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AB ST RACT  
 

Agricultural research is revolutionized by cloud computing offering scalable and cost effective means of 
supporting the management of complex datasets such as the genomic, environmental and sensor data. 
However, the challenges associated with semi structured volume and complexity of multiple varieties of data 
make it difficult to manage through traditional data management and hence need advanced computing 
frameworks for efficient data storage, integration, and analysis. Real time data processing and decision making 
is the key point in the precision agriculture and smart farming systems and cloud computing enables this. It 
provides global research collaboration to facilitate multi user access to big data analytics, and makes efficient AI 
driven use of agricultural innovations. This paper discusses in detail the core functions of the cloud computing 
solutions include Infrastructure as a Service (IaaS), Platform as a Service (PaaS), and Software as a Service 
(SaaS), how they increase the speed and scope of the genomic research, high throughput phenotyping, disease 
detection, and precision farming. Automated crop monitoring, predictive modeling and early-warning systems of 
pest and disease can be conferred by integration of IoT devices, AI and machine learning with the cloud platform. 
However, despite these advantages, data security, privacy issues, rural communication connectivity, and lack of 
integration between sources of other data continue to be major impediments to the uptake of this technology. The 
optimized application of various technological trends such as AI, edge computing, and blockchain will be the future 
of cloud computing in agriculture sector to ensure data security as well as better transparency and decision 
making in localized conditions. In particular, cybersecurity risks will need to be addressed, digital accessibility will 
need to be improved, and energy efficient cloud solution will need to be developed for ensuring the long term 
sustainability and effectiveness of cloud driven agricultural research and innovation. 
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INTRODUCTION 

 
 The complex and multivariate nature of genomic, 
environmental, and sensor data, as shown in Fig. 1.1, 
makes them very hard for agricultural researchers to 
manage in their datasets. With vast amounts and a 
diversity of data ranging from genomics, phenomics to 
agronomy that differs in ontology, modality and format 
between disciplines, traditional data management 
practices have significant difficulty (Pan et al. 2023). 
Due to the complexity of agricultural data, data 
management solutions that can support applications 
such as agro advisory systems and smart agriculture 

(Gandhi 2024) are needed for supporting these 
applications. As shown in Fig. 1.2 land cloud computing 
is extensible storage and computing resources which 
solve efficient large dataset problems. As important for 
the precision agriculture, it allows the real time 
collection, integration and analysism of data in 
different temporal and spatial scales (Adewuyi et al. 
2024; Pan et al. 2023). Cloud computing is scalable and, 
therefore, can process large amounts of data, and its 
flexibility enables it to integrate varied sources, e.g., 
satellite imagery, IoT sensors, and others in one system 
(Chen et al. 2024). Moreover, cloud computing is 
budget   friendly   as   it   minimizes   the   necessity    for 
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Fig. 1.1: Integrated Technology Stack for Precision Agriculture: Cloud, IoT, AI, and Edge Computing 
 

 
 
Fig. 1.2: Cloud Computing in Agriculture: Addressing Challenges with Scalable Solutions 
 
massive advance investment on physical infrastructure, 
it tumbles on usable calculations and leeway has their 
utilization, meaning investigators pay for resources 
when they are required. The use of cloud computing 
can help solve traditional data management challenges 
of agricultural researchers, thus facilitating more 
efficient and efficient data driven decision making 
processes which could improve crop yield, improve use 
of resources and sustainability (Adewuyi et al. 2024; 
Chen et al. 2024). The use of cloud computing in the 
agricultural research greatly improves global 
collaboration by offering a central site for real time 
storage, sharing and analyses of the data, thus 
shortening the interval and improving quality of 
research outputs. With this technology, it is possible for 
multiple users to access and work together using large 
scale agricultural datasets that are dispersed over 
different geographic locations. For instance, cloud 

based frameworks facilitate the easy collation of data 
from a range of sources, which is essential for good 
decision support in precision agriculture (Koppad et al. 
2021). An example of cloud computing agricultural data 
centralization can be indicated on development of the 
WAGRI system in Japan that centralizes agricultural 
data and dedicates them for a wide area of information 
at once, e.,g weather, soil, models of the crop growth 
etc which private companies use for innovation 
services of their own business. Furthermore, cloud 
computing enables the setting up of agricultural 
production monitoring platform based on big data and 
machine learning which is used to generate real time 
information and early warning of the crop grow to 
improve productivity (Niu et al. 2022). 
 Another illustrative example of the potential of 
cloud computing to provide scalable, accessible and 
real-time tools for disease management through the 
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use of AI and cloud based systems for plant disease 
identification is to diagnose the disease in real time and 
interact with the expert (Lavanya and Krishna 2022). 
Additionally, the inclusion of IoT in cloud computing 
through smart agriculture systems enables intelligent 
data collection and processing, optimizes the use of 
resources, and supplies farmers with the actionable 
insights (Junaid et al. 2021). This advances the 
collaboration of researchers and promotes sustainable 
farming through the means of more informed decision 
making and lower footprints to the environment 
(Sirigade 2024). Cloud computing provides overall 
means for enabling global agricultural research 
collaboration in enabling the development of 
innovative and efficient approaches to address these 
complex agricultural problems. 
 
1. Overview of Cloud Computing in Agriculture 
 Several core cloud features, including scalability, 
on demand resource, storage and processing power, 
greatly improve agricultural research at the data-
intensive areas like genomics and precision agriculture 
(Fig. 1.1). Agricultural researchers deal with large 
volumes of data and genomic data analysis are 
analyzed in cloud based platforms like GMaaS which 
can efficiently use in large volumes of data resulting in 
reduced execution times and cost effectiveness (Alla 
and Thangarasu 2023). Access to on demand resources 
to aid in accessing computational power and storage as 
well and real time data processing and analysis is 
needed in precision agriculture. For example, wireless 
soil nutrient sensors could feed in the relevant data to a 
cloud based system in precision agriculture to make the 
recommendations tailored nitrate management 
support to decision makers for resources efficiency 
(Carvalho et al. 2024). Given that data generated from 
smart agriculture technologies like IoT devices and 
sensors are simply too much, and real time insights 
from these technologies will help in managing the 
farms better (Jain et al. 2022), it is a matter of vital 
importance that the cloud computing has the ability to 
store all this data. Cloud Computing also provides 
processing power for a host of cloud supported 
advanced analytics and machine learning applications, 
which enables a sophisticated decision support systems 
for yield mapping and nutrient management to 
application decisions (Sirigade 2024). The collection of 
these features results in the ability to flexibly process 
and store large scale agricultural data, making it easier 
to manage such data, thereby contributing to 
sustainable farming and making the crop more 
profitable (Jain et al. 2022). Additionally, the cloud 
computing provides collaboration and data sharing to 
enable the researchers, as exemplified in genetic 
research where they use cloud platforms as the 
effective way of managing data and collaborative data 
analysis, surmounting the difficulties of having 
traditional computing resources (Han 2023; Kumar et al. 
2021). 

 As shown in Table 1.1, the three primary models of 
cloud service such as Infrastructure as a Service (IaaS), 
Platform as a Service (PaaS) and Software as a Service 
(SaaS) provide unique benefits to support agricultural 
research in different areas. The IaaS offers key 
infrastructure appliances including large scale 
computing and mass data storage which are 
indispensable when dealing with the huge amount of 
data produced in agricultural research for instance 
climate data and soil analysis. This model provides the 
researchers the means for storing and processing of 
data without physical hardware which in turns saves 
the costs and allows scalability (Liang et al. 2013; Kumar 
et al. 2021). However, IaaS can be utilized by cloud 
based bioinformatics platforms like storing and 
researching genetic data in crop improvement, disease 
resistance, etc. (Jain et al. 2021). The other hand, PaaS 
offers development and deployment environment 
which enables users to create custom applications that 
can be designed for specific agricultural needs. The 
beauty of this model is that it helps in developing 
applications which use the IoT devices for capturing soil 
condition and crop health in real time, and researchers 
are able to deploy and build applications to process and 
analyze the data generated by various sensors 
(Shrivastav et al. 2024). PaaS in agriculture is an 
example to developed climate simulation tools 
allowing researchers to predict weather patterns and 
their impact on crop yield, and enabling part of the 
testing and refinement of models in a flexible and 
scalable environment. Lastly, the SaaS allows for the 
use of ready to use software application on the internet 
and they are especially useful in communicating the 
research findings and tools to wider audiences such as 
farmers and agricultural extension workers. It is 
possible for SaaS applications to be decision support 
systems where they make recommendations for pest 
control and irrigation management using real time data 
analysis to improve accessibility and usability of 
advanced agricultural technologies (Liang et al. 2013; 
Jain et al. 2022). In general, the characteristics of these 
cloud service models collectively increase efficiency, 
scalability, and accessibility of agricultural research by 
improving the capability of data management, 
application development and software distribution in 
the agricultural sector. 
 
2. Applications of Cloud Computing in Agricultural 
Research 
 In agricultural research, cloud computing has, 
indeed, greatly transformed the storage, analysis and 
sharing of genomic data especially in the case of DNA 
sequencing, annotation and functional analyses, as 
shown in Fig. 1.1. Cloud platforms enable researchers to 
process huge quantities of data from the 
nextgeneration sequencing (NGS) technologies on a 
timely, cost effective and scalable manner. For crop 
breeding, genetic analysis, and related research that 
involves processing of large scale genomic datasets, 
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Table 1.1: Applications of Cloud Computing in Agricultural Research 

No. Application Area Description Key Benefits 

1 Genomic Research & Big 
Data Analytics 

Processing large-scale genomic data for 
sequencing, annotation, and comparative 
analysis. 

Enhances large-scale data storage, supports multi-
omics integration, and improves collaboration. 

2 Precision Agriculture & 
IoT Integration 

Processing real-time data from IoT devices, 
sensors, and drones for optimized farming. 

Improves resource efficiency, supports real-time 
farm decision-making, and enhances sustainability. 

3 High-Throughput 
Phenotyping 

AI-driven analysis of phenotypic traits through 
imaging technologies and remote sensing. 

Reduces manual data collection, accelerates 
breeding research, and improves accuracy. 

4 Disease Prediction & 
Pest Management 

Machine learning models analyze real-time 
pest and disease data for predictive 
management. 

Early detection of pests, minimizes crop losses, 
reduces pesticide overuse. 

5 Environmental 
Monitoring & Climate 
Analytics 

Cloud-based tools integrate satellite and IoT 
data to monitor climatic conditions. 

Improves climate resilience, supports adaptive 
farming, and enhances weather-based decisions. 

6 Crop Yield Prediction & 
Optimization 

AI-driven systems predict crop yields based on 
soil, climate, and plant health data. 

Optimizes farm productivity, enhances yield 
predictions, and reduces input wastage. 

7 AI-Driven Decision 
Support Systems 

Cloud computing supports AI-driven advisory 
tools for farm-level decision-making. 

Automates farm decisions, improves efficiency, 
and supports precision agriculture. 

8 Supply Chain & Market 
Analytics 

Blockchain-enabled platforms track supply 
chains, ensuring transparency and efficiency. 

Ensures transparency, prevents fraud, and 
enhances logistics and traceability. 

9 Soil Health Monitoring Cloud platforms analyze soil health data from 
sensors and lab reports to recommend 
improvements. 

Optimizes fertilizer use, improves soil health 
management, and prevents degradation. 

10 Smart Irrigation Systems Automating irrigation based on real-time soil 
moisture and weather conditions. 

Reduces water waste, enhances crop water 
efficiency, and supports climate resilience. 

11 Real-Time Weather 
Forecasting 

Processing real-time weather data for 
precision farming and climate adaptation. 

Improves disaster preparedness, supports 
decision-making for extreme weather events. 

12 Remote Sensing for 
Agriculture 

Using satellite imagery to track crop growth 
patterns and field conditions. 

Enhances crop monitoring, supports early 
interventions, and improves land use planning. 

13 Digital Farming 
Platforms 

Cloud platforms enable remote farm 
management and data analytics via mobile 
apps. 

Enables remote farm management, increases 
access to smart farming tools. 

14 AI-Based Crop 
Monitoring 

Cloud AI models monitor plant health, stress, 
and growth patterns. 

Automates plant health monitoring, prevents crop 
losses, and supports early intervention. 

15 Pesticide & Fertilizer 
Optimization 

Cloud-based AI systems optimize pesticide and 
fertilizer usage, reducing waste. 

Reduces environmental impact, lowers farming 
costs, and prevents overuse of chemicals. 

16 Livestock Monitoring & 
Management 

IoT and AI-integrated livestock tracking for 
monitoring animal health and productivity. 

Improves livestock productivity, enhances disease 
prevention, and supports automated tracking. 

17 Agri-Robotics & 
Automation 

Automated robotic farming solutions 
powered by cloud-based intelligence. 

Automates field operations, enhances efficiency, 
and reduces labor dependency. 

18 Drought Management & 
Water Conservation 

Water conservation planning using cloud-
based models and historical drought data. 

Optimizes irrigation planning, enhances water 
conservation strategies. 

19 Food Safety & Quality 
Control 

AI-driven cloud tools for real-time food safety 
and quality testing. 

Improves food security, enhances supply chain 
traceability, and ensures safety compliance. 

20 Early Warning Systems 
for Natural Disasters 

Predictive analytics on weather and natural 
disaster risks for farm protection. 

Mitigates climate risks, reduces agricultural losses, 
and improves response time. 

21 Climate Change Impact 
Assessment 

Cloud-based models assess climate change 
effects on agricultural productivity. 

Improves sustainability planning, supports long-
term adaptation strategies. 

22 Satellite-Based Remote 
Sensing 

Using cloud-integrated satellite data for 
precision agriculture insights. 

Enhances land-use planning, improves agricultural 
monitoring, and prevents soil degradation. 

23 IoT-Based Greenhouse 
Monitoring 

Smart monitoring of greenhouses using cloud-
connected IoT devices. 

Optimizes greenhouse productivity, reduces 
manual interventions, and prevents crop stress. 

24 Mobile Farming 
Applications 

Mobile apps powered by cloud-based analytics 
for small-scale farmers. 

Provides real-time insights, increases accessibility 
of farming data. 

25 AI-Powered Weed 
Detection 

AI-based identification and removal of invasive 
weed species. 

Reduces labor costs, prevents invasive plant 
spread, and optimizes land usage. 

26 Blockchain for 
Agricultural Data 
Security 

Blockchain-secured agricultural data systems 
for traceability and fraud prevention. 

Ensures data integrity, prevents tampering, and 
secures financial transactions. 

27 Farmer Advisory & 
Extension Services 

AI-driven cloud platforms for farmer 
education and real-time advisory services. 

Improves agricultural literacy, enhances real-time 
decision support. 

28 E-Commerce & Digital 
Agricultural Markets 

Cloud-based platforms connect farmers to 
global e-commerce and digital marketplaces. 

Increases market access, improves farmer income, 
and enhances global trade. 
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29 Cloud-Based Agricultural 
Research Collaboration 

Facilitating research collaboration and data 
sharing in agricultural sciences. 

Enhances collaboration, prevents data silos, and 
accelerates innovation. 

30 AI for Precision Breeding Cloud-based analytics to optimize precision 
breeding strategies for crop improvement. 

Increases breeding efficiency, improves genetic 
selection, and enhances sustainability. 

31 Smart Pest Traps with 
Cloud Integration 

AI-powered pest detection traps integrated 
with cloud data processing. 

Reduces pesticide resistance, minimizes crop 
damage, and improves pest control. 

32 Multi-Omics Data 
Analysis 

Combining genomic, transcriptomic, and 
proteomic data for advanced agricultural 
insights. 

Enhances molecular research, supports genetic 
improvement, and improves resilience. 

33 Predictive Analysis for 
Disease Resistance 

AI-based modeling to predict disease 
resistance in crops. 

Predicts plant disease outbreaks, improves crop 
survival rates. 

34 Drone-Based Crop 
Health Analysis 

Drones equipped with multispectral imaging 
analyzed via cloud AI. 

Enhances field scouting, reduces labor costs, and 
improves targeted interventions. 

35 Livestock Genetic Data 
Management 

Managing livestock genetic data and breeding 
programs using cloud storage. 

Improves genetic tracking, supports selective 
breeding programs. 

36 Cloud-Based Crop 
Insurance Platforms 

AI-powered insurance platforms analyze 
agricultural risk factors and claims processing. 

Reduces insurance fraud, enhances financial 
security for farmers. 

37 Automated Soil Mapping Automating soil type and composition 
mapping for precision farming. 

Improves land productivity, enhances geospatial 
analysis, and supports crop planning. 

38 Biodiversity & Agro-
Ecology Data Integration 

Integrating biodiversity data to support 
agroecological farming models. 

Supports conservation efforts, integrates 
agricultural sustainability strategies. 

39 AI-Based Pollination 
Prediction 

AI-driven forecasting for pollination periods 
based on weather and plant health. 

Enhances pollination success, improves flowering 
synchronization. 

40 Digital Twin Technology 
in Agriculture 

Simulating real-world agricultural systems 
using cloud-based digital twin technology. 

Optimizes farm management, enhances predictive 
modeling, and improves operational planning. 

 
there are robust infrastructure platforms such as AWS 
Genomics and Google Genomics. On the other hand, 
these platforms can provide elastic computing 
resources to be scaled up and down with 
computational need that enable reanalysis of the 
publicly available archived data without compromising 
the data privacy and reproducibility (Langmead and 
Nellore 2018). For example, GenoVault (Jain et al. 2021) 
is a cloud based repository where NGS data is managed 
using OpenStack, features of which include object 
based storage for faster data retrieval, secure file 
transfer protocols to ensure data integrity and security 
and proper authentication protocols. Consequently, 
cloud based platforms, for instance, used in the 
MaizeCODE project provide an example where the 
SciApps portal provides a reproducible scientific 
workflows and integrates analysis tools for genomic 
data management and distribution (Wang et al. 2020). 
Apart from storage, analysis of data, these platforms 
also allow for collaboration across researchers by 
allowing sharing of data across institutions (Jain et al. 
2021). 
 Furthermore, the capacity of cloud computing to 
combine various omics data like RNA sequencing and 
metabolomics for a complete multi omics data analysis 
(Koppad et al. 2021) is another practical application of 
cloud computing for agricultural genomics. However, 
these advancements come with their challenges, like 
data transfer limitations, security issues and the 
requirement of bioinformatics expertise, which have to 
be continuously improved in cloud-based genomic tools 
so that they become accessible to non 
bioinformaticians (Zhou and Matsika 2022). In general, 
cloud computing serves as a powerful solution to the 
complex needs of genomic data analysis in the research 

of agriculture, outsourcing the data processing of large 
scale data and team work among the scientific 
community. As shown in Table 1.1, cloud computing 
significantly increases the throughput of high 
phenotyping, environmental sensing, disease forecast 
and pest control through real time analysis of IoT 
devices, sensors, drones, and remote imaging systems. 
By integrating cloud infrastructure with IoT, it is 
possible to collect, store and process enormous 
amount of data that forms basis for precision farming 
applications including crop health monitoring and pest 
management. But the scalability and accessibility from 
cloud platforms help them provide real time 
monitoring and predictive analytics, that it supports the 
agriculture sector to make data driven decisions 
through data generated from different data sources 
(Cyriac and Thomas 2024). Drones with sophisticated 
sensor and imaging techs can thus be mounted to 
capture high resolution images to detect pests and 
manage diseases. These images then are fed into 
machine learning algorithms like Convolutional Neural 
Networks (CNNs) which accurately identify and 
diagnose the issues with the crop’s health and target 
their pesticide application and also limit any 
environmental impacts (Sirigade 2024). Moreover, 
combining AI and IoT in precision agriculture helps in 
the automation of tasks and realtime precise data to 
assess soil condition and crop health monitoring 
(Shamshiri et al. 2024). Early warning systems for crop 
diseases are also developed on the cloud due to their 
basis on spectroscopic imagery and machine learning 
models that incorporate risks to provide accurate risk 
maps and enable stakeholders with actionable insights 
(Rubambiza et al. 2023). Besides, detailed 
environmental data is collected by IoT enabled nano 
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sensors and edge computed which reduces latency and 
increases the accuracy of real-time alert and help to 
optimise resource allocation and enhance yield 
(Choudhari et al. 2024). Precision farming maximises 
the use of smart sensing techniques and data analytics, 
automating many aspects of the farming activities; 
Smart agriculture helps the farmers to anticipate farm 
daily activities and make environmentally friendly 
decisions (Mushtaq et al. 2024). In general, cloud 
computing together with IoT and AI technology helps 
in moving forward the precision agriculture through 
their infrastructure needed to analyse in real time the 
data and support decisions. 
 
3. Key Benefits and Challenges of Cloud Computing 
in Agricultural Research 
 The great benefits that cloud computing offers to 
agricultural research in addressing the limitation of the 
traditional on premise systems in handling large 
agricultural datasets as presented in the Table 1.1. 
Improved scalability is one of the major advantages 
when using CAANED for precision agriculture and smart 
farming application as it enables researchers to 
manage and process large amounts of data resulting 
from the analysis of such technologies without 
demanding a significant investment in infrastructure. 
Cloud based architectures similar to Google App Engine 
and Datastore are used in precision agriculture systems 
(Pavón-Pulido et al. 2017) to achieve this scalability by 
dynamically changing the resources as the demands 
change. On top of this, cloud computing is cost 
effective, as it uses a pay as you go scheme, thus 
minimizing the use of costly hardware and software 
and permitting the distribution of resources 
appropriately as seen in Fig. 1.2 while at the same time 
depending on the demand (Qing et al. 2015). This model 
is very useful to smallholder farmers and to research 
institutions with limited budgets for minimizing the 
upfront and operational costs (Wang et al. 2020). 
However, cloud computing offers its own set of 
challenges such as data security, data privacy, diverse 
data integration as well as lack of internet connectivity 
in rural areas where end users are available. As 
agricultural data is often sensitive by nature, data 
security and privacy are of the highest priority. For 
example, OCEVMO (Tan et al. 2014) enables the 
securing of data on cloud platforms, by offering secure 
operations on encrypted data without losing the 
security. Data sharing regulated by laws such as GDPR 
provides a canon of rules for data sharing aligned with 
laws in order to be compliant and to obtain consented 
sharings from the data subjects (Kotal et al. 2023). 
However, the integration of various types of data 
sources such as weather and genomic data needs 
robust data standardization and classification system to 
efficiently manage and process the data. It is possible 
for such system to be cloud based classification and 
encryption management system that can classify and 
partition the data in a controllable way to secure the 

data while making it accessible (Zhou and Matsika 
2022). The most important barrier to access the 
internet to rural areas is remote, however, there are 
solutions coming from edge computing that can 
process data locally on edge devices before syncing the 
cloud and reducing the dependency on the constant 
internet connection (Carvalho et al. 2024). 
 
4. Future Directions 
 Cloud computing in agriculture is heading to 
integration of artificial intelligence (AI), machine 
learning (ML), edge computing and blockchain which 
bid for improved predictive analysis, agriculture 
through precision; and real time decision making. 
Additionally, the usage of AI and ML will keep on 
overseeing programmed crop disease detection, pest 
control methodologies, and yield gauging and will help 
in information driven bits of knowledge for 
agriculturists and researchers. This will reduce latency 
in data processing and adopt localized analysis of farm 
conditions where data beyond the edge does not need 
to rely on cloud infrastructure. Also, blockchain 
integration within cloud computing will provide better 
data security and traceability to agricultural supply 
chain stakeholders, alleviating the transparency and 
assuredness in the concerned data for the respective 
stakeholders involved in an agricultural supply chain. 
An expansion of 5G connectivity will enhance for cloud 
adoption, increasing the ability to monitor and 
automate in real time in remotely agricultural regions. 
Also, the advancement of cloud based collaborative 
platforms will allow effective cross-breeding of 
agricultural researches that can be carried out across 
multiple institutions and countries since data will flow 
effectively. Smallholder farmers will depend primarily 
on government initiatives and public private 
partnerships to make cloud affordable for them and 
close the digital divide in agriculture. In the foreseeable 
future, efforts will be made to improve energy 
efficiency of cloud computing frameworks that 
minimize carbon footprint of massive data processing 
and enable high performance computing (HPC) for 
agricultural innovation. To fully actualize the 
innovativeness this cloud computing brings to the 
agricultural research and sustainability, it will be very 
important to address cybersecurity challenges, data 
standardization and its scalability of infrastructure. 
 
5. Conclusion 

Cloud computing in the future of agriculture is an 
able of merging current emerging technologies like 
Artificial Intelligence (AI), Machine Learning (ML), edge 
computing and Blockchain for improving predictive 
analytics, precision farming and real time decision 
making. Consistently, AI and ML powered crop disease 
detection, pest control decision making and crop yield 
prediction will keep on being for the farmers and 
researchers to handle data to achieve better results. 
This will reduce latency in data processing and adopt 
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localized analysis of farm conditions where data 
beyond the edge does not need to rely on cloud 
infrastructure. Also, blockchain integration within cloud 
computing will provide better data security and 
traceability to agricultural supply chain stakeholders, 
alleviating the transparency and assuredness in the 
concerned data for the respective stakeholders 
involved in an agricultural supply chain. More 5G 
connectivity will help in uptake of cloud, boosting real 
time monitoring and automation, in the far flung 
regions where agriculture is practiced. Also, the 
advancement of cloud based collaborative platforms 
will allow effective cross-breeding of agricultural 
researches that can be carried out across multiple 
institutions and countries since data will flow 
effectively. Smallholder farmers will depend primarily 
on government initiatives and public private 
partnerships to make cloud affordable for them and 
close the digital divide in agriculture. In the foreseeable 
future, efforts will be made to improve energy 
efficiency of cloud computing frameworks that 
minimize carbon footprint of massive data processing 
and enable high performance computing (HPC) for 
agricultural innovation. To reach the full potential of 
cloud computing and its power to revolutionize the 
agricultural research and sustainability, security 
vulnerabilities will have to be addressed, data will have 
to be standardized and infrastructures scaled. 
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