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ABSTRACT

Food security is one of the most fundamental requirement for
the continual survival of mankind. The United Nations as well
as Commonwealth of Nations have accordingly given so
much attention to food security especially in recent times.
Extension services offered by agricultural authorities helps to
disseminate to farmers news, practices and equipment
necessary for improving their periodic yield or productivity.
Agricultural extension programme improves welfare through
an increase in farmers’ income. Unfortunately, in recent
times, these services have been hampered by the various
forms of unrest such as terrorism, kidnappings, banditry, and
even outbreak of infectious diseases such as Ebola or even the
most recent outbreak, COVID-19. As a result of concerns like
these, there is recently an upsurge in the number of services
that have been moved online as against the traditional method.
Furthermore, the lack of adequate storage space for the
massively generated agricultural information in today’s
modern electronic society is a huge problem that requires
attention. This paper proposes an efficient cloud computing
and mobile technology based agro-extension services system
for use by extension services providers or officials. This will
bring a lot of ease to extension services as well as go a long
way in guaranteeing the safety and willingness of their agents
to continue in rendering extension services required for
effective farming.
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1. INTRODUCTION

Food security according to the United Nations’ Committee on
World Food Security is defined as a situation that all people,
at all times, have physical, social, and economic access to
sufficient, safe, and nutritious food that meets their food
preferences and dietary needs for an active and healthy life
[1]. Indeed, enhancing hunger reduction and food security is
one of the world’s Millennium Development Goals (MDGs).
In recent times, food insecurity and rapid increase in hunger
has become an item of major concern across the world,
especially in troubled regions and poverty-ravished nations.
Food Insecurity could occur either naturally (famine,
earthquake, flood, land slide, hurricane and so on) or via man-
made occurrences such as (insurgences, wars, banditry,
terrorism). Today in Nigeria, the shortage of food items, and
hence, the corresponding rapid increase in the prices of food
items can to a great extent be traced to the activities of
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terrorist and bandits, especially in Northern-Nigeria.

Terrorism has become a global issue that is wreaking havoc
on all the sectors of the global economy. One of the areas
most affected is food security. This act of terrorism has
decimated many communities, destroyed food crops, killed
cattle and forced farmers to flee to protective camps, often
making many rely on food aids from international
organizations. Markets are getting closed down and custom
duties have dwindled [2]. In the midst of these chaos,
insurgents have seized cattle and harvested or destroyed crops
in anger and frustration. Refugees in the camps are insecure
and cannot cultivate crops in the due season. Relief agencies
have grappled with food scarcity as the number of refugees in
the camps swell. Such a chaotic situation has compounded
food crises, which is already a serious problem in Africa.
People have fled from one settled area to another for security
and the tactics employed by the terrorists have not been
environmental friendly. This has seriously affected food and
cash crop production in places that were majorly into
agriculture. Unfortunately, most of the food needed in Nigeria
is produced by peasant farmers who lack capital, skills,
expertise, energy and other viable materials to produce in
large quantity that will meet the requirement of the growing
population. Also, the use of modern technologies in the
production and distribution of agricultural production is very
low in Nigeria. As a result, the sector depends more on
manual labor for farm activities. Thus, food insecurity in
Nigeria is a recurrent and double-digit problem [3].

A fundamental way to ensure national food security is to
convert the achievements in scientific research into productive
forces and the key lies in innovating grass-root agro-technical
extension. The use of Cloud Computing technology in
agricultural areas has greater chance in the overall
development of the economy through agricultural
modernization and agricultural information in extension
services [4]. Cloud database can be used to store and share the
crop information, prices of the fertilizers and crops. It gives
information to the farmer and when used as an information
database, it saves extension officers from the dangers of
moving about from state to state to disseminate information
during insurgency.

To aid farmers in diverse areas of agriculture, lots of
information needs to be delivered to them for high agricultural
production through Agriculture Information system, which
can provide a dynamic and reliable environment that will
guarantees quality service. A Cloud based system will
improve extension service by providing mass data storage and
dynamic expansion in the extension information system as
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Cloud storage is a scalable and highly reliable storage mode
which supports mass data storage and resource dynamic
expansion. For these to be achieved, there is the need to
develop a system for extension workers use in the
dissemination of information. Such system addresses
problems pointed out in some existing research works and
offers the advantages of easy access to current and up-to-date
information at optimal time. A well-developed system for
extension services could eliminate problems that pertains to
insufficient extension workers and also reduce insecurity of
extension workers during insurgency by disseminating
information through bulk sms to the rural farmers.

In [6], the authors opined that fewer resources and lower
efficiency are big problems in the agro-technical extension
information system. To meet the requirements of mass data
storage and dynamic expansion in the agro-technical
extension information system, Cloud storage technology
which is a scalable and highly reliable storage mode,
supporting mass data storage and resource dynamic expansion
is hereby proposed.

2. ROLE OF EXTENSION SERVICES IN
AGRICULTURE

Many developing economies like the ones we have in Sub-
Saharan Africa, are partly or wholly dependent on agriculture.
The vision of such economies must be to greatly increase
agricultural productivity in such a manner that will guarantee
improvement in food security and massive reduction in
poverty/hunger. Such a vision is in tandem with the
Millennium Development Goals (MDGs) of reducing hunger
and to promoting food security.

Sadly, more often than not, it has been noticed that, the
current level of agricultural productivity have not been able to
meet up with this fundamental MDG. A large portion of the
agrarian population are still poor, the hunger level is far from
being reduced [7].

Achieving the MDG’s target productivity level as far as the
food production or agriculture sector is concerned, will
require carefully built structures or mechanisms for the
development and dissemination of improved agricultural
technologies to farmers, especially those in the rural areas.
Indeed, inadequate extension services have been recognized
as a major stumbling block to the growth of agriculture and
the overall development of the rural communities as well as
agro-dependent economies [8].

Governments of developing nations must invest so much in
building the capacities of farmers through agricultural
extension programmes. Indeed, a number of international and
local funding agencies, non-governmental organizations and
financial institutions have and continue to make investments
in the delivery of extension services to farmers.

The impact of agricultural extension services or programmes
in agricultural production cannot be overemphasized. It has
been a major approach to ensuring minimization or even
outright elimination of rural poverty and food insecurity.
Amongst many, agricultural extension is crucial to technology
transfer, support rural adult learning, support farmers to solve
problems, as well as helping them get involved in agricultural
knowledge and information system [9]. By way of definition,

“extension” refers to structures or mechanisms that
ameliorates agriculture stakeholders’ access to knowledge,
information and technologies. Such mechanisms simplifies
farmers’ collaboration with allies in agribusiness, education
and even research. Furthermore, extension helps farmers build
their own technical know-how, and other management
expertise [10]. Extension is therefore fundamental to
efficient/effective agricultural production. Development of a
nation or a group of people can to a great extent be
precipitated on agricultural extension, since it is one major
backbone of agricultural and rural development [11].

In fact, some researchers claimed that, extension offers
information on new technologies for agricultural
communities. These information greatly enhances agricultural
production, profits and ultimately, the populace’s standard of
living [11]. Extension service providers directly and
sometimes indirectly offers several services to farmers and
marketers alike. Some of these services includes; bringing
new innovations to the notice of farmers, demonstrating new
technologies to farmers, refining skills and knowledge for
production/processing, identifying farmers’ problems towards
additional research and decision-making, helping with access
to markets and trade, collaborating with farmers towards
ensuring  proper management of natural resources,
consolidating agricultural production groups, and even overall
development of human/social aspects of communities. In a
nutshell extension services [agents tends to offer solutions to
common problems and queries of farmers [12][13][14].

3. REVIEW OF RELATED WORKS

Agriculture is a vital and relevant factor in a nation’s
economy and growth. It has greatly been a pillar of support in
feeding the nation and generating revenue for the economy.
Farmers who are responsible for planting crops and rearing
animals are limited in knowledge and cannot alone meet up
with the ever-growing demand and supply of food production
and consumption in the nation. The farmers are sometimes
short of adequate knowledge to improve agriculture and this
has necessitated providing farmers with relevant information.
This consequently, brought about agricultural extension which
is an informal educational process directed toward the rural
population which offers advice and information to help them
solve their problems [10]. The use of Information and
Communication Technology to improve information flow and
to connect people within the rural areas has proved that
illiteracy of farming communities may no longer be an excuse
to deny some form of extension system. Effective
communication of agricultural information to farmers is
crucial in achieving optimum efficiency in agricultural
extension administration and practice in Nigeria.

In [14], a participatory action research method was adopted
for developing innovative communication pathways for
disseminating  agricultural  information,  agricultural
knowledge and proven agricultural technologies from either
extension agents or agricultural research centers or
universities to farmers. The Web-based farmer’s advisory
information system catered for e-learning, while the Mobile-
based farmers’ advisory information system catered for m-
learning. A farmer or other stakeholders can access the
system using either SMS or e-mail. A farmer also can ask any
unstructured question by writing an SMS to the mobile
number. Users can request specific information since they are
communicating with an expert.

27



In [15], farmer’s access to different sources of knowledge as
well as ICT was investigated through a comparative
assessment between peri-urban and rural settings, and
discovered that setting and information needs are the major
influences on sources used. Farmers continuously gather new
information to keep up with the emerging trends and
technologies, and they also store and share this knowledge.
Despite the huge emphasis placed on the need to use ICTs to
facilitate information access among smallholder farmers, the
adoption levels of these technologies is still very low. This is
largely due to lack of information about the existence of such
technologies.

The work in [6] designed an agro-technical extension
information system based on Cloud storage. It was noticed
that fewer resources and reduced efficiency were big
problems in the agro-technical extension information system.
The traditional storage solutions faced some difficulties due
to mass data storage and resources dynamically expanding.
To curb this in the agro-technical extension activities and to
meet the requirements of mass data storage, dynamic
expansion and resource conservation in the agro-technical
extension information system, Cloud storage technology was
introduced to store data. From the adoption of Cloud storage
technology, conclusion was drawn that data storage capacity
of information systems can be greatly improved, data security
is guaranteed since there are multiple copies of data store and
the stability of the system is improved as the interface layer is
adopted.

The authors of [16] examined the public extension service
through interpretation of data collected from 1104 extension
workers in Turkey. This study investigated the linkages,
integration and compatibility levels of extension in Turkish
AKIS, and defines the bottlenecks in the system. The
components of the AKIS such as factors affecting extension
performance, information sources, extension methods, actor
effectiveness and compatibility were used in the
multidimensional scaling (MDS) analysis. The important
weaknesses of the Turkish AKIS can be summarized as low
occupational satisfaction and motivation levels of the
extension workers, Social and political pressures during the
extension activities, Limited farmer visits, extension activities
mostly focus on yield and production increases but, limited
efforts are provided for capacity building and empowering the
local actors in rural areas.

The paper in [4] opined that the Use of Cloud computing
technology in agricultural areas has greater chance in the
overall development of India. An effective implementation of
Cloud computing is encouraging in agricultural sector. Cloud
computing provides a shared pool of configurable IT
resources on demand, as a scalable and elastic service,
through a networked infrastructure, on a measured (pay-per-
use or subscription) basis, which needs minimal management
effort. The benefits discovered include Improved economic
condition of the Nation, enhanced GDP of the nation, ensured
food security level, Motivation of farmers and researchers,
Data availability at any time and at any location without
delay, Improved market price of Food, seeds, other product
while the challenges are summarized as Maintenance &
Supervision by third party, So data security is less, Indirect
administrator accountability, Less physical control, attraction
to hackers and requirement of constant Internet connection.
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The work in [17] opined that future of farming is in the
Cloud. This was borne out of the fact that farmers could take
back controls that had been given to the forces of nature like
seasons, the climate patterns and the precipitation level
through the help of technology particularly the Cloud. This is
because the plethora of information that is being gathered on
the soil within fields, the plants growing on the field, the
weather and so on could be uploaded to the Cloud. Timely
processing of the data allow farmers to act within a growing
season and correct problems before they become unfavorable
to products.

In [18], it was observed that agriculture had been stuck with
traditional methods and ideas for so long and it is high time to
embrace the newest technological revolutions that is sweeping
across the various economies of the world which is Cloud
Computing. Agriculture in Cloud Computing offered multiple
avenues for growth and prosperity as it allows the company to
focus on the core areas of the business rather than investing in
additional computer infrastructures because all computing
resources needed are being provisioned in the Cloud.

4. THE PROPOSED SYSTEM

The proposed system design involves developing a Cloud
database for information management for agricultural
Extension workers and farmers. The architecture of the
proposed system is as presented in Figure 1.

USER INTERFACE

BULK SM%
PLATFOR

FIREBASE

= =

Authentication Datahase Notification

0
0

Q
Figure 1: Proposed System Architecture

The system architecture depicts a Cloud based environment
which aids provision and dissemination of information to
extension workers. The diagram below shows the user
interface interacting with the database in the Cloud. Firebase
provides real time database, backend as a service,
authentication and storage for the system. This basically aligns
with the concept of Database-as-a Service and provides real
time storage and hosting on the Cloud.

The extension worker logs in to the system and accesses
relevant information from the database in the Cloud. The user
then shares necessary information to the rural farmers using
the bulk sms platform. The admin is the key actor of the
system that posts news and information regularly. The
admin’s view is different from the extension worker’s view.

An extension officer is expected to supply login details each
time he/she wants to access the platform. Once the supplied
login credentials are confirmed correct by the system, access
is granted such extension officer. The extension officer can
carry out variety of activities on the system. He/she can view
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relevant news, read, and comment and like news. The news
update is done automatically using the reload function. The
extension worker can also purchase bulk sms from the
platform, for the purpose of disseminating messages to
farmers under his supervision. A system administrator control
the web application details such as news and information
about users. The administrator can also read and reply
messages.

The Newsfeed allows the user to view all the agricultural
information available on the system and interact with other
extension workers as well as the posts. The system will
display all information on a news feed in chronological order
with options to like, comment or share a post to other social
media platforms.

The system designed will be able to stay up and running at
least 98% of the time. Any downtime would be due to
maintenance or upgrades. The system will refresh new
information automatically on the news feed. The system will
be able to serve up to thousands of users concurrently without
crashing, with an interface that can easily be used and
understood. The developed system will have to deal with large
quantities of data and a large number of users accessing the
data at once. Uploads and downloads are robust restarting
where they stopped regardless of network quality, saving
Extension

users time and bandwidth.

The first page of the proposed agro-extension services system
is as shown in Figure 2. It serves as the homepage, and
registration channel for the user to register and be able to
access the system’s functionalities. Through the homepage,
an existing user or even a new user can also learn more
information about the system’s benefits and functionalities
and the organization as a whole.

In order to register on the platform, a new user clicks on the
‘Register’ button at the top right corner of the homepage.
This action takes him to the registration page shown in Figure
3. The information required here includes; the username, full
name, phone number, gender, e-mail address, as well as a
chosen password for authentication purposes. Once the user
hits the ‘Proceed’ button, the inputs are validated and the user
is taken to his profile page or newsfeed page as the case may
be.

In the case where an existing user who logs in is determined
to be the administrator (based on his login credentials), then,
he is taken to the system administrators’ page. An
administrator has higher privileges than a normal extension
worker. As such, the administrator can carry out more
activities on the platform than an extension worker.

About  Contact  Register  Login

Figure 2: The homepage of the proposed Agro-Extension System

Registration

Proceed @

Figure 3: The New User Registration Page
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Figure 7: The Bulk SMS page

4.1 Evaluation of the Proposed System

In order to evaluate our proposed system, well-structured
questionnaires were designed and administered to acquire
responses of users of the system. About twenty (25) users
within and around Akure, Nigeria, were quizzed, on their feel
about the proposed system.

The questionnaires administered is made up of 12 questions
and five point scaled variables; Strongly Agree, Agree, Fairly
Agree, Indifferent, and Don 't Agree were used.

Questions were asked about accuracy, importance of context
in recommendation, friendliness to the user, correctness,
understandability and acceptability of the system. Results
obtained are plotted in graphs as shown in figures 4 and 5.

Tables 3 shows the responses obtained from the users, while
the analysis of the response is shown in Figure 4.

Table 3: Result of questionnaire from users

SIN Metrics SA A FA IND DA

1 Results matched my interests 9 14 1 1 0

2 I found the system flexible to | 17 6 2 0 0
use.

3 The interface is user —friendly | 17 7 1 0 0

4 The  system  speed 15 5 4 1 0
acceptable.

5 The system is quite easy to use | 15 7 3 0 0

6 The system’s accuracy is high | 13 8 2 2 0
and acceptable

8 Overall, | am satisfied with the | 8 8 7 2 0
system

9 It is true that cloud computing | 14 6 2 3 0
is an essential part of agro-
extension services

10 The system can be | 15 7 3 0 0
recommended to other
stakeholders for use.

11 I will love to use this system | 16 7 1 1 0
again
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Figure 4: Results of Users Evaluation

From the results obtained from the analysis as shown in
Figure 4, it was observed that, 36% of the users/respondents
strongly agreed that the output of the system matched their
original intentions, 56% agreed, 4% fairly agreed and 4%
were indifferent. This shows that, almost all the users (92%)
expressed satisfaction with the functionality or output of the
proposed system. When it comes to the case of flexibility of
the system for usage, it was observed that, about 68% of the
users strongly-agreed that the system is flexible for usage,
24% agreed, and even 8% fairly-agreed. This shows that the
system reacts well to users’ demands. As it pertains user-
friendliness of our proposed cloud-based agro-extension
system, 68% of the users agreed strongly that the system is
user-friendly, 28% just agreed and 4% fairly agreed. The
implication of this is that, users enjoy using the system, and
derives satisfaction or aesthetics from the system. On the
speed of the system, about 60% of the users strongly agreed
that the system offers acceptable speed. About 20% agreed,
16% fairly agreed while 4% were indifferent about the speed
of the system. Results also show that, 60% of the respondents
strongly agreed that the system is easy to use, while 28%
agreed, while 12% fairly agreed. This implies this system is
easy to use. As far as accuracy is concerned, a large
percentage of the users (52%) strongly agreed that the system
is accurate, 32% agreed, 8% fairly agreed, while about 8%
were indifferent. The implication is that the proposed system
is highly accurate. On whether the cloud computing paradigm
is essential for agro-extension services, about 52% strongly
agreed, 24% agreed, while 8% of the respondents fairly
agreed. Obviously from these, we can conclude that, cloud
computing will go a long way in enhancing agro-extension
services to farmers. This really agrees with the opinion

expressed by researchers as highlighted in [19-20], in the
sense that the use of cloud computing ameliorates so many
aspects of human endeavors, and helps solve common issues
that exist in existing traditional systems. In fact, about 88%
of the respondents agreed that they can recommend the
developed system for other users. Indeed, almost all the
users/respondents stated that they would love to use the
developed system over and over again.

Summarily, it is clear from the analysis of the responses
obtained from the users that, this POl recommendation system
performs excellently well as it provided recommendation
according to the preferred choice of the users, such that a
larger percentage would love to use the system again and also
recommend to other people.

Discounted cumulative gain (DCG) is used for measuring
ranking quality. Table 6 shows a user's recommendation and
how the items are ranked in the database.

5. CONCLUSION

A Cloud-based agricultural information system that improves
the effectiveness of extension programs and consequently
facilitates the ease and effectiveness in the dissemination of
information to farmers have been developed and presented in
this paper. The adoption of this system will greatly benefit the
extension workers, farmers, the nation as well as other
developing economies. This is expected to improve
agricultural productivity, increase food availability, and
reduce poverty/hunger to a great extent, especially when the
farmers utilize the provided information in the right way. It
also ensures safety of extension workers during insurgency,
banditry, or even infectious disease outbreaks, since the
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extension workers would be able to carry out their duties
effectively and efficiently at their comfort. The major
strengths of the system include consistent uptime,
concurrency, automatic updates, flexibility, scalability and
user-friendliness.
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