain” or “agri-food 

chain” or “fruit chain” 

and “blockchain 

technology” or 

“implementation” or 

“pilot application”  

In order to get a 

better understanding 

of the theory behind 

blockchain 

technology, 

background 

information has to be 

given in the literature 

review. As an 

example, several 

cases are outlined 

wherein blockchain 

is implemented in 

comparable 

industries.  

Has there been 

reference to the 

study/author where 

relevant? 

Yes References used in 

a particular study 

can be relevant for 

the overall 

systematic literature 

review. It creates a 
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so called “snowball 

effect”. 

Value Does the item seems 

to be biased?  

No Given the topic, the 

literature consulted 

needs to be based 

on facts and what is 

found by analysis. 

Emotional 

appearances and 

bias need to be 

excluded as far as 

possible.    

 

 

C. Analysis and Synthesis  

The relevant research studies are analysed sequentially by means of coding. At first, multiple 

data elements are notified that help to refer to a particular research study. These date 

elements are notified underneath and tracked in Excel:  

- Low-Level-Code (LLC): The LLC should point out if source is found with help of 

search terms straight in the databases or within the reference list of other studies.   

- Year that study is published 

- Author(s) 

- Title 

- Purpose of the study 

- Method 

- Finding(s) 

 

Research studies selected are analysed by means of coding. Relevant information presented 

in each study is coded and linked to a (sub) theme to be processed in the systematic 

literature review. Quirkos was consulted to organise and analyse the gathered data. Quirkos 

is a software package for the qualitative analysis of text data and provides a graphical 

interface represented in themes. At the start of the coding process, 20 different themes have 

been created which quotes can be linked to. These themes are defined based on the 

chapter’s structure and the systematic literature review objectives. The different themes and 

their meaning are listed below in alphabetical order:   

- Blockchain framework; proposed blockchain models discussed from a logistical 

perspective meant for specific markets / industries; 
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- Challenges to blockchain implementation; challenges that come along during the 

implementation phase of blockchain technology; 

- Cons adoption blockchain; all the disadvantages of blockchain technology (in supply 

chain management) after adoption; 

- Current challenges within SCM; the biggest challenges faced by today’s agricultural 

supply chains; 

- Data element exchanged at blockchain network; the type of data elements that are 

exchanged in agricultural supply chains and that are / can be supported by 

blockchain;  

- Definition of blockchain technology; all definitions given of blockchain technology by 

literature; 

- Financial meanings; all information relation to the costs, earnings at the 

implementation and use of blockchain technology;  

- Findings of the study; the findings of a specific research study; 

- How blockchain works; all information that explains how blockchain technology 

operates and how it is able to support (agricultural) supply chains; 

- Implementation process; citations that entail information about the implementation 

phase of blockchain technology (step by step); 

- Other definitions; literature that outlines definitions other than blockchain technology; 

- Other relevant information; other relevant information related to blockchain 

technology; 

- Purpose research study; the purpose of a specific research study;  

- Preconditions for adoption; information that explain the conditions that need to be met 

for a successful implementation of blockchain technology; 

- Pros adoption blockchain; all the advantages of blockchain technology in combination 

with supply chain management after adoption;  

- Providers of blockchain technology; suppliers of blockchain technology software 

packages and support;  

- Risks of adopting blockchain; the risks that arise at and after the implementation of 

blockchain technology;  

- Requirements; (hard) assets needed for a successful implementation of blockchain 

technology 

- Security measurements to take for safe adoption; all security measurements that 

need to be taken for a secure and reliable blockchain network;  

- Structure (design); all information about blockchain technology and its structure from 

a more (IT) technical perspective.  
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Addendum B: Full list of articles after selection process  

No Author(s) Research title Year Source 

1 A. Arena 
A. Bianchini 
P. Perazzo 
C. Vallati 
G. Dini 

BRUSCHETTA: An IoT blockchain-
based framework for certifying extra 
virgin olive oil supply chain 

2019 Scopus 

2 A. Arena 
A. Bianchini 
P. Perazzo 
C. Vallati 
G. Dini 

BRUSCHETTA: An IoT blockchain-
based framework for certifying extra 
virgin olive oil supply chain 

2020 Web of Science 

3 A. Chopra Blockchain technology in food 
industry ecosystems 

2020 Scopus 

4 A.C. An 
P. Thi Xuan Diem 
L. Thi Thu Lan 
T. Van Toi 
L. Duong Quoc Binh 

Building a Product Origins Tracking 
system Based on Blockchain and PoA 
Consensus Protocol 

2019 Scopus 

5 A. Corallo 
M.E. Latino 
M. Menegoli 
F. Striani 

The awareness assessment of the 
Italian agri-food industry regarding 
food traceability systems 

2020 Web of Science 

6 A. Jaiswal 
S. Chandel 
A. Muzumdar 
G.M. Madhu 
C. Modi 
C. Vyjayanthi 

A conceptual framework for 
trustworthy and incentivized trading 
of food grains using distributed 
ledger and smart contract 

2019 Scopus 

7 A. Kamilaris 
A. Fonts 
F.X. Prenafeta-Boldú 

The rise of blockchain technology in 
agriculture and food supply chains 

2019 Scopus 

8 A. Kamilaris 
A. Fonts 
F.X. Prenafeta-Boldú 

The rise of blockchain technology 
in agriculture and food supply chains 

2020 Web of Science 

9 A. Maden Suitability evaluation of blockchain–
Based systems using fuzzy ANP- A 
case study in a logistics company 
  

2020 Scopus 
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No Author(s) Research title Year Source 

10 A. Shahid 
A. Almogren 
N. Javaid 
F.A. Al-Zahrani 
M. Zuair 
M. Alam 

Blockchain-based Agri-Food Supply 
Chain: A Complete Solution 

2020 Scopus 

11 A. Shahid 
A. Almogren 
N. Javaid 
F.A. Al-Zahrani 
M. Zuair 
M. Alam 

Blockchain-Based Agri-Food Supply 
Chain: A complete Solution 

2020 Web of Science 

12 A. Shahid 
U. Sarfraz 
M.W. Malik 
M.S. Iftikhar 
A. Jamal 
N. Javaid 

Blockchain-Based Reputation System 
in Agri-Food Supply Chain 

2020 Scopus 

13 A. Tosic 
J. Vicic 
M. Mrisa 

A Blockchain-based Decentralized 
Self-balancing Architecture for the 
Web of Things 

2019 Scopus 

14 A.C. Saji 
A. Vijayan 
A.J. Sundar 
L. Baby Syla 

Permissioned blockchain-Based 
Agriculture Network in Rootnet 
Protocol 

2020 Scopus 

15 A.N. Putri 
M. Hariadi 
A.D. Wibawa 

Smart Agriculture Using Supply 
Chain Management based on 
Hyperledger Blockchain 

2020 Scopus 

16 Aaron Tham 
Marianna Sigala 

Road block (chain) : bit(coin)s for 
tourism sustainable development 
goals?  

2020 Emerald Insight 

17 Apostolis 
Papakostas 

Building State Infrastructural 
Capacities: Sweden and Greece 
 
 
 
 
 
 
 
  

2018 Emerald Insight 
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No Author(s) Research title Year Source 

18 A. Chaudhuri 
I. Dukovska-
Popovska 
N. Subramanian 
H. Kai Chain 
R. Bai 

Decision-making in cold chain 
logistics using data analytics: a 
literature review 

2018 Emerald Insight 

19 B. Harshavardhan 
Reddy 
Y. Aravind Reddy 
K. Sashi Rekha 

Blockchain: To improvise economic 
efficiency and supply chain 
management in agriculture 

2019 Scopus 

20 B.M.A.L. Basnayake 
C. Rajapakse 

A Blockchain-based decentralized 
system to ensure the transparency 
of organic food supply chain 

2019 Scopus 

21 C. Karunanayaka 
K. Vidanagamachchi 
R. Wickramarachchi 

Transforming agriculture supply 
chain with technology adoption-: A 
critical review of literature 

2020 Scopus 

22 D. Dave 
S. Parikh 
R. Patel 
N. Doshi 

A survey on blockchain technology 
and its proposed solutions 

2019 Scopus 

23 D. Dave 
S. Parikh 
R. Patel 
N. Doshi 

A Survey on Blockchain Technology 
and its Proposed Solutions 

2020 Web of Science 

24 D.A. Iswari 
Y. Arkeman 
Muslich 

Requirement analysis of blockchain 
systems on cocoa supply chain 

2019 Scopus 

25 E. Safak 
A. Furkan 
T. Erol 

Hybrid Database Design 
Combination of Blockchain and 
Central Database 

2019 Scopus 

26 F. Antonucci 
S. Figorilli 
C. Costa 
F. Pallottino 
L. Raso  

A review on blockchain applications 
in the agri-food sector 
 
 
 
 
 
  

2020 Web of Science 
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No Author(s) Research title Year Source 

27 F. Antonucci 
S. Figorilli 
C. Costa 
F. Pallottino 
L. Raso 
P. Menesatti 

A review on blockchain applications 
in the agri-food sector  

2019 Scopus 

28 F. Marinello 
M. Atzori 
L. Lisi 
D. Boscaro 
A. Pezzuolo 

Development of a traceability 
system for the animal product 
supply chain based on blockchain 
technology 

2017 Scopus 

29 G. Balakrishna 
Reddy 
K. Ratna Kumar 

Quality improvement in Organic 
Food Supply Chain Using Blockchain 
Technology 

2020 Scopus 

30 G. Mirabelli 
V. Solina 

Blockchain and agricultural supply 
chains traceability: Research trends 
and future challenges 

2020 Scopus 

31 G. Tradigo 
P. Vizza 
P. Veltri 
P.H. Guzzi 

An information system to track data 
and processes for food quality and 
bacterial pathologies prevention 

2019 Scopus 

32 I. Erol 
I.M. Ar 
A.I. Ozdemir 
I. Peker 
A. Asgary 
I.T. Medeni 
T. Medeni 

Assessing the feasibility of 
blockchain technology in industries: 
evidence from Turkey 

2020 Web of Science 

33 I. Erol 
I.M. Ar 
I. Peker 
A. Asgary 
I.T. Medeni 
T. Medeni 

Assessing the feasibility of 
blockchain technology in industries: 
evidence from Turkey 

2020 Scopus 

34 I. Makhdoom 
I. Zhou 
M. Abolhasan 
J. Lipman 
W. Ni 

PrivySharing: A blockchain-based 
framework for privacy-preserving 
and secure data sharing in smart 
cities 
 
 
 
 
  

2020 Web of Science 
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No Author(s) Research title Year Source 

35 I. Makhdoom 
I. Zhou 
M. Abolhasan 
J. Lipman 
W. NI 

PrivySharing: A Blockchain-based 
framework for privacy-preserving 
and secure data sharing in smart 
cities 

2020 Scopus 

36 I. Mistry 
S. Tanwar 
S. Tyagi 
N. Kumar 

Blockchain for 5G-enabled IoT for 
industrial automation: A systematic 
review, solutions, and challenges 

2020 Scopus 

37 I. Mistry 
S. Tanwar 
S. Tyagi 
N. Kumar 

Blockchain for 5G-enabled IoT for 
industrial automation: A systematic 
review, solutions, and challenges  

2020 Web of Science 

38 I. Shostak 
Y. Rahimi 
M. Danova 
O. Feoktystova 
O. Melnyk 

Ensuring the security of the full 
logistics supply chain based on the 
Blockchain technology 

2019 Scopus 

39 International 
Conference on 
Climate Smart 
Sustainable 
Agriculture 

International Conference on Climate 
Smart Sustainable Agriculture 

2019 Scopus 

40 J. Duan 
C. Zhang 
Y. Gong 
S. Brown 
Z. Li 

A Content-Analysis Based Literature 
Review in Blockchain Adoption 
within Food Supply Chain 

2020 Web of Science 

41 J. Hua 
X. Wang 
M. Kang 
H. Wang 
F.-Y Wang 

Blockchain Based Provenance for 
Agricultural Products: A Distributed 
platform with Duplicated and Shared 
Bookkeeping 

2018 Scopus 

42 J.C. López-Pimentel 
O. Rojas 
M. Alcaraz-Rivera 
G. Sosa-Gómez 
L. Verteramo-Chiu 

Automating the avocado supply 
chain with Blockchain and Off-chain 

2020 Scopus 

43 J.D. Borrero Agri-food supply chain traceability 
for fruit and vegetable cooperatives 
using Blockchain technology 
  

2019 Scopus 
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No Author(s) Research title Year Source 

44 J.D. Borrero Agri-food Supply Chain Traceability 
for Fruit and Vegetable Cooperatives 
Using Blockchain Technology 

2020 Web of Science 

45 K. Demestichas 
N. Peppes 
T. Alexakis 
E. Adamopoulou 

Blockchain in agriculture traceability 
systems: A review 

2020 Scopus 

46 K. Demestichas 
N. Peppes 
T. Alexakis 
E. Adamopoulou 

Blockchain in Agriculture traceability 
Systems: A review 

2020 Web of Science 

47 K. Leng 
Y. Bi 
L. Jing 
H.-C. Fu 
I. Van 
Nieuwenhuyse 

Research on agricultural supply 
chain system with double chain 
architecture based on blockchain 
technology 

2018 Scopus 

48 K. Meidayanti 
Y. Arkeman 
Sugiarto 

Analysis and design of beef supply 
chain traceability system based on 
blockchain technology 

2019 Scopus 

49 K. Salah 
N. Nizamuddin 
R. Jayaraman 
M. Omar 

Blockchain-based Soybean 
Traceability in Agriculture Supply 
Chain 

2019 Scopus 

50 K. Salah 
N. Nizamuddin 
R. Jayaraman 
M. Omar 

Blockchain-Based Soybean 
Traceability in Agricultural Supply 
Chain 

2020 Web of Science 

51 L. Song 
X. Wang 
N. Merveille 

Research on Blockchain for 
Sustainable E-Agriculture 

2020 Scopus 

52 M. Kim 
B. Hilton 
Z. Burks 
J. Reyes 

Integrating Blockchain, Smart 
Contract-Tokens, and IoT to Design a 
Food Traceability Solution 

2018 Scopus 

53 M. Kim 
B. Hilton 
Z. Burks 
J. Reyes 

Integrating Blockchain, Smart 
Contract-Tokens, and IoT to Design a 
Food Traceability Solution 
 
 
  

2020 Web of Science 
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No Author(s) Research title Year Source 

54 M. Lezoche  
J.E. Hernandez 
M.D.E.A. Díaz 
H. Panetto 
J. Kacprzyk 

Agri-food 4.0: A survey of the supply 
chains and technologies for the 
future agriculture 

2020 Web of Science 

55 M. Lezoche 
H. Panetto 
J. Kacprzyk 
J.E. Hernandez 
M.M.E. Alemany 
Díaz 

Agri-food 4.0: A survey of the Supply 
Chains and Technologies for the 
Future Agriculture 

2020 Scopus 

56 M. Moreira Neto 
E.F. Coutinho 
L.O. Moreira 
J.N. de Souza 

Toward Blockchain Technology in 
IoT Applications: An Analysis for E-
health Applications 

2020 Scopus 

57 M. Torky 
A.E. Hassanein 

Integrating blockchain and the 
internet of things in precision 
agriculture: Analysis, opportunities, 
and challenges 

2020 Scopus 

58 M.A. Ahad 
S. Paiva 
G. Tripathi 
N. Feroz 

Enabling technologies and 
sustainable smart cities 

2020 Scopus 

59 M.J.M. Chowdhury 
M.S. Ferdous 
K. Biswas 
N. Chowdhury 
V. 
Muthukkumarasamy 

A survey on blockchain-based 
platforms for IoT use-cases 

2020 Scopus 

60 M.J.M. Chowdhury 
M.S. Ferdous 
K. Biswas 
N. Chowdhury 
V. 
Muthukkumarasamy 

A survey on blockchain-based 
platforms for IoT use-cases 

2020 Web of Science 

61 M.P. Caro 
M.S. Ali 
M. Vecchio 
R. Giaffreda 

Blockchain-based traceability in Agri-
food supply chain management: A 
practical implementation 
 
 
 
  

2018 Scopus 
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No Author(s) Research title Year Source 

62 M.S. Ferdous 
K. Biswas 
M.J.M. Chowdhury 
N. Chowdhury 
V. 
Muthukkumarasamy 

Integrated platforms 
for blockchain enablement 

2020 Web of Science 

63 M.S. Ferdous 
K. Biswas 
M.J.M. Chowdhury 
N. Chowdhury 
V. 
Muthukkumarasamy 

Integrated platforms for blockchain 
enablement 

2019 Scopus 

64 MCB UP Ltd Work Study Volume 37 Issue 10 1988 Emerald Insight 

65 Michael Rogerson 
Glenn C. Parry 

Blockchain: case studies in food 
supply chain visibility 

2020 Emerald Insight 

66 N/A 2018 IoT Vertical and Topical 
Summit on Agriculture - Tuscany, 
IOT Tuscany 2018 

2018 Scopus 

67 O. Bermeo-Almeida 
M. Cardenas-
Rodriguez 
T. Samaniego-Cobo 
E. Ferruzola-Gómez 
R. Cabezas-Cabezas 
W. Bazán-Vera 

Blockchain in agriculture: A 
systematic literature review 

2018 Scopus 

68 O. Vermesan 
J. Bacquet 

Next generation internet of things: 
Distributed intelligence at the edge 
and human machine-to-machine 
cooperation 

2018 Scopus 

69 P. Dutta 2nd International Conference on 
Innovative Computing and 
Communication, ICICC 2019 

2019 Scopus 

70 P. Malarvizhi Interventions to scale-up 
palmpreneurship in Tamilnadu 

2019 Scopus 

71 P.W. Khan 
Y.C. Byun 
N. Park 

IoT-blockchain enabled optimized 
provenance system for food industry 
4.0 using advanced deep learning 
 
 
  

2020 Scopus 
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No Author(s) Research title Year Source 

72 P.W. Khan 
Y.C. Byun 
N. Park 

IoT-Blockchain Enabled Optimized 
Provenance System for Food 
Industry 4.0 Using Advanced Deep 
Learning 

2020 Web of Science 

73 R. Caballero 
B. Rivera 

Blockchain: An alternative to enable 
traceability in the agricultural supply 
chain in Panama 

2019 Scopus 

74 R. Cadado-Vara 
J. Prieto 
F.D. De la Prieta 
J.M. Corchado 

How blockchain improves the supply 
chain: Case study alimentary supply 
chain 

2018 Scopus 

75 R. Iqbal 
T.A. Butt 

Safe farming as a service of 
blockchain-based supply chain 
management for improved 
transparency 

2020 Scopus 

76 R. Iqbal 
T.A. Butt 

Safe farming as a service of 
blockchain-based supply chain 
management for improved 
transparency 

2020 Web of Science 

77 R. Sharma 
S.S. Kamble 
A. Gunasekaran 
V. Kumar 
A. Kumar 

A systematic literature review on 
machine learning applications for 
sustainable agriculture supply chain 
performance 

2020 Scopus 

78 R. Sharma 
S.S. Kamble 
A. Gunasekaran 
V. Kumar 
A. Kumar 

A systematic literature review on 
machine learning applications for 
sustainable agriculture supply 
chain performance 

2020 Web of Science 

79 Riccardo Tiscini 
Silvia Testarmata 
Mirella Ciaburri 
Emanuele Ferrari 

The blockchain as a sustainable 
business model innovation 

2020 Emerald Insight 

80 S. Ahmed 
M.E. Islam 
M.T. Hosen 
M.H. Hasan 

BlockChain based fertilizer 
distribution system: Bangladesh 
perspective 
 
 
 
 
 
  

2020 Scopus 
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No Author(s) Research title Year Source 

81 S. Madumidha 
P. Siva Ranjani 
U. Vandhana 
B. Venmuhilan 

A theoretical implementation: 
Agriculture-food supply chain 
management using blockchain 
technology  

2019 Scopus 

82 S. Shaikh 
M. Butala 
R. Butala 
M. Creado 

AgroVita using Blockchain 2019 Scopus 

83 S. Shrivastava 
S.N. Pal 

A framework for next generation 
agricultural marketing system in 
Indian context 

2019 Scopus 

84 S. Thejaswini 
K.R. Ranjitha 

Blockchain in Agriculture by using 
Decentralized Peer to Peer 
NetWorks 

2020 Scopus 

85 S.F. Wamba 
M.M. Queiroz 

Blockchain in the operations and 
supply chain management: Benefits, 
challenges and future research 
opportunities 

2020 Scopus 

86 S.F. Wamba 
M.M. Queiroz 

Blockchain in the operations and 
supply chain management: Benefits, 
challenges and future research 
opportunities 

2020 Web of Science 

87 S.H. Awan 
S. Ahmed 
N. Safwan 
Z. Najam 
M.Z. Hashim 
T. Safdar 

Role of Internet of Things (IoT) with 
Blockchain Technology for the 
Development of Smart Farming 

2019 Web of Science 

88 S.S. Kamble 
A. Gunasekaran 
R. Sharma 

Modeling the blockchain enabled 
traceability in agriculture supply 
chain 

2020 Scopus 

89 S.S. Kamble 
A. Gunasekaran 
R. Sharma 

Modeling the blockchain enabled 
traceability in agriculture supply 
chain 

2020 Web of Science 

90 S.S. Kamble 
A. Gunasekaran 
S.A. Gawankar 

Achieving sustainable performance 
in a data-driven agriculture supply 
chain: A review for research and 
applications 
 
 
 
 
  

2020 Scopus 
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No Author(s) Research title Year Source 

91 S.S. Kamble 
A. Gunasekaran 
S.A. Gawankar 

Achieving sustainable performance 
in a data-driven agriculture supply 
chain: A review for research and 
applications 

2020 Web of Science 

92 T. Hepp 
P. Wortner 
A. Schönhals 
B. Gipp 

Securing physical assets on the 
blockchain 

2018 Scopus 

93 T. Khanna 
P. Nand 
V. Bali 

Permissioned blockchain model for 
end-to-end trackability in supply 
chain management 

2020 Scopus 

94 T. Khanna 
P. Nand 
V. Bali 

Permissioned Blockchain Model for 
End-to-End Trackability in Supply 
Chain Management 

2020 Web of Science 

95 T. Sethibe Blockchain Technology Innovation 
Use-Cases in the Agriculture Sector: 
A Systematic Review 

2019 Web of Science 

96 T. Surasak 
N. Wattanavichean 
C. Preuksakarn 
S.C.H. Huang 

Thai Agriculture Products 
Traceability System using Blockchain 
and Internet of Things  

2020 Web of Science 

97 T. Surasak 
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C. Preuksakarn 
S.C.-H. Huang 

Thai agriculture products traceability 
system using blockchain and 
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2019 Scopus 

98 U. Bodkhe 
S. Tanwar 
P. Bhattacharya 
N. Kumar 

Blockchain for precision irrigation: 
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2020 Scopus 
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N. Kumar 

Blockchain for precision irrigation: 
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2020 Web of Science 

100 V.S. Yadav 
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R.D. Raut 
U.H. Govindarajan 

Blockchain technology adoption 
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supply chain: an integrated 
approach 
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No Author(s) Research title Year Source 
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2020 Web of Science 
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Y. Li 
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2020 Web of Science 
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C. Li 
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2020 Web of Science 
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N. Subramanian 
M. Dora 
M.S. Bhatia 
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of people, process, performance, 
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2020 Web of Science 

106 Y. Li 
X. Chu 
J. Feng 
D. Tian 
W. Mu 
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2019 Scopus 
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B. Wen 
K. Xiao 
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Q. Wang 
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Addendum C: Interview guide  

Interviewee:     Company:    

Interviewer:   Wout Beuting  Institution: Stellenbosch University 

Title research study:  Assessing the potential of blockchain technology as an 

information-sharing    platform in the major export supply chains of fruit in 

South Africa towards    Europe 

Date:             Time:          

Place:    Microsoft Teams  

This document entails the interview framework for the semi-structured interviews that will be 

conducted for the research study “Assessing the potential of blockchain technology as an 

information-sharing platform in the major export supply chain of fruit in South Africa towards 

Europe”. The study aims to examine whether blockchain technology can add value to the 

export industry of South Africa. Industry role players within different parties of the citrus, 

pome fruit, and table grape export supply chain will be interviewed. Among these parties are: 

farmers, pack houses, exporters (agencies), importers, industry associations, and regulatory 

bodies. These individuals will be asked about their experience with the creation, availability, 

exchange, and storage of information. The term information can be used in its broadest 

sense, in this research study it refers to data that get the flow of goods started and keeps 

going. The respondent is reminded that he/she is allowed to deny any question at any 

time of the interview.  

Introduction applicable for each respondent 

- To introduce the interview by asking the correspondent for a brief description of the 

company he/she works at;  

- To get familiar with the role they fulfil in the exports of fruit.  

- To get an idea of the role the respondent fulfils at his/her company.  

 

Interview framework applicable to fruit farmers:  

- To inquire about the parties whom the farmers have to deal with at the process of 

exporting fruit;   
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- To get an idea of what data elements are captured during the growing and harvesting 

process regarding exports; 

- To indicate which of these data elements are shared with other parties in the supply 

chain regarding exports; 

- To get an indication of what information systems enables the farmer to exchange and 

store these data elements; 

- To get an indication of how good the internet connectivity is at the farm; in case it is 

poor, whether the organisation can increase the quality of the internet. 

 

Interview framework applicable to pack houses:  
- Inquiring about the parties whom the packhouses have to deal with at the process of 

exporting fruit;   

- To find out what information is needed to get the flow of goods started from farmer 

towards packhouse;  

- To get an indication of what elements of information is received from the farmer along 

with the batch for the exports of fruit; 

- To identify what elements of data are collected during the operational process at the 

packhouse per event and shared with other parties in the supply chain (with help of 

the flowchart presented in the appendix); 

- To determine what systems are supportive and enables to exchange of data with 

other parties in the export supply chain; 

- To determine what systems enable the storage of data.  

- To get an indication of how good the internet connectivity is at the packhouse; in case 

it is poor, whether the organisation can increase the quality of internet. 

Interview framework applicable to exporters (agency): 
- Inquiring about the parties whom the exporters have to deal with at the process of 

exporting fruit; 

- To find out what data element is needed to get the flow of goods going upstream the 

supply chain from the packhouse on; 

- To get an indication of what data elements are shared by the suppliers for exports 

that can be linked to the batch of fruit?  

- To get an indication of what incoterms are most frequently used for export shipments 

and whether different incoterms have different information requirements; 

- To find out if there are any parameters monitored during transport to ensure the 

quality of the fruit;  

Stellenbosch University https://scholar.sun.ac.za



236 
 

- To identify how is acted upon deviating of parameters that could influence the 

lifespan or quality of the fruit;  

- To inquire about the data elements shared with other parties upstream the supply 

chain concerning the events fruit has undergone;  

- To inquire what type of information systems enables the exporter to store and to 

exchange data with other parties in the supply chain;   

- To find out how the flow of data contained in shipment documentation and the bill of 

lading is managed before it is handed over to the customs;  

- Identifying whether any financial institutions are involved in the trade in goods and 

financial transactions.  

- To get an indication of how good the internet connectivity is on-site; in case it is poor, 

whether the organisation can increase the quality of the internet. 

 

Interview framework applicable to terminal operators: 
- Inquiring about the parties whom the terminal operator has to deal with at the process 

of exporting fruit; 

- To find out what data element is needed to get the flow of goods going upstream the 

supply chain from the packhouse on; 

- To get an indication of what data elements are shared by the suppliers for exports 

that can be linked to the batch of fruit?  

- To get an indication of what incoterms are most frequently used for export shipments 

and whether different incoterms have different information requirements; 

- To find out if there are any parameters monitored during transport to ensure the 

quality of the fruit;  

- To identify how is acted upon deviating of parameters that could influence the 

lifespan or quality of the fruit;  

- To inquire about the data elements shared with other parties upstream the supply 

chain concerning the events fruit has undergone;  

- To inquire what type of information systems enables the exporter to store and to 

exchange data with other parties in the supply chain;   

- Identifying whether any financial institutions are involved in the trade in goods and the 

payment of transactions.  

- To get an indication of how good the internet connectivity is on-site; in case it is poor, 

whether the organisation can increase the quality of the internet. 

 

Interview framework applicable to importers (agency):  
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- To inquire about the parties whom the importers have to deal with at the process of 

importing fruit 

- To find out what data element is needed to get the flow of goods going upstream the 

supply chain from the exporter on;  

- To get an indication of what data elements are shared by the suppliers for imports 

that can be linked to the batch of fruit?  

- To get an indication of what incoterms are most frequently used for import shipments 

and whether different information requirements are set per incoterm; 

- To find out whether any parameters can be monitored during transport to ensure the 

quality of the fruit;  

- How is acted upon deviating of parameters that could influence the lifespan or quality 

of the fruit;  

- To inquire about the data elements shared with other parties upstream the supply 

chain concerning the events fruit has undergone;  

- To inquire what type of information systems enables the exporter to store and to 

exchange data with other parties in the supply chain;   

- Identifying whether any financial institutions are involved in the trade in goods and the 

payment of transactions.  

- To find out whether there is any information that the importer (agency) likes to receive 

or that would open up new markets if it was made available by previous links in the 

supply chain; 

- Whether the respondent does expect any changes in the future around the 

requirements regarding the availability, integrity, or reliability of data. 

 

Interview framework applicable to industry associations: 
- To identify whether the industry association is involved in the export process or 

whether it provides any information towards entities during exports;  

- To determine what information systems are supportive and enables to exchange of 

data with parties in the export supply chain; 

- To determine what systems enable the storage of data.  

- To find out to what level entities in the supply chain are linked to the internet, or 

otherwise can get linked to the internet network;   

- To find out whether the industry is open to technological and cultural change; 

- To get an idea of whether new-industry wide technological initiatives have been 

implemented in the fruit export industry recently; 

- To inquire what role is reserved for the industry association during the role out of 

these kinds of projects;  
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- To obtain the association’s perspective on whether the increased enhancement by 

technological initiatives outweighs the creation of obstacles for new parties to enter 

the fruit market. 

 

Interview framework applicable to regulatory bodies:  
- To get an idea to what extent the regulatory body is involved in the export process of 

fruit;  

- To find out what data elements are received from parties during the export process; 

- To inquire what data elements are put into the export process by the regulatory body; 

- To find out whether the regulatory body qualifies fruit on existing data or collects her 

data on-site;  

- To get an idea of where the products are mainly exported to;  

- To inquire about how parties up the supply chain are sure that the batch they receive 

is qualified and how fraud is prevented;  

- To find out what information systems are used for the exchange and storage of data.  

- To get an indication of how good the internet connectivity is; in case it is poor, 

whether the organisation can increase the quality of the internet. 
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Addendum D: Consent form (unsigned) 

 

 
 

STELLENBOSCH UNIVERSITY 
CONSENT TO PARTICIPATE IN RESEARCH 

 

Dear  …………………. 
 

My name is Wout Beuting and I am a Master’s student at the Department of Logistics and I would like 
to invite you to participate in a research project entitled “Assessing the potential of blockchain 

technology for the major fruit export supply chains of South Africa”. 
 

Please take some time to read the information presented here, which will explain the details of this 

project and contact me if you require further explanation or clarification of any aspect of the study. 
Also, your participation is entirely voluntary and you are free to decline to participate.  If you say no, 

this will not affect you negatively in any way whatsoever.  You are also free to withdraw from the study 
at any point, even if you do agree to take part. 

 

As the title already states, the research aims to assess the potential of blockchain technology within 
the export supply chains of citrus, pome fruit and fresh grapes. With the deepening of the 

phenomenon of globalisation and division of labour, modern supply chains began to appear 
fragmented, complex, and decentralised, which brought great challenges to supply chain 

management. Transparency, accuracy and topicality of data and information help supply chains to 

establish itself within the global fruit market. This research aims to assess whether blockchain 
technology can support the achievement of these information objectives in the major fruit export 

supply chains of South Africa.   
 

As you are an industry expert, I would like to interview you to get your view on current information 
flows in the fruit export industry and the potential for blockchain technology use. The interview will 

take approximately one hour, during which the following topics will be discussed on the industry level: 

infrastructure for the exchange of information, in- and outgoing flow of information, its integrity and 
availability, information transparency, and information storage and security. No company data are 

required and no personal information will be processed within the study. You can choose not to 
answer interview questions at any time.  

 

Interviews will be conducted via Microsoft Teams or a similar digital platform. Audio recordings will 
not be taken without the permission of the participant. This will be discussed in advance of the 

interview. All information that you provide will be treated strict confidentially.    
 

If you have any questions or concerns about the research, please feel free to contact me or one of my 
research supervisors:  

- Wout Beuting:        /  

- Ulrike Kussing:       /    
- Heinrich Freiboth:    

 

RIGHTS OF RESEARCH PARTICIPANTS: You may withdraw your consent at any time and 
discontinue participation without penalty.  You are not waiving any legal claims, rights or remedies 
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because of your participation in this research study.  If you have questions regarding your rights as a 

research participant, contact Ms Maléne Fouché [mfouche@sun.ac.za; 021 808 4622] at the Division 
for Research Development. 
You have right to receive a copy of the Information and Consent form. 

 
If you are willing to participate in this study please sign the attached Declaration of 

Consent and please email the form to 23886072@sun.ac.za  
 
 

DECLARATION BY PARTICIPANT 
 

By signing below, I …………………………………..………………. agree to take part in a research study entitled 
“Assessing the potential of blockchain technology for the major fruit export supply chains of South 

Africa” and conducted by Wout Beuting 

 
  

I declare that: 
 

• I have read the attached information leaflet and it is written in a language with which I am 

fluent and comfortable. 

• I have had a chance to ask questions and all my questions have been adequately answered. 

• I understand that taking part in this study is voluntary and I have not been pressurised 

to take part. 

• I may choose to leave the study at any time and will not be penalised or prejudiced in any 

way. 

• I may be asked to leave the study before it has finished, if the researcher feels it is in my 

best interests, or if I do not follow the study plan, as agreed to. 

• All issues related to privacy and the confidentiality and use of the information I provide 
have been explained to my satisfaction. 

 
 

 

Signed on …………....………... 
 

 
 ......................................................................  

 
Signature of participant 

 

 
 

SIGNATURE OF INVESTIGATOR  

 

I declare that I explained the information given in this document to __________________ [name of the 

participant]  [He/she] was encouraged and given ample time to ask me any questions. This conversation 

was conducted in English and [no translator was used/this conversation was translated into 

___________ by _______________________]. 

 
________________________________________  ______________ 

Signature of Investigator     Date 
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Addendum E: Notice of approval REC 
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