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ABSTRACT 

               In Pakistan, agriculture is the largest sector of the economy in terms of job participation, 

and the livelihoods of most of the population are directly or indirectly dependent on it. However, 

over the last few decades, its contribution to the Gross Domestic Product (GDP) has gradually 

declined to 19.3 per cent, while there is a great deal of opportunity in the sector to increase its 

share of GDP through information and communication technologies (ICT). This sector supplies 

raw materials to a variety of industries, and its development not only leads to poverty alleviation, 

but can also boost the socio-economic structure of small-scale farmers. However, the challenges 

of climate change, water shortages and crop diseases have held agricultural production far below 

its potential. Farmers mostly rely on conventional farming approaches to planting their crops and 

they are unable to respond to the effects of climate change. Another problem is that farmers do not 

have direct and easy access to the market for the selling of vegetables or grain and are primarily 

dependent on the existing food supply chain system, where intermediaries frequently reap their 

benefits and farmers cannot get fair market prices. ICT can play a dynamic role to tackle these 

problems by providing smart agriculture system to increase agriculture production and connect 

farmers with the market by transforming traditional food supply chain system.  Therefore this 

research presents a smart agriculture system using ICT technologies such as Internet of Things 

(IoT) and Blockchain through which some of the problems can address and farmers can grow high 

crops by monitoring their farm environment while the stakeholders involved in food supply chain 

can interact with each other without assistance of trusted third parties. This system uses 

various IoT nodes capable of detecting soil parameters and sending information to farmers in 

order to make timely decisions to improve their crops. The blockchain technology connect the 

farmers to the market and provide fair path for business transactions. 

        To provide strong theoretical base this research applied Diffusion of Innovation (DOI) 

Theory, Technology Acceptance Model (TAM) and Social Cognitive Theory (SCT) to explore the 

relationship between ICT and agriculture in enhancing the skill of small-scale farmers. On this 

basis, In the first phase research carried out a quantitative analysis by taking sample of 333 

participants to determine the factors affecting the agricultural production and to understand the 

specific information needs of small-scale farmers and the conditions for the best fit of ICT. The 

study findings indicate that the certain factors such demographic attributes like age, education and 

gender and type of farming practices and social learning of the participants have an impact on 

agricultural production. Whereas use of ICT has a positive mediating and the ease of use have a 

positive moderating effect on agricultural production. In second phase smart model for agriculture 

was developed by deploying IoT nodes in the cluster farm to collect field information and transfer 

them to the server wirelessly. Energy is always the heart of any network therefore to reduce energy 



  

 
 

consumption and prolong network life this research proposes a new clustering hierarchical routing 

protocol (IoT-based Agriculture) based on LEACH protocol. The IoT-based Agriculture scheme 

mechanize the formation of clusters, cluster head selection and the data transmission process, and 

further simulated with LEACH protocol. The simulation results show that IoT-based Agriculture 

scheme network stability is 23% higher as compared to LEACH as LEACH first node dies at 168 

rounds while IoT-based Agriculture first node dies after 463 rounds. Similarly, IoT-

based agriculture scheme energy consumption is 68% lower than that of LEACH.  IoT-

based Agriculture scheme also boosts network life to a greater number of rounds and demonstrates 

an increase of 112%.  
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                                     Chapter 1 

Introduction  

This Chapter introduce the reader to the topic of interest by providing research motivation 

with background information about the research topic, the problem area. Then the problem 

statement, research significance and scope are presented. And concludes by providing the thesis 

organization. 

1.1 Motivation 

By 2050 the world population is probable to be exceeded a mark of 9 billion, and 

agriculture needs to enhance nutritious food production to meet increasing demand and guarantee 

food security for everyone [1]. It must create employments, raise wages, and must play major role 

to eradicate poverty and improve economic growth in rural areas as well as good use of natural 

resources [2]. To enhance crop growth and to optimize operational process along the whole 

agriculture and food sector in Pakistan by the proper practice of “Information and Communication 

Technology” (ICT). It is mandatory to deal with two key fields agriculture and food supply. The 

first field concerns agricultural methods that can be streamlined and developed to help farmers in 

their farming activities and the second field is agricultural food supply system deals with the 

mechanisms explaining how a farm produce ends up in our tables such as producing , processing, 

distribution, consumption and disposal. 

In Pakistan, agriculture contributes 19.3% to the country GDP and provides 42% of 

national labor jobs, but remains a backward sector of the economy, although top performance 

agriculture is essential for financial growth and poverty alleviation. [3]. Over the past decade 

agricultural sector output has dropped below acceptable levels primarily due to the declining 

productivity of all major crops. The crop in the region also remained largely unchanged from the 

five conventional crops. Climate change is also a big challenge for agriculture and threatens the 

supply of water and food security. Though Pakistan has rich agricultural, livestock and fisheries 

production potential but farmers here are not producing crops as per their potential. 

Various research studies have proved that Pakistan needs to develop policies and strategic 

priorities to improve agriculture production to uplift small-scale farmers and to ensure food 
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security for the growing population in the country [4]. However, in the present scenario of climate 

change, traditional agricultural practices and the inefficient food supply chain are described as one 

of the major challenges of developing agricultural productivity in the country. Such as Feed the 

Future underlines the value of an effective agriculture and food supply chain not only for boosting 

productivity by connecting farmers to the market. But also, for monitoring forged products and 

their negative effects on farmers willingness to implement newly enhanced high-quality fertilizers 

[5]. Different researchers also presented that quality of groundwater differs across the fields and 

areas and they have an important effect on farmer productivity, income and livelihood of rural 

farmers here in Pakistan [6]. The crop cultivation faces several challenges such as poor agricultural 

management practices, interference of mediators in seed purchasing, market failures which results 

in substantial decrease in crop production. [7]. Researchers have also presented that agricultural 

production in Pakistan is negatively affected by inefficient crop management practices and 

diseases and pest attacks [8]. Research studies from developed countries like China have presented 

that simple adaptation of ICT in agriculture may increase farm income and agricultural 

productivity. This indicates that changes in water saving technologies, cropping pattern, crop 

rotation and use of ICT has positive impact on agriculture production and farmers income [9].  

      Information and communications technology (ICT) have begun to improve production and 

food transport to end-users in agriculture and the food supply chain. The implementation of these 

solutions was however slow due to several important but unresolved problems, such as the 

collection and exchange of information, either within specific areas or across the entire agriculture 

sector [10]. The problem of the collecting and exchange of information is complicated by the 

specific characteristics of the agriculture and food supply chain. There are a very large number of 

stakeholders with their complex and changing business relationships and they need different kind 

of information. The poor flow of information in agriculture and the food supply chain is 

exacerbated by using conservative approach that basically only upward or downward flow of 

information.  As a farmer worked hard to grow the crop, but at the time of selling the crop or grain, 

they might communicate with the buyer through mediators who always enjoy the rewards. Farmers 

do not have direct market access to meet the actual buyer. On the other side, the buyer interacts 

with the wholesaler, but not with the farmer. This is more complex and complicated environment 

where food products are grown, processed and transport to the market [11]. There is no information 

available to farmers on how and where to buy good quality seed and how much water and fertilizer 
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is needed to grow high crops, how to prevent plant diseases and where to sell crops or grains. The 

lack of information has been recognized as a critical problem for a long time in the agriculture 

market, partly reflected in the need for greater transparency but also in the priority given to 

monitoring and tracing of foods in the sense of health and safety, and hence, in order to both avoid 

and respond to food emergencies [12]. Another problem is the increased interest for food 

customers to understand more about their food and a desire for improved knowledge of their diets. 

However, ensuring transparency is difficult because of complex procedures of food supply chain. 

Another challenge is the sluggish implementation of ICT technology in the agricultural field 

because current industry solutions like farm management information systems have developed 

logistics facilities as closed-end owners and are directly proportionate to their cost and capacities. 

It is however very difficult to achieve inter-operability between different systems and to quickly 

update their features while maintaining them cost effective [13]. 

 

1.2 Role of ICT-based Knowledge in Agriculture  

     Knowledge is probably the simplest word but one of the most difficult word to explain.  

The role of this word in human life has vital importance since thousands of years such as 

information, learning, tradition, scholarship, familiarity, perception, experience, or research. The 

sum of understanding, perception, discovery or learning, specific information about something, or 

someone else. Its close substitutes are awareness, truth, faith, wisdom, perception, learning, and 

reasoning. It also indicates that a person understands something or information about something. 

It also means a solid subject understanding and capability for using it to a precise purpose. 

Knowledge acquisition consists of multifaceted cognitive processes such as learning, perception, 

association, communication, and reasoning [14].  

     The knowledge role has now been extended to all areas of life. It is a series of applications 

that can be applied to every sector, every company, and every region, from agricultural and retail 

sales to software and biotechnology. Demonstrates a new competitive advantage knowledge is 

different from general information. It has more central characteristics of public goods [15]. 

Knowledge sharing were important in agriculture in the past but are still important now and will 

continue in the future as well. When people started farming, raising livestock, catching fish or 

eating animals, cross search for information began. As food prices rise, poverty increases, 
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requiring more effective interventions in agriculture [16]. Knowledge is required at the pre and 

post field stages in agricultural production. Certain scientific knowledge is required for the creation 

of skills at the pre-field stage, such as seed development, crop and livestock production technique. 

In addition to the physical transfer of agricultural technology, the use of these technological 

innovations requires relevant knowledge, the practical use of technology developed in the right 

way includes increased productivity per unit. Then another knowledge phase, the post field phase, 

begins. At this stage necessary information on how to control the loss after harvesting and to 

prepare the product in the form desired by the end consumer (national or international), when and 

where the appropriate product is sold, such as the process of the production should be presented to 

the consumer. You need an updated knowledge of all post field stages needed. Various smart ICT 

based technologies can greatly help to gain knowledge. [17,18]. 

      The knowledge about irrigation has its own significance. In Pakistan the water for crop 

planting is being used by traditional supply lines such as water canal due to which water is being 

wasted. Such as conventional planting of rice is water and energy intensive as seen in Figure 1.1 

 [19]. Knowledge about the market is also important for farmers to make them an essential and 

effective market participant, it is needed to improve: (i) input access (ii) appropriate storage 

capacity, (iii) Entree to the market and access to extension services. (iv) Access to authorize 

markets (v) access to organizations in the form of collaboration and cooperation and (vi) access to 

credit and provision of secured supply chain system [20]. 

 

 

                           Figure 1.1: The conventional planting of rice is water and energy extensive 
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  The framework of the Agricultural Knowledge, Science and Technology has arisen as an 

alternate solution to counter the difficulties of the National Agriculture Research System (NARS) 

framework for agricultural development, with an emphasis on the importance of agricultural and 

extended services. This framework seeks to integrate researchers, scientists, cooperatives, and 

extension services to generate the types of knowledge that are critical to improving performance. 

The creation and dissemination of productive knowledge is therefore considered as core of 

modern agriculture [21]. A system based on Agricultural Knowledge, Science and Technology 

is about using science-based knowledge to keep growing agriculture and rural economies toward 

a better livelihood strategy for farm families.                                       

 

1.3 Revolutionizing Pakistan Agriculture by ICT-based Knowledge  

     ICT technology is based on the assumption that the market is effective enough to ensure 

development and poverty reduction and that the information gap is one of the main reasons of 

market letdown as a result, markets alone are often inadequate, and companies require policies 

and institutions to make it easier to acquire, adopt and disseminate technology with the 

knowledge they need [22]. On the other hand, in recent decades, remarkable advances have been 

made in the fields of information technology, agriculture biotechnology, material science, health 

science, renewable energy and other fields [23]. Nanotechnology science provide an opportunity 

for countries to develop rapidly in order to approach developed countries scientifically and 

technically. Similarity ICT has transformed the world into a global village and offering a variety 

of growth opportunities. The unique cross-cutting characteristics of the ICT technology have 

increased the productivity of agriculture sector and created new opportunities for expanding 

activities across borders [24]. The economies of many countries such as Ireland, China, India, 

Vietnam, Egypt and many African countries, have changed agricultural environment with the 

help of ICT-based agriculture [25]. Recognizing the key role of advanced technologies such as 

ICT in the socio-economic development of developing countries for the development of 

agriculture sector the researchers proposed the following recommendations. 

 
• Increasing public sector investment in agricultural research and development (R&D) 

[26]. 

• Create centers of excellence based on products and sectors of local and national 
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agricultural research systems. The center becomes the hub of all information related to 

this field or product. At this center, basic and applied sciences (e.g. agricultural science, 

engineering science, material science, computer science, biotechnology, pharmaceutical 

and space science, etc.) must be effectively connected with the creation of new tools and 

technologies [27]. 

• Marginal farms and small farms are increasingly dependent on large agriculture for 

various agricultural and livestock production technologies and agricultural machinery 

services. Scale-centric technology is not suitable for most small farms. Therefore, the 

support needed to improve the technology through reverse engineering and adaptive 

testing is needed before the technology is propagated to farmers [28]. 

• From Research and Development (R&D) institutions to end consumers, it is needed to 

develop a system that can provide information to all stakeholders such as producers, 

distributor, retailer and consumer in a timely manner. Some important areas (though the 

list is infinite) include: Information sharing updates on prices and stocks at national level, 

neighboring countries and internationally. Information on commitments and compliance 

with various contracts, agreements and regulations. Share daily development information 

such as research, market, price, etc. with various stakeholders. Timely sharing of 

information on the weather, insects and disease outbreaks and preventive measures [29]. 

• Development of web-based applications to view various stakeholders and other analytics 

and information [30]. 

• To use effective smart systems, there is a need of computer or an Android-based phone 

for all parties involved. Unfortunately, the use of these tools is much less in rural areas 

than in cities, farms and sectors. In addition, the low level of education of farmers and 

local merchants slows learning about the function of these new devices. Therefore, the 

development of competence of all interested parties in the productive use of ICT tools 

and gadgets, along with training in modern agricultural technology [31]. 

• Minimum practices in grading and standardization in primary agricultural production 

and marketing is another obstacle to the rapid transition to ICT-based agricultural 

marketing systems. All stakeholders (researchers, farmers, market intermediaries, 

processors, etc.) need to unite to develop grades and standards for various agricultural 

products and to determine a reduction in deviations from these standards. The 
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information in these ratings and standards must be accessible to all relevant parties 

through the smart systems [32]. 

 
1.4 ICT-based Technology in Agriculture  

   Agriculture is the most promising and primary profession, and necessary to maintain life 

on the mother land, and ICT is the new technology and has its own importance for the 

transformation of the agricultural sector. Government policies and programs implementing such 

plans for farmers to improve their agricultural practices using ICT technologies to ensure 

inclusion and to avoid digital gaps. ICT can provide information on prices, information on 

agricultural inputs, access to national and international markets, improved production efficiency 

and the creation of a friendly political environment and generate positive results [33]. Improving 

farmer quality of life, soil management, water management, seed management, fertilizer 

management, pest management, crop management and post-harvesting are important 

components of smart farming where technology helps farmers to have better information and 

alternatives to using a range of technologies such as remote sensing, computer simulation and 

wind speed and direction evaluation, soil quality analysis, crop yield forecasting. General data 

driven management system for smart agriculture is shown in Figure 1.2 [34]. Pakistan has 

implemented several initiatives to address the various challenges faced by the national and central 

governments in the agricultural sector, but the desired results are not yet achieved. 

 

 

                       Figure 1.2: Information-based management cycle for smart agriculture.  

 
1.4.1 Cloud Computing (CC) In Agriculture  
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      Cloud computing is particularly useful in supporting decision making when it comes to 

smart agriculture of specialty crops. Decision support systems need to handle large volumes of 

sensors and other sources of data. CC provides the scalability needed to process this data in real 

time. Second the demand for decision support fluctuates during high and low season and CC 

allows the provisioning of resources quickly by making timely decisions as shown in Figure 1.3 

[35]. Cloud computing increasingly hosting agricultural decision support systems on the internet 

to take advantage of internet-connected devices and create online communities. By managing the 

complexity of hardware execution and middleware maintenance, cloud service providers enhance 

accessibility and security. This allows developers to focus on the logic of a decision support 

system based on the web [36] 

 

 

                               Figure 1.3:  Cloud Computing in Agriculture  

 

1.4.2 Big Data in Agriculture  

      Agricultural big data requires a substantial investment in data storage and processing 

infrastructure for certain applications such as weather forecasts, crop pest monitoring and animal 

diseases) which should work in near real time. Therefore, big data analysis term is used to describe 

next-generation practices designed to enable farmers and related organizations to extract economic 

value from a wide variety of data, high-speed collection, and analysis. Big data analysis has been 

used successfully in a variety of fields such as online banking, insurance, online user 

understanding and customization [37]. In times of conflict, government agencies use big data 

analytics to strengthen their capacity for people by resolving national cultural, safety, job growth, 
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natural disasters and terrorism challenges. Big data analysis appears to be effective and common 

in many fields but was recently extended to agriculture when potential benefits began to be 

recognized by stakeholders [38]. In wartime, government agencies use big data analytics to 

improve their capacity for citizens by addressing national challenges related to economics, health, 

job creation, natural disasters and terrorism. Big data analysis appears to be successful and popular 

in many areas but has recently been applied to agriculture when stakeholders began to recognize 

potential benefits. Applying advice to farmers based on big data analysis can increase global crop 

yields by about $20 billion. New digital technology can better understand and solve the rising 

challenges of agricultural production by understanding complex agricultural ecosystems. Such 

technologies can track the physical environment continuously and produce large volumes of data 

at an exponential pace. These technologies produce vast volumes of data, called big data, such as 

data from continuous physical environment measurement and tracking, sensors on fields and 

crops. Granular data points on soil conditions, and precise information on wind, fertilizer needs, 

access to water and pests. This all fall within the framework of smart agriculture. Smart agriculture 

helps to automate agriculture, collect data from the field and then analyze it, which can help 

farmers decide to plant the right crop at the right time and achieve the goal of making informed 

decisions [39] 

 

1.5 Smart Agriculture Technology 

     Smart agriculture technology such as Internet of Things (IoT) is used to link devices or 

nodes to networks for information exchange and communication [40]. The IoT can realize billions 

of interconnected devices (also called intelligent objects). These intelligent objects can collect 

environmental information and communicate with other systems via internet. IoT based 

applications have been developed to monitor and control devices in different domains such as 

health monitoring applications, smart homes, smart cities, intelligent agriculture, and more. IoT 

applications have inherent importance during the life of the agricultural products, such as crop 

cultivation, irrigation, harvesting and post-harvest, crop storage, processing, and transportation 

[41]. Numerous specialty sensors such as soil moisture sensor, humidity, leaf moisture, solar 

emission, infrared light, rainfall predictor is used for agricultural applications. In IoT scenarios, 

sensors can be installed in other areas such as greenhouses, seed deposits, cold rooms, agricultural 
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machinery, transportation systems, and livestock and that information can be recorded in the cloud 

for monitoring and control as shown in Figure 1.4 [42]. 

 

 

                             Figure 1.4: IoT Framework for Smart Agriculture                                     

                                

1.5.1 Soil and Water Sensors 

    The most immediate affecting device is the soil and water sensor. These sensors are 

durable and low-cost. Even the entire farms are convenient for distributing all over the land and 

offer several benefits. Most soil moisture sensors are designed to estimate soil volumetric water 

content based on the soil dielectric constant. Thus, the calculation of the dielectric constant 

provides a predictable estimate of the water content. The sensors can detect nitrogen and 

humidity and this information can be used for determining when to fertilize and irrigate, instead 

of relying on a fixed timetable. This not only allows you to use resources more efficiently and 

save money, but also limits erosion, saves water, and decreases fertilizer levels in local lakes and 

rivers, helping companies become more environmentally friendly [43]. 

                                       

  1.5.2 Weather Stations 

      Weather stations are most popular smart agriculture gadgets which combine various 

sensors for smart farming to gather scattered data and upload it to the cloud. The measurements 

given can be used to map climatic conditions, pick the correct crops, and take the necessary 

measures to improve their efficiency. Dependency on local meteorologists is not good, the fact is 
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that the computerized weather modeling has become more refined. There are some online weather 

services which focus on agriculture and farmers can access these services through integrated 

farming technology and dedicated PDAs, and through mobile apps which work on almost all 

consumer smartphones. This technique allows farmers to pay enough attention to hail, frost and 

some other weather status for taking precautions to save their crops or at least alleviate damages 

[44].  

 

 1.5.3 Advanced Crop Management devices 

     IoT has unique feature of crop management and widely used device in agriculture and 

another invention in smart farming. Including weather stations, they should be deployed on the 

field to gather crop-specific data; farm temperature, precipitation to leaf water capacity and overall 

crop quality, all of these can be used to gather data and information readily for better farming 

practices [45]. 

 

1.5.4 Satellite Imaging 

     Remote satellite imagery is more sophisticated, so images can be clipped in real time. This 

is not just a bird eye view, but an image with a resolution of more than five meters. Crop images 

allow farmers to investigate crops as if they are not actually staying. Even to review pictures on 

weekly basis can save money and time. In addition, the knowledge integrates with soil, water and 

crop sensors so that farmers can be notified with suitable satellite imagery whenever a critical 

threshold is reached. Geographic information systems (GIS) software and online web services can 

help farmers to forecast crops and control their production by using multi-spectral imagery 

obtained by satellites, immovable wing aircraft or unmanned aerial vehicles (UAVs) and processed 

to Normalized Difference Vegetation Index (NDVI) and other vegetation. [46].      

                  

1.5.5 Pervasive Automation 

    In the field of agricultural technology, the extensive automation is a widely used term 

which decreases farmer workload. Such as Autonomous Vehicles handled by remotely via ultra-

precision and terminals or robotics such as the real time kinematic (RTK) navigation system, 

which optimizes the fertilization and seeding routes as much as possible. Most of the farm 
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equipment have already adopted these technologies, which forces the agricultural reality that 

the carrying presses, tractors, combines and other farm equipment interconnect and work in a 

plug and play manner. [47]. 

 

1.5.6 Minichromosomal Technology 

 Mini chromosomes are small structures inside cells, with little genetic material, but 

information can be contained. Agricultural geneticists using a mini chromosome can add dozens 

or hundreds of properties to plants. These characteristics can be very difficult like use of nitrogen 

and drought tolerance however about the minichromosomal technique the most interesting thing 

is that the original chromosome of the plant does not change in any way. This translates by 

consumers into faster regulatory approvals and faster and wider acceptance [48]. 

 

1.5.7 Radio Frequency Identification (RFID) Technology 

  Radio frequency identification, or RFID, was widely used for animal identification in 

livestock. Agriculture is also about plant-type food production; things like wheat, maize and grain 

can also benefit from RFID use. The water and soil sensors laid the foundation for traceability. 

The industry is just beginning to build infrastructure. This sensor provides information that can be 

related to agricultural production [49]. It may sound like a science fiction, but we live in a world 

where a bag of potatoes has a barcode that can be scanned with a smartphone and we have access 

to information about the land that produced it. It's unlikely that the farm can market on its own, 

and there are loyal consumers who monitor the food products for purchase [50]. 

 

1.5.8 Vertical Farming  

   Vertical farming was already a science fiction topic in the 1950s and beyond, and it will 

now not only be scientifically feasible, but also financially sustainable within 10 years. In 

vertically stacked layers, vertical farming technology is an element of urban agriculture and the 

practice to produce food which offers several benefits. Thus, the most observable is the ability 

for growing in an urban environment, and hence the availability of fresher food faster and 

cheaper but vertical farming is not restricted to urban environments as formerly scheduled. It 

can be used by farmers in all regions to better exploit the available land and to produce crops 
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which are generally not possible in that region. Technology is changing almost in every aspect 

of modern life. The products on the table tonight will arrive conveniently, faster and fresher, 

thanks to cutting-edge agricultural technology. Agricultural technology would become 

increasingly computerized for decades to come. A design of vertical farming is shown in Figure 

1.5 [51].    

 

                Figure 1.5: Conceptual design of Vertical farming inside the areas of cities  

 

1.6 Agricultural Food Supply Chain  

     Transfer from agricultural production level to end consumer. In most cases, it is 

characterized by multiple small media at the deployment level. These supply chains include 

consumer and postproduction activities in the agriculture food sector. Agricultural supply chains 

represent inefficiency in the chain that affects all players from farmer to consumers. It is also 

projected that operating supply chain costs interpretation for “two -third “of the final product 

cost and 7% of the world commercial value is engaged by document costs alone. The challenges 

of supply chains are: absence of transparency due to unavailable data or inconsistent, paper 

work and high rate of manual, restricted information on product traceability both the public and 

private sectors seek for reducing the high costs of moving along the supply chain of moving 

goods, lack of interoperability and the World Trade Organization (WTO) trade promotion 

agreement familiarizes measures to reduce costs and prevent delays [52]. 

    The private sector is always looking for scientific improvements which make the supply 

chain cheaper and at the same time competitive. Technologies such as cloud computing, the 

Internet of Things (IoT), and artificial intelligence have already digitized the supply chain. 

Nevertheless, blockchain has the highest potential to make agricultural supply chains more 
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transparent and more effective.  

 

1.7 Blockchain Technology 

        Blockchain is an information recording system that makes changing, hacking, or cheating a 

system difficult or unable to occur. A blockchain is essentially a digital volume of transactions that 

is duplicated and distributed across the entire network of computer systems on the blockchain [53]. 

1.7.1 Blockchain: The Evolutionary next step for food supply chain 

        Food transportation and logistics is complex and sometimes require a supply chain within the 

continent. This supply chain includes a lot of employees and hundreds of interactions that are more 

prone to human fault [54]. Blockchain technology has the potential for making agriculture food 

supply chain more transparent, secure, and efficient. Promising end-to-end visibility of supply 

chain, you can track the source of your products (origin) and track your products / products while 

moving into the supply chain. Implementing a blockchain solution can eliminate intermediaries or 

intermediaries, resulting in higher prices and lower transaction fees, eliminating cumulative issues. 

Figure 1.6 shows the key benefits in the supply chain of using blockchain-based solutions [55]. 

 

 

       Figure 1.6: Key-advantages of using blockchain in food supply chain  

    The blockchain stores invariant records which are transparent and digitally reachable to 

all users in the supply chain, for each actor this technology has the potential to generate 
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enormous efficiency benefits. The blockchain provides a platform for traceability in the 

agricultural supply chain, tracking its origins and ensuring the authenticity of agricultural 

products. The ability to track the product following all movements record allows for legal 

responsibility to fraud on the authenticity of the product, making it easier to control the 

regulation. Blockchain ensure a constant connection between process and product. The 

comparison of today and tomorrow supply chain management are shown in Figures 1.7 and 1.8 

proportionally [56].  

 

 

                                     Figure 1.7: Today Supply Chain Management 

 

        

                                        Figure 1.9:  Tomorrow Food Supply Chain Management  

 

1.8 Communication Protocols 



Chapter 1: Introduction  

16 
 

In many kinds of networks, communication protocols have been commonly used to make 

communications more effective. Heizelmann implemented the first hierarchical cluster-based 

routing protocol for a wireless sensor network the Low Energy Adaptive Clustering Hierarchy 

(LEACH). The protocol nodes were distributed between clusters and each cluster had their cluster 

head (CH). Member nodes of the cluster sense data and share with base station via their selected 

CHs [57]. For monitoring of agriculture environment, the LoRaWAN protocol was designed to 

transfers data to cloud services from sensor nodes and the IoT network platform which 

implemented the LoRaWAN backend service. The designed system was scalable and flexible in 

terms of integrating with other IoT platforms and adding new services.  It is horizontally scalable 

as well which means that it could rise their performance with reproducing new server occurrences 

[58].  Smart agriculture, technology has been able to ensure that it not only satisfies the general 

needs of crops, but also anticipates their unique needs, considering many environmental variables. 

The challenge is to predict potential crop losses accurately so that appropriate actions can be taken. 

Taking aspects such as pesticides, diseases, and the environment into consideration. In smart 

agriculture, IoT nodes facilitate the distributing and exchanging of knowledge with neighbors’ 

nodes and farmers through efficient routing protocols [59]. 

To conserve energy for longer network lifetime, a suitable protocol is needed at MAC level 

to provide effective sleep and wake up patterns. The percentage of time each node is awake is 

known as the node’s duty cycle, and a variety of approaches are available for achieving low duty-

cycle operation. The routing protocol implemented is another important consideration since the 

area is large with densely deployed nodes. Therefore, the routing protocol used must be energy 

efficient to deliver data from the nodes to the base station [60]. 

In conclusion, this thesis is about leveraging the capacity of ICT in agriculture and food 

supply chain  by offering a futuristic smart model that use low energy and has long network life to 

improve agricultural production, to connect produce to the market  and to provide a fair path  for 

communication  all stakeholders.  

1.9 Research Problem 

 ICT technology can make quick changes around the agriculture and food supply chain and 

can make the system smart. Understanding this concept includes smart devices that help farmers 
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collect, process, and store and even transmit information to automate control of farm operations 

and improve their outcomes. Even though the idea is not new and has already proven its worth but 

available information system either offer incomplete functions or are uneasy in use and have high 

cost. These systems cannot connect with other systems and their communication protocols also 

use high energy as a result of which these systems have short service life and often require 

replacement which put extra burden on small-scale farmers. Another problem is traditional food 

supply chain which use conservative approach that basically provide only upward or downward 

flow of information. As a farmer worked hard to grow the crop, but at the time of selling the crop 

or grain, they might communicate with the buyer through mediators who always enjoy the rewards. 

Farmers do not have direct market access to the individual purchaser. On the other side, the buyer 

interacts with the wholesaler, but not with the farmer. This is more complex and complicated 

environment where food products are grown, processed and transport to the market.  ICT-based 

agriculture system plan executions and accomplishes the correct and actual flow of information   

from the farm to sale point to meet need of all stakeholders.  

It is clear from the above statement that developing of agricultural information system is 

difficult job. Nowadays the systems in this field are mostly proprietary monolithic solutions, built 

as isolated and act as one-ended information system and cannot share information with other 

system to advance new functions for business activities. Clearly, these features restrict the 

competences and obstruct their broader stakeholder acceptance.  

1.10 Research Objectives 

The main objective of this research is to propose a futuristic ICT-based smart agriculture 

model for the transformation of Pakistan agricultural sector to deal with the problems of farmers 

and increase agricultural production. This research arrives to propose a smart model based on 

ICT and its allied technologies Internet of Things (IoT) and Blockchain to monitor the farm 

environment, collect, store and share the information among all stakeholders involved in 

farming and supply  chain network for making timely decisions to improve agricultural 

production and to perform fair trade transactions. 

 

The specific objectives of the research are mentioned below. 

1. To determine the factors affecting the agriculture production  
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2. To find the basic agricultural information needs of the Small-scale farmers 

3. To propose IoT- Architecture for agriculture  

4. To apply BlockChain technology for getting produce connected to the market. 

5. To reduce the energy consumption and improve the network life  

 
 

1.11 Research Significance    

   A variety of entities may be involved in this research. Considering the possible effect of 

ICT on agriculture and the food supply chain, the analysis could provide valuable insights to 

resolve current problems faced by the famers and supply chain stakeholders to meet the food 

security and sustainability challenges in the country. A clearer interpretation of the aspirations 

of the participants may offer valuable feedback to motivate the implementation of the 

technologies. It can also provide valuable feedback for policy development. In addition to the 

social interest, research can be used by technology and agribusiness firms to identify the 

participant's needs-and this knowledge can offer valuable input into how to create context-

specific, futuristic ICT-enabled solutions. 

 

1.12 Research Scope  

Pakistani farmers are still heavily dependent on agriculture for their livelihoods. 

Productivity and agricultural diversification can increase through ICT developments and 

technological advances. Industrialization of agriculture, the emergence of new markets and rural 

businesses. Farmers would be economically active, organized nationally and socially aware. 

 

1.13 Research Hypothesis 

Based on the available literature, the important dimensions such as farmers' demographic 

attributes like age, education and gender, Type of farming practices, farmers' social learning, Use 

of ICT Tools and Ease of ICT Tools have an impact on agricultural production. These 

propositions can be best reflected through below mentioned set of hypotheses: 

H1: Age has significant impact on production  
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H2: Education has significant impact on production 

H3: Gender has significant impact on production 

H4: Type farming has significant impact on production  

H5: Social learning has significant impact on production  

   H6: Use of ICT Tools have positive mediating effect on the relationship between age and      

   production   

H7: Use of ICT Tools have positive mediating effect on the relationship between education and 

production 

H8: Use of ICT Tools have positive mediating effect on the relationship between gender and 

production 

H9: Use of ICT Tools have positive mediating effect on the relationship between Type of 

farming and production 

H10: Use of ICT Tools have positive mediating effect on the relationship between Social 

learning and production 

H11: Ease of ICT Tools positively moderating the mediating relationship between age and 

production  

H12: Ease of ICT Tools positively moderating the mediating relationship between education and 

production  

H13: Ease of ICT Tools positively   moderating the mediating relationship between gender and 

production  

H14: Ease of ICT Tools positively moderating the mediating relationship between Type of 

farming and production  

H15: Ease of ICT Tools positively moderating the mediating relationship between Social 

learning and production  

 

 1.14 Thesis organization 

This thesis has seven chapters. And the organization of the thesis explained as follows: 
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Chapter 1 is a conceptual layout of the whole dissertation, and it like an Abstract to a paper.  

Chapter 2 is based on critical contemporary literature review for making the ground or   

 launching pad where from the research work to be launched from.  

Chapter 3 is explaining Food supply chain methodology, approach, and techniques along with 

system limitations. 

 Chapter 4 Shows research methodology, underlying theories, research variables, conceptual 

model and survey results as tables and plots. 

Chapter 5 presents Smart model architecture and IoT-based Agriculture protocol design, Smart 

model block diagram and IoT and blockchain integration. 

Chapter 6 MATLAB simulation results are presented.  

Chapter 7 Draws conclusion and suggesting how this work may continue into exploring further        

  avenues.
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Chapter 2 

 Literature review  

   This chapter clarifies how the literature review was conducted. The basic ideas found in the 

literature review were presented and research gaps were identified.  

2.1 Introduction  

For the purpose of literature review the formal method developed by Levy and Ellis is used 

to perform a successful literature review. The goal was to evaluate and synthesize high quality 

research papers (Scopus index) and to create a solid base for the proposed topic and methodology. 

To justify that the proposed topic makes a novel contribution to research in the field of agriculture 

[61]. 

2.2 Review of ICT-based Technology in Agriculture  

    Researchers have made many attempts to develop models that deliver important 

information to farmers to make timely decisions during farming activities. Such as researchers 

proposed a system that deliberates common data flow that processes the input and organizes this 

inputs and outputs as an understandable data set. The system consists on steps of series that 

comprise data collection, analysis, processing and transfer of unified data to farmer. The data is 

composed from different causes, organized and verified according to well-defined instructions, 

managed and further unified from data mining tools usage and into a form other technology which 

can be willingly practiced by farmer. The proposed system proves that how advanced technology 

such as the use of data mining systems and internet may help in the agricultural practices [62].  

    A system based on ICT for reduction of transaction cost was developed for Sri Lankan 

agriculture farmers who got motivated by the use of that system to perform agricultural transaction 

such as PayPal transaction system Logistic and e-commerce websites were also linked with that 

system to minimize cost of transaction and reduce lead time along the value chain of agriculture. 

Several stakeholders may involve in the value chain such as farmers, wholesalers, processors, 
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superstores or retailer. The drawback of this research is that it is limited to small-scale group only 

vegetable farmers in rural areas of Sri Lanka [63]. Another attempt was made to develop an Argo-

Information System (AIS) to have relevant information that enables a farmer about a crop such as 

the varieties and other requirements like quantity of fertilizer, temperature, time of planting, soil 

condition, and time of maturity, crop diseases and control measures, pest, rainfall, sunshine of that 

crop. The level of application of this information determines the efficiency and volume of the crop 

yield. AIS software is developed and implemented that helps the farmer to achieve the above-

mentioned objectives. The disadvantage of the system for a full use is the necessity at client side 

to install the software and unorganized group discussion could come to be confused and overfilled 

[64]. 

        An automatically classifying diseases based on image processing was developed that were 

widespread using Fuzzy Logic in plant leaves. The outcomes turned out to be satisfactory and 

accurate unlike manual classification. However, this system is not suitable for large dimensions 

and cannot be controlled over long distances [65].  An E-Agriculture system for measurements of 

the processes involved with farmers in search of knowledge on agricultural practices to be used 

and for seasonal decision making. It tried to achieve the increased amounts of information that 

were needed to complete and to help growers conduct their operations efficiently and effectively. 

Originally, a concept proposed by decision-making theory was that the decision process was a 

sequence of serial steps that evaluated, defined problems, created alternatives, selected and 

implemented them. Furthermore, these ideas were replaced by a new and harder cycle-based 

decision-making mechanism [66].   

An Android based mobile device application known as "Krishi Ville" was developed for 

providing farmers with information such as agricultural news, agricultural raw materials and 

weather forecasts that helped them to raise the price of their products and increase their benefits. 

Android has become a very prevalent operating system for all peoples around the world and mobile 

phones became an important device to all ages hence the researchers decided to use these 

technologies to overcome the farmer problems. However, these technological advances sometimes 

miss-carry the requirements of agricultural activities because of socio-political aspects like lack of 

awareness, regulatory frameworks, financial support and government control [67].  
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Market information system (MKIS) developed by authors for the development of Ethiopian 

commodity exchange was another observation of ICT adoption which provided specific 

information to small farmers about market and other players through (MKIS) based on mobile 

devices. The platform provided local farmers and traders with current information about crop 

demand, market prices, supply, and auctions. This fair exchange price made the market more 

transparent, clear trading and can determine the crop pattern better to meet the needs of farmers. 

However, the number of users adopting these machineries was relatively less and the scholars 

found this an appropriate to compose research to find features which influence the use and adoption 

of that technology [68].  

 A Farm Management Information System (FMIS) software tool was developed to collect 

and process data about agricultural decision-making which was very useful for farmers. The most 

commonly used were human resources management, performance estimation, herd management, 

machine maintenance and field operations management. However due to the limited resources this 

system cannot be adopted in rural areas [69].  Disease Forecasting and Livestock Monitoring 

System (DFLMS) based on clouds was developed by using network of sensor to manage and 

collect information. An effective user interface is offered by DFLMS for temporary storage to be 

used due to the inability to retrieve and store data from the database of future use [70]. 

A QoS-aware system was developed by using cloud technology to individually process 

different types of data on agriculture in different domains based on cloud-based information 

systems. From several users, the proposed system collects information via predefined device as 

shown in Figure 2.1 and automatically provided the information requested by users. The proposed 

method could be extended by making a scheduler which can easily modify resource planning in 

accordance with the requirements [71]. 
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                                       Figure 2.1: QoS-aware AGRI-INFO Framework  

     For sustainable agriculture and food security in developing countries authors in their 

research provided an agricultural framework based on ICT solutions on the assumption to increase 

farmer productivity by providing productive information, and the prepared market helped minimal 

waste. That framework was well explained and motivated for sustainability in addition it allowed 

farmers to adopt the unique breeding techniques of animals, tailored and seeds breading techniques 

based on their needs by taking into account accessibility to inputs, marketability. That framework 

not only supported custom agricultural systems that can meet the needs of specific customers but 

also respondents to new challenges such as sustainable natural resource use, food security and 

minimization of pollution through agriculture. The disadvantage of that system was that it could 

not provide end user information on food traceability [72].                          

2.3 Limitation of ICT-based Agriculture Technology 

   Limitation of ICT-based Agriculture Technology is presented in Table 2.1. 

                               Table 2.1: Literature outcome and Limitation                       

Sr. 

No.       Research     Technique          Outcome 

 

           Limitation  

        

      1 

• Using ICT to Reduce 

Transaction Costs in 

Agriculture [63] 

 

• Web-based system • Transaction cost 

reduction  

• Small scale and only for 

vegetable farmers   
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     2 

• Agro-Information 

System [64] 

• AIS software • Efficient monitoring   

     of crop yield  

• Software is to be installed 

only at client end and 

unmanaged discussion group 

can become congested and 

messy 

      

     3 

•  Leaf disease grading 

by machine vision and 

fuzzy logic [65] 

 

• Machine vision and 

Fuzzy Logic 

•    Image processing  

  Based scheme to grade the   

     Illness automatically. 

 

•  This system is not suitable 

for large scale and cannot be 

controlled from long distance  

 

       

     4 

• Building E-Agriculture 

Framework in Kenya 

[66] 

•   E-Agriculture 

framework  

• Permit the farmers to 

mark decisions with 

accessible and correct 

information  

• The concepts are replaced by 

further difficult decision-

making process based on 

chaotic cycle. 

 

    

     5 

•   Krishi Ville Android 

based solution for 

agriculture [67] 

 

• Android app • Provide farmers with 

information such as 

agricultural news, 

commodities and weather 

forecasts. 

•  Such technological 

achievements sometimes fail 

to meet agricultural needed 

activities because of 

maximum socio-political 

factors. 

 

       

      6 

• Mobile information 

system for small-scale 

rural farmers [68] 

• MKIS mobile 

application 

• Transfer of market 

information to farmer 

and market actors  

•   Adoptability of technology 

is low due to social economic 

factors  

        

      7 

• Farm Management 

Information Systems 

(FMIS) and technical 

efficiency [69] 

• Software application • The software tools which 

are used for getting and 

processing the farm data 

for decision making  

•   Small scale farmer cannot 

access this system due to 

limited sources 

       

      8 

• Cloud Computing 

based Livestock 

Monitoring and 

Disease Forecasting 

System [70] 

 

•   DFLMS system 

based on cloud 

• Livestock Monitoring 

and Disease Forecasting 

System 

• Volatile storage approach 

used and was not able to 

retrieve/store data in 

databases for future use 

       

      9 

• QoS-aware Cloud 

Based Autonomic 

Information System 

[71] 

•      AGRI-INFO • Transfer of agricultural 

information through 

cloud 

•  Not successful due to un 

pluggable schedule due to 

which resource scheduling 

cannot be changed   

   

 10 

• ICT Solution 

Architecture for 

Agriculture [72] 

•     ICT based        

    Framework 

•  Famer can adopt 

customized seeds, 

animals and farming 

•    The drawback of this 

system is that it cannot 

provide food traceability 

information to end user 
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2.4 Review of Smart Agriculture  

As shown in Figure 2.2 smart agriculture technologies such as wireless sensor network 

(WSN), blockchain technologies and Internet of Things (IoT) play a vital role in improving 

agricultural productivity to meet agricultural demand. Smart agriculture builds on advance 

technologies and solutions to implement real-time on-site data collection, data analysis and control 

mechanism deployment to increase operational efficiency, maximize yields and minimize waste. 

Advanced applications like smart irrigation, precision farming, smart greenhouses and variable 

rate technology will help to improve the process of agricultural. Such as IoT can solves agricultural 

problems and maximize the quantity and quality in the production of agricultural, building the 

farms more intellectual and more interconnected [73].  

 

 

             Figure 2.2: Sense-model enhanced by cloud-based event management  

 A wireless sensor and IoT based farming system were presented that was based on 

association study between statistical data about crops and information about the agricultural 

environment for improving their capability to analyze existing environments and guess future 

harvests. The semantic heterogeneity of multiple information resources was a challenge to 

techniques that are 

unique to their needs  
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integrate other agricultural IT systems. This technology can achieve a comfortable wireless 

connection only within a short- distance [74]. Another approach to consider was "real-time 

automation of agricultural environments." That proposed system dealt with the irrigation structure 

of the farm. Soil moisture sensors used that provide soil moisture content at regular time intervals. 

If that value was lower than the predefined threshold the motor turns on if the following conditions 

are met: (1) Availability of water at the source. (II) Continuous power supply, if the conditions 

mentioned are not meeting then the farmer is notified via SMS. The sensor will sense soil moisture 

content again and there is increment than the threshold the motor turned off automatically. The 

hardware used in that implementation was the RTC: Real Time Clock, water level sensor, soil 

moisture sensor and GSM modem. The limitation of that methodology was that data transmitted 

at fixed intervals which can sometimes damage crops and there are no security measures in the 

system [75].  

 A model based on soil moisture sensors was developed. In that system water sprinkler 

worked once the field was sprinkled with adequate water throughout the period of water scarcity. 

The water sprinkler was switched off so that water could be well-preserved. In addition, pH soil 

sensor worth through SMS was sent using GSM modem to the farmer. The problem was that the 

provided precision values were neither cost efficient and nor accurate [76]. The smart agricultural 

model using IoT was developed by researchers that model implemented a real-time soil 

monitoring system which monitors soil moisture content, pH, temperature levels and these values 

are used to implement decision support systems. That decision supported system identifies pest 

and crop diseases and sends SMS-based alerts to farmer. The proposed architecture consisted of 

three modules: client side, server side, and farm side. A common sensor board called Ubi-Sense 

Mote (M) was used to measure temperature, humidity, barometric pressure and proximity 

sensing. Then the data collected by Ubi-Sense Mote was sent to the server side the server side 

consisted of a decision support system. The decision support system sends the requested 

information received to the client side from the sensor which consists on a web application and a 

mobile based android application. The disadvantage of this system was that no techniques for 

improving irrigation facilities have been proposed and mobile apps were not available for IOS-

based phones [77].  

Another proposed system is IoT based irrigation automation and smart monitoring of 

arable land. Both sensor methods the temperature sensor and soil moisture sensors are in the 
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culture field these sensors collect data with the help of Raspberry Pi microcontrollers then with 

the help of WIFI cloud data is transferred to the database. User access is available for the owner 

to confirm and facilitate the additional process. If the earth moisture content is short or the level 

of temperature is lower than the threshold for the motor the switch is turned on and an acoustic 

signal is emitted. On the contrary it occurs when the soil moisture content is above the threshold. 

The disadvantage of this method is that no security protocol is implemented in the system [78]. 

The Agri-IoT data analysis system was also developed as shown in Figure 2.3. It consisted of 

several levels: low level (device, communication plan), medium level (data analysis) and high 

level (end-user plan, application). Various software components performed specific tasks at each 

level related to modeling, data collection, visualization or analysis, facilitating farmers to make 

the most informed, accurate decisions and track events. Agri-IoT achieved this goal by providing 

sensors, processes, data flows, and farmed as web-based entities and services, leveraging open 

data and interoperability across farms using semantic technologies and linked web data. [79]. 

 

 

                                          Figure 2.3: Agri-IoT framework  

 A supervisory support system for decision making was developed the architecture of the 

supervision system shown in Figure 2.4. The system consisted on three thirds. A third WSN 

consist on several nodes dispersed in field of research, a third gateway to send data collected on 

the internet by the network and a third gateway for analysis and visualization of data based on 

DSS and cloud IoT. For late blight a decision support system was presented with additional 

information to help farmers for implementing effective disease treatment. Sensor networks and 
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cloud servers were used to store temperature and humidity information that system was used for 

informing farmers via SMS when the first "Late Blight" illness arisen [80]. 

 

                               Figure 2.4: Decision support crop supervision system       

       A specified the system was developed for taking into account the requirements of 

sugarcane crops. The suggested expert method conducts a diagnosis of ten Illness of the sugarcane. 

The suggested expert method would ask the user to select the right signs of Sugarcane disease on 

each computer. The suggested expert framework shall provide the diagnosis and advice of the 

illness to the user at the conclusion of the dialogue. The disadvantage of the system was that it was 

dependent on the GSM network only [81].  

Agriculture environmental monitoring system based on smart agriculture sensors was 

presented for increasing plants yield by providing the necessary information and checking 

environmental conditions. The system was made primarily for the farmer interest. Over wired one, 

WSN was used to deploy it in any environment to monitor agricultural parameters. FPGA elements 

make it easy to reconfigure and program system for a variety of environmental conditions. The 

disadvantage of this system is that it can only be used on a small scale [82].  

A multidisciplinary model was also developed for smart agriculture using five important 

technologies: sensors, Internet of Things, cloud computing, big data analytics and mobile 

computing. Farmers could obtain current crop fertilizer requirements through real-time soil 

sampling. That model also facilitated fertilizer total analysis area cutting and estimation of state 
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wise total yield. That was useful for controlling farm costs. Kit sensor modules were an important 

part of that system and soil was collected periodically to obtain characteristic of soil [83]. 

         Further discussion of existing systems along with limitation is illustrated in Table 2.2.                  

                                          Table 2.2: Literature outcome and limitation  

S.NO 
 

Research Technique Outcome Limitation 

            1 • An efficient IoT based 

smart farming system 

using machine learning 

algorithms [84] 

• Machine 

learning 

•    Monitoring of 

crop productivity 

and drought 

• The proposed system 

cannot predict future 

values  

            2 • Design of Monitoring 

System in Smart 

Agriculture Environment 

     [85] 

• Wireless nodes 

and ZigBee  

• collection of farm 

environmental 

parameters to real-

time video 

monitoring of crop 

growth, data 

• System sent data at 

fixed internal which 

sometime may lead to 

damage crop 

            3 • An Effective Method for 

Crop Monitoring Using 

Wireless Sensor Network 

[86] 

• WSN/GSM 

 

 

• Crop monitoring 

system 

• Delivers only 

precision values 

which is not cost 

efficient and is not 

accurate 

 

          4 • IoT based smart crop-

field monitoring and 

irrigation system  

[87] 

• Raspberry Pi 

microcontroller 

• Complete platform 

for crop monitoring 

and irrigation 

• The drawback within 

this system is that 

there is no security 

protocol implemented  

           5 • Using Cloud IOT for 

disease prevention in 

precision agriculture [88] 

• DSS based on 

WSN/IoT cloud 

• Late Blight disease 

detection system 

•  This system can only 

be used to detect crop 

diseases and cannot 

capture image of crop 

           6 • Precision Agriculture 

using Internet of Things 

and Wireless sensor 

Networks  

[89] 

• ATmega328P/A

Tmega16U2 

• System provides 

easy monitoring of 

the field  

• System cannot take 

decision on user 

behalf  
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         7 • Smart sensors-based 

monitoring system for 

agriculture using field 

programmable gate array 

[90] 

• FPGA/ UART • A system for 

agriculture 

monitoring based on 

smart sensors for 

decreasing the man 

efforts  

•   System is suitable 

only for small scale 

yield 

         8 • Multidisciplinary Model 

for Smart Agriculture 

using Internet-of-Things 

(IoT), Sensors, Cloud-

Computing, Mobile-

Computing & Big-Data 

Analysis  

[91] 

• Mobile App • Real time soil 

farmer sampling 

would be able for 

the crop to get 

current requirements 

of fertilizer. 

• The suggested system 

does not deliver any 

interpretation of the 

data even though large 

useful data amount is 

produced 

         9 • Design and Development 

of IoT Based Smart 

Agriculture System in a 

Cloud Environment 

 [92] 

• Software  

Platform 

• Decision making 

system to improve 

Agriculture 

production 

• Cannot operate 

without human 

interference  

 

2.5 Blockchain Technology  

Blockchain technology is an online platform that monitors and records transactions in 

network resources chronologically through distributed registers (shared ledgers). Network 

transactions may include receiving and sending cash payments for services and products, 

making reservations, booking hotel rooms or flights, signing contracts etc. Additionally, 

blockchain technology helps to control ownership of assets when lease it to a third party. In 

short, on the blockchain platform, valuable items can be rented, registered, exchanged and 

monitored, and their duplicate transaction records are shared with in the network at the same 

time as the participating participant. Further documents are protected by encryption keys [93]. 

Blockchain architecture is presented in Figure 2.5 [ 94].  
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                                                       Figure 2.5: Blockchain Architecture  

2.5.1 The History of Blockchain 

Blockchain technology basic concept was explained in back in 1991 when scientists 

Stuart Haber and W presented a technically viable solution those timestamped Scott’s digital 

documents to prevent them from being hacked or manipulated. The system used a password 

protected blockchain to store timestamp documents [95]. In 1992, Markle Tress was integrated 

into the design, bringing together multiple documents in one block to make them more efficient. 

However, this technology was not used, and the patent expired in 2004 four years before Bitcoin 

began [96]. 

2.5.2 Reusable proof of work 

Computer scientist and cryptographer Hal Finney (Harold Thomas Finney II) in 2004 

introduced a system that is known as reusable proof of work (RPoW) which was able to receive 

HashCash-based task test token that was not exchangeable to generate a signature token for transfer 

between individuals. RPoW explained the double problem of cost by maintaining ownership of 

tokens listed on trusted servers planned for allowing users around the world to verify in real time 

integrity and accuracy. RPoW can be measured both an important early stage and an early 

prototype in the history of cryptocurrency [97]. 
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2.5.3 Bitcoin network 

At the end of 2008, a document on water introduced Peer-to-Peer decentralized electronic 

cash system known as Bitcoin. Using Natomoto Satoshi's pseudonym password mailing lists have 

been published by individuals or groups. Without the use of reliable hardware processing as RPoW 

based on the HashCash job test algorithm the dual protection of bitcoin spending was provided for 

transaction tracking and validation via a distributed Peer-to-Peer protocol. In short, Bitcoin is 

extracted for reward using a PoW (Proof of Work) mechanism in individual miners and then 

identified as distributed nodes in the network [98]. 

Bitcoin received its first Bitcoin block on 3rd January 2009 which was extracted by Satoshi 

Nakamoto and received 50 Bitcoin rewards. The first bitcoin recipient was Hal Finney who 

received 10 bitcoins from Satoshi Nakamoto in the first bitcoin transaction on 12th January 2009 

[99]. 

2.5.4 Ethereum smart contract 

Bitcoin programmer and co-founder Vitalik Buterin said in 2013 that a scripting language 

was needed to create a decentralized application that Bitcoin won't get consensus from the 

community. Vitalik began developing a new wary calculation platform with scripting capabilities 

called smart contracts based on the Ethereum blockchain [100]. Smart contracts are programs or 

scripts that are deployed and run on the Ethereum blockchain and can be used to conduct 

transactions if certain conditions are met. Smart contracts are written in a specific programming 

language compiled into bytecode and decent LEDs that convert a complete virtual machine known 

as the Ethereum Virtual Machine (EVM) can be read and executed [101]. 

2.5.5 Components of Blockchain 

Blockchain technology may seem complicated but by examining each component 

individually it can be simplified. At a high level, blockchain technology uses a mix of well-known 

cryptography and underlying computer mechanisms (password hash functions, asymmetric key 

cryptography, digital signatures) with a record keeping concept (like appending only ledgers). This 

section describes the components involved in research work such as cryptographic hash functions; 
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transaction blocks how the blocks are connected to each other and blockchain smart contracts 

[102].  

2.5.6 Cryptographic Hash Functions 
 

Cryptographic Hash Functions is an important component of blockchain technology which 

is used for different tasks. Hash is a way to apply cryptographic encryption to data that analyzes a 

quite unique output (message digest or digest only) for almost any size input such as a file, text, 

or image [103]. This allows people to achieve the same result by acquiring input data, hash data 

independently and proving that there is no change in the data. Even very small input modifications 

such as single-bit modifications produce completely different output digests [104]. 

2.5.7 Transactions 

  A transaction denotes the collaboration between virtual currency and the parties [105]. 

A transaction represents a cryptocurrency transfer between blockchain network users. A 

transaction can be a method to record an activity that occur on physical or digital resources 

represents a cryptocurrency transaction nominal example where in the blockchain each block can 

have either zero or more transactions [106]. 

• Input: An input is usually a series of digital resources to send. A transaction refers to the origin of 

a digital asset (source provided) or the originating event in the case of a previous transaction or 

new digital asset provided to the sender. Transactional inputs are references to past events, so 

digital resources do not change. For cryptocurrencies this means that you can't add or remove 

values from existing digital resources. Instead, you can divide a single digital resource into more 

new digital resources (each with a lower value) or combine more digital resources to form fewer 

new digital resources (the corresponding values are larger). Activity splitting or merging is 

specified in the transaction output. The sender must also prove that the reference input can be 

accessed by digitally signing a transaction that typically authenticates access to the private key.  

• Outputs: Outcomes are generally the recipient account of a digital asset, along with the quantity of 

digital assets to accept. Each output shows the number of digital resources that will shift to the 

new owner identifier and the set of conditions which the new owner must meet for using that 

value. If the provided digital resources are more than necessary, additional funds should explicitly 
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return to the sender (called mechanism for change). Typically, a single cryptocurrency transaction 

system is shown in Figure 2.6 [107]. 

 

                                                              

 

                                                 Figure 2.6: Type of Cryptocurrency Transaction 

2.5.8 Blocks 

Users of blockchain network send transactions of candidate to the blockchain network 

through software such as smartphone applications, desktop applications, web services, digital 

wallets). The software sends these transactions within the blockchain network to nodes. The 

selected node can be a complete non-post node as well as a post node. Post node is publishing node 

while non post node is only storage node which store data within the blockchain. The transmitted 

transaction is then propagated to other nodes in the network, but not only inserting the transaction 

into the blockchain. If pending transactions are distributed across nodes, many blockchain 

implementations must delay in the queue till at the publishing node they are added to the 

blockchain [108].  

2.5.9 Chaining Blocks 
 

Through each block having a hash digest of the header of the previous block are linked 

together so if an old published block is modified it will have a dissimilar hash. As a result, every 

subsequent block also contains a hash of the previous block, so you will have a different hash. This 

creates it easy to reject and detect modified blocks that can be shown in Figure 2.7 shows a typical 

blockchain [109]. 
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                                                       Figure 2.7: Generic chain of blocks  

 

  2.6 BlockChain Technology in Smart Agriculture 

Blockchain was an emergency technology of smart agriculture and have limited research 

work in this area however today researchers and organizations are more focused on applying this 

technology to Smart agriculture even the UN FAO recommended that the components of the 

electronic agriculture infrastructure (Information and Communication Technology) be the 

confluence of blockchain technology and ICT requirements. They believed that with blockchain 

infrastructures when ICT systems were decentralized and immutable records management 

systems, the integrity of the underlying data for the agricultural environment was protected to those 

who are involved in transparent data management [110].  Blockchain is one of the new innovations 

that can change the agricultural business model of developing countries like Pakistan.  

Based on the above thoughts, authors proposed blockchain infrastructure an ICT electronic 

farming system model to use on a regional and local scale as shown in Figure 2.8 [111].  

Another scheme with a blockchain infrastructure of an ICT electronic farming system 

where water quality observing data was enhanced from a real time water quality monitoring system 

to the blockchain data was backed up locally when a benefactor node generates a new block and 

is added to the blockchain. Water quality data was scattered across the network hence each mining 
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node about the water quality has some part of the complete data and no single node has full 

accessibility to the data. In addition, provider nodes are created for reference commitments so that 

we could cross-reference blockchain data and backed up data later if necessary. However, they 

proposed an ICT electronic farming system model with blockchain infrastructure to be used at 

regional and local scales [112]  

 

Figure 2.8: ICT e-agricultural system with a blockchain infrastructure  

2.7 How does Blockchain Works 

The list of records called blockchains as blocks linked by encryption continues to grow. 

Encryption is the process of encrypting and securing data communications from reading private 

messages to prevent third parties. The blockchain technology has greatest normally used in 

cryptocurrencies which was adopted by Satoshi Nakamoto for creating and implementing a 

cryptocurrency known as Bitcoin.  A blockchain is a distributed ledger that everyone can use if it 

is written in a place where the data is not modified. It works like a digital notary with a time stamp 

so that the information is not compromised [113].   

  Blockchain is a digital database and requires a computer network to work. Transactions are 

coded in the form of a chain into blocks that are connected to each other called a blockchain. 
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Blocks store transaction logs in chronological order with timestamps, unique reforms and the rules 

governing different blockchain networks can be different, but all members must agree that the 

transaction is legal once the block is completed. They are made in connection with each other. 

Transaction logs cannot be removed or modified from the blockchain and the order of blocks 

cannot be changed. This offers an immutable tamper proof data management and storage system 

as shown in Figure 2.9 [114].  

 

                              Figure 2.9: Blockchain working procedure  

 

2.8 Features of Blockchain Technology  

2.8.1 Shared ledger 
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 Transaction log or resource ownership status can be used simultaneously by all members 

of the blockchain platform providing a single source on the blockchain platform. Private 

blockchains require authentication (private keys) to access and acquire records and transaction 

details. In addition, the extent to which members can access these records may be restricted. Some 

participants can see if a transaction has arisen between the two parties while some participants 

could view details of the transaction [115].  

2.8.2   Security  

  Transactions on the blockchain platform are verified by agreement in advance by members 

participating in the blockchain. Internal transaction records cannot be manipulated or modified in 

the blockchain by network members. Externally blockchain platforms on many computers are 

stored and transactions are encrypted with unique cryptographic signatures, so hacking isn't 

impossible but very difficult. Blockchain platforms can only be hacked if they simultaneously in 

the network access all the computers [116]. 

2.8.3 Efficiency   

 On the blockchain platform transactions are verified and processed within the blockchain 

network so people do not need intermediaries to establish trust. In fact, economists define 

blockchain as a machine of trust so trust between people is not necessary. In other words, on the 

blockchain platform there is no need from the process for third-party arbitrators like banks and 

governments to get involved to confirm or approve transactions. Removing mediators simplifies 

the process and expressively reduces transaction cost and time [117].  

2.8.4 Smart contract 

    Smart contract allows you to enforce or impose a set of rules or clauses on your own. Any 

provision that requires action can be implemented automatically or at a precise time. Smart 

contracts may have many or few contract clauses that require or do not require human intervention 

in that they can be executed completely or partially on their own. Transactions records are 

immutable and sent by all interested parties [118].  
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    A lease agreement on the blockchain platform can be prepared as a smart lease contract 

which includes all the provisions in the general lease agreement including lease duration, lease 

amount, payment date, parts full information and other government rules [119]. The application of 

rules and payments for rental parts such as houses, cars and bicycles can be a stab process in 

normal contracts [120]. The landlord has asked for the participation of a third party because of 

limited information to enforce the contract. The tenant's bank account on the blockchain platform 

may be linked to the lease and the payment can be completed automatically on deadline. Similarly, 

agreements between airlines or hotels and travel booking sites can be executed independently 

immediately after an event occurs [121].  In summary, smart contracts eliminate the costs and 

delays associated with general contracts as shown in Figure 2.10 [122]. 

 

                                               Figure 2.10: Blockchain smart contract  

2.9 Review on Communication Protocols  

Authors raised the problem of routing protocols in detail. Various efficiency measures have 

been used, such as energy consumption, route optimization and latency for comparative study of 

various routing protocols. They addressed the fact that there is an interconnectivity between 

different gadgets in a dense or sparse area and the movement models can be used to monitor the 
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movement of the device and thus mentioned that the routing mechanism is clearly influenced by 

the movement of nodes in the network [123]. 

Researchers proposed a novel approach to the smart environment in order to save the 

energy consumption. A novel scheme for handling node sleep in networks is proposed for wireless 

sensor networks. The network access can be sustained and that resources can be saved for the 

future. Its simplicity is the main feature of the scheme. The efficiency and convenience of this 

approach make it more useful and has been successfully extended to many areas [124]. 

Heinzelman has proposed the original clustering protocol low-energy adaptive clustering 

hierarchy (LEACH) for sensor network. Using a random cluster head rotation, the energy load is 

uniformly distributed around the sensor nodes within the network. This is a very versatile and self-

organizing protocol. LEACH uses a single-hop routing, and each of the WSNs consists of a cluster 

header (CH) and member cluster nodes. The CH is selected randomly, and the other sensor nodes 

are protected by this function, in order to control the network's energy balance. The CH is 

connected directly to the control station, which prevents the rest of the nodes to minimize energy 

consumption during rounds.  Each of these rounds contains essentially two phases: One is the 

phase of set-up and the following is the phase of steady phase and  the node will either CH of the 

cluster and collect data and send it to the base station (BS) or member node which collect data and 

transfer to its selected CH. With clustering techniques using TDMA-based MAC layer algorithms 

and data aggregation method the protocol ensures an energy efficiency. However, LEACH studies 

and simulation studies on LEACH show that it uses a very basic and simple models, including 

simple radio propagation model that does not take into account obstacles like radio propagation 

channel trees, simple radio energies and infinite transmission power levels for protocol assessment. 

The working mechanism of LEACH protocol is shown in Figure 2.11 [125]. 
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         Figure 2.11:  Working Mechanism of LEACH Protocol  

2.10 Evolution and issue w.r.t current work  

According to a plan announced in 2015 under the "2030 Agenda for Sustainable 

Development',' the UN and the international community set a target to end hunger by 2030. 

However, latest WHO (World Health Organization) estimates do not seem encouraging enough to 

help the agenda, since more than 800 million people globally are facing food shortages—one in 

nine people. While these numbers are very worrying on their own. The quality of food is becoming 

another serious and much more crucial problem. The total crop production needs to be improved 

by boosting farmers using ICT not only for food but also for cash crops in order to satisfy the 

demands of industry, such as cotton and rubber, and most notably, increasing demand for 

bioenergy such as ethanol [126]. 

2.11 Open issues and Challenges 

There are many open problems and difficulties involved with the deployment of ICT-based 

system in agriculture. The issues found in the literature have been addressed in this section. 

• Lack of Knowledge of Technology 

Poor knowledge of technology is the biggest obstacle between farmers living in rural areas. 

This issue is widespread in developing countries, where most farmers are not educated. ICT 
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deployment in agriculture is a major challenge, since a lot of investment is needed in farmer 

training before ICT infrastructure is implemented. 

• High cost Challenge 

As ICT is being implemented in agriculture, many cost-related problems occur, such as 

set-up and operating costs. The set-up costs consist of hardware costs such as IoT devices/sensors, 

base station equipment and gateways. In addition, operating costs include uninterrupted 

subscription to IoT system maintenance, sharing of information with other providers, and 

consolidated information/data collection services. 

• Scalability 

A significant number of IoT devices and sensors are installed in agriculture, requiring an 

intelligent IoT management system for the detection and control of each node. 

• Communication protocol  

  Users face numerous challenges, such as data loss and other on-site parameters, and due 

to low energy consumption limitations and restricted memory, it is difficult to incorporate 

advanced and dynamic communication protocols. 

 

2.12 Chapter Summary    

Section wise summary of this chapter is presented as follow. 

Section 2.1: Chapter introduction is given. 

Section 2.2: Review of ICT-based Technology in agriculture along with its limitation is 

provided. 

Section 2.3: Review of Smart Agriculture Technology and its limitation is presented. 

Section 2.4: Blockchain Technology Overview is given. 

Section 2.5: Blockchain is Smart Agriculture is provided. 

Section 2.6: How does blockchain works is presented. 

Section 2.7: Features of Blockchain Technology are provided. 
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Section 2.8: Review of Communication Protocols is given. 

Section 2.9: Evolution and issue with respect to current work is described. 

Section 2.10: Open issues and Challenges are provided.
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Chapter 3 

Agriculture Food Supply Chain  

       The chapter presents the Traditional food supply chain and its drawbacks and the smart food 

supply chain and its challenges. 

3.1 Introduction 

       The agricultural food supply chain mentions the process of food processing, production, 

distribution, disposal and consumption. Many studies have been carried out using various 

emerging technologies to ensure food security and maximize economic benefits in certain food 

supply chain processes. Such as to clarify upstream and downstream activities of food supply chain 

management activities. 

3.2 Traditional Food Supply Chain  

   The old-style model is a composite chain of food supply flows which is mainly followed 

by traditional chains as shown in Figure 3.1 which outlines the traditional model of supply chain. 

Players participating in this model are auctioneers, commission agents, traditional retailers, 

wholesalers of all formal stores, and shops along the road, suppliers of pavement and trolleys and 

customers. In the supply chain model, farmers sold their products to their consumers via a variety 

of intermediary partners who consume a full share of market prices second there is no option to 

track the food in the system in order to deliver safe food to the end user [127].      

  

                              Figure 3.1: Traditional view of supply chain processes  
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Further structured reviews of the literature were performed in tabular form to present a 

clear vision of the goals, techniques, results, and research gaps (limitations) used in the study, as 

shown in Table 3.1 [128,129,130,131,132,133,134]. 

            Table 3.1:  Outcome and Limitation (Traditional food supply chain systems) 

Research 
Objective  Technique                   Outcome           Limitation 

• Policy 
interventions 
for 
mainstreaming 
of small milk 
producers in 
contemporary 
production 
system [128] 

 

• To control the 
power and 
competitiveness 
exercised in the 
value chain by 
different players. 

• Qualitative 
and 
quantitative 
data analysis 

• Marketing modernization, 
inspire clean milk 
production and decrease 
transactions cost & 
marketing to meet 
customer request. 

• Additional study 
is required to go 
till depth into 
the policy 
interventions 
drivers of other 
supply chains. 

• Green supply 
chain 
management 
practices and 
tools for 
logistics 
competitiveness 
and 
sustainability 

• [129] 

• To study the green 

technologies role 

in making logistics 

organizations 

finally competitive 

and green. 

• Investigation 

is made for 

corporate 

competitivenes

s & economic 

performance 

technique is 

used 

• Innovation based green 

technologies are harshly 

correlated to more 

maintained approach to 

SCM based on 

performance,  

• The outcomes to 

all logistic 

establishments 

require to be 

empirically 

tested on big 

sample via 

comparative 

studies based. 

• Measuring 
supply chain 
coordination in 
milk and dairy 
industries: a 
confirmatory 
factor model 
[130] 

• To measure the 
Coordination 
effectiveness in 
supply chain of 
Food practices 
 

• Competitivene
ss index model 

 

• It is observed that 
agriculture sector is facing 
main tasks because of 
unprofessional 
methodology and lack of 
basic infrastructure and 
facilities. 

 

• This framework 
can be also 
suitable from 
other parts to 
quantify its 
efficiency for 
supply chains. 

 

• Management 
and 
organization of 
the real agri-
food supply 
chain with the 
cost of waste 
degradation 
[131] 

 

• To restructuring 
the network 
distribution of 
chicken meat in 
city of Tlemcen, 
for the lagging 
behind the 
delivery, market 
instability prices, 
costs and food 
safety. 
 

• Mathematical 
model of two 
steps is built 
and explained 
in serial 
manner via 
LINGO 12. 

 

• The suggested integrated 
methodology allows to 
reduce the overall costs of 
the agri-food supply chain 
in terms of public health as 
well as also in terms of 
economy.  

 

• Methodologies 
such as meta-
heuristics and 
heuristics to 
explain 
problems of real 
life can be 
applied 
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3.3 Review of Smart Food Supply Chain  

      Smart food supply chains are commonly used when discussing how to develop and 

implement advanced smart technologies (blockchain, IoT, machine learning, predictive analytics, 

artificial intelligence) and could promote enhancements in existing supply chains. Smart food 

supply chain is based on farm to table concept whole product life cycle is involved in this system 

such as planning to crop, food produce, food tracking/traceably and delivery of safe food to end 

user. Traceability is very important in the food supply chain to ensure food safety for consumers. 

Recently many solutions with various new IoT technologies have been proposed to improve the 

traceability of animals, plants and foods as shown in Figure 3.2 [135]. 

• Performance 
measurement of 
a dairy supply 
chain: a balance 
scorecard 
perspective 
[132] 

 

• To measure 
performance of 
FSC for 
confirmation how 
balance score card 
(BSC) approach 
can be used 
Madhya Pradesh. 
 

• BSC method 
was proposed 
for multiple 
item scale 
based 

• The status of several BSC 
perceptions is different 
from that well-known 
because of the changes in 
infrastructure in the 
context of an established 
country that arises.  

• For updating and 
validation of 
performance 
indicators, the 
similar studies in 
other developing 
countries are 
mandatory 
 

• Technical 
efficiency and 
supply chain 
practices in 
dairying: the 
case of India 

• [133] 

• To inspect 
nominal 
effectiveness of 
minor dairy 
farmers and to 
examine the 
participation 
impact in the 
modern SCM 
observes in India  

• Frontier 
stochastic 
production 
utility 
approach to 
measure the 
technical 
inefficiency of 
farm level. 

 

• They sought a dissimilarity 
in the technical efficiency 
level of the non-member 
and member dairy farmer  

• The study 
emphases 
production of 
milk sector in 
two states only 
and in future be 
studied in other 
areas. 

 

• Strategic 
considerations 
in the 
development of 
lean agri-food 
supply chains: a 
case study of 
the UK pork 
sector [134] 

• To show an initial 
scheme of lean 
tools with 
integrated SC and 
to present how 
VCA has 
emphasized 
chances for 
strategic variations 
in a UK agri-food 
with SC.  

• Case studies of 
tow industries  

• For the improvement and 
analysis of Supply chains, 
the VCA along with lean 
offer a dominant base  

• To other agri-
food chains 
more studies 
might be 
assumed in meat 
and in other 
sectors as well 
to further 
confirm the 
recommendation 
and findings 
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Figure 3.2:  A whole picture of food supply chains in an era of IoT  

IoT is an information network that links everything to the internet via some information 

technologies such as WSN, RFID, GIS and GPS to achieve smart management and recognition. It 

consists on a reliable high-speed public network, a network of sensors, information processing. 

RFID is widely applied as the core technology of the IoT. It is a non-contact communication 

technology of automatic identification that can spontaneously recognize multiple moving objects 

at a very high speed instantaneously without manual intervention under in harsh environments. It 

can also display and manage object storage information via radio frequency signals. RFID 

technology has many advantages as compared to barcodes such as pollution prevention, 

convenience, recyclability, and large capacity. In the logistics field RFID has been broadly used 

in warehouse management, production and logistics traceability and anti-counterfeiting product 

measurement. There has been a growing interest in many countries over the years in the application 

and development of RFID technology. Apply this system to the supply chain to calculate 

performance gains in terms of efficiency, safety, visibility, and accuracy. Their research showed 

how uncertainty in market demands; product value and delivery time affects the RFID performance 

systems in supply chain [136].  

 In food supply chain management, many authors did hard work for applying these 

information technologies through many ways. Such as a decision support system was proposed 

which was based on rule throughout their distribution process for fulfilling the real time agri-food 
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products monitoring. Equipment from refrigerated containers based on data transmitted by sensor-

RFID that system calculated the remaining value in transmission and shelf-life agri-food products 

time based on the idea that data must be stored, collected and shared in each link of the supply 

chain [137]. A model for food supply chain was developed to realize the traceability. The model 

consisted on three phases: natural distribution, transformation and environment which represented 

the supply chain phases of the physical environment. Researchers argued that the model could be 

the basis for developing web applications in the dairy supply chain for traceability management 

[138].  Another model for food supply chain was developed by applying technology of RFID to a 

very unpreserved food supply chain from the perspective of distributors, retailers, and customers. 

They found in their research that investment in RFID application technology may be beneficial to 

distributors, retailers and customers facing the preservation issues of the food supply chain [139]. 

   A generic framework with the EPC global tag data standards for the traceability using 

RFID tags of animal food safety encoded. The object name service and discovery service in that 

framework were used for dynamic data sharing to find a dynamic distributed information server. 

Most foods and produce were susceptible to spoilage and during the distribution process, the shelf 

life could be completely affected humidity and temperature so refrigerated containers used for 

food transportation can greatly affect the quality and safety. [140].  Authors in their research 

developed a model for food supply chain where the spatial profile temperature of refrigeration 

containers and trucks was based on RFID technology and sensors that record and automatically 

transmitted transport environmental information (temperature, humidity) during distribution. 

Several tracing and tracking techniques available to this application were also compared and 

evaluated in the study [141]. RFID-based tracking and logistics traceability model was also 

developed, and researchers explained five types of RFID business events. Moreover, they also 

designed the structure of network, security system and functional framework of the logistics 

tracking system [142]. 

Another good attempt was also made by authors and developed secured management 

system and traceability of vegetable quality production from information technology point of view 

and showed the main operational processes, functions, and key technologies [143].  An IoT-based 

tracking and tracing platform for prepackaged food supply chain to track and trace the food product 

was also developed by researchers [144] 



Chapter 3: Agriculture Food Supply Chain   

50 
 

3.4 Research gaps in the current literature 

From IT and technology systems point of view, the literature in food chain management 

on the use of IoT technology is very rich. However, the most important problem which is not 

addressed is the trust in sharing of information between food supply chain members in the tracking 

system. The new technology that makes this possible is blockchain. It is possible to build 

information systems that do not rely on the trust of central institutions by using blockchain 

technology to store data in an opaque information system all food information can be shared by all 

members of the supply chain and stored in a transparent system. 

3.5 Review of Blockchain Technology in Food Supply Chain 

In supply chains the blockchain technology can be utilized to make each transaction 

secured. All records of all transaction are time steps and combined with the previous case. Thus, 

blockchain provided points of interest to inventory networks such as awareness, simplification, 

and requests. Approved people simply have access to the records on the blockchain. This means 

you can share, and pin records as shown in Figure 3.3. With the help of sensors, perception and 

product follow-up can be assured and this data can be integrated with blockchain innovation 

managers to provide less risky information [145]. 

 

 

Figure 3.3:  Rise of blockchain technology in supply chain  
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 A supply chain tracking system with a focus on transparency based on blockchain for food 

safety and HACCP (Hazard Analysis and Critical Control Points) was developed. There authors 

described the crop process plants from harvesting to retailing in different phases of a performance 

analysis without going into the details. Generally, as far as we know some of the main features 

provided by some blockchain implementations remain unused or not fully utilized after 

autonomous transaction capacity (often called smart contracts [146].   

A blockchain model was developed where data that streamed between gatherings will be 

maintained by both open and private records for supply chains. Personal records were used for 

shipments associated with specific records where each shipment only accesses meetings associated 

with the shipment. This is because data related to delicate products such as medicines kept personal 

information better. This personal record contained data about cases involving a specific delivery. 

The second type of record is the general society record and included a considerable number of 

cases presented in personal records which could approve the interface of the shipment and truck 

area via the data in the personal record.  General society record incorporated hash estimations of 

personal events and the records of those occasions were kept up on people in general record by 

presenting the hash esteems. The general population record was accessible to everyone dissimilar 

to the personal records [147]. 

A Credit evaluation system based on blockchain was also developed for multiple 

stakeholders in the food supply chain that system is successful in the food safety sector. Blockchain 

guarantees the reliability of the food supply chain financial records and credit evaluation of traders. 

The drawback within this system is that it has only credit dealing functionality [148]. 

3.6 Research limitation in the current literature 

In terms of technology and IT systems, the literature in food supply chain management on 

usage of blockchain technology is very limited and all of the above studies are the first and most 

important issue that has been done in the field of supply chain networks and other important issues 

of stakeholders (farmers and consumers) were not addressed to make the entire process fair and 

trustworthy where everyone in the chain get equal benefits.  
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In addition, no solid research papers are published yet using a combination of IoT 

technology and blockchain technology of food supply chain tracking systems for addressing the 

information reliability issues. Secondly without covering all phases of food supply chain 

management most of research focused only on comparatively self-governing stages such as 

refrigeration, warehousing and distribution. Therefore, in our research a new smart agriculture will 

be developed that covers the entire supply chain process and food production process using the 

IoT and blockchain technology. It can efficiently imply the information sharing with farmers and 

consumers and the traceability management can be realized throughout the food supply chain and 

will solve the biggest centralized format problem that it is asymmetric, opaque and monopolistic. 

3.7 Chapter summary 

Section wise summary of this chapter is produced below. 

Section 3.1: Introduction to Food Supply chain is presented. 

Section 3.2: Traditional Food Supply Chain system is described along with its limitation. 

Section 3.3: Review of Smart Food Supply Chain is given. 

Section 3.4: Research gaps in current literature are identified. 

Section 3.5: Review of BlockChain in Food Supply Chain is provided. 

Section 3.6: Research limitation in current literature are identified.
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Chapter 4 

 Research Methodology and Approach 

        Methodology of research is the basic technique used to classify, collect, process and interpret 

information about the research topic. In research dissertation the methodology section helps to 

objectively determine the general validity and reliability of the analysis. The methodology of 

research is generally distributed into two parts the first part is known as quantitative and the second 

part is about qualitative analysis. We have conducted our research work by means of quantitative 

approach. A quantitative analysis is based on predictable numerical analysis and attempting to 

develop associations among variables. 

      4.1 Underlying theories  

  Related theories and models have been extensively reviewed and five of the most widely 

used theories and models in the field of information technology have been identified   and three 

theories have been applied in this research. The first theory is the “Diffusion of Innovation theory” 

the second is “Technology Acceptance Model” The third is the “Theory of Reasoned Action”, the 

fourth is “Theory of Planned Behavior” and the fifth is the “Social Cognitive Theory”. In our 

research we had applied Diffusion of Innovation Theory, Technology Acceptance Model and 

Social Cognitive theory. 

       The Diffusion of Innovation theory was developed by Professor Everett Roger which aims 

to explain how, why and at what rate new ideas gain momentum and diffuses in social system. 

Rogers claims that diffusion is the mechanism by which an idea is diffused over time among the 

participants in a social system. The roots of innovation theory's propagation are diverse and cover 

many disciplines. The guiding principle for the diffusion of the innovation is that acceptance of an 

innovation depends on the social context, which explains why tested and successful initiatives are 

not used in community practice [149]. This theory has been broadly used to guidance in designing 

of different information systems. In this research diffusion is seen as a system through which 
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innovation, in this case knowledge based on ICT, is communicated to farmers in order to improve 

agricultural production, particularly rural farmers in developing countries. 

    The Technology Acceptance Model is one of the most popular theory to explain compliance 

behaviors in information technology. Main objective of this model is to offer a foundation for 

determining the influence of external variables on internal opinions and behaviors.  In 1986, Davis 

suggested TAM, and two perceptive views were hypothesized as perceived usefulness and ease of 

use. As per TAM the practical use of a technology system is directly or indirectly affected by the 

behavioral goals of the user, mindset, perceived utility of the system and perceived facility of the 

system. TAM also indicates that external factors influence purpose and actual usage by mediating 

effects on perceived utility and perceived ease of use. In addition, the perceived ease of use is "the 

degree to which a person thinks that using a specific system will be effortless. In this research ease 

of use of system is taken as Use of ICT Tools and Ease of ICT Tools which attract more people to 

use the new system and meet their information requirement easily [150]. 

         Social cognitive theory offers a conceptual model through which to examine the determinants 

and psychosocial processes by which symbolic communication affects human thinking, 

influencing and behaving. Information system operates in two paths. The first is a direct path, 

while the second is a social mediated path. People promote creativity or improvement in the first 

way through guidance, encouragement, motivation and supervision of individuals. While in the 

second social mediated path, system users influence the concerned individuals to social networks 

and community settings that provide mutual benefits and continued personalized supervision for 

anticipated change. This theory analyses the social diffusion of new behavioral styles in terms of 

the psychosocial factors which rule their acquisition and adoption supported by social network. In 

this research, social network propagation is seen as social learning, in which ICT-based 

information system users help and encourage non-users to use this system and increase their 

productivity [151]. 

4.2 Variables and Conceptual framework 

      In this research independent variables determines what can be chosen and manipulated to 

have an impact on dependent variable such as in our research independent variables were 

Demographics attributes of respondents , Type of Farming , Farmer Social Learning, mediating 
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variable was Use of ICT Tools, moderating variable was Ease of ICT Tools and  dependent 

Variable was  production.. In other words, we sought to develop systems based on Information 

and Communication Technology in transfer of knowledge to farmers. By providing relevant 

agricultural information, the relationship between the variables in this research revolved around 

ICT contributing to the growth of farmer of rural areas and propose model are linked important 

concepts pointing out gaps that needed answers to complete the conceptual framework 

objectives. 

 

4.2.1 Demographic attributes of farmer 

   Farmer demographic characteristics such as age, education and gender have impact on 

production as young, educated, and male farmers use more modern tools to collect agricultural 

information in order to plant their crops innovatively. 

4.2.2 Type of farming practices 

Type of farming practices have impact on agricultural production, because modern farming 

practices can yield better results than traditional practices. Farmers using ICT technology to 

acquire updated information will yield high crops than those who do not use ICT. 

4.2.3 Farmer Social Learning 

Farmer social learning has impact on production and has two modes of application: formal 

and informal. Most of the learning of farming and rural development is focused on informal contact 

between farmers. It helps farmers who are "less educated and untrained to follow those farmers 

who are highly educated and trained. With the latter, contact between farmers with direct access 

to technology and as educators and those without access less educated is more advantageous than 

the earlier ones. Social learning in an informal environment helps to implement and disseminate 

innovations which are promoted in the formal framework. 

4.2.4 Mediating role of Use of ICT Tools 

  In social science statistics  a mediation attempts to define and describe the mechanism or 

process that underlies an observable relationship between an input variable and a output variable 

by the presence of a third hypothetical variable, known as a mediator variable instead of a direct 
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causal relationship between the input variable and output variable, a mediation implies that the 

input variable affects the mediator variable, which in turn affects the dependent variable. 

Therefore, mediator variable thus helps to explain the essence of the relationship between the input 

(Independent variable) and output (dependent variable). In simple words mediator variable is the 

intermediate variable/"middleman "between an independent variable and a dependent variable as 

shown in Figure 4.1 [152]. 

 

            Figure 4.1: Independent, Mediator and Dependent Variable relationship framework  

 

4.2.5 Moderating role of Ease of ICT 

In statistics moderation defines a situation where the relationship between two variables is not 

constant but depends on the values of a third variable, known as moderating variable. The 

moderating variable changes the strength of a relationship between the independent variable and 

dependent variable. According to literature, moderation is said to be occurred when the strength 

of the relationship between two variables depends on a third variable as shown in Figure 4.2 [153]. 

 

          Figure 4.2: Independent, Moderating and Dependent Variable relationship framework  
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                                             Figure 4.3 Conceptual Model 

 

4.3 Research Hypotheses  

     Based on the available literature, the important dimensions such as farmers' demographic 

attributes such as age, education and gender, Type of farming practices, farmers' social learning, 

Use of ICT Tools and Ease of ICT Tools have an impact on agricultural production. These 

propositions can be best reflected through below mentioned set of hypotheses: 

H1: Age has significant impact on production  

H2: Education has significant impact on production 

H3: Gender has significant impact on production 

H4: Type farming has significant impact on production  

H5: Social learning has significant impact on production  

   H6: Use of ICT Tools have positive mediating effect on the relationship between age and 

production   
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H7: Use of ICT Tools have positive mediating effect on the relationship between education and 

production 

H8: Use of ICT Tools have positive mediating effect on the relationship between gender and 

production 

H9: Use of ICT Tools have positive mediating effect on the relationship between Type of 

farming and production 

H10: Use of ICT Tools have positive mediating effect on the relationship between Social 

learning and production 

H11: Ease of ICT Tools positively moderating the mediating relationship between age and 

production  

H12: Ease of ICT Tools positively moderating the mediating relationship between education and 

production  

H13: Ease of ICT Tools positively   moderating the mediating relationship between gender and 

production  

H14: Ease of ICT Tools positively moderating the mediating relationship between Type of 

farming and production  

H15: Ease of ICT Tools positively moderating the mediating relationship between Social 

learning and production  

 

4.4 Research Method 

        The research was carried out using quantitate data collection technique through structured 

questionnaire.  A quantitative method generates numerical data and generally aim to create causal 

associations between input variables and output variable. 

 

4.4.1 Research area 

         The research was conducted in Pakistan Khyber Pakhtunkhwa (KPK) province and five 

(5) districts Peshawar, Charsada, Mardan, Kohat, and Malakand were selected for research. 
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4.4.2 Target population  

        The target population was well identified in this research as a group of respondents working 

in the farms and receiving disseminated information from various sources and directly applying 

the agricultural information in their farms and providing feedback 

 

4.4.3 Sampling strategy  

         For selection of participants this research used purposive sampling. A simplified formula 

for calculating sample sizes was given by Yamane and used by Gakiavi in his research [154]. 

This formula was used to measure the sample sizes and to take a confidence level of 95 percent 

and P = 0.05. For this research a sample of 333 was taken. This figure was reached after 

considering the time available for the self-sponsored researcher's data collection and financial 

resources. 

n =  
𝑁

1+𝑁(𝑒)2
     = 

2000

1+2000(0.05)2
   = 333 farmers 

 The size of the sample is demoted by n, the size of the population as N and precision level as e. 

 

4.4.4 Instrument Design 

      For the purpose of survey and data collection this research adapted questionnaires from 

previous published research work as shown in Table 4.1. 

                                                                  

                                                  Table 4.1 Selection of variables and items for survey  

Variable                 Questionnaire Source  

Age Saiyut, Pakapon, Isriya Bunyasiri, Prapinwadee 

Sirisupluxana, and Itthipong Mahathanaseth. "The 

impact of age structure on technical efficiency in Thai 

agriculture." Kasetsart Journal of social 

sciences (2018). 

                           [155] 
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Gender Gender, agricultural production, and the theory of the 

household." Journal of political Economy 104, no. 5 (1996): 

 1010-1046.[156] 

Education Appleton, Simon, and Arsene Balihuta. "Education and 

agricultural productivity: evidence from Uganda." Journal 

of International Development 8, no. 3 (1996): 415-444. 

                                       [157] 

Type of farming practices  Das, Susmita, M. Nasiruddin Munshi, and W. Kabir. "The 

impact of ICTs on agricultural production in Bangladesh: A 

study with food crops." SAARC Journal of Agriculture 14, 

no. 2 (2016): 78-89. 

                                       [158] 

Farmer’s social learning Leta, Gerba, Till Stellmacher, Girma Kelboro, Kristof Van 

Assche, and Anna-Katharina Hornidge. "Social learning in 

smallholder agriculture: the struggle against systemic 

inequalities." Journal of Workplace Learning (2018). 

                                      [159] 

Use of ICT Tools Chavula, Hopestone Kayiska. "The role of ICTs in 

agricultural production in Africa." Journal of Development 

and Agricultural Economics 6, no. 7 (2014): 279-289.       

                                   [160]    

Ease of ICT Tools 

Production 

 

4.5 Data Collection 

 

  The Collection of data was carried out by applying the cross-sectional time domain using 

quantitative method. The data is sampled using convenience sampling method which is considered 

one of the most suitable methods for approaching the respondents. 

   Demographic details (age, education, and gender) was presented in section “A” of the 

questionnaire. While  in section “ B” of questionnaire is concerned with other Type of farming , 

in section “C” Use of ICT Tools was presented ,section “D” is related with Ease of ICT Tools ,in 

section “E” Social Learning and in section “F”  production was presented (Annexure-1). 
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4.5.1 Data pre-processing and Cleaning 

    The most critical aspect of data analysis is to ensure the data is placed of excellent quality 

and quantity such that predictive modeling is accurate. False entry, incorrect information or any 

damaging quality entries were identified, removed or replaced with correct data for quality 

checking of all missing values to improve the predictive power of the model. 

 

4.5.2 Demographic attributes of the respondents  

 

The demographic attributes of the respondents are presented in Table 3.2. The 41-50 age 

group has the highest percentage of 29.72% followed by age group 31-40 (25.52%), age group 

18-30 has third highest percentage (21.02%), under 18 age group has 12.31 % and  51-60 has 

(8.70 %) and age group above 60 has lowest percentage (2.70 %) while gender distribution 

indicates that males have the highest percentage of  (81.69 %) and females are  (18.31%). 

Academic status of respondents reports that 30.33% are illiterate followed by primary 

education 24.02 % and 21.02 % respondents have middle education 16.51 % respondents have 

completed education up to secondary level while higher secondary level is just 6.90% only 

1.20% respondents have completed their graduation illustrated as Figures 4.4, 4.5 and 4.6.  

                                                                                        

                                                     Table 4.2:   Descriptive statistics (N=333) 

Demographic 

attributes  

Description  Frequency  Percentage  

  

  

 Age group 

Under 18 years 41 12.31 

18-30 years 70 21.02 

31-40 years 85 25.52 

41-50 years 99 29.72 

51-60 years 29 8.70 

60 and above years 9 2.70 

Total 333 100 

  

Gender group 

Male            272 81.69 

Female 61 18.31 
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Academic level 

(Education) 

Illiterate  101 30.33 

Primary 80 24.02 

Middle             70 21.02 

Secondary 55 16.51 

Higher secondary  23 6.90 

Graduation  4 1.20 

Total  333 100 

 

 

                                              Figure 4.4: Age group of respondents  

 

                                                                 Figure 4.5: Gender group 
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                                          Figure 4.6: Respondents Academic level 

      Respondents were also questioned about their use of ICT Tools and their responses were 

recorded in Table 4.3. As 9% respondent’s underage of 18 answered that they use ICT Tools to 

get agricultural information while 3.30% responded that they do not use ICT. 18.01% respondents 

from age group 18-30 recorded their response that they use ICT while 6% were not used. From 

Age group 31-40 years 10.51% respondents were used ICT while 15.01% were not interested, 

8.70% respondents from age group 41-50 reported that they use ICT whereas 21.02% were not 

using ICT. Age group 51-60 years just 3% were used ICT while 5.70% were not used. Above 60 

years respondents were in minority and only 1.20% were used ICT tools while 1.50% were not 

used. From gender group male were high users than female as 41.04 % male were used ICT 

whereas 40.20 % were not ICT users. Only 3% female were used ICT tools while 15.31% were 

nonusers of ICT. 15.01% respondents who had primary level education were users of ICT while 

9% respondents were not used ICT. 12.01% respondents with middle education were ICT users 

while 9% were not users. Similarly, 15.01% respondents with secondary education were used ICT 

whereas 1.50% were nonusers. 6.00% respondents who had higher level education were ICT users 

while 0.9% were not using ICT. Graduate farmers were in minority just 4% and all were using ICT 

tools. 
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     In Summary use of ICT tools by young respondents was higher than that of middle and old age 

respondents. While male and educated respondents were using ICT tools whereas low educated 

and illiterate farmers were not using ICT tools. 

                                               Table 4.3 Descriptive statistics (N=333) 

Demographic 

attributes 

Description            Use ICT      Do not Use ICT 

Frequency Percentage Frequency Percentage 

 

 

 

Age group 

Under 18 years 30 9.00 11 3.30 

18-30 years 50 15.01 20 6.00 

31-40 years 35 10.51 50 15.01 

41-50 years 29 8.70 70 21.02 

51-60 years 10 3.00 19 5.70 

60 and above years 4 1.20 5 1.50 

 

Gender 

Male  138 41.4 134 40.20 

Female 10 3.00 51 15.31 

  

 

Academic Level 

(Education) 

Illiterate  0 0 101 30.3 

Primary 50 15.01 30 9.00 

Middle 40 12.01 30 9.00 

Secondary 50 15.01 5 1.50 

Higher secondary  20 6.00 3 0.90 

Graduation  4 1.20 0 0 

 

4.5.3 Type of farming practices   

     

            Respondents were questioned about their farming practices they used to plant their crops. 

This research applied two main forms of farming practices, one focused on non-ICT based 

traditional farming practices and the other based on ICT-based modern farming practices. The 

research results shown in Table 4.4 and illustrated as Figure 4.7. 77% respondents were using 

traditional farming practices to plant their crops while just 23% were using ICT system to perform 

their farming activities. 
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                                                  Table 4.4 Descriptive statistics (N=333) 

Description              Non- ICT based        ICT based 

 

Type of farming practices 

 

Frequency  Percentage Frequency  Percentage 

 256 77 77 23 

 

 

                                                 Figure 4.7: Type of Farming Practices  

4.5.4 Respondents Social Learning   

           Respondents were asked about social learning knowledge and its values and were also asked 

to demonstrate willingness to share their learning with other results are shown in Table 4.5. 

Research found that 84% of respondents were aware of social learning and only 16% were 

unfamiliar.81% of respondents reported that social learning was valuable while 19 % reported that 

social learning was not valuable and 78% were agreed in sharing their learning with others, and 

23% were not agreed for sharing their knowledge.                                     

                                              Table 4.5 Descriptive statistics (N=333) 

Description                Awareness      Valuable       

     

Agree to share learning 

    

Social Learning                  

                   YES 

                    NO 

Frequency Percentage Frequency  Percentage Frequency Percentage 

  280      84     270 81 260 78 

   53      16     63 19 73 23 
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                 Total    333      100   333 100 333 100 

                                                     

4.5.5 Use of ICT Tools 

          The participants were asked about the availability and use of ICT Tools and the lack of 

access to ICT tools. The results were evaluated in the Table 4.6 and shown in Figure 4.8. 18.01% 

participants reported that they get agricultural information from radio, 15.01% were used 

television to access agricultural information whereas 6% participants were used smart phone and 

just 4.50% were have access to internet. While 3%  participants reported that they were not used 

even radio to access information, 2.70% were not used television, 22.82% reported that they were 

not used smart phone and 27.02% told the researcher that they have no access to web-based system 

to get agricultural information.  

                                             Table 4.6 Descriptive statistics (N=333)                             

ICT Tools               Available and Use              Not Available 

Frequency  Percentage  Frequency  Percentage  

Radio  60 18.01 10 3.00 

Television  50 15.01 9 2.70 

Smart phone 20 6.00 76 22.82 

Web-based system 18 4.50 90 27.02 

 

 

 
 

 
                                                            Figure 4.8: Access of ICT Tools 
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4.5.6 Ease of ICT Tools 

 

              The respondents were asked about the ease of use and flexibility of ICT tools and results 

are shown in Table 4.7. 88% respondents recorded their responses that existing ICT tools were not 

user friendly whereas 89.49% reported that available ICT tools were not flexible, and they were 

facing problems in using those tools. Just 12% respondents reported that available ICT tools are 

user friendly while 10.51% recorded their responses that existing ICT tools are flexible. 

 
                                                            Table 4.7 Descriptive statistics (N=333)                             

  
Description ICT Tools are user friendly      ICT Tools are flexible    

     

Ease of ICT Tools                  

                    

                          Yes 

                                                                                            

                          No 

Frequency Percentage Frequency  Percentage 

40 12 35 10.51 

293 88 298 89.49 

                 Total      333      100         333          100 

 

 

   

4.6 Data Analysis 

             For data analysis, IBM SPSS Modeler and SMARTPLS (Partial Least Square on Structural 

Equation Modeling) statistical tools were used to test the impact of Demographic attributes of 

respondents such as age , education, gender ,type of farming practices, respondents social learning 

, use of ICT tools and ease of ICT tools on agricultural production as hypothesis already developed. 

Further information had given in accordance with the standard procedures prescribed for PLS 

based SEM including model specification, estimation, structural model estimation and finally 

hypothesis testing was done. SMARTPLS is one of the most suitable social science techniques for 

testing of different hypotheses   as is suggested by numerous influential studies [161]. Thus, this 

research also adopted SMARTPLS for analyzing the results.  

            Research analysis was divided into two sections. Section one deals with the evaluation of 

the external or outer model in which convergent validity (CV) and discriminant validity (DV) was 
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confirmed.   Section two refers to an assessment of an internal or inner model in which hypotheses 

were tested.  

               The CV was tested using the composite reliability (CR), factor-loading and the average 

variance extracted abbreviated as AVE. Previous research has shown that factor-loading of each 

item must be greater than 0.5, The values of CR must be higher than 0.7 while the values of AVE 

should be greater than 0.5. Before the hypothesis was tested, the reliability and validity of the data 

were verified.  

4.6.1 Evaluation of outer model and reliability statistics  

             Reliability testing was conducted via Smart PLS and model estimation was performed, 

Average Variance Extracting (AVE) and Composite Reliability (CR) values was derived. The 

AVE determines the measurement of quantity of variance presented that is taken by construct in 

relation to the quantity of variance due to measurement error as shown in Table 4.8 and Figures 

4.9, 4.10 and 4.11.For each variable Cronbach’s alpha is within the appropriate range (> 0.7) and 

composite reliability (appropriate range between 0.7-0.9) to achieve internal consistency. 

Therefore, each variable reliability is in a satisfactory range. 

                                                  Table 4.8 Statistics regarding reliability of Research 

Contracts Items Factor loadings AVE CR Cronbach Alpha  

 

Age 

ag1 0.812  

0.705 

 

0.887 

 

0.799 ag2 0.817 

ag3 0.888 

 

Education 

ed1 0.948  

0.758 

 

0.813 

 

0.754 ed2 0.914 

ed3 0.736 

 

Gender 

gen1 0.942  

0.889 

 

0.801 

 

0.800 gen2 0.944 

 

Type of farming 

tf1 0.947  

0.834 

 

0.899 

 

0.804 tf2 0.879 

 

Social learning 

sl1 0.868  

0.662 

 

0.804 

 

0.801 sl2 0.720 

Sl3 0.846 
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Use of ICT 

ai1 0.943  

0.746 

 

0.806 

 

0.752 ai2 0.777 

 

Ease of ICT 

ei1 0.931  

0.704 

 

0.889 

 

0.801 ei2 0.736 

 

Production 

p1 0.907  

0.728 

 

0.900 

 

0.845 p2 0.795 

 

 

 

                                             Figure 4.9: AVE graphical representation 

           

                                     Figure 4.10: Composite reliability graphical representation. 
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                                       Figure 4.11: Cronbach alpha graphical representation 

4.6.2 Measuring of Discriminant validity (DV) 

            According the literature review DV is the degree to which the construct is empirically 

different from other constructs. Researchers have recommended three ways of determining the 

discriminatory validity the first is Fornell-Larcker method, the second is cross-loading technique 

and the third and last is the Heterotrait-Monotrait Ratio (HTMT) technique [Hulland, 1999]. 

Though the analysis of DV by HTMT and the use of the Fornell-Larcker method are agreed 

methods for determining the DV of the path model but simulation tests by different researchers 

have shown that the discriminant validity is best measured by cross-loading. Thus, the cross-

loading technique was used to test the discriminatory validity in this research [161]. 

     For the intended factors and other factors which are not meant to be specifically calculated, 

cross loading is a reasonable loading indicator. Previous studies have shown that the determinant 

of cross-loading should be less than 0.40. The cross-loading of this research is shown in Table 4.9, 

where the factor loading is > 0.7 and the cross-loading is less than 0.40, which indicates that the 

desired criterion has been met. 

 

Table 4-9:   Analysis of Cross loading 

 

Analysis of Cross loading 

  Age Education Gender 
Type of 

farming 

Social 

learning 

Ease of 

ICT  
Use of ICT Production 

ag1 0.812 0.321 0.279 0.292 0.225 0.292 0.227 0.202 
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ag2 0.817 0.230 0.292 0.214 0.292 0.224 0.292 0.216 

ag3 0.888 0.212 0.272 0.269 0.272 0.269 0.272 0.269 

ed1 0.248 0.948 0.242 0.219 0.272 0.221 0.271 0.223 

ed2 0.314 0.914 0.254 0.259 0.254 0.232 0.254 0.259 

ed3 0.336 0.736 0.323 0.279 0.316 0.279 0.212 0.279 

gen1 0.233 0.269 0.942 0.269 0.273 0.269 0.279 0.269 

gen2 0.242 0.249 0.944 0.289 0.269 0.243 0.269 0.249 

tf1 0.249 0.225 0.243 0.947 0.273 0.245 0.273 0.243 

tf2 0.232 0.240 0.221 0.879 0.212 0.212 0.212 0.229 

sl1 0.262 0.312 0.219 0.217 0.868 0.242 0.269 0.212 

sl2 0.320 0.268 0.264 0.234 0.720 0.263 0.254 0.252 

sl3 0.242 0,212 0.238 0,259 0.846 0,292 0.221 0,276 

ai1 0.224 0.293 0.282 0.293 0.282 0.943 0.282 0.283 

ai2 0.332 0.278 0.234 0.278 0.234 0.777 0.234 0.267 

ei1 0.241 0.267 0.279 0.267 0.279 0.267 0.931 0.263 

ei2 0.337 0.263 0.232 0.245 0.223 0.243 0.736 0.231 

p1 0.212 0.279 0.275 0.279 0.275 0.279 0.275 0.907 

p2 0.221 0.210 0.234 0.212 0.236 0.237 0.221 0.795 

 

4.6.3 Correlation analysis 

     Correlation analysis are presented in Table 4.10 which illustrate that there was a strong 

correlation among constructs. 

 

 

Table 4-10:  Correlation among variables 

 

Correlation analysis  

  Age Gender Education 
Type of 

farming 

Social 

Learning 

Ease of 

ICT  
Use of ICT 

 

Production 

Age 0.767        
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Education 0.556 0.712       

Gender 0.854 0.734 0.749      

Type of farming 0.776 0.669 0.723 0.779     

Social learning 0.748 0.713 0.669 0.721 0.714    

Use of ICT Tools 0.816 0.729 0.712 0.732 0.721 0.883   

Ease of ICT Tools 0.772 0.736 0,738 0.722 0.767 0.784 0.769  

Production 0.770 0.729 0.829 0.734 0.815 0.731 0.829 0.782 

 

 

                                                    Figure 4.12: Outer model 

          In above Figure 4.12 ag1,ga2 and ag3 present age groups of respondents such as young, 

middle-age and old age, gen1 and gen2 represent gender such as male and female, ed1, ed2 and ed3 

reflect academic level of respondents such as small, medium and high education, tf1 and tf2 depict 

styles of farming practices such as non-ICT-based and ICT-based farming (Traditional and 

Modern Agriculture), sl1, sl2 and sl3 explain respondents social learning,ai1 and ai2 represents the 

use of ICT tools ,ei1 and ei2 depict ease of ICT tools and production is coded by p1 and p2. 
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4.7 Estimation of Inner model and Testing of Hypothesis 

        In this section already developed hypotheses were tested by running PLS algorithm and   

bootstrapping. The path coefficient and t-value were considered in the analysis of the structural 

model. The minimum t-value was 1.96. Relationship with a t-value equal to or greater than 1.96 was 

considered as accepted.  

     As shown in Table 4.11 Hypotheses (H1) postulated that age has an impact on production 

with significance p-values 0.000 and t-values 5.265 therefore the hypotheses is accepted. 

Hypotheses (H2) postulated that education has an impact on production with significance p-values 

0.000 and t-value 6.064 and has been accepted. Hypotheses (H3) postulate that gender has an impact 

on production with significant p-values 0.000 and t-values 4.287 and has been accepted. Hypotheses 

(H4) postulate that Type of farming practices has an impact on production at significance p-values 

0.000 and t-values 5.083 and has been accepted. Hypotheses (H5) postulated that Social learning has 

an impact on production at significance p-values 0.000 and having t-value 7.082   and has also been 

accepted.  

     Research has determined the direct relationship between age, education, gender, Type of 

farming, social learning and production, the results of the analysis show that a positive relationship 

exists as all the hypotheses are accepted. 

 

 

Table 4.11:   Hypotheses test (Direct relationship) 

 

 Path description Direct relation  
Original 

Sample 

Sample 

Mean 

Standard 

deviation 
    t-values p-values 

Hypotheses 

results 

H1: Age                             Production 0.053 0.052 0.453 5.265 0.000 Accepted  

H2: Education                    Production 0.042 0.043 0.254 6.074 0.000 Accepted 

H3: Gender                        Production 0.032 0.030 0.369  4.287 0.000 Accepted 

H4: Type of farming           Production 0.059 0.056 0.387 5.083 0.000 Accepted 

H5: Social Learning            Production        0.055 0.054 0.489 7.082 0.000 Accepted 

 

4.7.1   Mediation Analysis 
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      Literature has shown that the main consideration of mediation depends on a situation in 

which there needs to be a significant relationship between the input variable and an output variable 

with mediator support. Generally, a bias-free bootstrapping technique is considered as a significant 

method to classify the mediation. 

      This research mediation analysis by running bootstrapping are shown in Table 4.12. Use 

of ICT Tools significantly mediates the relationship between age and production   as β = 0.074, t-

value = 2.363, and p-value is 0.000. therefore Hypotheses (H6) has been accepted. Use of ICT Tools 

significantly mediates the relationship between education and production with beta values β = 

0.084, t-value = 3.354, and p-value 0.000. So, Hypothesis (H7) is also accepted. Use of ICT Tools 

significantly mediates the relationship between gender and production   as beta values is β = 0.060, 

t-value = 2.213, and p-value is 0.000. Therefore, Hypotheses (H8) has been accepted. Use of ICT 

Tools significantly mediates the relationship between type of farming and production having β = 

0.066, t-value = 3.365, and p-value is 0. 000 therefore Hypotheses (H9) has accepted. Use of ICT 

Tools significantly mediates the relationship between social learning   and production   as β = 

0.053, t-value = 2.243, and p-value is 0.000. Consequently, Hypotheses (H10) has also accepted.  

          Research has determined the  mediating  effect on the relationship between age , education 

, gender, type of farming, social learning and production and found that use  of ICT Tools has a 

positive mediating  effect on the relationship between input and output variables mentioned above 

, since all the Hypotheses  are accepted.      

                                                  Table 4.12:  Bootstrapping results for mediating effect 

Path description indirect relation   Path 

coefficient 

Standard 

deviation 
Beta (β) 

    t-

Values 

p-

Values 

Hypotheses 

results 

H6: Use of ICT Tools have positive 

mediating effect on relationship 

between age and production 

0.246 0.054 0.074 2.363 0.000 Accepted 

H7: Use of ICT Tools have positive 

mediating effect on relationship 

between Education and production 

0.233 0.043 0.084 3.354 0.000 Accepted 

H8: Use of ICT Tools have positive 

mediating effect on relationship 

between gender and production 

0.259 0.046 0.060 2.213 0.000 Accepted 
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H9: Use of ICT Tools have positive 

mediating effect on relationship 

between type of farming and 

production 

0.243 0.069 0.066 3.265 0.000 Accepted 

H10: Use of ICT Tools have 

positive mediating effect on 

relationship between social learning 

and production 

0.221 0.043 0.053 2.243 0.000 Accepted 

 

4.7.2   Moderation Analysis  

The moderation analysis of this research is shown in Table 4.12. After adding moderation and 

running bootstrapping research results have shown that Ease of ICT Tools significantly moderate the 

relationship between age and production having beta values β = 0.089, t-value = 4.213, and p-value 

0.000. therefore Hypotheses (H11) is accepted. Ease of ICT Tools significantly moderate the 

relationship between education and production with beta values β = 0.065, t-value = 3.410, and p-

value is 0.000. So, Hypothesis (H12) is also accepted. Ease of ICT Tools significantly moderate the 

relationship between gender and production   as beta values is β = 0.053, t-value = 4.363, and p-

value is 0.000. Therefore, Hypotheses (H13) has been accepted. Ease of ICT Tools significantly 

moderate the relationship between type of farming and production having β = 0.062, t-value = 

3.219, and p-value is 0. 000.So Hypotheses (H14) has accepted. Ease of ICT Tools significantly 

moderates the relationship between social learning   and production   as β = 0.065, t-value = 2.421, 

and p-value is 0.000. Consequently, Hypotheses (H15) has also accepted. 

         Research has determined the moderating effect on the relationship between age , education , 

gender, type of farming, social learning and production and found that Ease of ICT Tools has a 

positive moderating effect on the relationship between input and output variables listed above, 

since all assumptions are accepted. 

                                  Table 4.13:  Bootstrapping results for moderating effect 

         Path description      Path 

coefficient  

Standard 

error 

Beta 

(β) 
    t-Values p-Values 

Hypotheses 

results 

H11: Ease of ICT Tools positively 

moderating the mediating 

0.245 0.062 0.089 4.213 0.000 Accepted 
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relationship between age and 

production 

H12: Ease of ICT Tools positively 

moderating the mediating 

relationship between education and 

production 

0.213 0.049 0.065 3.410 0.000 Accepted 

H13: Ease of ICT Tools positively 

moderating the mediating 

relationship between gender and 

production 

0.245 0.062 0.053 4.363 0.000 Accepted 

H14: Ease of ICT Tools positively 

moderating the mediating 

relationship between type of farming 

and Production 

0.211 0.054 0.062 3.219 0.000 Accepted 

H15: Ease of ICT Tools positively 

moderating the mediating 

relationship between social learning 

and production 

0.234 0.081 0.065 2.421 0.000 Accepted 

 

            After testing mediation and moderation effect, the results of research have shown that Use 

of ICT Tools is a partial mediator between input and output constructs. As researchers have argued, 

if the effect of input construct on the output construct disappears completely, the mediating 

variable fully mediates between the constructs and called (full mediation).And if the effect of the 

input construct on the output construct still exists, but at a smaller scale, the mediator variable 

partially mediates between the constructs and called (partial mediation) [163]. Ease of ICT Tools 

is a moderator variable between input construct and output construct because it strengthens the 

relationship between both constructs and has high effect than mediating effect as mediating effect 

is 0.213 considered as 21% and moderating effect is 0.325 considered as 32%. Mediating and 

moderating effect is shown in Figure 4.13 and their slope plots are presented as Figures 4.14 and 

4.15. 
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                                                                 Figure 4.13 Inner model 

 

                                                                     Figure 4.14: Mediating Slope plot 
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                                                           Figure 4.15: Moderating Slope plot 

4.8 Test for model predictive validity  

Once PLS-SEM shows predictive validity, the predictor data points are well predicted of a 

certain variable, a 𝑸𝟐 values higher than zero suggests that the PLS path model has predictive 

validity for that construct and the determination coefficient is used to measure  how well the 

relation between an input   and an output  variable is explained by a regression line. The closest 

the determination coefficient is to 1, the closest the regression line matches the data on the sample 

the determination coefficient denoted as 𝑹𝟐. The model predictive validity test results are 

presented in Table 4.14 and Shown in Figure 4.16. 

                                                 Table 4.14:  𝐓est for model predictive validity  

                                                                     Results  

 Variables          𝑹𝟐 values         𝑸𝟐 values  

Age       0.731 0.720 

Gender      0.690 0.651 

Education          0.702 0.691 

Type of farming          0.692 0.680 

Social Learning       0.704 0.673 
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Use of ICT Tools           0.728 0.702 

Ease of ICT Tools    0.735 0.724 

Production   0.852 0.823 

 

 

Figure 4.15: Predictive Validity  

4.9 Measuring of Goodness of fit (GoF) 

GoF is an abbreviation of Goodness of fit and in PLS GoF is used as an index for the entire 

model fit which confirm that the model describes the empirical data sufficiently. GoF values are 

considered between 0 to 1 whereas the GoF values 0.10 considered as small and above 30 is 

considered as large. Goodness of fit (GoF) is determined by equation (1). 

GoF=           √ 𝐴𝑣𝑎𝑟𝑎𝑔𝑒( 𝑅2)  × 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 (𝐴𝑉𝐸)            

GoF=           √0.729 × 0.753  

GoF =      √0.549  

GoF = 0.274 

The GoF values for this research model were measured as 0.274 from Table 4.8 and Table 

4.14, which confirm that empirical data fits the model satisfactorily and has significant predictive 

power associated to baseline values. 
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4.10    Chapter Summary 

         The research has examined the relationship between Demographic attributes, Type of 

farming and farmer social learning with agricultural production and mediating and moderating 

positive effect of Availability and Ease of ICT Tools on production. The outcome of the research 

shows that ICT tools mediates and moderates the relationship between inputs and output 

variables, which means that more farmers can increase their agricultural production by making 

more use of ICT tools.  

       This research work has shown that the use of ICT technology in agriculture is extremely 

necessary in order to achieve high rates of agricultural production, which would further increase 

the income of farmers and, as a result, boost the livelihoods of small-scale rural farmers. Current 

ICT-based systems are ineffective and complex in usage, as rural farmers tend to rely on 

conventional agriculture practices. Certain factors such demographic attributes of the farmer, 

Type of farming practices and farmer learning has high impact on agricultural production and 

with the mediation of ICT technology agricultural production can further be enhanced up to 

acceptable level.       

Therefore, a framework needs to be built that can provide a one window forum to satisfy 

the requirements of farmers with simplicity and easily accessible to them. 

In next Chapter 5 research presents smart model architecture.
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Chapter 5 

  Smart Model Architecture 

Internet of Things (IoTs) network consists of different devices or nodes with which web 

services interact. In IoT network the nodes around us can connect and communicate with each 

other in order to optimally use the resources to increase the quality of services offered to people 

and to minimize operational cost of the services. In this research IoT are taken as a measure to help 

in the field of agriculture to increase crop production by developing smart agriculture system. The 

system monitors the farm environment and share information with the farmers. In this chapter first 

we presented our proposed IoT-based agriculture scheme for data communication and then smart 

model architecture. 

 

IoT nodes are best fit for cluster farm because it consumes low energy than WSN and their 

energy consumption can further be improved through efficient clustering scheme. This research 

proposed a novel clustering scheme by taking basic idea from LEACH protocol.   Heintzelman in 

his research proposed a Low-Energy Adaptive Clustering Hierarchy (LEACH) protocol for 

wireless sensor network (WSN). In clustering methods, neighboring sensor nodes are grouped into 

clusters and one cluster head is selected for each cluster. The Cluster head is accountable for data 

transmission. In cluster network cluster members nodes senses the information and transfer it to 

their selected cluster heads and CHs further aggregates the information by using the required 

aggregation function and transfer information to the Base station. 

       In this research we propose a new scheme called IoT-based Agriculture to boost device 

efficiency, minimize energy consumption and increase the lifetime of the IoT network. The aim of 

this scheme is to ensure efficient data transmission between IoT nodes in the cluster farm and base 

station for analysis and timely decision making by farmers to improve their yield. as shown in 

Figure 5.1. 

.                           

5.1 Assumptions for simulation 
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Assumptions for simulation shown below. 

•  IoT nodes are deployed at random on a cluster farm for equal distribution purposes. 

• Deployed IoT nodes are sending Hello messages to BS with local information. 

• The initial number of clusters is determined by taking optimum values differ with node 

density till the node begins to be expired the smaller clusters turn into larger ones. 

• The BS and sink are fixed outside the cluster farm. 

To get satisfactory SNR a very popular first order radio energy dissipation model from “LEACH” 

is applied to send a bit of message over a distance d. 

 

 

                                      Figure 5.1: Schematic diagram for IoT based agriculture 

5.2 Initialization phase 

For the purpose of research, a farm with an area of 500 × 500𝑚2 was chosen and further 

divided into clusters and 100 IoT nodes were deployed randomly in selected clusters. The IoT 

nodes were selected based on their function like soil moisture monitoring, temperature, luminosity, 

and crop disease tracking. In clusters, nodes were distributed in such a way that one cluster node 

do not communicate with other cluster nodes, but only communicated with their respective cluster 

heads. CH of each cluster are responsible to share sensed data with BS via sink node. 

 

5.3 LEACH First Order Radio Model 
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Based on LEACH first order radio model in which the radio  dissipate  Eelec = 50 nJ/bit 

to run the transmitter or receiver circuit system and ϵamp = 100 pJ/bit/𝑚2 for the transmit 

amplifier to get a satisfactory 
Eb

N0
  as shown  in Figure 5.2 and Table 5.1 these values  are somewhat 

better than the existing  radio system second assumption was that an e2 energy loss because of 

channel transmission. Thus, to transfer a m-bit message a distance d by means of radio model the 

radio dissipates: 

. 

   𝐸𝑇𝑥
(𝑚, 𝑑) = 𝐸𝑇𝑥−𝑒𝑙𝑒𝑐

(𝑚) + 𝐸𝑇𝑥−𝑎𝑚𝑝
(𝑚, 𝑑)                        

 𝐸𝑇𝑥
(𝑚, 𝑑) = 𝐸𝑒𝑙𝑒𝑐 ∗ 𝑚 +∈𝑎𝑚𝑝 ∗ 𝑚 ∗ 𝑑2                                                                                 (5.1) 

  

 and to get this message the radio expands: 

𝐸𝑅𝑥
(𝑚) =  𝐸𝑅𝑥−𝑒𝑙𝑒𝑐

(𝑚)                                                                                                                              

  𝐸𝑅𝑥
(𝑚) =  𝐸𝑒𝑙𝑒𝑐 ∗ 𝑚                                                                                                                 (5.2) 

To transfer or receive a packet is not a low-cost process for such parameter values, so the 

protocols must attempt to reduce not only the transmitting distances but also the number of 

transmission and receiving operations for each message. 

 
                                                                                Figure 5.2: First order radio model 

 



Chapter 6: Simulation Results and Discussion   

84 
 

                                                   

                                                           Table 5.1: Radio characteristics 

Operations Energy Dissipated 

Transmitter Electronics  (𝐸𝑇𝑥−𝑒𝑙𝑒𝑐 ) 

Receiver Electronics    (𝐸𝑅𝑥−𝑒𝑙𝑒𝑐  ) 

(𝐸𝑇𝑥−𝑒𝑙𝑒𝑐 = 𝐸𝑅𝑥−𝑒𝑙𝑒𝑐 = 𝐸𝑒𝑙𝑒𝑐  ) 

50 nJ/bit 

Transmit Amplifier (∈𝑎𝑚𝑝) 100 pJ/bit/m2 

 

5.4 Clustering Mechanism  

In cluster farm IoT nodes are divided into groups and such groups are known as clusters, 

each cluster is represented by G and has a head node. Nodes in each cluster sense data and send to 

their selected head node only and do not communicate with other head nodes.  

 

5.4.1 CH Selection 

The CH is responsible to collect data from members nodes and transmit aggregated data to 

base station therefore the CH needs high energy to perform this function and transmission   process 

must be enhanced with high power amplification. In CH selection process two parameters are 

considered, the optimal percentage of nodes in the network and the history of nodes functioning 

as CH. Each node decision is based on the generation of a random number (between 0 and 1). If 

generated random number is < threshold value (Tn) for that round, the node will be selected as 

CH. 

The value of the threshold (Tn) is determined as follows:    

 

𝑇(𝑛) = {

P

1−Px( r mod 
1

   P
)

 n ∈ G

0              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                                                                                   (5.3) 

 

In above equation “p “presents the percentage of CH,” r “is representing the number of 

rounds, and “G” the set of nodes, which was not selected as CH in the last 1 / p rounds. In this 

situation every node in cluster has 1 / P chance to be a CH in each round. When the node is selected 
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as CH it sends message to its nearest nodes about its selection as CH in advertising phase.    

Member nodes accept the advertising message and join the CH.  

 

5.4.2 Data Transmission  

After CH selection the data transmission schedule begins the member nodes transfer data 

to their concerned CH during their allocated transmission time. This kind of transmission required 

low energy. To reduce energy consumption the member node can be turned off before transmission 

time is allocated. The CH must hold its receiver on to receive complete data and then starts signal 

processing function to aggregate all information into a single signal and transmit this information 

to the base station via sink node. 

                                                      

5.5 Routing phase  

Routing is the method of choosing a path for traffic in a network.  IoT based agricultural 

network consists of different types of long-range and short-range communication and protocols 

are the backbone of these networks which used to collect information and share this information 

with the base station for further analysis and decision making by the farmers. This research 

proposed IoT based agriculture scheme has three phases for data routing in first phase nodes sense 

data and forward data to their concerned CHs while in the second phase CHs aggregate the 

information and pass to nearest  sink and in third and last phase sink transmit this data to the base 

station. In this kind of data communication supporting role of sink minimize the energy 

consumption of CH and reduce the packet losses especially in long distance communication. The 

complete process of data routing is presented in Figure 5.3. 
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                                    Figure 5.3: IoT based Agriculture clustering scheme 

 

 

5.5.1 Set-up phase 

 

The clusters and CHs are generated with the usual LEACH algorithm for the first round 

and selection of cluster heads are made using “equation (5.3)”. In the network each node consumes 

a specific amount of energy after transferring of data and every node has consume different amount 

of energy. Distance between the sending and receiving nodes is a key factor for the consumption 

of power and represented by “d”. The CH is therefore chosen for the next round using an improved 

equation as follows. 

 

𝑇(𝑛) = 𝑓(𝑥) = {

                              
P

1−P( r mod 
1

P
)

 x  
𝐸𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 

𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙  
 𝑚𝑜𝑝𝑡  for all Є ⩝ G                                                 (5.4) 

 

In above equation  𝐸𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙  represents the node remaining energy and  𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙  is the initial   energy 

assigned. Thus  𝑚𝑜𝑝𝑡 could be written as optimal number of clusters 

  𝑚𝑜𝑝𝑡 =  √
𝐸𝑓𝑠

𝐸𝑎𝑚𝑝𝑑4(2𝑚−1)𝐸0−𝑚𝐸𝐷𝐴
     X                                                                      (5.5) 
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In the above equation the 𝑚𝑜𝑝𝑡  is optimal number of clusters, X is the diameter of the 

network whereas  E0 is the node initial energy.  For data transmission this research extended the   

first-order radio model given in "equation 5.1 to calculate the energy consumption by each node  

in the  network (ETX) and receiving (ERX) packet size m bits over distance d. 

 

 

𝐸𝑇𝑋 = 𝑓(𝑥) = {
𝑚 ∗ (𝐸𝑒𝑙𝑒𝑐 + Є𝑓𝑠 ∗ 𝑑2), 𝑑 < 𝑑𝑜

𝑚 ∗ (𝐸𝑒𝑙𝑒𝑐+Є𝑚𝑝
 ∗ 𝑑4) , 𝑑 ≥ 𝑑𝑜

                                                            (5.6) 

Where 𝑑𝑜 presents distance threshold while   𝐸𝑒𝑙𝑒𝑐 and Є𝑓𝑠 are denoted as energy 

dissipation with values 50 nJ/bit and 10 pJ/bit/𝑚2 accordingly. m represents the packet size and 

 Є𝑚𝑝 is the multi path model of transmitter amplifier with values 0.0013 pJ/bit/𝑚4. Thus   𝐸𝑅𝑋 can 

be determined as and it represents the receiving energy. 

 

𝐸𝑅𝑋 = 𝑚 ∗ 𝐸𝑒𝑙𝑒𝑐                                                                                   (5.7) 

As all nodes were randomly deployed in the farm with same function and the same initial 

energy and limited power supply that cannot be reactivated. Outside the cluster farm the sink node 

is deployed without energy constraints and nodes were informed about the location of the sink. In 

the initial round nodes send message about their location and energy to sink depending on signal 

strength. In this process those nodes which were chosen as grid head (GH) starts performing their 

GH role and stop their previous role of sensing data. Those cluster heads are selected as nodes 

which have higher residual energy and a lower Euclidean distance to sink and GH. This research 

considers the Euclidean distance from the next two dimensions between any two nodes a and b as: 

 

d(𝑎, 𝑏) = √(𝑥2 − 𝑥1) + (𝑦2 − 𝑦1)                                                                                 (5.8) 

 

       Where x1and x2 are the width and y1 and y2 are the length dimensions of nodes a and b. 

The CH Collect and send aggregated data to GH and GH transmits data to sink. The purpose of 

proposed approach is to reduce redundant operations to avoid unnecessary energy consumption. 

The proposed approach is presented as equation “(5.9)”. 
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𝑀𝑖𝑛 ∑ WEconsumed (r) ⩝r ЄR                                                                                          (  5.9 𝑟=𝑚𝑎𝑥
𝑟=1 )     

     

WEconsumed is calucaled using equation (6.5) 

 

WEconsumed = ∑ do (i) x ( ETXControl packet +  ERX  Control packet)

𝑁

𝑖=1

                (5.10 )       

 

In the above equation WEconsumed  is the amount of energy consumed in each round and 

do is represents the distance between two nodes. The consumption of energy is assumed as ETX 

and  ERX   and their values can be calculated by using equation “(5.1)” and “(5.2)” 

To meet the objective mentioned in "equation (5.4)" This research divides the total node 

energy into different equivalent parts and presented as “EL” and can be calculated from "equation 

(5.6)" 

 

EL = Eo/TL                                                                                                                        (5.11) 

 

         In the above equation EL represents the energy level, Eo is shown the initial static node, 

and total energy is represented by TL and it depends on energy consumed by each node on the 

network density and packet size. EL is inversely proportional to TL. When the values of TL are 

low then the values of EL are high. The node in the cluster farm will perform the role  CH until 

and unless  the value of EL does not reduce the residual energy and when it reduce the termination 

of CH selection message will be delivered to all nodes and new process for CHs selection will be 

started. To reduce energy consumption in this mechanism only those node remains active which 

supposed to be transferred the data while other nodes in the farm will be in sleep mode. When 

members nodes complete their data sensing process  CH starts functioning and get the data from 

all members nodes aggregate the data  to remove any duplication and then combine  data in single 

signal for less usage of bandwidth and transmit data in one hop to the sink and then sink transfer 

data to the base station. The algorithm of the complete process is presented in Table 5.2 and 

flowchart is shown in Figure 5.4. 
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                                                   Table 5.2: Algorithm  
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             Figure 5.4: Workflow Chart of the CH mechanism and data transmission                         
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5.6 Smart Model Architecture  

A novel smart model is shown in Figure 5.5 the novel smart agricultural environmental 

monitoring and agricultural food tracking system is divided into two sub-systems (agricultural 

environmental monitoring and food supply chain) and three major layers namely physical data 

layer, logical data layer, web interface layer. This kind of layered approach enables system 

implementation to be scalable, extensible and effective. A variety of IoT nodes are used in the 

physical data layer to monitor the farm environment and crop growth. IoT nodes collect data from 

the cluster farm and transmit to the base station through IoT-Gateway and wireless router to the 

data base. For wireless telemetry GPRS router is incorporated in a single central board computer 

operating as a remote Radio Frequency Gateway (RFG) and IoT nodes are integrated for 

distributed soil and crop growth tracking to fulfill the requirements and data transfer to the data 

base. To achieve effective control management and synchronization of two relatively independent 

data i.e. conventional data collection via IoT nodes and IoT crop monitoring. The RFG gateway 

play the role of coordinator between two independent data and supports remote access to allow 

full remote handling of devices installed in the cluster farm, 

  Data collected from cluster farm is stored on the logical data layer in a SQL database 

server. As a midwayer the SQL server masks the complexity of different physical layer devices 

and enables validation of database server data . The SQL database stores raw data and extracts the 

data on local file system. The layer of the cloud interface is a web portal and an IoT platform 

application. The web portal acts as a user-friendly interface in the field of data visualization, 

analysis, synthesis, modeling, configuration of the system and updates. 

 Energy is the heart of any network and in this research energy efficiency is one of the main 

attentions. For IoT networks this research designed an IoT based agriculture protocol broadly 

categorized into three phases IoT nodes, IoT cluster head and sink. In first phase IoT nodes 

gathered data and transfer information to  CH, In second phase CH broadcast information to sink 

and in third phase sink transfer data to base station (BS).To incorporate a range of devices in the 

cluster farm flawlessly this research work implements an RFG server using a robust ultra-low-

power Single Board Chip ( SBC TS-7260). The monitoring system is automatically switched 

between active and sleep mode to minimize energy consumption. The SBC sleep mode is 
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supported by the optional battery backup module also work a built-in uninterrupted power supply 

(UPS). Different devices in the cluster farm are usually fitted out with serial port called RS232. 

During the sleep period of the system wireless routers are powered off to save energy. 

Data is obtained by the SQL Server via either pull or push operations. The SQL Server 

connects regularly to the data source in a pull process and extracts the data. This server opens a 

port in a push process where the data can be moved through the data source. This kind of setup 

helps the server to adapt flexibly to various data sources types. The information received in the 

SQL server is initially saved in back end data manager where the integrity of data is checked and 

after validation data cleansing it transfer to SQL database. Data manger may also need the RFG 

server to collect data again and re-transfer omitted data packets. A new data manager is included 

for each new data source with minimal change in the database and web visualization layers. The 

scalability of model and its extensibility are therefore greatly enhanced. 

To handle large volumes of IoT data gathered from heterogeneous sources in long-term 

operation, emphasis on system extensibility drives IoT database design. Everything IoT 

information is in one relationship or table, whereas each data is stored in a separate relationship. 

If more IoT nodes are deployed while the model expands, they are registered by data managers on 

the SQL server as new records in the IoT relationship. New node or device observations are added 

as new table. The nodes and observations are connected by unique IoT identification codes. 

Therefore, web applications at the upper layer will immediately recognize them once they are 

connected to the database. This design permits for versatile model development and design of web 

interfaces. It also enables data conversion to IoT network to allow IoT data exchangeability and 

interoperability through web services.  

.  
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                                   Figure 5.5: IoT with Blockchain Smart Model Architecture 

 

5.6.1 Smart model Web-portal 

Java Enterprise Edition (J2EE) is proposed for web portal used for intensive system and 

has many users and for server MySQL is selected which is open source and commonly used for 

web development. To provide all important information from a single platform, this module links 

all relevant data such as weather updates, crop health, plant diseases and market information on 

single page. Modules of the web portal are illustrated below. 

• Admin module: Admin is a vital web portal user that manage the system. The user 

interface in the primary faces is developed in the admin panel and the admin performs 

various functions like broadcasting regional basis such as district, local language SMS to 

farmers for this purpose Prime Faces Poll component is used. Another essential function 

of this system administrator is automatic web crawling, which runs web crawler to gather 

information from different websites through the appropriate open source web crawler 

(Crawler 4J) and then store it in the server. For this function, the JSoup parser is used to 

decode the HTML document. The role of user management enables admin to access and 

update all users and can add or delete users. 

• Agriculture expert registration module: Agricultural experts in Pakistan provide farmers 

with support in farming activities but there is no appropriate framework to share their 
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knowledge with farmers. In this context, there is a module of expert advisors so that 

through their field assistants, agricultural experts can easily provide farmers with 

knowledge and support. 

• Farmer registration module: There is a famer registration module in the portal where 

framers register themselves to get agricultural information, interact with agriculture 

experts to get advice and contact buyers to sell their crops. 

• Field Assistant registration module: Field assistants are employees of department of 

agriculture and provide support to farmers if they face complex problems during planting 

of crop and attack of pest and diseases. Field assistants register through this module and 

individual territory assign to them.  

• Buyer and seller registration module: Seller and buyer must register themselves in system 

to market their product and communicate with farmers for trade. 

• Language translation module: Another exciting feature of this system is the Language 

Translation Module. Many farmers in Pakistan are uneducated or less educated and unable 

to understand English, so we used the Google translation application API2.0, which is 

used commercially for language translation. Therefore, it is commonly understood in 

Pakistan's Urdu language that English to Urdu translation is used to send SMS to farmers. 

• Voice based hotline service: Via survey and pilot study it is found that most famers are 

uneducated and therefore cannot read SMS, the voice service alternative is implemented 

in smart model. The voice service is the use of call center software to provide expert advice 

and automated voice services to famers. Farmers can request information and guidance on 

policies, technology, marketing, business, and other matters Hotline service introduced for 

farmers to provide direct connection between farmer, admin and agricultural experts.   
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Figure 5.6: Web portal overview                                              

 

5.6.2 Blockchain Integration with IoT in Smart model 

 

      Blockchain's exclusive features will turn agricultural and food supply chain processes into 

a single smart system to ensure that healthy food is delivered to consumer. In this research applied 

blockchain smart contract in which data is exchanged by mining nodes in the system. Mining nodes 

record all business transaction in the shared ledger and smart contract receives all transactions in 

the blockchain in the shape of function call and generates activities and also provide access to 

parties involved in the transaction to exchange control track and receive alerts in case of violation.  

Smart contract finally supports to maintain the best conditions and to respond to misappropriations 

in the food supply chain. Blockchain functional overview is presented in Figure 5.7 and the role 

of stakeholders involved in the entire system is also mentioned  
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: 

 

                                                Figure 5.7: Blockchain based smart food supply chain                 

 

 

• Seed Seller: Seed sellers or seed venders arrange and produce a large range of seeds and 

sells them to the farmer, they are bound to sell high quality seeds to the grower to produce 

high quality crop. The seed seller record information regarding seed germination and 

chemical composition in blockchain and all stakeholders can access and share this 

information. In seed trade, seeds are branded with generic identifiers such as serialized 

Global Trade Identification Numbers which allow all parties in food supply chain to be 

electronically identified and track the products. 

 

• Farmer: A farmer is a person who purchases good quality seeds from the seed seller and 

plant the crop. In this setup farmer is responsible to record information regarding use of 

fertilizers timely and plant growth data inform of MPEG files in the IPFS where different 

nodes keep maintain the data with high reliability during the whole process from planting 

to harvesting. Blockchain can also provide access to farmers to interact with crop buyers 

to sell their crops without getting support from middlemen who often try to reap their 

benefits by making mediation between seller and buyer. 

 

• Processor: The processor buys grain performs moisture analysis and transforms raw grain 

to the finished product and records all information in the blockchain where this information 

is available to all stakeholders in the supply chain. 
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• Crop storage: In future agriculture product differentiation mainly in quality will be crucial 

to getting a plus on conventional product price in this scenario crop/grain storage will play 

an important role as well as the grain storage facility offers operational and monetary 

benefits it depends not only on correct operating system but also on effective technological 

and marketing administration. Crop or grain storage information are also record in 

blockchain smart contract. 

 

• Distributors : Distributors are firms that take stock in bulk from manufacturers and sell to 

consumers a package of related product lines. The wholesalers are also known as 

distributors. They typically sell products in larger quantities which would generally be 

purchased by an individual consumer. The entity that buys food products, warehouses them 

and resell them to retailer or direct to end user. Responsibility of the distributer is to record 

all data about food product in blockchain smart contract. 

 

• Retailer: Retailer usually buys finished goods in batches of traceable identifiers from the 

distributors and sells them in small quantities to customers. 

• Customer: A person who purchases food product from retailer and then consume it. The 

customer in this setup is able to track or trace all information about the product from 

produce to sale point to ensure that the food product is of good quality or not. 

All image and transactions are digitally signed and given to all stakeholders in blockchain. 

Stakeholder who uploads photos the farmer who uploads MPE files are the undoubted owner of 

such act and are accountable for wrong or untrue acts. Blockchain can be automatically 

configured this information into smart contracts to penalize the farmer or other stakeholder if 

dishonestly observed. The installation of features and contact cameras in the field is another 

option to collect pictures automatically and send to the blockchain for registration, storage, and 

auditing and trust purpose.  

The benefit of using traceable technology in Pakistan supply chain via our developed smart 

model is the accessibility of real and non-moldable data to all stakeholders without getting help 

from trusted third party or central authority in supply system. 

5.6.3 Smart Model Block Diagram   

           Block diagram of smart model is show in Figure 5.8. Our smart model has three main parts 

IoT, blockchain and retail market. IoT part is related to data generated through the use of IoT nodes 
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deployed on the cluster farm which collects data from the farm and transfer it the base station such 

IoT nodes can measure soil temperature, volumetric water content, photosynthetic radiation, soil 

water potential and soil oxygen level, crop growing information and production information during 

the production stage  such as product name, origin, etc. All stakeholders have access to this 

information for the purpose of fair and healthy environment. 

        The second part is related to the data storage, consensus, encryption, decryption, and 

verification function which perform by blockchain. It runs smart contracts to execute the 

corresponding logic at specific points in time which increase scalability, simplify the process, and 

reduce cost. The third part is related to the retail market; after completion of the production process 

goods deliver to successful bidders (distributors, retailers). 

 

 

                                                                    Figure 5.8: Smart model Block diagram                 
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5.6.3.1  Function of Internet of Things (IoT)  

          Crop failure is a common problem faced by the farmers around the world, it always occurs 

because of critical climatic circumstances, such unpredicted rainfall and unreliable weather 

condition secondly farmers also need to monitor factors like soil quality, pesticides, crop diseases, 

water requirements which can impact their crops. To solve these problems, we have connected IoT 

nodes with the smart Model. IoT performs the following functions. 

Step 1: IoT nodes monitor soil health and generate information to provide support to farmers for 

making a timely decision related to crop growth and save the collected information on blockchain. 

Step 2: To get more insight information different IoT devices are also deployed which provide 

more depth information like crop yield prediction, crop growth factor, demand forecasting and 

recommendation to improve crop quality and save the collected data on blockchain. 

Step 3: The high valued data collected by IoT devices  stored by IPFS (Interplanetary File System) 

on the blockchain in decentralized server to avoid single authority control and to reduce the risk 

of data hacking whereas the available systems are storing information in the centralized server 

which can be hacked or failed, after those smart contracts  generates by blockchain to define rules. 

The function of smart contracts is to facilitate specific stakeholders to exchange data stored on the 

blockchain and at the same time information are shown to each agriculture market member which 

provides a unified platform to improve efficiency. 

 

5.6.3.2 Food supply chain process 

Step 1: In Smart model IoT devices are used to provide important information related to the 

crop. Then taken data be kept in the by blockchain by IPFS. 

Step 2: When the crops full-grown, companies dealing with food processing get access to the 

bidding platform to start bidding to buy crop or grain from farmer. After completion of bidding 

crops delivered to the plants through vehicles enabled by IoT to keep maintain the desired 

temperature. It will be necessary to validate the bid through smart contracts, and then the crops  

put into process and companies  store all information on the blockchain that were recorded at each 

step during the whole process and this information is accessible to all stakeholders to confirm that 
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food which has supplied from plants have good or low quality. Blockchain make sure that the 

desired criteria have met at each step. 

Step 3: After processing of food items wholesalers access bidding platform to offer a bid for the 

product they want, after completion of the bidding process the food products dispersed to 

successful bidders through vehicles enabled by IoT to keep maintain the desired temperature again. 

Blockchain tracks the whole process throughout the supply chain, which help food businessmen 

to conduct food recollections or inquiries rapidly. 

Step 4: Blockchain keep maintained all data, from initial stage to distribution stage for current or 

future check of all related information like consignment numbers, food handling, date of expiration 

temperature at which food was kept and other relevant information. 

 

5.6.3.3 Controlling Crisis 

      While growing different types of crops farmers often face unpredictable weather conditions.  

Step 1:  In case of crop damaged during a weather disaster, Farmers rapidly place a request to get 

the crop insurance claim through the blockchain and after the approval of claim request farmers 

will automatically get the requested amount. 

 

5.6.3.4 Managing Agricultural Finance 

          In managing agricultural finance farmers often faces problems like lack of transparency, 

previous credit record and implementation of the contract, these are challenging issues between 

formal financial authorities and farmers. Limited access to financial services may impact the 

performance of agricultural value chains and farmers cannot improve the yields, as well as buyers, 

may also be impacted. Blockchain provides help to farmers and bring transparency in procedures 

of agricultural finance through mutual control access. 

Step 1: Every transaction record in the blockchain and access provided to all parties to bring 

transparency in the system. 

Step 2: Blockchain can record information on a permanent basis where it can be a good source for 

verification of transactions and audit can be conducted easily through blockchain ledgers without 

getting information from relevant parties. Automation in the process of conducting audit brings 

more transparency and the cost also reduce. 
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5.6.3.5  Ensure food safety 

         Another problem that needs much attention is safety of food, Safety of food denotes to 

supervision of all food production process to ensure the delivery of quality food and reduce the 

risk of individuals becoming sick from foodborne illnesses. Our smart model monitors the whole 

food production process start from farmer to consumer. 

 

5.6.3.6 Improve food traceability 

          No one on the world can surely say that he has bought a good food to eat; here our smart 

model with blockchain infrastructure can solve the problem of consumers by providing them 

access to know where and how their food initially originated and how it reached to them. 

Traceability is another fabulous feature of our smart model which allow farmers to record the 

status of their crops and track the whole the process, planting, harvesting, storage, and delivery. In 

this way, food frauds reduce, and farmers gets fairly payment secondly through tracking system 

other stakeholders in the supply chain are also able track the whole process. 

 

5.6.3.7 Fair mode of payment 

         Numbers of problems currently exist that make it hard for the farmers to acquire payment for 

their crops like payment through wire transfer which often takes a substantial amount to transfer 

money due to which farmers profitability may decrease. In our proposed smart model smart 

contracts based on blockchain ensure payment to farmers through a fast and automatic way without 

being charged. Farmers may able to get paid for their produce immediately after delivery. 

        Another feature of this model is smart contracts through which the role of middlemen has 

been eliminated; farmers often face issue to sell their product in the market at fair worth and they 

often need helps from middlemen for which they have to pay extra amount or they can be cheated 

by mediators. Through smart contracts, farmers may able to interact straight away with original 

buyers and they may be able to get a fair price for their products. 

 

5.6.3.8 Improved farmers productivity 

           Presently, the majority of the farmers depends on different agriculture-related software to 

access and record their data and they have no common platform due to which they need a lot of 
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efforts and bear cost. Our smart model permits farmers to get all information on a single platform 

and everyone can easily access according to his or her need. 

 

5.7 Application of smart phone 

Our smart model can also be accessed through smart phone. The final user of the smart 

phone application is farmers. This application facilitates farmers to monitor their farm remotely. 

And get processed information through cloud. With the assistance of this data analysis the 

farmers are going to become conscious of the climate of the farm and similarly become able to 

control the farm environment remotely. Every farmer has his individual account with which to 

login with a unique username and key. New joiner can register and create a new account using 

their email address or mobile phone number. Through this application farmers obtain the direct 

readings for the node they have selected and also get an alert for which device need to be turn on 

or off. Through this application farmer can get weather updates, the humidity, soil and crop 

condition and expectation of rain fall to make timely decision to control the crop parameters and 

other precautionary measures. Farmer also get alerts about the date of harvest, pesticides, 

fertilizers, post-harvest and market updates to sell their products. This smart phone application is 

multilingual to facilitate illiterate and less educated farmers by providing information in local 

language. 

 

5.8 Chapter Summary  

This Chapter is related with IoT-based agriculture scheme and smart model architecture. 

In section 5.1 we have presented assumption for simulation along with schematic design for IoT 

based Agriculture. Section 5.2 is related with initialization phase. In section 5.3 we have described 

First order radio model, Section 6.4 clustering mechanism. In section 5.5 we have described 

Routing phase and proposed IoT based Agriculture Scheme. Sections 5.6 and 5.7 are related to 

Smart model architecture and description. In next Chapter 6 we have presented simulation results.
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Chapter 6 

Simulation Results and Discussion 

    Simulation is core part of any research therefore for the purpose of simulation this research 

obtained all the results using MATLAB version 9.6. 

6.1 Simulation results and discussions   

       The model parameters considered for the MATLAB simulation are shown in Table 6.1 

100 IoT nodes are organized randomly in the cluster farm, Sink and base station (BS) are installed 

outside the farm as shown in Figure 6.3. To evaluate the performance of our schemes IoT based 

Agriculture it is compared with the existing scheme of LEACH applied in agriculture. IoT nodes 

were deployed randomly in each simulated technique in the simulation of 5000 rounds. In the farm 

of 500 ×500𝑚2 all active IoT nodes transfer data to their CH and CH transfer aggregated data to 

the sink and sink to the base station.  

                                                          Table 6.1 Simulation Parameters                                                  
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6.1.1 Network stability period  

The network stability period is defined as the time required for the first node to die 

Network stability period of LEACH and this research proposed scheme IoT-based Agriculture is 

presented in Table 6.2 and Figure 6.1. The proposed scheme has better stability period than 

LEACH. The reason for improvement is that in proposed scheme data is transfer only when there 

is some change observed in previously taken data and present data. From the results it can be seen 

that LEACH first node dies after 168 rounds whereas proposed scheme first node dies after 463 

rounds, so IoT-based Agriculture shows 23% improvement in network stability. 

                    Table 6.2: Network stability of LEACH and IoT based Agriculture 

                               

 

                              Figure 6.1: Stability period of LEACH and IoT based Agriculture  

6.1.2 Energy consumption 
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Energy consumption is referred to the energy consumed by the nodes during data 

transmission. Simulation results of both schemes are presented in Table 6.3 and shown as Figure 

6.2. In IoT-based agriculture scheme the nodes energy consumption is 68 per cent lesser than that 

of LEACH which can prolong network life. 

   

                        Table 6.3: Energy consumption of LEACH and IoT-based Agriculture 

             

 

                           Figure 6.2: Energy consumption of LEACH and IoT-based Agriculture 

 

6.1.3 Network life 

The period to end the energy on the first node is network life. The performance of Network 

life of LEACH and IoT-based Agriculture is shown in Table 6.4 and Figure 6.3. LEACH assume 
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for each round that CHs dissipates  the same energy that results in an unsuccessful selection of 

CHs and affects the network life while IoT-based scheme selects CHs along with the residual 

energy of nodes and the optimum number of clusters, thereby raising the network life to 112%. 

                              

                                 Table 6.4: Network life of LEACH and IoT-based Agriculture 

 

         

                               Figure 6.3:  Network life of LEACH and IoT based Agriculture 

For further improvement of network stability, Network energy consumption and Network 

life to reduce cost burden on farmers a Blockchain is integrated with IoT and another scheme IoT 

with blockchain is proposed and compared it with our own IoT based Agriculture scheme and 

Simulation results are shown as shown in Table 6.5 and Figure 6.4, which show that IoT with 

Blockchain increases the reliability of the network by preventing the transmission of redundant 

and unnecessary data and reducing transmission losses. The first node IoT-based agriculture dies 
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at 463 rounds, while IoT with Blockchain dies at 513 rounds, thus increasing the stability period 

by 2%. 

               Table 6.5: Network stability of IoT- based Agriculture and IoT with Blockchain 

 

 

                  Figure 6.4: Stability period IoT based Agriculture and IoT with Blockchain 

The results of the two schemes in Table 6.6 and Figure 6.5 are comparable. The energy 

consumption of IoT with Blockchain is 27% lower than that of IoT-based Agriculture, which 

means that IoT with Blockchain has a longer life than IoT-based Agriculture.              
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    Table 6.6: Energy consumption of IoT based Agriculture and IoT with Blockchain  

 

 

                    Figure 6.5: Energy consumption of IoT based Agriculture and IoT with Blockchain 

The simulation result in Table 6.7 and Figure 6.6 indicates the network life for IoT based 

Agriculture and IoT with Blockchain schemes. IoT with Blockchain shows 5 % improvement 

against IoT based Agriculture. 
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           Table 6.7: Network life of IoT based Agriculture and IoT with Blockchain 

 

 

Figure 6.6: Network life for IoT based agriculture and IoT with blockchain 

Accumulated results of all three schemes with respect to Network stability, Energy 

consumption and Network life are illustrated as Figures 6.7, 6.8 and 6.9.  
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                                       Figure 6.7: Network Stability Vs rounds of all three Schemes 

 

                                      Figure 6.8: Energy consumption Vs rounds of all three schemes 
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                                      Figure 6.9: Network life Vs rounds of all three Schemes  

 

6.1.4 Throughput (Packet Delivery Ratio) 

Throughput is defined as “the number of packets received successfully per second” In 

terms of bitrate communication is intermediated between two points. In IoT-based Agriculture and 

IoT with Blockchain, there are high data transfer rates between nodes and sink and nodes can 

transmit more packets than nodes using LEACH protocol , As presented in Figure 6.10 IoT based 

Agriculture and IoT with Blockchain have shown higher performance than LEACH although all 

consider the same node-connecting links path-loss and cumulative noise effects. 
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                      Figure 6.10: Throughput (Packet Delivery Ratio) of all three Schemes 

6.2 Chapter summary  

In this chapter we have presented the comparison of our proposed scheme IoT based 

Agriculture with LEACH in Agriculture and MATLAB results are shown in the form of Tables 

and graphs. For further improvement we have integrated our proposed scheme IoT based 

agriculture with blockchain and compared the results and finally the graphical presentation of all 

three schemes are shown. Next Chapter 7 is related to Conclusion, Research limitation and Future 

research direction.
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Chapter 7 

This concluding chapter summarizes the results of the research provided in the previous 

chapters. Further managerial implication and future research direction are provided. 

 

7.1 Conclusion  

Information and communication technology together with its associated IoT and 

blockchain technologies has led to the notion of integrating IoT and blockchain-based smart 

agriculture and smart food supply system to help farmers and stakeholders involved in the supply 

network.  The goal of this research was to provide complete solution based on ICT technologies 

the IoT and blockchain systems to create additional value that could not be accomplished if these 

are taken separately. This convergence initiative leads to replacing the existing network with a 

futuristic smart system which provide Win-Win platform where all stakeholders can get equal 

benefits. 

The approach addressed for deriving IoT and blockchain architecture for multiple systems 

may adopted. Therefore, instead of a single system, the emphasis is on the whole process (produce 

to consume). We expanded the architecture in two ways. First, different views are refined further 

to produce an even more detailed result. Three views of the architecture were selected including 

physical data layer, logical data layer, and web interface layer.  Data collected from cluster farm 

is stored on the logical data layer in a SQL database server. As a midwayer the SQL server masks 

the complexity of different physical layer devices and enables validation of database server data. 

The Structured Query Language (SQL) database stores raw data and extracts the data on local file 

systems. To allow data exchange a Sensor Web Enablement (SWE) compliant data repository is 

introduced to accept data from both internal data base servers and external sources. The layer of 

the cloud interface is a web portal and blockchain application. The web portal acts as a user-

friendly interface in the field of data visualization, analysis, synthesis, modeling, configuration of 

the system and updates. Blockchain connect produce to the market and provide fair path for 

communication among stakeholders. 
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As discussed, earlier energy is the heart of any network and in this research energy 

efficiency is one of the main attentions. For IoT networks this research designed IoT based 

agriculture protocol broadly categorized into three phases IoT nodes, IoT cluster head and sink. In 

first phase IoT nodes gathered data and transfer information to CH, in second phase CH broadcast 

information to sink and in third phase sink transfer data to base station (BS). A modified Clustered 

hierarchy algorithm has been proposed in this research that aims to extend the network lifetime by 

controlling the energy dissipation in the network. The enhanced routing process can be used 

effectively in scenarios like environmental monitoring using IoT as the protocol delivers a better 

result for homogeneous networks in comparison to LEACH. Simulation result shows improved 

network performance for metrics such as residual energy, packets sent to BS, throughput and 

lifetime.  

In summary, a futuristic smart model has been developed in this research work which 

provides an effective way for the farmers to obtain the crop information. The system is also useful 

for the farmers who are unable to obtain necessary information about soil moisture status, crop 

growth, crop diseases and fertilizer requirement. Farmers can also get warning via SMS. Through 

our smart model IoT can provide farmers with information on crop yields, weather, infestation of 

pests and soil quality is invaluable for production and provides accurate data that can be used to 

enhance farming techniques. Surveillance of crops can be done easily to track crop growth and 

record growth information. Another unique feature of our smart model is Blockchain which 

connect produce to the market and delivers real-time information on the safety status of food 

products to all supply chain participants, extremely reduces the risk of centralized information 

systems, and makes it safer, more distributed, more open and more collaborative. Our Smart model 

will significantly improve the food supply chain's productivity and reliability which will naturally 

boost food safety and restore consumer confidence in the food industry.  

7.2 Managerial Implication  

• Increase agricultural production 

Agriculture is the primary source of national income for most developing countries, and its 

efficiency can only be increased using advanced IoT and blockchain technologies as we have used 
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in our smart model presented in this research. Production systems can be innovated not only in 

agriculture but in many other sectors by using these technologies. 

 

• Sales and Marketing   

Sales and marketing are two business roles within the organization and both of which have 

an impact on organizational growth and revenue. Sales operation deals with selling of goods and 

services. And marketing is the method of getting people involved in the products and services that 

are sold. Through automating the manual sales and marketing operations, IoT and blockchain will 

play a dynamic role in sales and marketing. 

• Optimization of planning function  

 Planning is a method of thinking about the tasks required to accomplish the desired 

objective. In order to achieve the goal of the supply chain and to increase the degree of 

representation, efficiency and reliability of the supply chain, the planning function can be 

optimized by using IoT application such as IoT nodes, RFID and blockchain technology. 

• Optimization of organization managerial functions 

Traditional organizational tasks can be transformed with IoT and blockchain Technologies. 

• Strengthen relationship among stakeholders 

The key goal of the supply chain is to maximize the value of the whole chain. IoT and 

blockchain will improve the partnership between stakeholders through removing disputes by 

providing transparent system where all stakeholders can get equal benefits 

7.3 Research Limitation  

Three key limitations apply to the data and insights summarized in this thesis. 

First it is important to note that a sample size of 333 farmers to gain insights and an 

understanding of the current state is still relatively small and not statistically significant. Second 
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the pace of change for both technology development and consumer preferences are rapid, and 

insights gained from this research may evolve as the Agriculture Technology sector matures and 

emerging technologies are brought to market. There is potential to build a biosensor into a plant 

that a multi-spectral or hyper-spectral camera on a drone would be able to detect and read. This 

drone could be made into a robot such that it could then take action in the paddock (e.g., shot of 

fertilizer, antifungal treatment, etc.).  

In this research we have moved beyond precision agriculture to something more like a 

single and complete solution for smart agriculture and smart food supply chain. Further analysis 

of the interdependencies between emerging technologies was out of scope for this research.  

Though, the smart model architecture is not claimed to be completed, and further research may be 

used to refine and enhance the architecture as well. This research provided both the IoT and 

blockchain architecture, as well as the overall approach to deriving a concrete architecture. The 

concept of structural guidance for the derivation of a concrete design may also be used to boost 

the existing system. Even though the smart model has demonstrated the development of IoT and 

blockchain based smart system,  

7.4 Future research direction 

In our future research work we will develop machine learning and analytics smart Model. 

Machine learning and analytics are employed to mine trend data. Machine learning in agriculture 

is used to forecast which genetic factor are best suited for crop production. This has provided 

growers worldwide the best varieties of seed which are highly suited to the respective locations 

and climate conditions. On the other hand, machine-learning algorithms have shown which 

products are highly in demand and which products are currently unavailable on the market. This 

has thus provided useful clues for the farmer for future agriculture. Recent advances in machine 

learning and analytics will allow farmers to identify their products accurately and weed out fewer 

desirable crops before they arrive to customers. 

A new concept emerging today is Smart Farming powered by Machine Learning with its 

high-precision algorithms. With the aim of increasing the quantity and quality of products, this 

cutting-edge movement makes sustainable productivity growth for all those who work in the 
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agricultural sector. Farming goes digital and we are now watching the 4th Revolution in 

Agriculture. Everyday machines learn how to solve complex problems, and with time, they do 

better. 
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Annexure-1 

 

QUESTIONNAIRE 
  The researcher is conducting research to determine all the factors affecting the agricultural production in 

Pakistan. The provided information will be kept confidential and would not be passed on to any 

unauthorized person. The author awaits your truthful and unbiased response. 

Section A: Demographic attributes  

1. Name of village---------------------  

2. Name of District---------------------  

3. Name of Province --------------------- 

4. Name of Country--------------------- 

1. Gender 

 

        Male                      Female 

 

2. Age group  

 

       Below 18 years old                      18-30 years old           31-40 years old            41-50 years old                    

       51-60 years old                             60 and above years old 

 

3. Academic Level 

 What is the highest standard achieved in education?  (Tick)                      

 

M     Illiterate                Primary              Middle               Secondary             Higher-secondary 

       Graduation             Post-graduation       
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Section B: Type of farming practices 

 

4. Which kind of practice do you use to plant crops? (Tick) 

        

       Non-ICT based                                       ICT-based  

 

5. Which one of the following non-ICT sources you use to access agricultural information? (Tick) 

 

       Department of Agriculture                           Neighbor farmers                Newspapers             Leaflets 

         Other……………… 

 

6. Do you trust the above-mentioned sources provide you relevant and accurate information?  

 

                                           For each source of information please fill in the table below. 

 Source of information Strongly agree agree  Neutral  Disagree Strongly 

disagree 

Department of 

Agriculture 

     

Neighbor farmers      

Newspapers        

Leaflets      

 

7. Which one of the following ICT tools do you use to get agricultural information? (Tick) 

 

       Radio           Television              Smart Phone           Web-based system                Other ……………...                             

 

8. What kind of knowledge do you want to get to increase production? Pick from following options?? 

(Can be more than one choice) (Tick) 

 

        Soil preparation                                Seed information              Pest and diseases           Fertilizers  

        Weather updates                            Water availability               Harvesting             Market Information 
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        Other……………. 

 

Section C: Availability and Use of ICT Tools 

 

9. ICT tools are available to get agricultural information? (Tick) 

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

10. Available ICT tools are easily accessible? (Tick) 

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

 

Section D: Ease of ICT Tools 

 

11. Available ICT tools are easy to use?  

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

12. Available ICT tools are flexible?  

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

Section E: Social Learning 

13.  I am aware about social learning? (Tick) 

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

14.  Social learning is valuable? (Tick) 
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           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

15.  I share my learning with others? (Tick) 

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

Section D: Production  

 

16.  ICT based agricultural information system can increase agricultural production  ? (Tick) 

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree 

 

17.  Internet-based information system is best tool to increase production? 

  

 

       

           Strongly Agree                Agree                      Neutral                     Disagree          Strongly disagree
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