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Abstract

Digital communication has the potential to revolutionise the entire agricultural sector,
however, this potential has not been adequately taped by farmers to boost their productivity.
This study investigated the Influence of digital communication agricultural extension services
on food crop production in Oyo State, Nigeria. Diffusion of Innovation Theory, Unified
Theory of Acceptance and Use of Technology, and Technology Determinism Theory guided
the study. Descriptive survey research design was adopted. The sample size was 408 out of
5,250 registered food crop farmers in Oyo State. Google form titled Influence of Digital
Communication Agricultural Extension Services Questionnaire (IDCAESQ) was used for
data collection and administered through an online form. Descriptive statistics was used to
analyse the research questions while Analysis of Variance (ANOVA) was used to test the
hypotheses at a 0. 05 alpha level of significance. Findings revealed that cassava (40.2%),
maize (27.7%), and yam (14.7%) were the three most cultivated food crops. Accessibility to
digital communication extension services was poor (x̅= 1.76±0.76); knowledge of digital
communication agricultural extension services was good (x̅= 2.39±0.68); utilisation of digital
communication agricultural extension services was high (x̅= 2.85±0.92); and constraints to
utilisation of digital communication extension services were very severe (x̅= 2.52±0.72).
Accessibility of digital agricultural extension services (F2, 405 = 30.962; P= 0.000), knowledge
of digital agricultural extension services (F2,405= 4.941; P= 0.008). Therefore, the study
concluded that digital communication agricultural extension services significantly influenced
food crop production in the study area. It was recommended that target-specific digital
communication training that promotes capacity building be embarked upon through a
community-based approach to improve the current knowledge of digital extension services
among farmers. Furthermore, the government should embark on the provision of cheap,
affordable, and efficient internet facilities that would enhance easy access to up-to-date
agricultural innovations and essential extension services.

Keywords: Digital communication Agricultural Extension, Food Crop Production, Digital
Agricultural Knowledge, Digitalisation, Community Based Approach.

Word Count: 297
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Chapter One

Introduction

1.1 Background to the Study

Over the past decades, Nigeria’s domestic food production has consistently lagged behind the

national food demand and this increasing pattern of annual food shortfall is a pointer to the

fact that the nation may be on the threshold of food insecurity1.The major agricultural agency

of government in Nigeria notes abysmal deficit in domestic food crops production which

failed to support the growing population’s need for food, hence, the nation resorted to the

importation of staple foods such as rice and wheat worth three to five billion dollars annually

(Federal Ministry of Agriculture and Rural Development). The recurrent food shortage has

been attributed to a number of factors like climate change, population growth, and failure of

research scientists to improve crop yield, leading to increased input losses to the producers

and marketers of food crops. Adding to these challenges is the structural problems such as

poor agricultural policies, under-investment in modern agricultural practices, middlemen

dominance in the supply chain of staple foods, digital divides, ineffective agricultural

extension services, and poor communication systems2,3,4.

Communication is the process of transferring information from sources to the recipient with

the objective of forming the same meaning by both parties, and influencing behavioural

modification5,6.Communication is successful when information transmitted get to intended

audience, and meaning is derived from semantics (dictionary meaning of words) and

pragmatics (the way the words were deployed) by these intentional actors in the ongoing

social interactions; that is, the recipients should be able to reconstruct the message as

accurately as possible7.Effective communication has been advocated as the fundamental tool
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unique in creation and promotion of awareness of essential innovations in agricultural sector

with the capability of birthing highly competitive industries with demonstrable sustainability

both in management and productivity irrespective of geopolitical location8,9,10. Therefore,

communication has been treated as a feature of social interaction adaptive to the senders and

recipients with special focus on aspects of interactions that are communicative by design7.

Communication is continuum and dynamic, with constantly changing processes geared

towards adaptation to ever-changing societal interaction needs6. In recent decades, the need to

reach a wider audience with appropriate information in record time necessitated the transition

from analogue to digital communication system. The current unprecedented globalisation

with mobility of people, products and services in an increasingly connected market and

society require efficient, cost-effective, and timely dissemination of information; and this call

for digitalisation of communication processes8.

Digital communication refers to the transmission of information using digital signals over

various communication channels such as the internet, computer networks, or wireless systems.

It encompasses the encoding, transmission, and decoding of data in digital form, allowing for

efficient and reliable communication between individuals, organisations, and devices8,11. It

involves the exchange of data in the form of discrete signals represented by binary digits (0s

and 1s), and this relies on digital devices like computers, smart phones to encode, transmit,

and decode information. Digital communication has become ubiquitous in modern society,

enabling instant messaging, email, social media interactions, and online transactions12,13.

The evolving technological landscape has made digital communication an indispensable

means of information exchange within organisations across all industries, and the agricultural

sector is not left out. The creativity in this field has enhanced the knowledge and skills to

tackle societal challenges, boost productivity, and ultimately achieved sustainability11.
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Interestingly, digital communication in agriculture have been deployed for continuous

collection of various data from farmlands, machinery, weather variables, crops, animals, and

other agricultural units, and are currently used to perform a wide range of tasks to make

optimal decisions that can improve agricultural production9,14,15. The innovations and modern

agricultural practices which are products of research are usually communicated to farmers,

key actors in the agro-allied industries, and other key players of the agricultural sectors.

Therefore, agricultural extension is the information conduit between research institutes and

farmers and among farmers16,17.

Agricultural extension is defined as the entire set of organizations that support and facilitate

rural farmers who engage in food production by solving their problems through their

activities of dissemination of information, teaching them skills and technologies to improve

their productivity. It is a scheduled service involved in the transfer of research-based

knowledge to the rural farmers with the intent of improving productivity. It also includes the

components of technology transfer, comprehensive rural development goals, management

skills, and non-formal education18,19. Nigeria probably has the most elaborate extension

system in Sub-Saharan Africa with agricultural research systems that comprise of twenty-two

commodity-based research institutes and two national extension institutes, over forty-five

faculties of agriculture in conventional Federal, State and Private Universities, three

Universities of Agriculture, and several Colleges of Agriculture as well as Polytechnics. It

also includes three international agricultural research centres viz: International Institute of

Tropical Agriculture (IITA), a sub-station of International Crop Research Institute for the

Semi- Arid Tropics (ICRISAT) and a substation of the International Livestock Research

Institute (ILRI) which collectively or individually serve as the fountain for agricultural

innovations to both the public and private agricultural extension service providers 18,19,20.
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Effective and cohesive extension services are some of the major components of agricultural

development that empower farmers’ analytical power and adaptation to the ever-changing

production environments, markets, and technological conditions for increased productivity

and profitability. Extension is concerned primarily with not just the adoption of relevant

technologies, but the building of foundational knowledge and skills, promotion of localised

evaluation and adaptation, and facilitation of farmers’ experimentation and decision

making1,2,21. The established methods of extension services, such as the Training-and-Visit or

Farmer Field School, On Farm Adaptive Research systems, have not always achieved their

desired outcomes in terms of technology adoption or livelihood improvements due to

imperfect information flows between the stakeholders of a complex knowledge system which

include farmers, input dealers, micro credit providers, food processors, marketers, extension

agents, and researchers22,23.

Extension service systems in Nigeria have been bedevilled by unidirectional; conveyance of

technical information from researchers to the farmers without communicating farmers’

knowledge to researchers; lack of essential facilities and equipment for extension agents and

poor training of extension agents with consequent lop-sidedness and inefficient information

dissemination to target farmers. Nevertheless, in the past, the establishment of Research-

Extension-Farmer-Input Linkage System (REFILS), adapted from the training and visit

(T&V) system had at one time facilitated communication processes among diverse

stakeholders in the agricultural sector19,24,25. In spite of the advantages, the purpose which

was to improve the translation of knowledge into agricultural productivity was not achieved

due to the dynamics of constant evolution of communication channels between farmers and

extension agents, the recent being the advent of digitalisation of communication systems24.

Geographic accessibility was especially challenging under the Training and Visit systems

where large demonstration plots were established to showcase effective and efficient farming
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practices. Another point is the finite number of demonstration plots inherently limited to

serve farmers farther from the demonstration plots’ locations. This was further aggravated by

shortage of manpower. It is noteworthy that regardless of the adopted strategy credibility, a

short-staffed office will have limited interaction capacity within its intended target area, and

this is obvious in the average extensionist-to-farmer ratio which is estimated to be as low as

1:3000 across Nigeria as against the recommended 1:500. Most Nigerian agricultural

extension staff are spread too thinly to adequately serve their intended geographical areas

using current strategies2,25,26.

Recently, traditional extension delivery methods have metamorphosed to digitization of

extension services which include the deployment of mobile phone-based platforms, internet

connectivity, mobile applications, and customised smartphones to disseminate agricultural

knowledge, innovations and practices to farmers in real time27. The traditional extension

services are limited by lack of personnel, expertise, up-to-date information regarding

marketing access, and adequate information storage; therefore, digitalisation of agricultural

extension services can be crucial in overcoming these limitations through utilisation of

various information and communication technology tools like Agri-based Apps, decision

support systems, databases, cloud computing, artificial intelligence, robotics, among others28.

The advent of digital technology has redefined the field of agricultural extension services as

both farmers’ and researchers’ routine has been affected from both the economic and

environmental perspectives29.

Digitalisation, with respect to agriculture, is the socio-technical processes surrounding the use

of varieties of digital technologies with the resultant impact on the social, economic and

institutional contexts; spanning beyond singularity of business or entity, linking on- and-off

farm data and managements tasks, which are enhanced by context and situation awareness,

and triggered by real-time events30,3132. Therefore, digitalisation of agricultural extension can
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be described as the adoption and utilisation of digital technologies, innovations, and data to

transform business models and practices across agricultural value chain that address

bottlenecks in agricultural productivity such as pre-planting activities, post-planting activities,

postharvest handling, market access, finance, and supply chain management among others, so

as to achieve greater income for smallholder farmers, improve food and nutrition security,

build climate resilience farming systems, and expand inclusion of youth and women in

modern agricultural practices 33,34,3536.

It has been argued that digitalisation reinforced current agricultural extension systems which

were deemed unsustainable socially, economically, and ecologically, and favour the

incumbent’s key players which are the farmers, extension agents and researchers37,38,39. Thus,

digitalisation could be viewed in the light of reinforcement with modern technology of the

existing extension processes and systems in order to strengthen the intensity of linkages

between and among components of the system, and the interaction and/or linkage process

involves in communication and feedbacks among the actors- researchers, extensionists, input

suppliers, marketers and others within the client system. The result would be evident in

enhanced quality and efficient agricultural productivity, improved local participation and

human resources development40,41.

Agriculture remains the largest sector in Nigeria contributing an average of 24% to the

nation’s GDP over the past seven years (2013 – 2019)42. Agricultural production is broadly

divided into four sectors in Nigeria- crop production, fisheries, livestock and forestry. Crop

production remains the largest economic segment and it accounts for about 87.6% of the

sector’s total output. This is followed by livestock, fishing and forestry at 8.1%, 3.2% and

1.1% respectively42.

Food crop production of the agricultural sector remains critical for the sustainability of

livelihoods and creation of employment opportunities. Research have shown there are more
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than 570 million smallholder farms worldwide and food production accounts for 28% of the

entire global workforce43,44. In order to achieve the United Nation’s Sustainable Development

Goal of a ‘world with zero hunger’ target by 2030, more productive, efficient, sustainable,

inclusive, transparent and resilient food systems is required35. Digital and technological

innovations have caused several rapid transformations in the agricultural sector through

innovative technologies like block-chain, internet of things, artificial intelligence, and

immerse reality. In the food sub-sector, the spread of mobile technologies, remote-sensing

services and distributed computing are already improving smallholders’ access to information,

inputs, market, finance and training. Digital technologies are creating new opportunities to

integrate smallholders in a digitally-driven food crop production systems45.

Digital agricultural extension has the potential to deliver economic benefits through increased

agricultural food crop productivity, cost efficiency and market opportunities, social and

cultural benefits through increased communication and inclusivity and environmental

benefits through optimized resource use as well as adaptation to climate change46. The

widespread access to mobile telephones has created new possibilities to support these

information flow. In contrast to traditional mass media (such as radio, television, posters),

mobile phones allow farmers to actively engage in more sophisticated information exchange

through a two-way communication. Therefore, it is expected that more intensive use of

modern ICT can help to improve the performance of agricultural extension47,48. Examples of

new digital extension services include SMS-based market information services, call centres

for technical farm advice, facilitation of farmer-to-farmer knowledge sharing via participatory

video, or decision support systems implemented as smartphone apps49,50,51.

Studies have shown that digital extension could mitigate information barriers by providing

personalised advisory services on the types of crops to grow per season, the appropriate types

and quantities of input to use, and the best timing for the different agricultural operations. It
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could also provide farmers with new links to input markets by giving transparent information

on market prices, reputed brands and their suppliers; increase farmers’ bargaining power by

providing more options for the purchase of inputs from different vendors45,52. Digital

extension agents could provide varieties of advisory information services to the smallholder

farmers, from pre-harvest to post-harvest stages activities; assisting farmers to understand and

adopt agricultural best practices on crop selection, input management, land selection and

preparation, harvesting, transportation, processing, packaging, and marketing of the

agricultural produce. This could be communicated with the aid of digital tools like radio and

television shows, mobile applications, digital video disks (DVDs), interactive voice response

(IVR) technology, on such digital media platforms like WhatsApp, Facebook and Instagram

among others, to promote and improve agricultural yields and encourage e-commerce

participation value chains among farmers35,53.

The global food crop production is geared towards the realisation of global food security

which entails the provision of sufficient, safe and nutritive food to all people; and frames

under food availability, food affordability, food accessibility, food utilisation and food

stability54. These dimensions build the overall framework of the definition established by the

Food and Agriculture Organization of the United Nations (FAO): “Food security exists when

all people, at all times, have physical, social and economic access to sufficient, safe and

nutritive food which meets their dietary needs and food preferences for an active and healthy

life”55. Consequently, various international organisations and individual countries have

embarked on aggressive food security crusades to remedy the situation in order to make food

affordable to all, as availability and affordability of food is essential for the survival of

humanity. In fact, the total wellbeing of human society significantly hinges on availability

and affordability of nutritious foods56,57.
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The current global population growth and the soaring demand for food is placing

unprecedented pressure on natural resources and food production. At the same time, food

production, processing, and domestic and industrial wastes are putting unsustainable pressure

on environmental resources. A critical challenge is to produce more food with the same or

fewer resources58,59. Food production have experienced significant and considerable

improvement in the past decades with consequent reduction in malnutrition rate across many

nations60. However, in the last two years, there were substantial regional differentials that was

evident especially among the developing nations of Asia and Africa61,62. According to the

Global Hunger Index (GHI), sub-Saharan Africa (SSA) and South Asia (SA) have the highest

2017 GHI scores, at 29.4 and 30.9, respectively, which is closer to the alarming category

(35.0-49.9)61.

Despite the fact that most developing countries have abundant fertile arable lands as well as a

conducive environment well suitable for food crop productions, they still rank lowest in the

area of providing adequate nutritive food to their teeming population. Research has shown

that between 720 and 811 million people are facing hunger globally and more than ninety

percent of the hungry people in the world live in developing countries with a substantial

proportion of uncultivated arable land63. Africa alone has around 60 million hectares of

uncultivated arable land which constitute about 60 percent of the global total57,64. Estimation

from the Food and Agriculture Organisation (FAO) has revealed that the number of hungry

people on the African continent has risen by 47.9 million since 2014 and now stands at 250.3

million which represents about one-fifth of the population. Of these number, 15.6 million

were found in Northern Africa and 234.7 million in sub-Saharan Africa63,64. Hence, the world

is at a critical juncture to overcome the challenges of unending hunger, endemic food

insecurity and all forms of malnutrition, as well as addressing the fragility of food systems

with regards to the achievement of Sustainable Development Goal (SDG)2: “End hunger,
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achieve food security and improved nutrition and promote sustainable agriculture” by

203063,64.

Globally, agricultural system is reported to have benefited from the application of innovative

technologies leading to continuous improvement in the effectiveness and efficiency of food

crop production. However, Africa, particularly the sub-Sahara African (SSA) nations have

been significantly left behind in the upward trend of food self-sufficiency, due to a number of

factors that constrain access to these innovative technologies with its characteristic low

productivity28,66,67. The low agricultural productivity in the sub-Saharan African countries is

evident in huge yield gaps between landraces, local varieties, which are predominantly

cultivated by farmers and their improved varieties counterpart68,69.

In order to reverse the low food crop productivity and unlock the food production potential in

sub-Saharan African among farmers who are mostly smallholders, adoption of appropriate

agricultural technologies is essential. The development and introduction of efficient and

effective systems for agricultural technology transfer is crucial to accessing appropriate

agricultural technologies including inputs like good quality seeds and planting materials69,

and the optimum involvement of the major actors along agricultural value chain depends

largely on information sharing on all activities, from production through processing to

marketing and consumption decisions70.

The role of digital communication extension in agricultural development cannot be

overemphasised, as it is the vanguard in the delivery of adequate information to farmers for

increased food productivity. Globally, agricultural extension service delivery is concerned

with the dissemination of research outcomes and improved agricultural practices to farmers.

The efficiency with which these information and practices are conveyed to farmers to a large

extent determines the level of agricultural productivity29,71,72. Low food crop productivity has

been associated with inadequate farmer-extension service linkage, as efficient and effective
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extension delivery service play a key role in transmission of innovative agricultural

technologies and information as well as linkage between farmers and other actors in the

economy73.

The traditional extension services relied majorly on Training and Visit system which was

grossly inefficient owing to the problems of geographical accessibility, shortage of trained

extension agents, and poor funding among others28,74. Yet advisory services remain the major

conduit for linkage and transference of necessary information, innovations, and technologies

that will enables all actors in agricultural value-chain realise their full potentials by aligning

scientific advances to the local agro-ecological and socioeconomic characteristics of the

targeted areas which can be achieved with adoption and adaption of digital extension69,70,75.

Digital communication agricultural extension and service systems are undoubtedly critical

elements of technology transfer in agricultural systems and are vital determinant of

agricultural productivity and competitiveness that could lead to increased food security and

improved rural livelihoods70. In recent times, digital communication agricultural extension is

a major conduit for pro-poor economic growth through provision of critical support services,

which can enable rural communities to confront new challenges of transforming into global

food and agricultural systems occasioned by the rise of supermarkets and the growing

importance of standards, labels, and food safety76,77.

Interestingly, studies have shown that digital communication agricultural extension could

mitigate the differentials between potential and actual yields on cultivated lands by

accelerating information transfer (bridge technology gap), assist farmers become better farm

managers (bridge management gap), and enable research scientists establish tailored

technologies to suit agro-ecological and resource circumstances of farmers. It could also play

the crucial role of bridging communication gaps among farmers, agro-processors, researchers,

traders, financial institutions and policymakers; the smallholder farmers being the focal point
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in the bid to promote food security through increased food crop productivity73,78,79; and create

vantage point to smallholder farmers for improved productivity and competitiveness, and

enable rural farmers confront new challenges of transforming into global food and

agricultural systems occasioned by the rise in supermarkets and the growing importance of

standards, labels, and food safety6,7,76,79,80.

1.2 Statement of the Problem

Extension communication services is critical to the systematic growth of agricultural sector

and any factor that impedes its effective delivery will significantly impact the achievement of

sustainable food crop production. However, it is regrettable that this vanguard of

communication is hampered by myriads of constraints which may have resulted to the low

impact and ineffectiveness that is currently observed in the sector. Inadequate funding and

late disbursement of funds has been highlighted as one of the major constraints bedevilling

the sector and this may be one of the major constraints hindering timely execution of

agricultural extension service delivery in Nigeria81,82,83. Another factor that may play

considerable role is the absence of proper legislation to guide the various agencies and

institutions that render agricultural extension services across the country, and it is possible

that lack of the basic principles and philosophies that guide agricultural extension delivery

systems, may lead to outputs that abysmally fall short of expectations81,84. In addition,

inadequate knowledge and poor technical know-how among farmers and agricultural

extension communication agents may be another significant factor bedevilling the sector, as

several studies have shown that many farmers and public extension agents do not have

adequate basic information and communication technology (ICT) skills; thus, this may

adversely affect the rate of utilisation of these facilities85,86,87,88. Furthermore, there have been

increased rates of insecurity, farmer-herder clashes, and lack or poor digital communication

infrastructure, especially among the rural dwellers and this may adversely affect both
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accessibility and utilisation of digital communication extension services. Absence or dearth of

agriculture extension officers is equally a major problems hindering dissemination of

information to food crops farmer in the state.

Digital communication has the potential to revolutionize agricultural sector by harnessing the

power of modern technology to reach farmers more effectively, disseminate timely

information, facilitate interactive engagement, accelerate knowledge acquisition that

ultimately improve food production and farmers’ livelihood35,36,89,90,91. Majority of these

studies were conducted in developed countries hence may not cover the peculiarities that may

abound locally. Furthermore, the data available to the researcher revealed there is information

dearth on the influence of digital communication agricultural extension services on food crop

production especially in the Southwest Nigeria. It is on this note the researcher sought to

investigate the influence of digital communication agricultural extension services on food

crop production in Oyo State. the study also sought to examine the role of digital transfer of

information on improved production of cassava, yam, maize, cowpea, rice, and vegetables.

1.3 Aim and Objectives of the Study

The aim of the study is to investigate the influence of digital communication agricultural

extension services on food crop production in Oyo State, Nigeria. The specific objectives

were to;

i. identify the major food crops facilitated by digital communication agricultural

extension services in Oyo State;

ii. identify the extent of accessibility to digital communication agricultural extension

services to food crop farmers in Oyo State;

iii. assess the extent of knowledge of digital communication agricultural extension

services among food crop farmers in Oyo State;
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iv. determine the extent of utilisation of digital communication agricultural extension

services among food crop farmers in Oyo State;

v. ascertain the constraints to utilisation of digital communication agricultural extension

services among food crop farmers in Oyo State;

vi. determine the influence of accessibility of digital communication agricultural

extension services on food crops production in Oyo State;

vii. assess the influence of knowledge of digital communication agricultural extension

services on food crops production in Oyo State; and

viii. evaluate the influence of utilisation of digital communication agricultural extension

services on food crops production in Oyo State.

1.4 Research Questions

The following research questions will guide this study;

1. What are the major food crops facilitated by digital communication agricultural

extension services in Oyo State?

2. What is the level of accessibility to digital communication agricultural extension

services to food crop farmers in Oyo State?

3. What is the extent of knowledge of digital communication agricultural extension

services among food crop farmers in Oyo State?

4. What is the extent of utilisation of digital communication agricultural extension

services among food crops farmers in Oyo State?

5. What are the constraints to utilisation of digital communication agricultural extension

services among food crops farmers in Oyo State?

6. What is the influence of accessibility of digital communication agricultural extension

services on food crops production in Oyo State?
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7. What is the influence of knowledge of digital communication agricultural extension

services on food crops production in Oyo State?

8. What is the influence of utilisation of digital communication agricultural extension

services on food crops production in Oyo State?

1.5 Hypotheses of the Study

The following null hypotheses were tested for the study;

H01: Accessibility to digital communication agricultural extension services has no

significant influence on food crops production in Oyo State.

H02: Knowledge of digital communication agricultural extension services has no

significant influence on food crops production in Oyo State.

H03: Utilisation of digital communication agricultural extension services has no significant

influence on food crops production in Oyo State.

H04: Constraints to utilisation of digital communication agricultural extension services has

no significant influence on food crops production in Oyo State.

1.6 Scope of the Study

The study is on digital communication agricultural extension services and food crops’

production in Oyo State. The study is focused on all literate farmers in Oyo State that use

digital communication extension services for the production of food crops and are registered

members of All Farmers’ Association of Oyo State. The major food crops focused in the

study are yam, cassava, maize, cowpea, rice, and vegetables.
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1.7 Significance of the Study

Digital extension is the crucial channel that bridges the communication gaps between farmers,

agro-processors, research scientists, traders, financial institutions and policymakers. Thus, the

study would help bridge the knowledge gap on the influence of digital extension on food

crops production in Oyo State and serve as reference for further studies.

Extension agents could utilise the information from this study to design and execute

extension service system that would efficiently diffuse valuable information on current

agricultural practices to the clientele in record time; and such information could include

disease outbreak and management strategies, prices of agricultural inputs and notable vendors,

current market prices for agricultural produce and the available off-takers, among others. In

addition, the current insecurity and farmers-herders’ clashes have made digital agricultural

extension a veritable for dissemination of modern agriculture information to areas had to

reach due to insecurity.

The study would be significant to farmers as it would encourage the use of digital

communication extension platforms to access relevant and timely information to enable

farmers adequately plan production processes and make informed management decisions that

would increase productivity and improve their wellbeing.

The findings from the study may be of significance to tech-savvy youths as it would reveal

digitisation has made agriculture less laborious, lucrative, and interestingly easy to practice

with little or no direct contact with farmland, thereby encouraging them to use their digital

knowledge and skills to earn a decent living and making millions from agriculture, instead of

engaging in cyber fraud.

The result from the study would also be of significance to policymakers as it could serve as

bedrock for a well-planned and efficient digital extension programme that would facilitate the
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dissemination of innovative technologies on food crops production from research scientists,

and the adoption and adaptation by farmers.

The study would also contribute to the wealth of knowledge for consultation by the

University students and scholars.

1.8. Limitation of the study

There was a delay in the responses from the farmers as the research had to provide incentives

for them to fill out the questionnaire.

1.9 Operational Definition of Terms

Agricultural Innovations: The process whereby individuals or organisations develop new

ideas, products or methods of improving agricultural productivity.

Digitalisation: This is the use of digital technologies to change business models, provide new

avenue for revenue, and value-producing opportunities.

Digital Agriculture: This refers to agricultural practices that involve data collection, storage,

analysis, and dissemination information in the form of electronic data to farmers along

agricultural value chain.

Digital Communication: This is the electronic transmission of data, information, message

using digital platforms such as email, Facebook, WhatsApp, Twitter, Telegram, Instagram,

radio, television, et cetera.

Digital Extension: The process of using various platforms of the electronic media to transfer

technologies to rural farmers. It also involves delivery of advisory services with the use of

context-specific text messages to interactive voice responses (IVR), and smartphone

applications that link farmers to multimedia advisory contents, farm inputs, and buyers.
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Agricultural Extension Communication Services: This involves the use of modern

technologies and innovations to offer technical advisory services like market prices of

agricultural input, current prices of farm produce, modern farm practices, information on

weather, and disease control, to farmers.

Digital Platforms: These include but not limited to mobile phone applications of the new

media like WhatsApp, Facebook, Instagram, Telegram, global positioning system, e-wallet,

among others.

Digital Technologies: These are electronic tools, systems, devices, and resources that

generate, process, transmit or store data.

Food Crops: These include but not limited to staple crops cultivated for direct consumption

like cassava, rice, yam, maize, beans, etc.

Improved Agricultural Productivity: This involve the enhancement of productivity through

efficient utilisation of input resources to increase in yield, reduction in crop losses, and

increasing the total factor productivity (TFP) -the efficiency with which agricultural inputs

are converted to outputs.

Training and Visit Extension: This involve planned scheduled fortnight visits to farmers and

training of extension agents and subject matter specialists with the aim of transferring

appropriate information and technologies to farmers in the rural areas develop new ideas.

DCAES: This an acronym of Digital Communication Agriculutral Extension Services.
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Chapter Two

Review of Related Literature

This chapter reviews relevant literature related to influence of digital extension on food crops

production in Oyo State. The chapter is reviewed under the following sub-headings:

2.1 Conceptual Review

2.1.1 Concept of Communication

2.1.2 Elements of Communication

2.1.3 Types of Communication

2.1.4 Forms of Communication

2.1.5 Concept of Agricultural Extension

2.1.6 Approaches to Extension Service Delivery

2.1.7 Agricultural Extension in Nigeria

2.1.8 Agricultural Extension and Modern Agriculture in Nigeria

2.1.9 The Concept of Digitalisation

2.1.10 Digital Agricultural Extension

2.1.11 Digital Communication Agricultural Extension

2.1.12 Importance of digital communication in modern agriculture

2.1.13 The Role of Digital Communication in Agricultural Extension

2.1.14 Tools and Technologies for Digital Communication in Agricultural Extension

2.1.15 Challenges and Barriers in Implementing Digital Communication in Agricultural

Extension
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2.1.16 Digital communication Agricultural Extension and Current Realities

2.1.17 Concept of Mass Media

2.1.18 Functions of Mass Media

2.1.19 Role of Mass Media in Agriculture

2.1.20 Food Crop Production

2.1.21 Influence of Digital Extension on Food Crops Production

2.1.22 Oyo State Government and Agricultural Productivity

2.2 Theoretical Review

2.2.1 Diffusion of Innovation Theory

2.2.2 The Unified Theory of Acceptance and Use of Technology

2.2.3 Technology Determinism Theory

2.3 Review of Empirical Studies

2.4 Summary of Gaps in Reviewed Literature

2.1 Conceptual Review

2.1.1 Concept of Communication

Communication as the cornerstone of human social interaction, encompasses the exchange of

information, ideas, and emotions through verbal, nonverbal, and written channels. It serves as

the lifeblood of all relationships; facilitating understanding, cooperation, and connection

across diverse contexts. From intimate conversations to global discourse, communication

shapes our perceptions, influences decision-making, and drives societal progress1,2. Its

significance lies in its ability to bridge differences, resolve conflicts, foster collaboration, and
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ultimately enriching the fabric of society3. Studies have shown that effective communication

is indispensable in navigating the complexities of personal, professional, and societal realms.

In personal relationships, it aids in cultivating empathy, trust, and intimacy, thus, fostering

harmonious connections. In the workplace, it enhances teamwork, productivity, and

innovativeness which drives organizational success. Moreover, effective communication is

pivotal in public discourse, enabling informed decision-making, democratic participation, and

social change. Whether in interpersonal dialogues, business negotiations, or political debates,

the ability to articulate thoughts clearly and empathetically is paramount for achieving mutual

understanding and shared objectives4,5,6,7.

The reasons for communication among people are diverse and dynamic, reflecting the

complexity of human nature and context of interrelations. At its core, communication seeks to

inform, educate, persuade, entertain, and build relationships. Studies have shown that through

information dissemination, communication often influence attitude changes, inspire actions,

and/or foster connections, thus, serving as a catalyst for individual growth, organizational

effectiveness, and societal advancement. Hence, proper articulation of messages would

promote active listening, nurturing meaningful dialogues, empower individuals with

appropriate knowledge, bridge cultural divides, and cultivate a more inclusive and cohesive

society7,8.

Communication is not a one-way transmission but rather a dynamic exchange influenced by

factors such as sender and receiver characteristics, message content, channels of

communication, and contextual factors. The sender encodes a message, which is then

transmitted through a chosen channel, decoded by the receiver, and potentially subject to

feedback. Noise, both external and internal, can disrupt this process, impacting the clarity and

effectiveness of communication. Also, other factors like cultural differences, power dynamics,
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and emotional states of the actors (sender and recipient) can shape how messages are

interpreted and understood8,9,10,11.

2.1.2 Elements of Communication

The process of communication is a complex interplay of several elements that serve as

linchpin for social interaction, shaping how information is exchange and meanings are

inferred between individuals and/or groups. The dynamic process of effective communication

involves key elements that collectively contributes to the seamless transmission and reception

of messages. Starting with a sender who encodes ideas or thoughts into message, the

communication journey encompasses the choice of channels, the decoding process

undertaken by receivers, and the crucial feedbacks that close the loop. The presence of noise

(internal or external) can influence the fidelity of the communication process12,13,14. The

elements of communication process include the following;

i. Sender: The sender initiator the communication process by encoding ideas, thought

or information into message. The sender not only consider the content but also the

audience knowledge, perspective, and cultural background while tailoring the

message for optimum reception.

ii. Message: This is the core content, and it encompasses emotions, ideas, information,

or thoughts that (must be) drafted with precision to ensure clarity and understanding.

The message can be verbal, nonverbal, or written. In verbal communication, verbal

inflections and emphasis contribute to the message nuances; while in written

communication, attention to tones and grammars are crucial.

iii. Encoding: This involves the translation of idea, emotions, or thought into format

suitable for transmission. Effective encoding demands clarity to minimise the risk of

misinterpretation by the receiver.
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iv. Channel: Channel is the medium through which message is conveyed or transmitted

to the receiver. Verbal channels such as face-to-face or telephone conversations offer

immediacy, while written channels such as email or SMS allow for documentation

and reflection.

v. Receiver: This is the intended audience of the message. The receiver understanding is

influenced by their perception, attitude, opinion, level of education, communication

skills, and other personal characteristics.

vi. Decoding: Decoding is the process by which the receiver interprets the encoded

message. It involves extracting meaning from words, symbols, and nonverbal cues,

and successful decoding occurs when the receiver’s interpretation aligns with the

sender’s intended message, bridging the gap between expression and understanding.

vii. Feedback: This is the response provided by recipient of the message to the sender to

analyse the efficacy of the message communication process. Feedback can take

various forms, including verbal acknowledgment, nonverbal cues, or explicit

responses. Effective feedback facilitates a dynamic exchange, allowing the sender to

gauge the impact of their message and make adjustments for clearer communication.

viii. Noise: This refers to any interference, either internal or external, that may disrupt the

communication process. External noise includes environmental distractions, while

internal noise involves psychological barriers or emotional states that hinder accurate

message reception. Thus, any element that distracts the communicators or disrupt the

communication process at any stage can be refer to as noise.

ix. Context: The background on which communication is initiated, transmitted, and

interpreted; and this influenced by cultural factors, social dynamics, and situational

variables.



32

Effective communication transcends the mere transmission of information; it involves active

listening, thoughtful expression, and a keen awareness of the nuances that colour our

interactions. The intricacies of language, coupled with the subtleties of nonverbal

communication, create a rich landscape where meaning is conveyed and shaped by the

context and the participants involved13,15.

Source: 14
Figure 2.1: Communication Process

Communication plays a pivotal role in shaping perceptions, attitudes, and behaviours by

influencing how individuals interpret information, form opinions, and make decisions.

Through language, symbols, and narratives, communication constructs realities and

influences how individuals perceive themselves, others, and the world around them. It shapes

attitudes by framing issues, promoting certain values, and challenging existing beliefs.

Moreover, communication serves as a catalyst for behavioural change, motivating individuals

to adopt new habits, engage in social causes, or shift their perspectives. Whether through

persuasive messages in advertising, educational campaigns, or interpersonal relations,

communication has the power to sharpened societal norms, drive social change, foster

empathy and understanding among diverse groups, and ultimately shapes the very fabric of

society4,9.
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2.1.3 Types of Communication

Communication can be conveniently grouped into four different types, viz; verbal, non-verbal,

visual, and digital communications11,14.

1. Verbal Communication: Verbal communication refers to the transmission of

information, thoughts, ideas, and feelings through spoken words. It involves the use of

language, whether written or spoken, to convey messages between individuals or

groups. Verbal communication encompasses various forms, including face-to-face

conversations, phone calls, presentations, speeches, lectures, interviews, and

discussions. Verbal communication is a fundamental aspect of human interaction,

serving as the primary means through which people express their thoughts, emotions,

needs, and desires1. It facilitates socialisation, collaboration, problem-solving,

negotiation, and the exchange of knowledge and information across various contexts,

from personal relationships to professional environments. In verbal communication,

the sender (the person initiating the communication) articulates their thoughts using

words, while the receiver (the person or audience receiving the message) listens and

interprets the information conveyed. Effective verbal communication involves not

only expressing ideas clearly and concisely but also engaging in active listening to

understand the perspectives and responses of others14. Verbal communication can take

the following forms;

 Spoken Communication: This is the most direct and immediate form of verbal

communication, involving the exchange of information through spoken words. It

encompasses vocalised conversations, speeches, presentations, and interviews.

Spoken communication allows for real-time interaction, enabling individuals to

express thoughts, convey emotions, and engage in dialogue with others. It relies on
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verbal cues such as tone of voice, intonation, and emphasis to convey meaning and

context.

 Written Communication: This involves the transmission of messages through

written symbols, such as letters, emails, memos, reports, and texts. It offers the

advantage of permanence and precision, allowing individuals to carefully craft their

message and convey complex information in a structured format. Written

communication is essential for documentation, record-keeping, and formal

correspondence. It enables individuals to communicate across distances and time

zones, facilitating asynchronous communication and collaboration16.

2. Non-verbal Communication: Non-verbal communication is the transmission of

information and messages through non-verbal cues rather than spoken or written

words. It involves the use of gestures, facial expressions, body language, posture, eye

contact, touch, and even the tone and pitch of one's voice to convey meaning and

emotions. It can also play a crucial role in situations where verbal communication is

not possible or where there may be language barriers11. Overall, understanding non-

verbal cues is essential for effective communication and building strong interpersonal

connections. Non-verbal communication often works in conjunction with verbal

communication to enhance understanding and convey additional layers of meaning.

Non-verbal cues include the following;

 Body Language: This is powerful non-verbal cue that convey meaning through

physical movements and postures. It plays a significant role in interpersonal relations,

influencing how messages are interpreted and understood. Body language includes a

wide range of behaviours such as the use of posture, stance, and movement of the

body to communicate messages. For instance, standing upright and leaning forward

might indicate interest or engagement, while crossed arms can signal defiance,

defensiveness or disagreement.
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 Gestures: This involves physical demonstrations like hand movements, arm

movements, and other bodily actions that convey meaning or emphasize verbal

communication. For example, waving to say hello, nodding to indicate agreement, or

pointing to indicate direction.

 Facial Expressions: These are expressive changes in facial muscles that convey

wealth of information about a person's emotions, intentions, and attitudes. From a

subtle twitch of the lips to a broad grin or furrowed brow, facial expressions provide

valuable insights into an individual's inner state. The human face is incredibly

expressive and capable of conveying a wide range of emotions such as happiness,

sadness, anger, fear, surprise, and disgust. Facial expressions often cut across cultures,

making them a veritable form of non-verbal communication. Smiles, frowns, raised

eyebrows, and narrowed eyes can convey a spectrum of emotions, from joy and

excitement to anger and frustration.

 Eye Contact: Eye contact is a key aspect of non-verbal communication, serving as a

means of establishing connection, conveying interest, and regulating conversation. It

involves the mutual gaze between individuals, where one person looks directly into

the eyes of another; which could signal attentiveness, confidence, sincerity, and

receptiveness that foster trust and engagement in interpersonal interactions. It can also

facilitate social bonding and rapport-building, fostering a deeper level of socialisation,

connection and mutual understanding. The connection fostered is particularly

important in interpersonal relationships, business negotiations, and public speaking

engagements, where trust and credibility are paramount.

 Personal space and proximity (Proxemics): This refers to the study of spatial

relationships and the use of physical distance to communicate messages. It explores

how individuals perceive, use, and interpret personal space in social interactions, and

how it influences their comfort level, communication dynamics, and interpersonal
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relationships. It involves the concept of personal space, which varies across cultures

and individuals. Proxemics influences social dynamics, intimacy levels, and power

dynamics in interpersonal interactions1. It varies in size and shape depending on

cultural norms, social context, and individual preferences. Personal space can be

divided into several zones, including intimate space, personal space, social space, and

public space, each with its own rules and expectations. Intimate space is the zone

closest to the body, and typically reserved for close friends, family members, and

romantic partners; personal space extends beyond intimate space and is used in

interactions with acquaintances, colleagues, and casual acquaintances; social space

encompasses larger distances suitable for formal interactions such as business

meetings or public gatherings; and public space refers to the vast distances found in

public settings, such as parks, streets, or auditoriums1.

3. Visual Communication: Visual communication is the transmission of information

and ideas through visual elements such as images, graphics, charts, diagrams, symbols,

and videos. Unlike verbal communication, which relies on spoken or written words,

visual communication uses visual stimuli to convey messages, concepts, and data. It is

an essential tool in the fields of advertising, marketing, graphic design, education,

journalism, and data visualization11. It can be used to inform, persuade, entertain, or

inspire audiences, making it a very effective means of communication in both digital

and print media. Components of visual communication include the following;

Infographics: The are visual representations of data, information, or concepts

designed to convey complex ideas quickly and clearly. They combine text, graphics,

and imagery in a visually appealing format, making it easier for viewers to understand

and retain information. Infographics are widely used in various fields such as

agriculture, marketing, education, journalism, and business to present key findings,

statistics, or processes in a concise and engaging manner. By compressing large
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amounts of data into easily digestible visuals, infographics help viewers grasp key

insights and trends at a glance. This makes them particularly useful for presenting

research findings, survey results, or statistical analysis in a format that is accessible,

understandable, and appealing. The incorporating icons, illustrations, and diagrams,

infographics can bring concepts to life and enhance understanding. Their eye-catching

design and informative content make them valuable assets for content marketing,

helping organizations attract and engage their target audience effectively14.

Charts and Graphs: These visual tools used to represent numerical data and trends

graphically, such as bar charts, line graphs, pie charts, and scatter plots, among others.

They provide a visual summary of numerical data, making it easier for viewers to

interpret trends, patterns, and relationships, are commonly used in fields such as

business, science, economics, education, and agriculture to illustrate data-driven

insights and support decision-making.

Videos and Images: These are visual tools capable of evoking emotions, capturing

attention, provoking thought, and inspire action, making them highly effective for

conveying messages and influencing perceptions. Through the combination of visuals,

audio, and motion, videos bring stories to life and create immersive experiences for

viewers. Images such as photographs, illustrations, and graphics, also play a crucial

role in visual communication. Images can be used to enhance presentations, illustrate

concepts, or evoke a desired mood or atmosphere.

4. Digital Communication: Digital communication refers to the exchange of

information, data, or messages using electronic devices and digital technologies. It

encompasses various forms of communication conducted through digital platforms,

networks, and mediums, such as the internet, email, social media, instant messaging,

video conferencing, and mobile communication devices. Digital communication

allows individuals, organizations, and communities to connect, interact, collaborate,
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and share information across geographical distances quickly and efficiently. It has

transformed the way people communicate, enabling real-time communication,

multimedia content sharing, and global connectivity. Digital communication also

encompasses the transmission of digital signals and data packets over electronic

networks, including wired and wireless technologies, to facilitate voice, text, video,

and multimedia communication13,17,18. Forms of digital communication include;

 Electronic mail (Email): This is one of the widely used forms of digital

communication for exchanging messages electronically. It offers a convenient and

efficient way for individuals and organizations to communicate with one another,

regardless of geographic location or time zone. Email allows users to send text-based

messages, documents, and multimedia files to one or more recipients over the internet.

One of the key benefits of email is its asynchronous nature, which means that users

can send and receive messages at their convenience. This flexibility enables

individuals to communicate across different time zones and schedules, making email

an essential tool for conducting business, coordinating projects, and maintaining

personal connections. Email also provides a record of correspondence, allowing users

to track conversations, reference previous messages, and store important information

for future reference. This archival feature is particularly valuable for business

communication, legal documentation, and project management13.

 Social media: Social media platforms have transformed the landscape of digital

communication, enabling users to connect, share, and engage with others in real-time.

From Facebook and Twitter to Instagram, TikTok and LinkedIn, social media has

become an integral part of everyday life, shaping how we communicate, consume

information, and interact with the world around us. Among the numerous benefits of

social media is its ability to facilitate connections and build communities. Users can

connect with friends, family, colleagues, and like-minded individuals from around the
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globe, fostering relationships and expanding their social networks. Social media

platforms provide a space for users to share updates, photos, videos, and thoughts,

allowing them to stay connected and engaged with others. It also serves as a powerful

tool for communication and information dissemination. Users can share news articles,

blog posts, videos, and other content with their followers, sparking conversations,

debates, and discussions on various topics. Social media platforms also enable users

to participate in online communities, join groups, and follow pages dedicated to their

interests or hobbies17,19.

 Instant Messaging: (IM) platforms enable users to exchange text-based messages in

real-time, facilitating quick and convenient communication with individuals or groups.

From WhatsApp and Facebook Messenger to Slack and Microsoft Teams, instant

messaging has become an essential tool for personal and professional communication

in today's digital age. Unlike email, which may have a delay in delivery and response,

instant messaging allows users to communicate in real-time, making it ideal for quick

conversations, urgent requests, or informal exchanges. This speed and efficiency

enhance productivity and collaboration in both personal and professional settings.

Users can create group chats, share multimedia files, and use emojis, stickers, and

GIFs to express themselves and add personality to their messages. In addition, instant

messaging apps often offer features such as voice calls, video calls, and screen

sharing, allowing users to communicate in multiple formats and mediums20.

2.1.4 Forms of Communication

Communication occurs within various contexts, each characterized by unique dynamics,

purposes, and channels. In order to effectively communicate and navigate diverse interactions

in personal, professional, and societal settings, proper contextual understanding of

communication is essential2.
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1. Interpersonal Communication: This refers to the exchange of messages between

individuals in face-to-face or mediated settings. It encompasses verbal and nonverbal

interactions, including conversations, gestures, and expressions. Interpersonal

communication plays a vital role in building relationships, resolving conflicts, and

fostering connections. Effective interpersonal communication involves active

listening, empathy, and mutual understanding, enabling individuals to express

themselves authentically and connect with others on a deeper level. Whether in

personal relationships, friendships, or professional collaborations, interpersonal

communication shapes our interactions and influences our perceptions of people and

situations2.

2. Organisational Communication: Organisational communication encompasses the

exchange of information, ideas, and feedback within formal structures such as

businesses, government agencies, and non-profit organizations. It involves various

channels, including meetings, emails, memos, and reports, to facilitate coordination,

collaboration, and decision-making. Organisational communication plays a crucial

role in conveying goals, policies, and expectations to employees, promoting

transparency, and fostering a positive organizational culture. Efficient deployment of

organizational communication enhances productivity, employee engagement, and

organizational performance, contributing to overall success and sustainability22,23,24.

3. Intercultural Communication: Intercultural communication involves interactions

between individuals or groups from different cultural backgrounds. It requires

awareness, sensitivity, and adaptability to navigate cultural differences in

communication styles, norms, and values. Intercultural communication plays a critical

role in fostering proper understanding of cultural diversity of our modern society. By

bridging cultural divides and promoting intercultural competence, individuals can

build trust, resolve conflicts, and collaborate across cultural boundaries effectively25,26.
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4. Mass Communication:Mass communication involves the dissemination of messages

to large, heterogeneous audiences through mass media channels such as television,

radio, newspapers, and the internet. It encompasses various forms of media content,

including news, entertainment, advertising, and public relations. Mass communication

sharpens public opinion, influences social norms, and facilitates cultural exchange on

a global scale. Mass media platforms such as radio, television, mobile phone, et cetera,

serve as powerful tools for information dissemination, advocacy, and social

mobilization, shaping public discourse and driving social change27,28.

5. Digital Communication: These encompasses the exchange of messages through

digital platforms and technologies, including email, social media, instant messaging,

and video conferencing. It enables individuals to connect and communicate in real-

time, transcending geographical barriers and time zones. Digital communication has

transformed how we interact, work, and socialise, offering new opportunities for

collaboration, creativity, and engagement. However, it also presents challenges such

as information overload, privacy concerns, and digital divide disparities. Effective

digital communication requires digital literacy, cybersecurity awareness, and ethical

considerations to ensure responsible and meaningful interactions in the digital

age29,30,31.

2.1.5 Concept of Agricultural Extension

Globally, agriculture has metamorphosed from production driven to market driven with high

demand for innovative information and technologies that create vantage to farmers, vendors

of agricultural inputs, product processors, off-takers, research scientists, and other major

actors in agriculture value-chain; and agricultural extension and advisory board has since

inception been saddled with the responsibility of information dissemination among the major

players in the sector32,33. Agricultural extension has a venerable, albeit largely unrecorded,
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history. It is a significant social innovation, an important force in agricultural change, which

has been created and recreated, adapted and developed over centuries.

Its evolution extends over nearly four thousand years, although its modernity is largely a

product of the past two centuries. Today, the organizations and personnel that engage in

agricultural extension encompass a diverse range of socially sanctioned and legitimate

activities which seek to enlarge and improve the abilities of farm people to adopt more

appropriate and often new practices and to adjust to changing conditions and societal

needs34,35,36. The goals of extension include the transfer of knowledge from reputable sources

such as subject matter specialists and research scientists to farmers, playing advisory role to

farmers by providing assistance during decision making process, and educating farmers to

clarify and prioritise their goals by setting realisable targets that stimulate desirable

agricultural growth thereby empowering farmers to maximise their potentials37,38,39.

The recent sustained exponential population growth and constant shrinkage of land-based

resources due to population pressure, declining agricultural productivity due to natural

resource degradation exacerbated by global warming, and high competitiveness of

agricultural produce in the international markets, have made agricultural transformation

expedient to boost food production in order to address the emerging challenges of food

insecurity, hunger, and malnutrition as well as the improvement of economic and livelihoods

of farm families32,39. Agricultural extension along with innovative research and timely

dissemination of information and technologies remains crucial for global agricultural

productivity and sustainable food systems40.

Optimal contribution by the major actors along agricultural value chain depends largely on

efficient information sharing on all agricultural activities, ranging from production to

processing, transportation, storage, marketing, and consumption choices41. It is therefore
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apparent that intensive agricultural systems aimed at improving agricultural productivity is in

dire need of timely innovative information, a fundamental requirement, necessary for the

adoption and adaption of cost effective, high yielding, economically viable, and sustainable

agricultural production and marketing innovations and technologies by farmers32,42,43,44.

Globalisation and modernisation have pressured agricultural extension to undergo several

transitional reforms in order to meet with current realities that extend beyond the transfer of

innovative ideas, new technologies and increased productivity, to include the need to;

i. view agriculture as business geared towards rural development that provides both on-

farm and non-farm employments, business development and agripreneural services

appropriate to scale, as well as resources and capacities to facilitate the creation of

producer organisations within each farm;

ii. assist farmers to have better understanding of market and its attendant requirements,

linking farmers to both local and international market to promote their

competitiveness;

iii. mitigate farmers’ vulnerability and promote production techniques adaptable to

microclimate that enhance their livelihood resilience;

iv. provide timely and seasonal information regarding inputs and outputs market services

that expose farmers to a variety of alternatives and choices of input vendors;

v. promote capacity building of extension agents through regular training to keep

abreast with current realities, thereby strengthening the innovative processes that

enhance the linkages between farmers and other key actors of the agriculture value

chain;

vi. support institutional and organisational cohesion to enhance social capital and

collective bargaining of farmers through vantage competitiveness; and
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vii. undertake the facilitation, brokering and coaching of different actors to improve

market access, deal with endemic but changing patterns of risks and ensure the

protection of environmental resources.

The myriads of challenges that barrage agricultural sector requires adequate and timely

information to overcome Agricultural extension and advisory services were established to

ensure adequate flow of information pertaining to production, processing, storage, marketing,

consumption, weather and other related knowledge to farmers42,45. Agricultural extension is

therefore, the information conduit between research institutes and farmers and among farmers

as well46. Hence, extension service can be described as an out-of-school educational

programme designed to help farmers solve their day-to-day challenges, for the improvement

of their overall wellbeing47.

A broader description of extension is given as the “systems that facilitate access of farmers,

their organisations and other markets actors to knowledge, information and technologies;

expedite their interaction with other partners in the research, education, agribusiness, and

other relevant institutions; and assist stakeholders develop their own technical, organizational

and management skills and practices that improve agricultural productivity and

profitability”32. The definition implicated extension as the tool for promoting capacity

building in good agricultural practices, creating linkages among the major value chain actors

(farmers, inputs vendors, processors, and marketers); stimulating the adoption and adaption

of innovations and technologies; improving economic and livelihoods of farmers; and

facilitating agricultural and rural development programmes48.

Since agricultural productivity is highly information sensitive and access to information a

pre-requisite and valuable resource for agricultural development, extension services therefore,

facilitate the dissemination of up-to-date agricultural research findings to farmers, creating
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platforms for leverage through analytical capacities, managerial and communication skills

improvement for optimal productivity32,48. Farmers therefore need appropriate information to

explore opportunities in real time, raise awareness about potential negative impacts of disease

and weather conditions, and sustained productivity and profitability of their farms. These

have birthed the need for research and innovation strategies that promote the development of

resilient and farmer-driven extension systems that improve efficiency; extension systems that

is pluralistic and market driven49,50,51.

Agricultural extension has been the major undertakings of the government, with Ministries of

Agriculture having a de facto monopoly over the provision of extension and advisory services

to farmers46. Sadly, though, many governments have decimated their budgetary allocations

toward agriculture, making the delivery of extension services to farmers more difficult48. The

uneven access to agricultural extension services by smallholder farmers due to limited public

extension support is, therefore, one of the key factors hampering their potential to

commercialisation. In addition, inadequate access to extension services and appropriate

agricultural information has further worsen farmers’ ability to address challenges and

optimize the path to efficient productivity52,53.

2.1.6 Approaches to Extension Service Delivery

Historically, agricultural extension services have assisted both rural and urban population to

improve farming methods and techniques, increase production efficiency and income, and

improve standards of living through a wide range of educational procedures and

programmes54. It plays an important role in the advancement of innovations and development

in rural areas49. Agricultural extension serves as the motivating force for enhanced

agricultural productivity in many developing countries, and the efficacy of any extension

system in fostering capacity building, technological adoption, and ultimate improvement in
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agricultural output depends on key factors such as the extension delivery approaches, the

governance, capacity, and management structures of extension system. Also, included are the

underlying contextual factors such as the policy environment, market accessibility,

characteristics of beneficiaries and the prevailing weather conditions49,55.

Extension approaches refers to the procedure through which knowledge and skills are

disseminated and/or shared with farmers56. These approaches include but not limited to

individual farm visits approach, training and visit approach, farmer field schools’ approach,

farmer to farmer approach, participatory extension approach, commodity approach, transfer

of technology approach, farmer-based extension organisations, information and

communication technology approach, among others57,58,59,60.

1. Individual Farm Visit Approach: The individual farm visit was designed to identify

and analyse the major problems affecting an individual farmer and to proffer advice on

the best possible actions, and this has been considered critical for effective extension

service delivery and development49. Extension agents might as well visit an individual

farmer to learn about innovative farm practices or research conducted by a particular

farmer, relate with other members of the farm household that might have different

perceptions of problems that require different potential solutions, encourage participation

of other members of the family in acquisition and dissemination innovative technologies,

skills and information49,61,62. The approach is especially effective when the extension

agent is required to provide on-the-spot advice during emergencies such as diagnosis of

crop, fish, or animal disease outbreaks at the farm of a particular farmer49. Although

individual farm visit approach is very effective in the establishment of extension-farmer

rapport, trust and confidence building, it is rather capital intensive that required careful

and extensive planning before execution; it is also not effective in reaching out to larger

number of farmers as it was specifically designed for one-on-one contact. In addition,
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extension agent risks arousing resentment among the farmers if a single farmer is

frequently visited60,63,64.

2. Training and Visit (T&V) Approach: This was the evolution of extension services. The

T&V system was a donor-driven approach which concentrated on knowledge and

information transmission through a top-bottom, one-size-fit-all, single line of command

approach60. Regular fortnight training of extension workers and consistent biweekly farm

visits was adopted on the premise that methodological information to enhanced

productivity was deficient among farmers hence the need to equip farmers with

contemporary practical, cost effective, high-yielding skills, technologies, and market

information65,66. The subject matter specialists usually train extension workers on modern

yet comparatively cost-effective, easy to practice innovations; the extension workers thus

advanced the acquired knowledge to farmers and/or farmers’ group. Thus, among the

advantages of T&V approach were frequent farm tours, constant training of extension

workers, and a touch of competence and professionalism by extension workers49.

However, it was limited by its top-down nature, rigidity, and financial unsustainability

due to high-cost implication of continuous training and management of large number of

personnel involved59,66,67.

3. Farmer-to-Farmer Extension Approach: This is a complementary approach that

involves farmers sharing knowledge of agricultural innovations and technologies within

their communities, and provision of training to farmers by farmers68. The knowledge and

information delivery are usually from farmers to farmers through lead farmers and/or

farmer instructors which are mostly nominated and named principal, model, master, or

lead farmer based on their agricultural proficiency and productivity, and at times they are

called “farmer promoters” or “farmer trainers” a designation for their advocacy and

training prowess and/or achievement69. Farmer-to-farmer extension approach is built on

the premise that farmers disseminate innovations more efficiently and effectively amongst
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their peers compared to a visiting extension agent. The spread of the innovations is

usually at no/or minimal costs, the degree of trust and confidence among farmers are high,

and there are apparent greater chance of sustainability of adopted innovations and

technologies among farmers68,70,71. Among the drawbacks of farmer-to-farmer approach is

conflicts of interest where extension agents view farmer-trainers as rival or substitute

instead of complement their services; poor farmer-trainer performance due to lack and/or

inadequate coaching and technical backstopping costs of training farmer-trainer could

result to discontinuance following project termination72.

4. Farmer Field Schools Approach: The approach was developed by FAO as alternative to

the top-down extension method of Green Revolution which failed to work in situations

where more complex and counter-intuitive problems such as pesticide-induced pest

outbreak existed73. Farmer Field School (FFS) is a participatory approach that involved

teaching, scientific research and development, and diffusion of innovations based on

adult-learning pragmatic principles68. In this approach, a group of 20-25 farmers meet

weekly in a local field setting under the guidance of a trained facilitator to observe and

compare two plots, one of which is the local conventional method while the other is the

experimental plot, and determine which could be considered “best practices” 73,74. The

adopted learning-by-doing approach promotes farm-based experimentations, group

organisation, and decision-making thereby increasing the likelihood that farmers will

eventually adopt and adapt the improved practices49. Farmers with exceptional

performance during the season are trained to assume the role of Farmer-trainers and

offered accredited support like teaching material to serve as facilitator the next farming

season. Although the approach was found effective and efficient in dissemination of

innovative best practices, the costs implication on training the facilitators and

infrastructure procurement, as well as time investments could drastically affect farmers’

commitment75.
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5. Participatory Extension Approach: This involves participatory learning process in

which farmers’ residents in the community or village collectively engage in identification,

prioritising, and analysing problems, as well as making action plans to address the

problems, implementing and monitoring activities through members of village organising

committees76. The approach assumed that farmers have much indigenous knowledge

regarding food production from years of experience, but their productivity could be much

improved by participatory learning and knowledge sharing58,60. There have been a lot of

developments in the use of participatory approach, some of these focused more on

problem diagnosis, others are more oriented towards community empowerment, while

some concentrated on facilitating farmer-led research and extension. In all the adopted

methods, the design always involves professionals in different fields listening to-,

learning from-, and guide farmers through process of problem solving61,77. Some of the

methods deployed in participatory approach include;

i. Rapid Rural Appraisal (RRA): An efficient method for extracting information and

data from rural communities and individuals for use by outsiders. It involves

systematic but semi-structured activities by multidisciplinary team designed to obtain

information and formulate hypotheses about rural life through the use of interviews,

cross-checking available written information/data, direct observations, walks, focus

group interviews among others. RRA has the advantage of being comparatively quick,

and very useful for familiarization and perhaps ground proofing/confirmation of more

detailed analyses. However, it lacks precision and its value is heavily dependent on

judgment of outsiders, individuals or groups78.

ii. Participatory Rural Appraisal (PRA): It is similar to RRA except that the design

enables the community to community participates in the information gathering and

interpretation processes. It has been described as “a family of approaches and

methods that enables rural people to present, share, and analyse their knowledge of



50

life and conditions to plan and act”79. The community is fully involved in providing

information, identifying and analysing problems, priorities, developing solutions,

implement and evaluate impacts of the solutions. The method assists communities

identify the needed skills for controlling their own developmental activities for their

profits using indigenous resources and knowledge. The information is always elicited

by the locals and used by the locals, and the applications include natural resource

management, agricultural development programmes, poverty and social programmes,

health, and food security. The key tenets of a PRA are participation, teamwork,

flexibility, and triangulation to ensure that information is valid and reliable80.

iii. Participatory Needs Assessments (PNA): Farm households and communities are

involved and must be fully involved in the assessment of the prevailing needs and

constraints, and the accuracy in identifying their needs, plan, and secure commitment

necessary for implementation depends on total inclusivity of the community residents.

Following a process of participation of all interest groups, both formal and informal

organizations would lead to definition of priorities and provision basic information

from which community action plans can be prepared.

iv. Participatory Monitoring and Evaluation (PME): This is process by which the

community continually monitors the status of action plan implementation,

periodically conducting a participatory evaluation exercise to determine the impact of

the actions implemented. This helps the community to assess the performance, share

results and experiences with others, learn from achievement and mistakes, and

develop capacity for better performance in future. In PME, the communities define

the performance indicators for judging the success or failure of the actions, the lessons

learnt and the overall project impact.

v. Participatory Learning and Action (PLA): Participatory Learning and Action is

participatory development process in which facilitators, change agents and extension
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staff engage rural communities. This process starts with the collection, exchange and

analysis of local data, and continues through a long distance and intense learning

phase and eventually ends with the proactive community member taking action to

further their own development. The method is presumed to create greater sense of

individualised and collective ownership through active participation, empowerment of

farmer through new skills and knowledge acquisition, and enhancement of self-

decision-making capabilities which are important for sustainable rural development.

In participatory extension approaches, extension workers offer practical information and

technical know-how that is convenient in resolving the recognized problems as identified by

farmers, and prioritised based on their hierarchy of needs. Farmers’ involvement in the

identification of their needs and constraints necessitates actual sense of possession and

responsibility, which eventually motivates the farmers to form community extension

organization geared towards harnessing local resources for community-based solutions. It

therefore demands that extension workers should possess good analytical, pedagogical, and

facilitation of skills to assist farmers in the implementation of the action plans60.

6. Commodity-Based Approach: The approach focuses on a single crop or an aspect of

farming, and it generally addresses everything from extension and research to input

supply, marketing and prices to increase production in the selected crop81. The production

scheme is vertically combined from the contribution source to the knowledge acceptance

and selling of the harvest59. Farmers produce a particular amount and value of a crop,

livestock, or livestock products, and trade with the firm to which they are affiliated. In

response, the firm delivers inputs, credit and information amenities, excellent supervision,

and marketing facilities. For sustainability, enhanced and mutual flow of information

between administration, extension workers, and farmers must be established which serve

as a lifeline for creating profitable association that would be valuable and beneficial to all
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stakeholders60,61. Commodity-based extension is sometimes referred to as contracted

farming and its benefits comprise great earnings from specialised crops or livestock,

improved farmers’ revenue, enhanced practical and decision-making abilities, and

reduced fears and worries due to the availability of standby off-takers. It also offers small

and intermediate farmers the opportunity to ambitious and lucrative markets to farm

resources (inputs and outputs of all kinds), skills, and professional guidance60,82. However,

the planning is often controlled by the commodity organizations whose interests might

not match farmers’. In addition, the approach typically does not provide support to other

aspects of farming outside their scope81.

7. Cost-Sharing Approach: The approach was introduced in a bid to stabilize the source(s)

of financing agricultural technology transfer for improved and expanded extension

activities and geared toward a more flexible and pluralistic, demand-driven strategy

where all the stakeholders partake in the overall extension activities. Cost-sharing

extension is believed to foster private cooperative initiatives, and encourage co-operative

ventures by farmers, enhance the co-ordination of public-private extension services and

increase private sector participation in extension and/or full privatisation of the public

extension systems83. Proponents of the approach assumed that cost-sharing with local

people (who do not have the means to pay the full cost) will promote a programme that is

more likely to meet local situations and make extension agents more accountable to local

farmers. Its purpose is to provide advice and information to facilitate farmers' self-

improvement83,84.

8. Transfer of Technology Approach (TOT): The approach depends greatly on direct

perception of knowledge transmissions, such as the transfer of modern innovations and

information produced by experts, scientists, and other specialists, and conveyed to

farmers by agricultural extension workers to enhance productivity through a top-down

information dissemination mechanism85. The approach was considered on the supposition
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that farmers are void of practical understanding for growing yield, therefore the answer

was to offer them up-to-date practical innovative information. TOT was later developed

to include response schemes with farmers and scientists allowing extension workers

deliver responses and feedbacks to the investigative teams on the requirements of the

farmers ensuring the resolutions of particular issues and challenges as demanded by49,82.

Transfer of technology still remains popular among the smallholder farmers in developing

countries85,86,87.

9. Farmer-Based Extension Organisations: This is a demand-driven extension system that

is directed, operated, and financed by farmers themselves, and generally operated under

different management structures and with different sources of financial support80. The

extension approach is majorly practiced among large-scale, commercial farmers with

better leadership and organisational structure, better technical skills, as well as strong

economic powers. It is dominant in developed nations where farmers with organised

associations institute and run extension agendas in agriculture to attend to the desires of

the participating farmers, and the members of these associations, and not the government,

control the functioning of the extension scheme. However, participants may pay part of

the cost of extension programmes and the government sources provides the matching

support80,85. The success in this approach requires a high level of trust and confidence

among the farmers since group members are the ones involved in its management.

2.1.7 Agricultural Extension in Nigeria

In Nigeria, agriculture is the largest livelihood portfolio among rural dwellers, contributing an

average of 24% to national Gross Domestic Products (GDP) over the past decades and

employs about 36% of the nation’s population, a feat which ranked the sector as the largest

employer of labour in the country88. The role of agricultural extension in developing nations

cannot be overemphasized as farmers depend on extension services for technical advice and
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timely information. Agricultural extension has been the vanguard in the delivery of adequate

information to farmers for increased productivity, and the efficiency with which these

knowledge and practices are conveyed to farmers to a large extent determines the level of

agricultural productivity89,90.

The history of agricultural extension in Nigeria is interconnected with the general

development of agriculture, and the reason is that extension is concerned with all aspects of

agricultural productivity91. During the pre-colonial era by the British, conscious efforts were

made in selection, introduction and teaching of practices involved in the production of good

varieties of crops and breeds of animals. Farmers selected the best seeds for multiplication,

from which the seedlings are being transplanted to their farms. Similarly, farmers introduce to

their farms improved seeds and animals from their neighbouring communities and trans-

Saharan traders from neighbouring countries92. The farmers themselves experimented upon

and projected their production methodologies without the assistance of formally designated

extension agents.

Traditional farming practice was largely through apprenticeship. Families have taught

succeeding generation crop production, animal husbandry, and soil management through

observation and participation by learners. Neighbours and friends shared new knowledge of

improved farm practices91. During the colonial era by the British, some agricultural

development initiatives were undertaken with the purpose of increasing production. The first

step was to establish the Department of Botanical Research in 1893 with its headquarters at

Olokomeji in the former western Nigeria and its responsibilities included conducting research

in both agriculture and forestry91,93.

In 1905, the British Cotton Growers Association acquired 10.35 square kilometres of land at

the site now called Moor Plantation, Ibadan for growing cotton to feed the British textile
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mills. In 1910, Moor Plantation, Ibadan became the headquarters of the Department of

Agriculture in Southern Nigeria, while the Department of Agriculture was established in the

North in 1912. In 1921, a unified Department of Agriculture was formed in Nigeria, after the

amalgamation of the North and the South. The major policy of the central Department of

Agriculture was to increase production of export crops for the British market, which was

ready to absorb it for its industrial growth. Extension activities were therefore directed

towards increasing efficiency in crop production and marketing. Regulations were made to

set and enforce standards in export crops production91,94,95.

The colonial government also established some agricultural development schemes to upgrade

the skills of farmers and to produce agricultural commodities such as the establishment of

Kware irrigation scheme in 1926 which was situated 25.74 kilometres north of Sokoto town.

Its purposes were to increase rice yields and provide experimental data on production under

severe drought during dry season and flooding during the rains. The scheme started with

1000 acres or 405 hectares involving 800 farmers with farms situated along the riverbanks.

The colonial period also witnessed the establishment of the Niger Agricultural project in 1949

with the aim of producing groundnut as export and guinea-corn for local consumption. It was

also to relieve world food shortage, demonstrate better farming techniques and increase

productivity of Nigeria’s agriculture. The project was sited near Mokwa at an area, which is

suitable for mechanized food crop production91,96,97.

The post-colonial agricultural extension in Nigeria can be categorized into two major groups:

(1) government-organised agricultural programmes; and (2) extension programmes organized

and sponsored by private agencies; the first group constitutes the more extensive of the two.

Government organised agricultural extension include the National Accelerated Food

Production Project (NAFPP) which was introduced in 1972, Agricultural Development

Projects, ADP (alongside the ADPs, faculties of agriculture in some Nigerian universities as
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well as the three universities of agriculture also offer some extension services, especially to

their immediate host communities) (1975), the Accelerated Development Area Project, ADAP

(1982), and Multi-State Agricultural Development Projects, MSADP (1986). Other

programmes were the Operation Feed the Nation Programme, OFN (1976), the River Basin

Development Authority, RBDA (1973), the Green Revolution Programme, GRP (1980), the

Directorate of Food, Roads and Rural Infrastructure, DFRRI (1986), the National Directorate

of Employment, NDE (1986), the Nigeria Agricultural Insurance Scheme, NAIS (1987) and

the National Fadama Development Project, NFDP (1992). In recent years, the Poverty

Alleviation Programme, PAP (2000), and National Economic Empowerment and

Development Strategy, NEEDS45,98,99,100.

Specifically, the National Special Programme for Food Security, NSPFS was launched in

March 2003. Some private agencies have embarked on agricultural extension services largely

towards a specific clientele system of their choice. Some of the agencies are; the Nigerian

Tobacco Company (NTC) (now British American Tobacco Nigeria [BATN]), oil companies

such as Shell Petroleum Development Company, and religious organizations such as the

Catholic and the Anglican churches. Some Non-governmental organizations (NGOs) such as

the Leventis Foundation also operate some extension services. Many international

organisations have been involved in agricultural extension, agricultural and rural

developments in Nigeria for decades. Notable among these are the World Bank, International

Fund for Agricultural Development, IFAD, United States Agency for International

Development, USAID, Technical Centre for Agricultural and Rural Cooperation ACPECCTA,

and Food and Agriculture Organisation, (FAO) of the United Nations. Some NGOs also

provide extension services as part of their mandate. Most NGOs adopt precision targeting of

the most vulnerable poor and have been active all over Nigeria101,102,103,104,105,106. Private

processing and marketing companies are also a vital part of the extension matrix in Nigeria.
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In their heydays, the Nigerian textile companies and the Nigerian Tobacco Company had very

robust out-grower programmes that they supported farmers with credit, inputs, and advisory

services91.

2.1.8 Agricultural Extension and Modern Agriculture in Nigeria

The Agricultural Transformation Agenda (ATA), a five-year strategy initiated in 2011 to

revitalise the Nation’s agriculture, was essentially a modernisation of agricultural extension

service delivery systems with the goals to bolster agricultural productivity, reduce food

import dependency, and fully liberalise government administered inputs supply thereby

transform Nigeria’s agriculture from mere traditional practice to business enterprise107,108. The

value-chain approach adopted promises to lift agricultural activities beyond primary

production to embrace significant investment in storage, processing, services and

marketing101,109.

Coming during a period of serious national economic stress, there was a shift of emphasis

from public services to favour public-private partnership, and free-market operations. The

policy claims to be sensitive to the needs of the most vulnerable farmers as structures were

set in place for to capture their peculiar needs107. For instance, the Growth Enhancement

Support Scheme is designed to deliver subsidized farm inputs including fertilizers, seeds and

other inputs the resource poor farmers. The strategy to achieve this was the e-wallet system, a

restructured Federal fertiliser subsidy under the Growth Enhancement Support Scheme

(GESS) that coordinated fertiliser procurement with private companies selling subsidised

inputs directly to farmers resulting to an estimated 12 to 14 million farmers benefiting from

fertiliser subsidies over five years107,110. The consequent increase in average fertilizer usage

and farm revenues generated demonstrated that timely and adequate inputs provision
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(including adequate funding and staffing) can be tightly linked with agricultural extension

success108,111.

Another key component of ATA was the Nigeria Incentive-based Risk-sharing System for

Agricultural Lending. This strategy was designed to make agricultural credit more accessible

to all players in the agricultural value chain and attractive to the lenders by considerably

reducing the risk associated with lending for agricultural production. The ATA was sustained

and gave rise to the Agricultural Promotion Policy in 2016. Agricultural Promotion Policy of

2016 was produced based on the review of the Agricultural Transformation Agenda (ATA).

The review noted that ATA did not sufficiently address the critical challenges of agricultural

extension. APP identified the main challenge of extension as the absence of coordination of

extension activities at the federal level, since agricultural extension function has been vested

in the states91,92,101,111.

Functions of agricultural extension can be provided in three major ways. The first is the

public sector or supply-driven extension where the government takes full responsibility.

Second is the NGO extension, which provides philanthropic outreach to a limited number of

clienteles by donor agencies and other private NGOs. The third extension approach is the

private or demand-driven extension where manufacturers, marketing firms, and other

commercial players provide extension functions. In many developing countries the private

sector-led extension model (both non-profit and for profit) is expanding because of shrinking

government funding for extension. The consensus, however, is that the resource-poor farmers

are too poor to participate in the private sector led extension and must be supported by public

funding91,112.

2.1.9 The Concept of Digitalisation
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Digitalisation is the use of digital technologies to transform information (or business models)

into digital format to enhance value addition and revenue accruement opportunities. It

involves the process of moving from analogue to digital computation and transmission for

ease of operationalisation. The result digitalisation is evinced in the representation of an

image, object, document, sound, or signal obtained through generation of series of numbers

that describes a discreet set called digital images82,83. Expounding the concept further,

Gupta84averred that digitalisation refers to improving and/or enabling processes by leveraging

on digital technologies and digitized data to promote business transformation. Thus,

digitalisation improves an existing business process or processes, increases productivity, and

promotes efficiency while reducing costs of production; this is done through the creation of

new value-producing opportunities that transform the ways companies and business owners

interact with their clients, and vice versa.

Although digitalisation has been in existence (in embryonic form) in the early nineteenth

century, the advent of personal computer and internet in late twentieth century made it gained

popularity and traction among citizens around the globe. Technological advancement has

made possible the conversion of different forms of information such as audio, video, text, and

images into digital forms with attributes that enhanced understanding. The process of

digitalisation has clearly revolutionised modern commercial and communication systems

with its profound effects felt on every facet of our modern societies85,113,114. The profound

impacts of digitalisation in modern societies hinges on the ways in which many domains of

our socio-cultural and socio-economic lives are structured around digital communication and

the infrastructures associated with digitalisation86.

Interestingly, digitalisation is increasingly pervading the nooks and crannies of our modern

society via smart personal devices and hyper-connectivity brought about internet. This has

created new phenomenon of urban “spamming” which exposes both urban dwellers and rural
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to arrays of commercial advertisements and other forms of digital contents, and the

implication is evinced in the perceived link between digitalisation and ecological, economic,

and social sustainability which has serve as a guide to various stakeholders and policy-

makers’ decisions86,115. It is thus agreed that digitalisation is of critical importance not only to

ecological sustainability, but the three main pillars of development, namely economic

development, social inclusion, and environmental protection86,116. It is noteworthy that

digitalisation has removed the necessity for colocation through interconnectivity capacity

enhancement that extend economic activities beyond a fixed location, while simultaneously

intensifying the variety and volume of activities at a given point in time117. The benefits of

digitalisation are numerous, and among these benefits are;

i. It enhances the transformation towards a more robust and sustainable circular

economy;

ii. It aids in the closure of material loops by providing accurate information on the

availability, accessibility, location, and products condition for acquisition;

iii. It enables efficient product processing in companies, minimise wastage, promotes

longer shelve life for products, and minimises the transaction costs;

iv. It helps in closing loops, bridging the material gaps, and narrowing the loop created

by losses with increased resource allocation and technical efficiency;

v. It creates awareness of knowledge that lies beyond the traditional boundaries of

information by bringing together collaborative groups in ways that contribute to both

the development and delivery of additional values;

vi. It reduces cost of production/transaction by granting access to strategies that are cost-

effective, while promoting dexterity and insight into future directions; and

vii. It promotes success based on enhanced agility and capability to adapt to clienteles,

taking cognisance of their economic, social, cultural, and geographic differences.
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The utilisation of digitalised technologies for virtualisation of processes, products and

services by stakeholders have been highlighted to create major opportunities in the

transformation of business models and the increased application of digitalisation in

agricultural sector play a crucial role in enhancement of agricultural productivity, food

security and sustainability, if its potentials are diligently harnessed118,119,120.

2.1.10 Digital Agricultural Extension

Agricultural extension and advisory services are the critical conduits linking farmers and

farmer-based organisations with other key stakeholders such as government agencies, private

sectors, research institutes, and non-governmental organisations (NGOs) along agricultural

value chain. The desire to overcome spatial constraints and efficiently disseminate current

relevant information to a wider audience at relatively low costs has resulted in a paradigm

shift in extension delivery system resulting in adoption of digital technologies with plethora

redefinition of extension methods implemented through a variety of institutional

arrangements involving state institutions, private agencies, farmers’ organizations and

farming communities121.

Digitalisation can be defined as the use of digital technologies and data, as well as to the

interconnection that results in new activities or changes to existing activities122. The current

digital technologies include the following: mobile data networks (4G and 5G, for example);

mobile payment and financial products; the Internet of things (IoT); block-chain; artificial

intelligence (AI); and big data analytics and cloud computing123. Digitalisation of agricultural

extension will therefore foster the ability of farmers to participate in and benefit from

information and knowledge that can fuel adoption of innovative practices, problem solving

and farm management skills, as well as enhance farmers’ dynamic engagement in agricultural

value chain with resultant increase in farm productivity and profitability. Digitalization of
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agricultural will thus provide technical optimiation of agricultural production systems, value

chains and food systems124,125,126.

Digital agricultural extension (sometime referred to as ICT extension services) can be

described as the design, development, and use of digital technologies and innovations in an

increasing ubiquitous trend in the entire agricultural value-chain127,128. It encompasses a range

of phenomenal technologies that include sensors, robotics, digital communication tools,

block-chains, computational decision and analytical tools, system integration, ubiquitous

connectivity, artificial intelligence, machine learning, internet of things, cloud-based

technologies, among others; with demonstrable potentials to dramatically change the way

knowledge is accessed, processed, communicated, and utilised thereby delivering a step

change in farm management efficiency, productivity and sustainability at the farm level and

across the value chain129,130,131.

Digital extension is an extension system that enables extension workers reach out to farmers

using a more efficient alternatives to the traditional extension system through platforms like

SMS, Interactive Voice Response (IVR), downloadable applications, Unstructured

Supplementary Service Data (USSD), and mobile web and services that would duplicate and

disseminate different technologies to accommodate larger clientele given the wide array of

mobile devices among the targeted audience with intent of enhancing farmers’ productivity,

profitability and global competitiveness132. Reiterating the potentials of digital agricultural

extension, it has been posited that it will engender systems of higher productivity, that are

safe, anticipatory and adaptable to the consequences of climate change, offer greater food

security, profitability and sustainability among all cadre of farmers. For farmers, digital

applications will provide decision-making capabilities that were previously not possible,

potentially leading to radical changes in farm management133.



63

In addition, digital agricultural extension is described as agricultural revolution that involves

digitalising the entire agricultural production processes and its supply chain through remotely

gathering, saving, reviewing, and exchanging of agricultural- and related data for optimum

activities across the entire food production and supply chains using software and other

innovative technological resources at the three main stages of decision-making (pre-farming,

on-farm, and after-farming -supply value chain) based on available data to improve food

production, processing, storage, distribution, and consumption133. Farmers can deploy digital

extension services before, during and after farming through decision support systems that

heavily rely on digital technologies to manage and control all aspects of food production,

processing, and storage to improve production sustainability133,134. Accordingly, digitalisation

of agricultural extension can, in;

i. The pre-farming stage helps farmers to plan, select seedlings and other agricultural

inputs, choose a farming approach, and apply the appropriate technologies;

ii. The on-farm stage enables farmers to use the proper amount of farm inputs, fertilizer,

and other resources to improve farming output sustainability by adopting appropriate

digital technologies such as drip irrigation, hydroponics, and urban farming, that are

now possible. The suppositions are premised on the fact that growth, stability, and

performance are affected by a farm’s topology, environmental factors, and morphology;

and those agricultural soils exhibit spatial variability in properties, landscape features,

crop stresses, and crop yield135.

iii. The after-farming stage enables farmers identify and manage economic matrices using

digital tools to analyse farm significant productivity through input-output rationalisation,

and create an economy based on reconstruction, optimisation and resource-saving

process, facilitated by digital technologies to achieve non-waste production and
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consumption, sustainable economic growth, and socio-economic and environmental

efficiency136,137.

Since the major agricultural production activities takes place in the rural communities, digital

agricultural extension can facilitate dissemination of new knowledge from researchers and

research institutions to small-scale farmers in a rural area while receiving feedback from the

same to improve productivity, efficiency, and farmers’ outlook towards farming difficulties

thereby serving as a political and organisational instrument for facilitating social and

economic development138. The problems of inadequate extension personnel, technical and

logistic problems, difficulties accessing remotely located farms can be remedied through the

adoption of digital extension services to provide quality, timely, effective, and automated

electronic extension support to all categories of farmers. Services that are timely, independent,

and complimentary such as good agricultural practices (GAP), weather advisory services,

connection to buyers/off-takers, and access to reliable Agricultural inputs (seeds, pesticides,

and fertilizer), through USSD codes, SMS, calls, smart mobile phone apps, radio/TVs, videos,

and the Internet can be effectively and efficiently rendered to farmers irrespective of their

locations, farm size, socio-economic status and/or political affiliation133.

2.1.11 Digital Communication Agricultural Extension

In today's dynamic agricultural landscape, digital communication stands as a transformative

force in agricultural extension. By harnessing the power of technology, agricultural extension

services can reach farmers more effectively, disseminate timely information, and facilitate

interactive engagement. Digital communication has the potential to revolutionise agricultural

extension, empowering farmers with access to knowledge, resources, and support necessary

for sustainable farming practices and improved livelihoods129,139,140.
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Digital communication in agricultural extension refers to the use of digital technologies and

platforms to facilitate the exchange of information, knowledge, and resources between

agricultural extension services, farmers, agribusinesses, researchers, and other stakeholders in

the agricultural sector. It encompasses various digital tools and channels, including but not

limited to mobile applications, SMS platforms, social media, websites, radio, television, and

interactive voice response systems. At its core, digital communication in agricultural

extension aims to bridge the gap between information providers and recipients, leveraging on

technology to overcome traditional barriers such as distance, time, and resource constraints. It

enables timely and targeted dissemination of agricultural information, extension services, and

advisory support to farmers, thereby empowering them to make informed decisions and

improve their farming practices129,140.

One key aspect of digital communication in agricultural extension is its ability to reach a

wide and diverse audience, including smallholder farmers in remote rural areas who may

have limited access to conventional extension services45. By leveraging mobile phones and

other digital devices, extension agencies can deliver tailored content and interactive learning

experiences directly to farmers' fingertips, regardless of their geographical location.

Furthermore, digital communication facilitates two-way interaction and feedback

mechanisms, allowing farmers to engage with extension agents, experts, and fellow farmers,

share their experiences, ask questions, and seek clarification on agricultural issues. This

interactive approach fosters a sense of community and collaboration, enabling knowledge

sharing and peer learning among farmers45,141.

Overall, digital communication in agricultural extension plays a crucial role in promoting

sustainable agricultural development, enhancing productivity, resilience, and livelihoods in

farming communities. It represents a paradigm shift in extension service delivery, harnessing
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the power of technology to democratise access to agricultural information and empower

farmers to thrive in an increasingly complex and interconnected world142,143144.

2.1.12 Importance of Digital Communication in Modern Agriculture

Digital communication has become increasingly vital in modern agriculture due to its

transformative impact on various aspects of the agricultural sector. Several studies have

shown the importance stems from the following benefits:

i. Timely and Targeted Information Dissemination: Digital communication enables

agricultural extension services to rapidly disseminate relevant information, including

weather forecasts, market prices, pest and disease alerts, and best agricultural

practices. This timely access to information empowers farmers to make informed

decisions, adapt their farming practices, and mitigate risks.

ii. Enhanced Farmer Education and Training: Digital platforms offer interactive and

engaging educational resources, such as videos, tutorials, and online courses, which

can be accessed anytime and anywhere. These resources provide farmers with

valuable knowledge and skills to improve their agricultural productivity, sustainability,

and resilience to climate change.

iii. Improved Extension Service Delivery: Digital communication facilitates the

delivery of extension services in a more cost-effective and efficient manner.

Extension agents can use mobile applications, SMS platforms, and social media to

reach a larger audience of farmers, provide personalized advisory support, and track

the impact of their interventions in real-time.

iv. Access to Market Information and Value-Added Services: Digital platforms

connect farmers to market information, buyers, and agribusinesses, enabling them to

access better prices for their produce and engage in value-added activities such as
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processing and marketing. E-commerce platforms and mobile payment systems

further streamline transactions and financial inclusion in rural areas.

v. Empowerment of Smallholder Farmers: Digital communication levels the playing

field for smallholder farmers, who often lack access to traditional extension services

and market information. By leveraging mobile phones and other digital devices,

smallholder farmers can access extension services, financial services, and market

opportunities, improving their livelihoods and economic prospects.

vi. Data-driven Decision Making: Digital communication generates vast amounts of

data on agricultural practices, market trends, and socio-economic indicators. By

analysing this data using advanced analytics and artificial intelligence, stakeholders

can gain valuable insights into emerging trends, identify areas for intervention, and

optimize resource allocation for maximum impact.

Thus, digital communication is essential for modern agriculture as it enhances information

dissemination, education, service delivery, market access, empowerment, and decision-

making processes, ultimately contributing to sustainable agricultural development and food

security129,140,143,145,143.

2.1.13 The Role of Digital Communication in Agricultural Extension

The role of digital communication in agricultural extension is multifaceted and pivotal in

driving positive change across the agricultural sector. It plays a crucial role in bridging the

gap between agricultural experts, extension agents, and farmers, facilitating the exchange of

information, knowledge, and resources146,147148. Some key aspects of its role include;

i. Facilitating Information Dissemination: Digital communication enables agricultural

extension services to disseminate relevant information to farmers in a timely and

targeted manner. This includes updates on weather forecasts, market prices, pest and
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disease outbreaks, agronomic practices, and government policies. By providing access

to accurate and up-to-date information, digital platforms empower farmers to make

informed decisions and adapt their farming practices accordingly.

ii. Enhancing Farmer Education and Training: Digital communication offers various

educational resources and training materials that farmers can access remotely. These

resources may include videos, tutorials, webinars, and online courses covering a wide

range of topics such as crop cultivation, livestock management, soil health, water

conservation, and climate-smart agriculture. By improving farmers' knowledge and

skills, digital platforms contribute to increased productivity, sustainability, and

resilience in agriculture.

iii. Improving Extension Service Delivery: Digital communication enables extension

agents to reach a larger audience of farmers more efficiently. Through mobile

applications, SMS platforms, social media, and other digital channels, extension

services can provide personalised advisory support, answer farmers' queries, and offer

technical assistance. This facilitates better engagement between farmers and extension

agents, leading to more effective extension service delivery and positive outcomes for

agricultural development.

iv. Enabling Farmer Feedback and Interaction: Digital communication platforms

facilitate two-way communication between farmers and extension services, allowing

for feedback, discussions, and knowledge sharing. Farmers can provide input on their

needs, challenges, and experiences, while extension services can gather data on

farmer preferences, practices, and outcomes. This feedback loop helps improve the

relevance and effectiveness of extension interventions, ensuring they address the real

needs of farmers on the ground.
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In essence, the role of digital communication in agricultural extension is instrumental in

empowering farmers, enhancing their capacity, and driving sustainable agricultural

development. When digital technologies are leveraged by stakeholders in the agricultural

sector, extension service delivery would reach more farmers, deliver better-quality

information and services, and foster greater collaboration and innovation in the agricultural

sector129,143.

2.1.14 Tools and Technologies for Digital Communication in Agricultural Extension

i. Mobile Applications: Mobile applications provide farmers with access to a wide

range of information and services directly on their smartphones or tablets. They offer

real-time interactive features on weather updates, market prices, pest and disease

identification and personalised advisory services tailored to specific crop and region.

Farmers can also use mobile apps to access training materials, connect with extension

agents, and participate in online forums or webinars. Examples include Agrikore,

Farm rowdy, Verdant, Agro Data, Hello Tractor, and Probity farm apps for farm

management, real-time support, and pest detection among other services. Mobile

applications empower farmers by putting valuable resources and expertise at their

fingertips, regardless of their location or access to traditional extension services71.

ii. Short Message Service (SMS) Platforms: SMS platforms are widely used for digital

communication in agricultural extension, particularly in regions where smartphone

penetration is low. These platforms enable extension services to send text messages

containing timely and relevant information directly to farmers' mobile phones.

Messages may include updates on weather forecasts, market prices, modern

agricultural tips, and government programmes and policies. Farmers can also

subscribe to receive personalized SMS alerts based on their crops and location. SMS

platforms are cost-effective, scalable, and accessible even on basic mobile phones,
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making them an effective tool for reaching a large audience of farmers, including

those in remote and marginalized communities31,149.

iii. Social Media Platforms: Social media platforms play a crucial role in digital

communication in agricultural extension by providing a space for farmers, extension

services, researchers, and agribusinesses to connect, share information, and engage in

discussions. Platforms like Facebook, Twitter (X), Telegram, WhatsApp, Quora and

Instagram allow extension services to disseminate educational content, promote

events, and facilitate peer-to-peer learning among farmers. Farmers can join groups

and communities related to agriculture, where they can ask questions, share

experiences, and access resources shared by experts and fellow farmers. Social media

platforms also offer interactive features such as live streaming, polls, and surveys,

enabling real-time engagement and feedback. Specifically, social media enhances the

reach, visibility, and effectiveness of agricultural extension efforts by leveraging the

power of online networking and collaboration129,150.

iv. Web-based Platforms and Websites: Web-based platforms and websites serve as

centralised hubs for accessing a wide range of agricultural information, resources, and

services. These platforms host educational materials, articles, videos, and interactive

tools covering various aspects of agriculture, from crop production to marketing

strategies. Agricultural extension services often maintain their websites where farmers

can find information on upcoming events, training programs, advisory services, and

government schemes. In addition, web-based platforms may feature discussion

forums, chat support, and online communities where farmers can interact with

extension agents, experts, and fellow farmers. By offering a user-friendly interface

and accessible content, web-based platforms empower farmers to access valuable

resources and support for improving their agricultural practices and livelihoods71.
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v. Interactive Voice Response (IVR) Systems: Interactive voice response (IVR)

systems are automated telephone systems that enable farmers to access information

and services using voice commands or keypad inputs. IVR systems provide farmers

with pre-recorded messages on various topics such as crop cultivation, pest

management, market prices, and weather forecasts. Farmers can navigate through

menu options to select the information from their platform of interest or request a call

back from an extension agent for personalized assistance. IVR systems are

particularly useful in areas where literacy rates are low or access to smartphones and

internet connectivity is limited. By leveraging basic mobile phones, IVR systems

ensure that agricultural extension services reach a wide audience of farmers, including

those in remote and underserved communities151.

vi. Radio and Television Programmes: These are traditional yet effective tools for

digital communication in agricultural extension, reaching millions of farmers in rural

and urban areas. These programs cover a wide range of agricultural topics, including

crop cultivation, livestock management, post-harvest handling, and market

information. They feature interviews with experts, success stories from farmers,

practical tips, and live call-in segments where farmers can ask questions and seek

advice. Radio and television programmes such as Agbelere and Farmers’ Forum by

Diamond FM, Food Today by NTA Ibadan FM, and Ere Agbe by Amuludun FM, are

accessible to farmers who may not have access to the internet or smartphones, making

them inclusive communication channels for reaching diverse audiences. In addition,

these programmes often incorporate entertainment elements such as music, drama,

and storytelling to engage and educate listeners and viewers, making agricultural

information more engaging and memorable63.

vii. Geographic Information Systems (GIS) and Remote Sensing: GIS and Remote

Sensing technologies play a crucial role in digital communication in agricultural
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extension by providing valuable insights into land use, soil health, crop health, and

environmental conditions. GIS platforms allow extension services to analyse spatial

data and create interactive maps that visualize agricultural landscapes, identify areas

of productivity and vulnerability, and plan interventions accordingly71. Remote

sensing technologies, such as satellite imagery and drones, provide high-resolution

data on crop growth, pest infestations, and natural disasters, enabling timely

monitoring and response measures. Extension services can use GIS and remote

sensing data to assess the impact of agricultural practices, predict crop yields, and

recommend adaptive measures to farmers. When these technologies are adequately

harnessed by stakeholders in the agricultural sectors for agricultural extension

services delivery, it can improve decision-making, resource allocation, sustainable

land management practices, and ultimately enhance agricultural productivity and

resilience7,71.

2.1.15 Challenges and Barriers in Implementing Digital Communication in

Agricultural Extension

i. Access to Technology and Digital Literacy: One of the primary challenges in

implementing digital communication in agricultural extension is the unequal access to

technology and varying levels of digital literacy among farmers. Many farmers,

especially those in rural and marginalized communities, may lack access to smartphones,

computers, or reliable internet connectivity. In addition, several studies have shown great

disparities in digital literacy levels among farmers, with some individuals having limited

knowledge and skills in efficient use of digital tools152. Addressing this challenge

requires investments in infrastructure, such as expanding internet coverage and providing

affordable access to digital devices, as well as initiatives to improve digital literacy
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through training programmes and user-friendly interfaces tailored to the needs of

farmers153.

ii. Poor Rural Connectivity: Connectivity issues, such as poor network coverage and slow

internet speeds, pose significant barriers to digital communication among agrarian rural

communities. Farmers may experience frequent disruptions in internet connectivity,

hindering their ability to access online resources, participate in virtual training sessions,

or engage in real-time communication with extension services. The poor connectivity is

often exacerbated by inaccessible terrain inadequate infrastructure, and limited

investment in rural telecommunications152,154.

iii. Language and Cultural Barriers: Language and cultural diversity present challenges in

effectively communicating agricultural information through digital platforms. Cultural

factors such as beliefs, norms, and traditional practices may influence farmers'

receptiveness to digital communication and adoption of new technologies. Extension

agents should take into cognisance cultural sensitivities and preferences when designing

digital interventions, incorporating local knowledge and engaging community leaders as

trusted intermediaries to facilitate acceptance and adoption155,156.

iv. Sustainability and Maintenance of Digital Platforms: The sustainability and

maintenance of digital platforms for agricultural extension pose significant challenges,

particularly in resource-constrained environments. Developing and maintaining digital

platforms require ongoing investments in infrastructure, software development, content

creation, and technical support. Without adequate funding and institutional support,

digital platforms may become outdated, inaccessible, or unreliable over time,

undermining their effectiveness in supporting agricultural extension efforts. In order to

mitigate this barrier, sustainable funding models, public-private partnerships, and

community-based approaches should be explored to ensure the long-term viability and

impact of digital communication initiatives in agriculture153,157. Also, there should be
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capacity building initiatives targeted at empowering local stakeholders, including

extension agents, farmers, and technology providers, with the skills and resources

necessary to manage and maintain digital platforms effectively, ensuring their continued

relevance and usefulness in serving the needs of the agricultural community140.

v. Privacy and Data Security Concerns: Privacy concerns can make hesitate to share

personal information or engage in online transactions if they are unsure about safety of

their personal information. Moreover, the collection and storage of sensitive agricultural

data, such as farm location, production records, and financial information, raise privacy

concerns about potential abuse or unauthorised access. To allay the fears of farmers,

extension agents must adhere to strict data protection policies and security protocols to

safeguard farmers' privacy and confidentiality. This may involve implementation of

encryption policies, obtaining informed consent for data collection, and providing clear

information about data usage and rights to farmers. Establishing trust and transparency in

data handling practices is essential in the promotion of farmers’ confidence and

engagement in digital communication and data sharing in the agricultural sector158.

2.1.16 Digital Communication Agricultural Extension and Current Realities

Nigeria has emerged among the top leaders in digitalisation in Africa and the adoption of

innovative digital technologies have enabled smallholder, who constitute about 88% of the

farming population in Nigeria farmers, access a range of opportunities to improve their

productivity and enjoy several advantages such as reduction in travel times, cost reduction in

business transactions; increased synergy through stronger farmer-to-farmer networks and

interconnectivity; timely access to market and farming information; increased adaptability to

situational changes; greater farm leverage with input vendors, off-takers; and

transport/haulage providers159,160,161. However, in spite of the huge potentials, digital

extension in Nigeria still grapples with challenges like inadequate access to capital, poor
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quality infrastructure, low internet connectivity, unstable power supply, among others. The

current realities of digital extension in Nigeria can be assessed as follow;

i. Attitudes towards Agricultural Entrepreneurship: The proliferation of entrepreneur in

Nigeria has been associated with the desire to generate additional income, as well as high

level of unemployment among the teeming graduates162. However, negative perception

that agriculture cannot suffice as a primary career, due in part to lack of successful role

model, and exacerbated high poverty rate that forced the youth to search for “safer” long-

term and sustainable career options in sectors other than agriculture. Research have

shown that many graduates prefer to work for big companies instead of start-ups due to

lower pay scale163,164.

ii. Level of Research Synergy between University and Other Institution: Poor synergy

between universities (which conducts about two-third of agricultural research in Nigeria)

and other key stakeholders such as government and the private sector have hampered the

opportunities to translate research findings into innovative solutions that addressed

farmers’ needs; some institutions would rather collect fresh data when working on a

project than consulting and/or utilising the existing database159,165.

iii. Presence of Technology Hub: Assessment of network density in Nigeria revealed the

country has excel in presence of technology hubs but falls short in cluster development.

Although Nigeria is reported to have the second strongest technology hub in Sub-Saharan

Africa, majority of the technology hubs are headquartered in Abuja and Lagos. Although

a large proportion of digital agricultural technology hubs choose to have offices in these

cities, many recognise the value generated by working near the smallholder farmers they

serve. As such, they maintain core operations in rural areas. Other agricultural technology

clusters in the country include Enugu, Ibadan, and Kaduna. These communities continue

to cultivate ideas and host a moderate presence of DAT start-ups. Nonetheless, such
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clusters receive significantly less support compared with clusters in Lagos and

Abuja166,167.

iv. Equity Financing: Inadequate supplies of seed-level capital have constrained the growth

potential of digital agricultural extension technologies. According to159, the main source

of capital for many entrepreneurs is personal funds or funds from friends and family.

Because Agribusiness start-ups are deemed high risk, investors prefer to wait and see if

such businesses can gain market traction before investment commitment, and this often

creates ineffectual situation in which agribusiness struggle to grow due of limited

financial resources. Government and development partners can help bridge the funding

gap in Nigeria by allocating more capital to Agribusiness start-ups either directly by

providing them with loans or matching funds low-interest-rate, or through investment in

technology hubs that specialises in identification in viable agribusiness with high-

potential models163,168.

v. Financing for Agricultural Research: An evaluation of the digital extension subsector’s

financial landscape revealed shortage of funding for agricultural extension research and

development, and Agri-technology start-ups. Although Nigeria committed the second-

largest financial investment in technology start-ups in Sub-Saharan Africa in 2018, the

level of investment was still considered inadequate given the size of the country’s GDP.

The issue of low investment was particularly pronounced in the Agro-technology

space165,166.

vi. Extent of Digital Skills among the Population and Graduate Skill Set: A review of

the human capital landscape for digital agricultural technology revealed severe gaps in

digital literacy and basic ICT skills. Digital literacy is low across Nigeria, and the

universities system exacerbated the situation by failing to adequately equip students with

the skill sets demanded by the Agro-tech market. There are fundamental mismatches

between what is taught and what is needed, an indication that the university systems are
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failing to adapt to changing labour market needs. Graduates often enrolled in programmes

at training hubs to gain the requisite market skills48,159.

vii. Labour Market for Digital Agricultural Technologies: Too few graduates possess

basic technology and business skills in Nigeria. The skill gap has forced digital

agricultural technology operators to leverage foreign talents, putting them at a cost

disadvantage. However, Nigerian universities are gradually investing in activities to

develop the skills of their students in the field of digital agricultural productivity. In

response to the technology hub growth trends, the university system can redesign

agriculture-focused degree programmes to align with the Agro-tech space, and improved

graduates’ employability in the digital agricultural extension subsector159. However,

collaboration with the private sector would increase universities’ credibility and make

their students more attractive to employers in the Agri-tech subsector.

viii. Availability and Accessibility of Transportation: Among the major constraints to

agricultural extension delivery services are poor and inaccessible road networks

connections in farming communities. Innovators and other key players in agricultural

value chain like input vendors find it extremely difficult to deliver inputs to farmers and

farmers struggle to access or link markets and off-takers with their farm produce. The

disruption in road connectivity hampered smallholder farmers in rural areas from

participating and benefiting from digitalisation of agriculture161. On the other hand, the

poor road networks in rural areas that militate against traditional agricultural extension

services in rural areas has opened tremendous opportunities for digital extension to thrive

where farmers are connected through effective digital media.

ix. Internet Access: Lack of internet connectivity acts as a significant constraint for Digital

Agricultural Technology (DAT) start-ups. The low use of fourth-generation (4G)

connectivity170 is partly due to its limited availability in Nigeria, particularly in last-mile

rural areas. Mobile network providers have more incentives to launch 4G in high-traffic
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urban areas, which tend to yield greater profits. Farm rural households are often excluded

from innovative technologies until it has saturated the urban areas. Moreover, broadband

in Nigeria is still relatively expensive and service delivery in the rural communities is of

poor quality37,169.

2.1.17 Concept of Mass Media

Mass media is a deceptively simple but complex term that encompasses numerous individuals

and institutions with similar or divergent information scope, purpose, method and style of

dissemination, and cultural context. It includes all forms of information disseminated to

larger groups of people, either in the form of a handmade sign or news casted on an

international news network171. Mass media has been defined as the modes of mass

communication whereby information, opinion, advocacy, propaganda, advertisement, artwork,

entertainment, and other forms of expressions are conveyed to a very large heterogenous

audience. Generally included in the term “mass media” are the audio media such as radio,

tapes, and audio recordings; the visual media such as pictures, album, banners, and prints like

newspaper, bulletin, journals, periodicals, conference proceedings, among others; and audio-

visual media such as television, film, video, playlets, demonstrations, and the new media such

as telephone, internet (especially the World Wide Web) and internet-based social media such

as WhatsApp, Twitter, Instagram, LinkedIn, Facebook, Telegram, E-bay, et cetera104,105,172.

Mass media is also used collectively to refer to all types of public and private organisations

that produce and/or disseminate particular forms of expressions through diverse modes that

include newspaper and wire services, book publishing, journals and periodicals, radio and

television networks, cinema and movie studios, among others. Mass media is a powerful

communication tool that is critical in the dissemination of information through diverse

medium. It serves as a conduit through which information can be obtained, exchanged, and
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transmitted to the intended audience. The wider audience reached thus promotes economic

growth in both urban and rural communities among the developed and developing

countries119.

2.1.18 Functions of Mass Media

i. Knowledge Gap Bridge: The mass media influences knowledge gaps due to factors

including the extent to which the content is appealing, the degree to which information

channels are accessible and desirable, and the amount of social conflict and diversity

there is in a community. Mass media become very effective in knowledge gap bridging

when specific issues are disseminated to specifically targeted audience who are known to

constantly exposed to such media. It was observed that that media types and media

contents are key determinants its efficiency and effectiveness in bridging the knowledge

gap among their audience106.

ii. Agenda Setting: People are influenced in how they think about issues due to the

selective nature of what media groups choose for public consumption. It has been

established that when risks are highlighted in the media, particularly in great detail, the

extent of agenda setting is likely to be based on the degree to which a public sense of

outrage and threat is provoked. Thus, when trying to set an agenda, framing can be

invaluably useful to a mass media organisation. Framing involves "taking a leadership

role in the organisation of public discourse about an issue". The media is influenced by

the desire for balance in coverage, and the resulting pressures can come from groups

with particular political action and advocacy positions. Hence, groups, institutions, and

advocates compete to identify problems, to move them onto the public agenda, and to

define the issues symbolically106.

iii. Cultivation of Perceptions: The extent to which media exposure shapes audience

perceptions over time is known as cultivation. Media like radio and television are
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common example where they can be described as “homogenising agents”. The reason is

prolonged exposure to broadcast programmes from these media, where they are available,

can affect the audience perception to the point of accepting or adopting a lifestyle, an

idea, innovation, policy, et cetera106.

iv. Advocacy Setting: Mass media can be used for advocacies both for business and social

concern. These advocacies can take the form of advertisement, marketing, public

relations, propaganda, and political communication. Also included are public service

announcement, emergency alerts, public enlightenment among others.

v. Entertainment: Mass media bring entertainment to their audience door-step

traditionally through broadcasting performances of acting, TV shows, soap operas, music,

sports, and along with light reading; and since the late twentieth century, through

computer and video games.

2.1.19 Roles of Mass Media in Agriculture

Modern agriculture is increasingly becoming information dependent hence timely

accessibility is integral for agricultural development. In order word, to successfully improve

agricultural productivity, grow revenue, create more employment opportunity, promote food

security, and ensure agricultural sector achieve its aim in furtherance to improving rural and

even national development, the communication system adopted in the implementation of

various agricultural programmes is crucial104. The mass media played a crucial role in

shaping public opinions; stimulating deeper insight into human working. It is an invaluable

channel through which agricultural information on current development, latest innovations or

emergencies get across to farmers in the shortest possible time. To agriculture as an industry,

the key values of communication that media provides are peer to peer networking, farmer-

industry networking, consumer engagement, and crisis communication173,174. Hence, mass

media, being source of information and entertainment, play a vital role in the transformation
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of attitude, interest, and perception of farmers toward modern agricultural practices and

productivity. The mass media carried out these functions through its agenda-setting for

critical topics bordering on agricultural transformation, knowledge transfer, opinion forming,

and behavioural changes. It creates avenues though which several stakeholders in the

agribusiness value-chain are linked to exchange information essential for sustainable

agricultural growth104,175.

Mass media also play significant roles in awareness creation about new innovations and

technologies that can boost production to farmers. The speed of spread and the larger

audience reached within the shortest times frame makes mass media a veritable tool for

information dissemination to farmers. Chief among the mass media is radio, which has been

reported as the most utilised media by farmers and the farming communities, and this was

followed by mobile phone, television, and pamphlets175,176. The mass media is an invaluable

to in the hands of extension agencies and their agents. Extension agents often utilised these

media to disseminate agricultural information and technologies to farmers to enhance

agricultural production. Farmers on the other hand access mass media to acquire knowledge

on how to effectively utilised the new innovations and technologies to improve production

and profitability104,107. Mass media can conveniently be classified into print media, electronic

media, and new age media.

i. Newspaper: Newspapers are regular publications that contain informative articles,

editorial opinions, analytical articles, advertisements, special reports, pictures and comics.

Newspapers can also provide continuous and prominent coverage on specific topics and

they are important in driving the public to change attitudes, raise awareness, increase

knowledge and skills, and learn about different topics, including agriculture. Hence,

newspapers play a very important role in disseminating development information,

including information agriculture production information. Although newspapers play an
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essential role in disseminating important information to the public, in various nations,

there are still concerns that newspapers will give priority to advertising, political,

entertainment and criminal events, while neglecting development topics such as

agriculture. Study has shown that newspapers place little emphasis on agriculture in

Nigeria177,178.

ii. Magazines: These are periodical publication containing a variety of articles, generally

financed by advertising or purchase by readers. They are typically published weekly,

biweekly, monthly, bimonthly or quarterly, with a date on the cover that is in advance of

the date it is actually published. They are however in practice, a subset of periodicals,

distinct from those periodicals produced by scientific, artistic, academic or special

interest publishers which are subscription-only, more expensive, narrowly limited in

circulation, and often have little or no advertising177,178.

iii. Radio: A study on broadcasting agriculture information among growers in Nigeria,

presented that radio provides farmers with information on fisheries, livestock and radio is

a significant medium for communicating among farmers in Nigeria. In the study of178,

the efficiency of radio and agricultural programmes was undeniable. The results showed

that most farmers like to participate in radio broadcasted agricultural programmes, which

indicates that most farmers listen to radio programmes about plants and agricultural

products. Furthermore, it was observed that some farm families like to listen to radio

programmes that would improve their knowledge on livestock and animal husbandry. It

was deduced that broadcasting is a multi-dimensional resource that provide effective

information even to remote areas of developing countries; and the influence of

broadcasting programmes has proven helpful in several farming communities. The usage

of radio broadcasting among rural farmers is still very popular. Many farmers rely on

newspapers and radio. These broadcast networks can transfer important information
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between rural farmers and can improve the skills and knowledge of agricultural

development177,178.

Radio bridged the literacy barriers required in the print media such as journals,

newspaper, bulletin, et cetera. In essence, radio does not require higher educational

qualification or back-ground to be effective as the information are usually disseminated

the local language or dialects. Even the pastoralists who live in low population densities

and are often physically inaccessible can be mobilised with aid of radio broadcasting

without necessarily interfering with their daily activities at home or in field. It has also

been found that radio is a major source of information in educating farmers regarding

new agricultural innovations and practices; and in the successful dissemination of

agricultural information to a target group in the remote rural areas which improved their

skills, knowledge and growers adopt such new technologies for improvement and

enhance their agriculture production110,179,180.

iv. Television: The advancement of agriculture in developing countries depends mainly on

the usage of mass media that can connect people while bridging gaps created by distance

among societies. Television as one of the mass media broadcasting technologies have

played an essential role in improving the capacity-building of growers via dissemination

of various information on agriculture. Moreover, television stations broadcast

agricultural information among growers and provides important knowledge through

dialogue with agricultural experts and other stakeholders among agribusiness value chain.

It has been pointed out that by watching farming-related programmes on television,

farmers can easily obtain better information. Television broadcasting disseminates

information and skills to all patrons of society, and builds awareness, skills and

information among farmers on the use of new technologies in agriculture. Such

broadcasts attract attention of farmers who often rely on the mass media to get the latest

news on agriculture, health, education, weather, and other relevant topics. These have
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made the diffusion of scientific knowledge to a large farmers’ audience, literate and

illiterate alike, highly efficient, cost effective and within a very short time179,180,181.

v. Film and Cinema: Film comprises a series of individual frames, but when these images

are shown in rapid succession, an illusion of motion is created. Film has emerged as an

important medium for entertainment, education, enlightenment, and inspiration to a wide

audience of diverse background. Films are produced by recording objects and people

with different types of cameras, or by creating them through the use of special effects or

animation techniques. The films and motion pictures created are veritable tools in

teaching farmers modern farm practices, demonstration of new innovations, and

techniques that improves agricultural productivity177,178.

vi. Telephone: The advent and introduction of smartphones into agricultural productivity

has bridged the huge gap between farmers, farm-input producers and manufacturers,

marketers (traders), and other key players in agricultural value chain, while

simultaneously connecting farmers directly to customers, thus creating opportunities

excellent pricing of their agricultural products. With the aid of smartphones, can inquire

about price of inputs such as improved seeds, fertilisers, and herbicides from the comfort

of their homes. Farmers can as well enquire about the current price of their farm products,

reach a bargain with buyers or off-takers, make transactions through mobile applications,

and complete any agribusiness deals in record time111,182. The use of smartphones in

agriculture among farmers was further popularised by their participation in e-wallet

programme and other agricultural supports programmes launched by government and

Non-Governmental Organisations (NGOs)106,183. Thus, mobile phones have provided

multi-dimensional benefits through farmers’ linkages to extension experts, facilitation of

interaction among key players in the agribusiness value chain, promotion of accessibility

and timely information exchange among individuals within and outside agricultural

sector104.
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vii. Internet: The advent and spread of internet have transformed the world into a global

village as it has mitigated spatial gap to information exchange that was created by

distance. Particularly handy are internet-enabled social media platforms such as

Facebook, YouTube, and WhatsApp with 2.6 billion, 2 billion, and 1.6 billion active

monthly users respectively, as of 2020. Others include twitter, e-Bay, Telegram,

Instagram, et cetera280. Reports have shown that internet-based social media platforms

are continuously evolving owing to the emergence of several smartphones. Prominent

these social media for the dissemination of agricultural and extension information are

YouTube videos which are excellent source of agricultural knowledge using audio-visual

aids; Facebook and WhatsApp are notorious for profile and interest-group creation that

are used in agricultural extension service delivery worldwide owing to their popularity;

while LinkedIn and Telegram are known social media platform used in dissemination of

agricultural innovations, techniques, and technologies among “elite farmers”. Thus,

internet and internet-based social media platforms are invaluable tools for knowledge

delivery and sharing across different agriculture subsectors176,112,184.
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Figure 2.2: Mass Media Representation
Source: https://doi.org/10.22192/ijarbs.2020.07.04.025

2.1.20 Food Crops Production

Food is a basic necessity and source of energy for the sustenance, healthy, and productive life.

All living organisms on this planet need food to stay alive and to carry out physiological

functions and other essential life processes, and plants are the main sources of food on which

both humans and animals depend185. With the rapidly growing population, demand for more

food, loss of produced crops, and other problems affecting agricultural output are the major

cause of food insecurity especially in the developing countries, a situation that necessitated

the call for global synergy toward food crop production32. Crops production is the branch of

agriculture that deals with the cultivation of crops for domestic and commercial purposes.

Food crop production involves the cultivation of arable crops like cereals (rice, maize, millet,
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wheat), pulses (beans and peas), tubers (yam, cassava, potato), oilseed crops (groundnut,

sunflower, palm tree) among others for man and animal consumption88,186.

Global food crop production has experienced significant increase with cereals representing

about one-third of the total production, followed by sugar crops, vegetables, oil crops, roots

and tubers89. The increase has been attributed to several factors such as increased use of

pesticides, irrigation, fertilizers, high-yielding crops, and better farming practices90.

In Nigeria, food crops production remains the largest segment of agricultural production and

accounts for about 88% of agricultural outputs60. Evaluating the performance of food crop

subsector in Nigeria, report shows that food crop production has steadily contributed more

than 85% to the nation’s Gross Domestic Products (GDP) in the past two decades, with

cassava and yam in the forefront91. However, it has been posited that smallholder farmers

remain the engine room for food crops production in Nigeria and they engage in the

cultivation of diverse food crops prominent among which are maize, cassava, yam, beans,

millet, groundnut, pepper, sorghum, and rice in that sequence33.

2.1.21 Influence of Digital Extension on Food Crops Production

In the last decades, agriculture has undergone series of revolutions that have enhanced

efficiency, increased yield and strengthened productivity and profitability of the sector187. The

adoption and adaptation of innovative technologies in dissemination of information needed

by farmers for a better performance has given further impetus to zero-hunger target of the

United Nations (UN) Sustainable Development Goal (SDG). Digital extension delivery

focuses on timely information provision and knowledge transfer that include social, economic,

as well as technical, innovations to all major players in the agricultural sector, especially

farmers. For instance, through precision agriculture, farmers have been equipped with

adequate information and knowledge, effectively managed and control all aspects of food
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production, processing, and storage to improve production sustainability202. Farmers’ use of

effective adaptation, resilience and mitigation approaches made available through digitally

enhanced extension platforms to mitigate the vagaries of changing climate offer potential

ecological, agronomic, economic and social co-benefits188,189.

Digital extension has changed every aspect of the Agro-food value-chain; through the

deployment of internet of things (IoT), cloud computing technologies, and management

software and Apps, the management of agricultural resources throughout the system has

become highly optimized, individualized, localised and pre-emptive, and the effects

demonstrated in yield and productivity improvement in food production.92. The potentials of

digital extension anchored on its real time functions through data driven internet hyper-

connectivity that enabled the entire agricultural value chains to become traceable and

coordinated at the most detailed levels whilst different fields, crop production activities can

be accurately managed to their optimal prescriptions133,190. Digital agricultural extension has

created systems that are highly predictive, anticipatory, strategic and adaptable to changes

such as those caused by adverse climate, leading to greater efficiency in productivity,

profitability and sustainability93,94,191.In the context of the Sustainable Development Goals,

digital agriculture has the potential to deliver economic benefits through increased

agricultural productivity, cost efficiency and market opportunities, social and cultural benefits

through increased communication and inclusivity and environmental benefits through

optimized resource use as well as adaptation to climate change45,125.

The various areas in crop production that have been influenced by digitalisation of

agricultural extension delivery systems are enumerated as follows;

i. Crop Production Diversity: The use of digital Agro-tech platforms and advisory

services by farmers has enabled them to diversify their production and cultivate different

food crops with competitive nutritional and market values. Crop productivity was
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observed to be positive among farmers that learnt to grow different food crops but

negative for those that specialised on a particular lucrative crop. Crop diversification has

been considered as an adaptation response to long-term climate change, as high reliance

on rain-fed agriculture makes farmers more vulnerable to weather variability and

therefore serve as an important driver of crop diversification95,96.

ii. Input Use Intensity: Farmers receive timely seasonal information and advisory services

that specify the types, quantity and mode of application various agricultural inputs such as

quality seeds, fertilizers, pesticides, herbicides, and other farm inputs. Optimum

investment in quality agricultural inputs was positively associated with improved yield

and productivity, while inadequate use and/or overuse as well as high inputs cost due to

information asymmetry was negatively associated with crop yield. According to192, crop

yields will improve significantly by 70% with the introduction, dissemination, and

adoption of precision agriculture technologies, with 18% yield increase due to precision

fertilizer application, 13% increase due to precision planting, 4% increase due to

precision spraying, and 10% increase due to precision irrigation.

iii. Crop Productivity: Improved access to information through digital extension services is

expected to result in higher crop productivity as personalized advice on crop choices and

input regimes will hardly lead to lower yields and revenues, unless the information

provided is flawed. Digital extension services are usually specific and individualised

considering the peculiarity and complexity of the edaphic factors, and economic

competitiveness of the crops grown97.

iv. Crop Commercialisation: This refers to the share total of crops sold by farmers per

growing season. Access to market through e-commerce and other digital platforms and/or

market forecasts creates vantage points for farmers with privilege of price comparison

and healthy competitiveness. Digital marketplaces and e-platforms for agricultural

products provide direct linkage between producers and consumers, shortened agro-food
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value chains, expand producers’ access to new markets (usually within national borders),

reduce food loss, create new business opportunities for small agricultural producers and

small- and medium-sized enterprises (SMEs), and improve price transparency98,194.

The potential benefits of digitalizing the agro-food sector are convincing but it will require

major transformations of farming systems, rural economies, communities and natural

resource management. These pose a challenge and require a systematic and holistic approach

to achieve the full potential benefits38.

Digitalization of the agro-food system involves the risk that the potential benefits will be

unequally distributed between rural and urban areas, gender, and youth population. Urban

areas often have better developed ‘digital ecosystems’ (resources, skills, networks) compared

with rural areas. Combined with global trends of urbanization and middle and rich classes

settling in cities, there is potential for digitalization to exacerbate existing rural-urban

disparities and populations to fall behind in the process of a digital transformation. FAO is

committed to assist governments and partners’ bridging such multidisciplinary digital divides

to ensure that everyone benefits from the emerging digital society38.

There are several conditions that will shape the digital transformation of agriculture in

different contexts:

i. Basic conditions are the minimum conditions required to use technology and include:

availability, connectivity, affordability, digital education and supportive policies and

programmes (e-government) for digital strategies;

ii. Enabling conditions (‘enablers’) are factors that further facilitate the adoption of

technologies: use of internet, mobile phones and social media, digital skills and support

for agripreneural and innovation culture (talent development, sprint programmes

including hackathons, incubators and accelerator programmes).
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There are some basic conditions that must exist for the use of digital technologies and

therefore for digital transformation of the agriculture and food sector. These include:

infrastructure and connectivity (mobile subscriptions, network coverage, internet access, and

electricity supply), affordability, educational attainment (literacy, ICT education) and

institutional support. Access to digital technology can offer significant advantages to

smallholder farmers and other rural business by providing links to suppliers and information

and allowing users to tap into workforce talent, build strategic partnership, access support

services such as training, finance and legal services and, critically, reach markets and

customers. However, the introduction of digital technologies in rural areas can be a challenge.

Around the world, rural populations are declining and education and employment

opportunities are limited. There is often a lack of infrastructure, including basic IT

infrastructure, particularly in very remote rural communities and those with large indigenous

populations. The costs associated with IT infrastructure present a major challenge in rural

areas where rates of poverty are often high, especially in developing countries and least-

developed countries (LDCs)38.

2.1.22 Oyo State Government and Agricultural Productivity

Agriculture remains the mainstay of many States in Nigeria and Oyo State is not an

exemption. In Oyo State, agriculture is the currently the leading driver of the State’s economy,

contributing approximately 38% to the gross state product (GSP), and directly or indirectly

employs as much as 70% of the State workforce. Thus, agricultural sector is the priority of

the restoration, transformation and reposition agenda and economic development

programmes of the State Government. The numerous potentials in the sector as demonstrated

by wide range of both arable and cash crops produced across the four agricultural zones, and

these include but not limited to cocoa (41,320 tonnes), oil palm (66,970 tonnes), cassava

(2.92m tonnes), yam (2.5m tonnes), maize (431,140 tonnes) and rice (290 tonnes), oranges
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(321,490 tonnes), banana (61,770 tonnes) and tomatoes (6210 tonnes), among others

267,268,269. In order to boost productivity in the agricultural sector, the state government has

commissioned and maintained rural feeder and farm settlement roads, established cottage

industries in commodities clustered areas, established cassava processing and products

packaging plants, established agricultural training centre for youths at farm mechanisation

(through the Youth Employment in Agribusiness and Sustainable Agriculture project), and

promotes farmers-market linkage through a varieties of approaches, among others 100,101,195.

2.2 Theoretical Framework

Theories can be described as a generalised statement of abstractions or ideas that assert,

explain or predict relationships or connections between or among phenomena, and presented

within the limits of critical bounding assumptions that the theories explicitly make; and the

generalised statement is demonstrated by interrelated concepts, definitions, and propositions

that explain or predict the events or situations by specifying relations among variables in

order enables better understanding of the phenomenon and prompt appropriate acts196.

The expounded concept of theory is presented as a set of interrelated constructs (concepts),

definitions, and propositions that present a systematic view of phenomena by specifying

relations among variables, with the purpose of explaining and predicting the phenomena197.

The definition highlight three things: 1.) a theory is a set of propositions that consists of

defined and interrelated constructs; 2.) a theory sets out the interrelations among a set of

variables (constructs), and in so doing, presents a systematic view of the phenomena

described by the variables, and 3.) a theory explains phenomena by specifying which

variables are related to which variables and how they are related, thus enabling the researcher

to predict from certain variables to certain other variables. Thus, a theory usually emerges

from a long process of research that uses empirical data to make assertions based on

deductive and inductive analysis of the data; and on the basis of clearly stated assumptions,
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the observations from the research produce results that converge on findings about

relationships, and these enable the researcher to formulate the core propositions from which

the abstract theory is then generalised196,198. Recent definition expressed theory as “an

explanation of a phenomenon or abstract generalization that systematically describes the

relationship among given phenomena, for purposes of explaining, predicting and controlling

such phenomena”199. According to the definition, the function of any theory in research is to

identify the starting point of the research problem and to establish the vision to which the

problem is directed.

This section therefore presents the theories and models that are considered relevant, and form

the basis for some a-priori of the study. These theories include Diffusion OF Innovation

Theory (DiT), Unified Theory of Acceptance and Use of Technology (UTAUT), and

Technology Determinism Theory (TDT).

2.2.1 Diffusion of Innovation Theory (DIT)

The theory propounded by Rogers in 1962 and extended in 2003, explains how, over time, an

innovation (an idea, product, or technology) gained momentum and diffuses (spread, circulate)

through a specific population or social system. It creates a feedback mechanism to

agricultural researchers and provide the basis for creating a coherent body of generalisation

without which, the purpose of completed research would be lost199,200. IDT maintained that

five factors influence the adoption of innovation among farmers, and these are:

i. Relative Advantage: the degree to which the innovation is perceived as better than the

idea, product or technology it supersedes by a particular group of users in terms of

economic advantage, improved yield, social prestige, or satisfaction;

ii. Compatibility: how consistent the innovation is with the values, experiences, and needs

of the potential adopter (farmers). An innovation that is compatible with farmers’ values,
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norms, and practices will likely experience rapid adoption, while incompatible innovation

is like to be rejected;

iii. Complexity/Simplicity: this refers to the degree of ease- or difficulty- to understand

and/or use the innovation. Innovations that are simple to understand and easy to use are

likely to be readily adopted by farmers than those that require the farmers to acquire new

skills and understanding to operate;

iv. Trialability: the extent to which the innovation can be tested or experimented with

before actual commitment for adoption is made. The ability to experiment with new

technology increases their chances of adoption;

v. Observability: the extent to which the adopted innovation yielded expected outcomes.

Visible results eliminate uncertainty and stimulate peer discussion of the innovation, this

improved the rate of dissemination of the idea and subsequent increase in the rate of

adoption among farmers200,201.

The adoption of innovation involves critical decision-making processes in which a farmer

passes through five different stages of adoption process namely knowledge, persuasion,

decision (to adopt or reject), implementation of innovation, and confirmation of decision200,202.

i. Knowledge Stage: At this stage, the farmer is exposed to existence of an innovation

through different communication channels, and questions like “what”, “how” and “why”

about the innovation are often posed for awareness-knowledge purpose.

ii. Persuasion Stage: This occur when the farmer shows interest in the innovation and

actively seek further relevant information for clarity.

iii. Decision Stage: The farmer takes the concept and weighs the advantages and

disadvantages of using the new technology, form an attitude (positive or negative) toward

the innovation, and decides to adopt or reject it.
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iv. Implementation Stage: The farmer deploys (practice) the innovation to a varying degree

depending on the situations. The implementation stage involves overt behaviour change

as the new idea id eventually put to practice by farmers.

v. Confirmation Stage: This is the stage of authentication and endorsement marked by

definite behavioural change toward the innovation which could be motivated in part by a

state of internal disequilibrium (cognitive dissonance), an uncomfortable state of mind

that the farmer seeks to reduce or eliminate. The farmer finalizes his/her decision to

continue using the innovation, and seek supportive information that confirm his decision.

Fig 2.3: Stages of Innovation-Decision Process: Diffusion of Innovation Theory
Source: sgbfamilylaw.com

However, the process of diffusion has been observed to be more complex and fraught with

difficulties, primarily because new techniques or technologies have to be embedded within

local circumstances and contexts to function successfully203. Apart from the specific

characteristics of the innovation as mentioned above, other factors like economic, social,

cultural, ideological and psychological conditions all play a significant role in the diffusion

process. Economically, the intrinsic economic benefit of an innovation could only be of

importance if it adapted to the local or personal situations, and perceived as such by the farm
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families; as most subsistence farm economies tend to focus more on security, stability and

flexibility, with the aim of feeding the family and minimizing risk, rather than increasing

output or profitability204.

The social and political context involved revolve around decision-making roles in the

adoption process. Here the ability to implement changes and to accept or share risks is crucial,

and this is influenced by factors like land ownership (inheritance, outright purchase, or lease),

farm size, personal wealth, social status, household structure (whether nuclear or extended)

and its stage in the lifecycle (presence of children). The prevailing ideology such as

willingness to challenge nature, existence of taboos and socio-cultural norms usually

influence whether the maintenance of status quo or initiatives for change are pervasive.

Conclusively, the psychological make-up of farmers influences their inclination and readiness

to try new things. This inclination is shaped by personal characteristics like age, education,

socio-economic status, ambition, competitive spirit, ability to mix widely, business acumen,

among others319. Thus, farmers are classified into five categories of adopters200;

i. Innovators: These are adventurous risk-taker individuals with the highest social status,

financial liquidity, and closest interactive contact with both scientific sources and other

innovators. Their risk tolerance allows them to adopt technologies that may ultimately

succeed or fail, while their financial resources help absorb these likely failures202,205.

ii. Early Adopters: These are opinion leaders who are the first within their group to adopt,

and are willing to maintain their position by evaluating innovations for others. They have

higher social status, financial liquidity, advanced education and are socially forward.

However, they are more discreet in adoption choices than innovators, and this help them

maintain central communication position202.

iii. Early Majority: These include individuals who are more watchful and mooted to adopt

an innovation. Although, they usually rely on information provided by early adopters to
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use a new technology or an innovation, they are highly pragmatic and comfortable with

moderately progressive ideas, hence, won’t act without solid proofs of benefits.

iv. Late Majority: They are individual that are very sceptical and cautious about innovations

at first, but who eventually succumb to peer pressure. These group include individual

with below-average social status, little financial liquidity, less opinionated, and limited

contact with early and late majority202,206.

v. Laggards: They are the last to adopt any innovation. Those in this category typically

have an aversion to change-agents, and tend to focus on "traditions", maintaining the

status-quo. They are individual with lowest social status, lowest financial liquidity, oldest

among adopters, and often in contact with only family and close friends. Due to their

limited resources and awareness-knowledge, laggards often think up argument against the

innovation, in the process help the innovator improve the innovation (reinvention) and

make it more inclusive202.

Fig 2.4: Adopters Categorisation: Diffusion of Innovation Theory
Source: linkedin.com

Thus, the DIT sees change (adoption of innovation) as a product of “reinvention” of ideas,

products, technology, and/or behaviours so they become better fit to the needs of farm

families and households. Therefore, digital extension services and the delivery system must

be compatible with the needs of farmers, easy to understand and use, accessible for

experimentation and/or trialability, and offer visible benefits to farmers to prompt their

adoptions.
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2.2.2 The Unified Theory of Acceptance and Use of Technology (UTAUT)

The theory was developed by Venkatesh in 2003 with four cardinal determinants of

behavioural intention to use digital technology viz; 1.) Performance expectancy, 2.) Effort

expectancy, 3.) Social influence, and 4.) Facilitating conditions. Farmer’s behavioural

intention was described as the farmer’s expectation he/she executed plans and decisions

regarding the use of innovative idea or technology. UTUAT seek to establish acceptance and

usage behaviour of farmers on technology.

i. Performance Expectancy: This represents the degree to which farmers expect the

acceptance and usage of technology to help them attain higher management performance

and improve crop productivity. Performance expectancy influences the behavioural

intention, and it is moderated by age and gender, with a stronger effect on younger male

farmers;

ii. Effort Expectancy: This refers to the degree of ease of usage connected with the

acceptance and usage of the innovative technology. The construct influences the

behavioural intention and it is moderated by age, gender, and experience, with a stronger

effect on young women and older farmers at the early stages of experience;

iii. Social Influence: It connotes the degree to which an individual farmer perceives as

important others believe in his/her usage of the new technology, that is, the influence of

people’s opinion on the farmer’s initiation and continuous use of an innovation. The

construct influences the behavioural intention of farmers, and it is moderated by age,

gender, experience, and voluntariness, with stronger effect on older women, particularly

in mandatory usage in early stages of experience; and

iv. Facilitating Conditions: The degree to which a farmer believes that an organizational

and technical infrastructure exists to support the use of innovative technology. Although,

the facilitating conditions have no influence on behavioural intentions, it however
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influences the usage behaviour that is moderated by age and experience, with stronger

effect on older farmers, particularly those with increased experience207,208.

The impacts of the four exogenous constructs of theory on usage intention and user behaviour

was posited to be moderated by age, gender, experience, and voluntariness of farmers.

Research that UTAUT is a powerful technology acceptance model due to its parsimonious

structure and higher explanatory power that efficiently predict and explain farmers’ intentions

to use an information system and their subsequent usage behaviour209,210,211.

Figure 2.5: The Unified Theory of Acceptance and Use of Technology
Source: www.researchgate.net/profile/Mohammad-Ahamd-26/publication/270282.

2.2.3 Technology Determinism Theory

First postulated by American social scientist Thorstein Veblen in mid twentieth century

suggests:1) technology has autonomy of development; 2) the development of technology is

progressive; and 3) the development of technology is emergent, that is, it is the determinant

of all social transformations and cultural modifications. The founder argued that invented

http://www.researchgate.net/profile/Mohammad-Ahamd-26/publication/270282
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technology shapes society and culture, influencing human behaviour, social structures, and

communication patterns212,213,214.

In the context of digital communication in agricultural extension, technology determinism

theory emphasizes the transformative impact of digital technologies on agricultural practices,

information dissemination, and extension service delivery. It is argued that digital

communication tools, such as the internet, mobile phones, and social media platforms, have

revolutionized agricultural extension service delivery by enabling real-time access to

information, expert advisory services, weather information, and market opportunities.

Farmers and other agro-allied stakeholders can leverage digital platforms to exchange

knowledge, share best practices, and collaborate with experts and peers remotely, regardless

of geographical constraints212,213,215. In addition, digital communication technologies have

democratized access to agricultural information and resources, empowering farmers with

valuable insights, weather forecasts, pest management strategies, and market prices. By

providing timely and relevant information, digital communication enhances farmers'

decision-making processes, improves agricultural productivity, and fosters sustainable

practices. digital communication facilitates the dissemination of extension services and

interventions to remote and underserved agricultural communities. Through online training

programs, webinars, and interactive multimedia resources, extension agents can reach a wider

audience and deliver targeted support tailored to farmers' specific needs and contexts. This

amplifies the reach and impact of agricultural extension initiatives, contributing to rural

development and food security goals216,217,218.

Thus, technology determinism theory sheds light on the profound influence of digital

communication technologies on agricultural extension practices. By leveraging digital

platforms, extension agents can enhance knowledge sharing, capacity building, and farmer
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empowerment, ultimately contributing to sustainability of agricultural production and food

security219,220.

2.3 Review of Empirical Studies

Research has shown that several digital platforms have been efficiently explored in a bid to

provide accurate and timely information in various sectors globally221. In many developing

countries, agriculture is the predominant occupation among the majority of the populace, and

traditional extension services are limited by lack of extension personnel, expertise, up-to-date

information regarding market access, timeliness, information storage. Digitalization was

therefore posited as critical in overcoming the limitations through utilization of various

information and communication technology (ICT) tools like Decision support systems,

databases, Agri-based Apps, Kiosks. These advanced approaches will not only support the

extension and farming communities but also improve their skills and enhance their

contributions to the national Gross Domestic Product. Research work also covers various

digital tools and their efficiency with a supporting case study on utilization and impact of

digital extension services (DES) on farmer’s knowledge in terms of agricultural practices.

The research has shown that digital extension services play a vital role in the dissemination of

updated information necessary for the improvement and promotion of agricultural value-

chain management.

How User-Centred Design can be used to develop information services for complex and

resource-restricted smallholder farming contexts, to promote Sustainable Intensification (SI)

as a rural development paradigm for sub-Saharan Africa was demonstrated in Tanzania181. It

was illustrated that the achievement of SI requires that smallholder farmers should have

access to information that is context-specific, increases farmers decision-making capacities,

and adapt to changing environments. The current extension services often struggle to address
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agricultural extension services’ needs, however, through new mobile phone-based services

they were resolved.

Thus, to enhance the public extension service in Tanzania, a digital service was created that

addresses smallholder farmers’ different information needs for implementing SI. Using a co-

designed User-Centred-Design, feedbacks were elicited from farmers and extension agents in

Tanzania to create a new digital information service, called Ushauri. The automated hotline

gives farmers access to a set of pre-recorded messages. Additionally, farmers were able to ask

questions in a mailbox, and extension agents then listen to these questions through an online

platform, where they record and send replies via automated push-calls. The result

demonstrated that farmers actively engaged with the service to access agricultural advice, and

extension agents were able to answer questions with reduced workload compared to

conventional communication channels222.

At the exploration of the role of innovation intermediation in a digital age through comparing

public and private new-ICT platforms for agricultural extension delivery in Ghana, it was

observed that sub-Saharan African region is currently experiencing a new-ICT revolution228.

There are high expectations on new-ICTs capabilities to enhance interaction and information

exchange in extension service delivery. Using an innovation systems perspective, the roles

demand-articulation, and matching demand and supply, innovation process management for

innovation-intermediaries were distinguished. The comparative study of public and private

extension organisations was carried out through direct interview with extension staff and

farmers. Findings indicated that while both platforms aim to support innovation-

intermediation roles, the focus areas and level of detail differ due to diverging organisational

rationales to service delivery.

In addition, new-ICTs' potential to support innovation-intermediation roles was observed to

be far from realised. This was not attributed to (new) ICTs’ lack in capacity to link people in
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new ways and make information accessible, but to wider social, organisational and

institutional factors that define the realisation of their potential. Therefore, more conventional

modes of interaction around production advisory services and credit provision continue to be

dominant and better adapted to the situation. It was however observed that beyond the two

platforms that were developed specifically by the extension organisations, there were

indications that more informal and self-organised new-ICT initiatives that can transform and

enhance interaction patterns in innovations systems to achieve collective goals through

standard virtual platforms such as WhatsApp and Telegram223.

On evaluating the overview of the current perspective of social media and agricultural

extension service delivery, evidences obtained revealed that there are many social media

platforms being used in agricultural extension service delivery worldwide. Facebook had the

highest popularity (64.7%). One-third of agricultural stakeholders using social media were

versatile users who usually visit only to find information (75.7%). The report further revealed

that many challenges are currently faced in use the of social media for agricultural extension

service delivery; viz. illiteracy, shortage of infrastructure, limited participation, non-

institutionalisation, lack of quality control, lack of adequate yardstick for measuring impact,

and need for gender sensitive approach. Although, social media is gradually appreciated in

agricultural extension service delivery, the current challenges necessitate the deployment of

appropriate structures and required efforts by all stakeholders to enhance usage by extension

agents and farmers224.

In reviewing relevant research literatures to inform future investments into agricultural

information services that harness the full potential of digital media, a recently emerging

innovation agenda that is, in part, a response to the eventual failure of many new agro-

advisory initiatives was described225. One important cause of failure was a focus on pushing

certain technologies, rather than responding to the particular communication needs of
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potential users. To avoid such bias in designing new services, it was posited that the new

innovation agenda must rest on two major foundations: strong user-centeredness and

problem-orientation. The first described how user-centred design methods could help in

specifying both the challenges and solutions of digital agricultural extension delivery services.

To inform responses to the communication challenges defined by that analysis, eight

emerging aspects of ICT usage for development, and how to address the common

deficiencies of agricultural extension delivery services were described. Practical examples

from the literature highlighted the possibilities and limitations of these innovations. It was

therefore concluded that beyond digital design, technological innovation requires enabling

environment and structural institutions225.

Similarly, in the overview of agricultural extension services in Turkey, public extension

service was examined through data collected from 538 extension workers in nine agricultural

provinces. It was observed that the Turkish extension service was influenced by the general

top-down and training-visit approaches which were employed in the past. These approaches

were mainly directed to conventional production and yield increase, by using a top-down

process that gives little place for human resources development for sustainable agriculture. It

was then posited that new opportunities of digital devices such as cell phones, internet, and e-

mail were generally underutilized during farmers’ trainings; and local participation is not at

intended level during the formulation of extension programmes and activities226.

On examination of the digitalisation of agricultural extension service in Ethiopia, recent

research showed that Information Systems (IS) developed to improve the livelihoods of

smallholder farmers and their farming practices have experienced mixed levels of success227.

As such, an evaluation of contextual factors and the socio-technical requirements of

agricultural were needed to fully understand the challenges of digitalizing Agricultural

Extension Information Service (AEIS) in developing countries, and the socio-technical
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design and reality features of an AEIS that was intended to digitalize AEIS in Ethiopia were

examined. Conceptually, design-reality framework was adopted to unravel the changing

socio-technical design requirements and, empirical qualitative case study of an existing AEIS

was carried out. The findings showed that gaps existed between the designed artefact and the

lived experiences of stakeholders’ activities. The need to shift from a simplistic approach that

focuses on providing access to digital content and devices to a balanced approach that

addresses socio-technical requirements while digitalizing the public agricultural extension

information services was advocated227.

Investigation of the potentials of smartphone applications for strengthening accountability in

public agricultural extension services in Uganda was conducted by examining a smartphone

application called ‘e-diary’ that was developed and tested in the country228. Individual face-

to-face interviews and focus group discussions were used for data collection. Findings

indicated that smartphone applications have the potential to strengthen accountability in the

public agricultural extension services by enabling remote supervision in real-time, which

reduces the costs and time of supervision. However, the study also indicates that the

successful implementation of such tools requires incentives such as awards of recognition.

The findings also established the potentials of ICTs in strengthening the management of

public services (such as agricultural extension) in developing economies.

The examination of farmers’ ready to use phone-based digital tools for agronomic advice

revealed that digital extension is widely embraced in African agricultural development

programmes, with promising outcomes and impact229. Phone-based services reportedly

attracted special attention as effective and efficient tools for agricultural extension service

delivery. However, previous assessments of digital extension services were generally ex-post

in nature, thus the consideration of users and broader systems usually occur once an

intervention is broadly identified. It noted that early understanding of user needs, readiness,
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and relevant context is a prerequisite for successful adoption and sustainable use of digital

extension services. Findings however, demonstrated limited capacity to access and utilise

phone-based extension services among farmers, especially those that required the use of

smartphone. It also revealed a mismatch between expected user-readiness and actual user-

readiness, and current capabilities and opportunities. The findings therefore provided an entry

point for designing suitable digital extension projects and interventions, and suggested the

need for capacity building.

An investigation on farmers’ perceptions of agricultural extension agents’ performance in

Sub-Saharan African communities was conducted, considering the important role of

extension agents in the rural community. The research sought to measure the performance of

extension workers in relation to agricultural production from smallholder farmers’

perspective. The findings revealed extension service delivery did not significantly increase

crop production among farmers in the study area. The findings further showed that majority

of the farmers perceived lack of regular contacts with extension agents as a great challenge,

and that extension agents were grossly inadequate and ineffective. Since contact with

extension agents was ineffective, the results obtained also showed that smallholder farmers

resorted to their preferred traditional ICT, mainly radio as their main source of accessing

agricultural information. The employment, training and deployment of graduate as extension

workers to improve the current ratio of extension agent to farm families was thus

recommended73.

Broadcast digitalization with its enormous benefits to the broadcasting industry is believed to

have the potentials to improve the quality of programme contents delivered by television

stations11. However, majority of the farmers who are agrarian and depend on existing

agricultural extension delivery systems to improve their productivity of food and fibre for

consumption and provision of raw materials for the industry are left out in the discourse by
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other stakeholders and policy makers. Examination of the effect of broadcast digitalization on

agricultural information dissemination in Nigeria showed that the use of mass media such as

television for agricultural extension service delivery will not only hasten information

dissemination but afford farmers the opportunity to hear and watch new agricultural practices.

The findings revealed the importance of mass media such as television cannot be underscored

in the delivery of timely agricultural information for the purpose of ensuring increased

productivity among the farming households. The result also established that audio-visual

broadcast was a better means of information delivery in agricultural extension. Despite the

potential benefits of digital broadcasting to extension service delivery, the cost implication

placed it far beyond the reach of rural poor farm families. It was therefore recommended that

agricultural extension services should be aired on national television stations that are digitally

compliant to avoid extra charges by state owned stations168.

Investigation into how India is transforming agriculture with digital technologies showed that

although agriculture continues to be the most important sector of the Indian economy and

remained more or less a compulsion for livelihood of millions of farm families, Indian

agriculture faces several challenges such as low yield, inconsistent product quality, lack of

knowledge about domestic as well as international markets and poor access to diversified

agriculture information230. Farmers need timely and location specific information at all stages

of agricultural cultivation in their local language, and to mitigate the problems, adoption of

digital technology which improves the speed of information dissemination, networking

embraced by the government. Findings revealed application of digital communication

technologies in rural areas improved farmers’ knowledge and skills through timely

information dissemination and participation in innovative farm practices. In order to further

solve the problems of low yield, poor product quality, and poor access to international market,
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the adoption of digital initiatives such as Digital green, mobile technology, e-Choupal,

precision farming, and agricultural drones were recommended at larger scale230.

A field experiment was conducted among maize-farming households in eastern Uganda to

test how video-enabled extension messaging affects outcomes directly related to maize

management and production. Men, women, and couples were randomly assigned to view

videos about improved maize management practices in which male, female, or both male and

female actors were featured. Investigation was first carried out to determine whether targeting

women with information increases their involvement in productive decision-making

processes; and exploration was later carried out to determine if the provision of information

in videos featuring a woman-challenging the idea that maize cultivation is a predominantly

male activity- affects outcome for women. The findings revealed that screening videos

containing information on maize management and production to women increased their

knowledge about improved maize management practices, their role in agricultural decision-

making, the adoption of recommended practices and inputs, the quantity of maize sold to the

market, and production-related outcomes on women-managed maize plots. However, it was

also found that challenging role incongruity by featuring women in videos has limited

effects231.

The implication of digital transformation (digitalisation) on agricultural knowledge was

conducted by examining how digital agriculture will intersect with the established modes of

knowing and decision-making. Also considered were the implications for the wider

Agricultural Knowledge and Innovation System (AKIS), especially the roles and capabilities

of those who provide advice to farmers (extension workers), as well as those responsible for

data analytics, and the organizations and institutions that link and support them. The findings

revealed that the new data driven processes on farm, as well as the changing AKIS dynamic

under digital agriculture, create new demands, relations and tensions to agricultural decision-



109

making, but also create opportunities to foster new learning by harnessing synergies in the

AKIS in fulfilment of the expectation that smart farming approaches will ultimately improve

knowledge about an individual enterprise, or via efficient sharing and learning of data from

multiple enterprises128.

The design of digital agricultural extension tools in the provision of site-specific advice and

information to farmers was using data from a choice experiment in Nigeria. Data was elicited

and analysed on the preferences of extension agents for major designed features of digital-

enabled decision support tools (DSTs) aimed at site-specific nutrient management extension

advice. The findings revealed extension agents were willing to use DSTs with special

preference to those with high user-friendly interface that requires less time to generate results.

The findings further showed heterogeneity of preference as some extension agents care more

about effectiveness-related features of decision-support tools such as information accuracy

and level of detail, while others prioritise practical features, such as tool platform, language

and interface ease-of-use. It was recommended that the recognition and accommodation of

the differences in preference will facilitate the adoption of DSTs by extension agents and thus

enhance the scope for such tools to impact agricultural production decision-making capacity

of farmers131.

The impact of improved access to mobile extension on agricultural productivity was

investigated to establish the significance of SMS-based agricultural information on farm

productivity; since it was unclear if the variations in programmes design or the

methodological challenges in evaluating the programmes could cause a wide-range impacts.

It was observed that extension hotline services provide rapid, unambiguous information by

agricultural experts over the phone, tailored to time- and crop-specific shocks. Thus, using

the methods from experimental economics, hotline numbers were randomly distributed to

farmers to generate exogenous variations in access to farming information. The results
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showed that eliminating informational inefficiencies increases farmers’ average yields for a

high-stakes pigeon pea crop that faced adverse aggregate shock. The impact on the yield was

attributed to the adoption of cost-effective and improved farming practices, and concluded

that advisory recommendations customized to time- and crop-specific shocks are associated

with a greater positive impact on agricultural productivity129.

Literature was reviewed on the potentials and current contribution of digital technologies to

sustainable agri-food systems in Middle East and North African (MENA) countries. Although

digitalisation of agriculture offers potential solutions toward improved economic, social, and

environmental sustainability of agri-food systems globally, and developed nations have led

the innovation and adoption of digital agriculture, the potentials in the developing nations

including MENA is still massive193. It was observed that improvements in primary production,

supply chain and logistics performance, and optimised use of scarce natural resources

(notably agricultural water) would be pronounced, if digital technologies can be implemented

as envisioned. Available evidence also showed that adoption of digital agriculture is at early

stages, generally led by high-value agricultural production targeting domestic markets in Gulf

countries and export markets in Mashreq countries; economic sustainability appears the

strongest force for current adoption, with less focus on social or environmental sustainability.

It was recommended that public policies should not only promote the adoption of digital

technologies in MENA but also ensure equity of access, transparency of use, and data and

labour protections. Moreover, policymakers were also urged to move beyond the traditional,

production-centred approach to deliver also on social and environmental sustainability125.
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2.4 Conceptual Framework

Figure 2.6: Conceptual Framework for the Study

This is a written or visual representation that illustrates the expected relationships between

variables in research. It can be described as a system of concepts, assumptions, expectations,

beliefs and theories that support and inform research. Conceptual framework defines the

relevant variables for the study, and elucidate how they might be related and the implication

of the relationships232,233. The concepts employed in the framework are generative and

include abstractions, ideas, thoughts or beliefs typically associated with the objectives of the

research that explained how the research questions will be explored234,235. The concepts that

inform the research construct often contain diverse variables that serve as subsets to the

holistic idea being considered by the researcher.

Socio-demographic characteristics of farmers refer to a combination of social and

demographic variables like age, sex, educational attainment, religion, ethnicity, marital status,
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household size, social status, occupational status among others that define and built the

persona of a specific group or population; and the dissemination and adoption of modern

agricultural techniques among farmers is significantly influenced by these socio-demographic

characteristics236,237,238. Age is a critical factor that influences decision making as people of

same age group have shared experiences that affect their preferences. Research has shown

significant age-based digital divide; where young farmers are reported to be more digitally

proficient than older farmers.

It is thus argued that young farmers are energetic and quick adopters of innovative

technologies and users of information digitally disseminated239,240,241. Male-headed

households have also been reported to use more digital extension than women farmers,

although the claim has been disputed by other researchers. The proponents of higher internet

utilisation among male attributed it to resource control which gives the male better access to

modern digital devices242,238. Education has a strong positive correlation with technical

efficiency and the use of digital extension required certain level of formal educational

attainment. It increases the ability to obtain, process and use information relevant to the

adoption of a new technology. Farmers’ educational level could significantly motivate and

determine the types of digital tools as well as extent of digital extension usage. Thus, socio-

demographic characteristics such as age, gender, household size, educational attainment, and

social status are among the major predictors of digital extension usage among farmers80,242,243.

Enterprise Characteristics are variables that define the farm enterprise and they include but

not limited to farm size, type of farm, years of farming, sources of capital, sources of input,

land ownership type, and source/type of labour. Research has shown significant positive

correlation between farm size and adoption of digital technology131. It was argued that a unit

increase in the hectares cultivated potentiate the adoption of innovative technologies by

farmers. Similarly, availability and accessibility of capital relaxes liquidity constraints and
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boost farmers’ risk-bearing capabilities. This enables them purchase innovative technological

inputs including devices like smartphones and drones that encourage digital extension usage.

The type of farm enterprise and its productivity greatly influence the use of digital extension.

It was further posited that among those with higher likelihood of embracing digital extension

were commercial farmers, farmers that cultivate crops with high-cash values, and size of

farmland190,244.

The knowledge of digital communication agricultural extension goes beyond awareness to

entail digital communication extension literacy as well as the possession of required basic

skills necessary for efficient use of digital extension tools to access updated modern

agricultural information and harness the advantage associated with digital extension services

(M. B. Naika, 2021)326. A key determinant of digital extension knowledge among farmers is

educational attainment. Higher educational attainment increases farmers’ exposure to current

information and enable them accumulate more knowledge though reading, which in turn

influences the attitudes and perception of farmers, making them receptive, rational, and

willing to utilise digital agricultural extension. Other socio demographic variables such as

social status, family income, age and gender have been found to influence farmers’

knowledge and use of digital agricultural extension221,242,243.

Digital communication agricultural extension platforms are media through which digital

extension services like innovative ideas, modern agricultural techniques, current input prices,

weather information, among others are disseminated to farmers efficiently and reaching a

wider audience in the shortest possible time. These platforms include Short Messaging

Services (SMS), Interactive Voice Response (IVR), Unstructured Supplementary Service

Data (USSD), e-Bay, E-mail, e-Wallet, Facebook, Twitter, WhatsApp, Telegram, LinkedIn,

and Instagram. Access to digital platforms can offer significant advantages to smallholder

farmers by providing links to suppliers and timely information and allowing users to tap into
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workforce talent, build strategic partnership, access support services such as training, finance

and legal services and critically reach markets and customers128,139.

The potentials of digital communication agricultural extension are enormous; however, these

can only be harness when fully embraced, adopted and used by farmers and other key players

along the agri-food value-chain. Utilisation of digital extension entails dissemination of

agricultural information and innovative ideas using the various digital platforms as conduits.

Usage of digital communication extension could enhance the effectiveness of extension

service delivery by reducing outreach costs and help tailored the information to farmers’

individual needs and situations; improve farmers’ bargaining power by providing

transparency and additional supplier options; improved access to personalized information

and new technologies and inputs can increase the levels of commercialization; and promote

agricultural productivity and market efficiency190,245,246. However, the level of usage is

influenced by level of digital literacy and digital skills among farmers, availability of

technology, accessibility of digital platforms, and accessibility of internet facilities45.

Although, digital communication agricultural extension utilisation has the potentials to

revolutionise agricultural productivity, these potentials have been constrained by some factors.

Chiefly among these constraints is high level of illiteracy among farmers. This is particular

challenging since proficiency in digital extension requires acquisition of certain level of

knowledge and skills, and majority of the farmers do not have the basic education necessary

to acquire this knowledge247,248. Digital skills and e-literacy remain a significant constraint to

the use of new technologies and are particularly lacking in rural areas, especially in

developing countries. Other constraints to digital extension utilisation include inadequate

information on digital extension services delivery; poor internet accessibility and connectivity

in rural areas; high cost of data; poor knowledge of digital-enabled technologies among
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farmers; poor ICT infrastructure; complexity in usage; and erratic power (electricity)

supply45,136.

Digital communication extension has already changed the dynamics of the agri-food sector.

Management of resources through digital agricultural extension services have become highly

optimized, individualized, and anticipatory; driven by data and functioning in real time in a

hyper-connected way. Agri-food value chain has become more traceable and coordinated at

the most detailed level, while different field crops and market information can be accurately

managed to their own optimal prescriptions267. Influence of digital extension has manifested

in high crop yields, better commodity pricing, improved farm management systems, better

food crop utilisation, enhanced market accessibility, and lucrative farm enterprise.

2.5 Summary of Gaps in Reviewed Literature

This chapter presented the review of relevant literatures related to the research. Literature

reviewed on the concept of digital communication agricultural extension explored the

meaning and relevance of digital communication extension to agricultural productivity,

especially in food production, the economy of the smallholder farm families, and that of the

nation.

The review of literature reveals agricultural extensions exposes smallholder farmers to

innovative farm practices and technologies that enhance their productivity, increased income

levels, improved livelihoods, and promote food security through the provision of critical up-

to-date and timely information to farmers. The paradigm shift from conventional extension

service delivery systems to digital extension services is brought about by the evolution and

revolution of digital technologies with the array of potential benefits. Literatures reviewed

describe digital communication agricultural extension as the use of phenomenal digital

technologies and innovations in an increasing ubiquitous trend in the entire agricultural
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value-chain, including sensors, robotics, digital communication tools, block-chains,

computational decision and analytical tools, system integration, ubiquitous connectivity,

artificial intelligence, machine learning, internet of things, cloud-based technologies, among

others.

Literature revealed that although global food production has increased tremendously in the

past few decades, developing nations like Nigeria is suffering from severe food shortage due

to poor adoption of modern farming practices. The situation is exacerbated by population

explosion, climate change, Covid 19 pandemic, and conflicts. The review further reveals that

smallholder farmers are the engine-room in food crop production, and the major food crops

produced by these farmers include cassava, yam, maize, beans, rice, millet, sorghum,

tomatoes, pepper, oil palm trees, among others; and the quantity produced exceedingly fall

short of the domestic demands.

The reviewed literature also shows digital communication extension and advisory services

influence crop production and diversification which is an adaptation response mechanism to

climate change. Timely information and knowledge acquisition on modern cultural practices,

drought resistant cultivars with competitive nutritional and market values made available to

farmers through various digital extension platforms were considered drivers of crop

diversification. Improved access to personalised advisory extension services and adoption of

precision agriculture was reported by literature to have the potential to significantly improve

yield by 70%, while digital marketplaces and e-platforms for agricultural products provide

direct linkages between producers and consumers, shortened agri-food value chains, expands

producers’ access to new markets, improved price transparency, and creates business

opportunities to farmers.



117

Endnotes

1. F. F. Fatimayin, What is Communication? School f Education, National Open
University of Nigeria, Lagos, 2018.

2. J. Velentzas & G. Broni, Communication Cycle: Definition, Process, Models and
Examples. Recent Advances in Financial Planning and Product Development,
2020, 20082363.

3. R. Prabavathi & P. C. Nagasubramani, Effective Oral and Written Communication.
Journal of Applied and Advanced Research, 3(Suppl. 1), 2018, S29-S32.

4. V. Brinia; P. Selimi; A. Dimos; & A. Kondea, The Impact of Communication on the
Effectiveness of Educational Organizations, Education Sciences, 12, 2022, 170.

5. B. Kahouli; A. Nafla; N. Chaaben & Z. Elleuch, Exploring The Influence of the
Information and Communication Technology Dimensions on the Sustainability of
Competitiveness in Small and Medium-Sized Enterprises in The Hail Region.
Sustainability, 15, 2023, 16325.

6. Y. Lee; H. Kim; & Y. Oh, Effects of Communication Skills and Organisational
Communication Satisfaction On Self-Efficacy for Handoffs Among Nurses in South
Korea. Healthcare, 11, 2023, 3125.

7. R. U. Onyeneke; D. A. Ankrah; R. Atta-Ankomah; F. F. Agyarko; C. J. Onyeneke;
& J. G. Nejad, Information and Communication Technologies and Agricultural
Production: New Evidence from Africa. Applied Science, 13, 2023, 3918.

8. B. B. Torres, Intercultural Training in The Workplace. Intercultural Training and
Intercultural Communication- Goals, Trends and Solutions, 2020.

9. E. O. Aruma, Roles of Communication in Community Development. International
Journal of Network and Communication Research, 5(1), 2018, 1-10.

10. H.-L. Chen, Impact of Communication On Capital Project Performance: A
Mediated Moderation Model. Sustainability, 13,2021, 11301.

11. H. Huang, Communication. Encyclopaedia, 2022.

12. S. Titsworth; A. Hosek; J. Pearson; & P. Nelson, Human Communication (7th Ed).
Mcgraw Hill, 2020.



118

13. L. G. Abed; M. G. Abed; T. & K. Shackelford, Interpersonal Communication Style
and Personal and Professional Growth Among Saudi Arabian Employees.
International Journal of Environmental Research and Public Health, 20, 2023,
910.

14. M. D. Ashikuzzaman, What Is Communication? Library And Information
Science Community, 2024.

15. R. El-Yazidi, The Digital Communication Model: A New and The Last of Models?
(Reflexion and Proposition).Media Dialogues, 16(1), 2023, 39-49.

16. K. Shadrack, Forms of Communication. The Presbyterian University of East
Africa Conference Paper, 2019, 027602.

17. S. Mane, Theoretical Aspects On Digital Communication Technology.
International Journal of All Research Education and Scientific Methods,
10(12), 2022, 196-204.

18. D. Cardoso; B. Sousa; D. Liberato; P. Liberato; E. Lopes; F. Gonçalves & V.
Figueira, Digital Communication and The Crisis Management in Hotel
Management: A Perspective in The Euroregion North of Portugal and Galicia
(Ernpg). Administrative Sciences, 13, 2023, 191.

19. K. Lakshman; G. S. Raghavendra; A. N. Majumdar; N. J. Mehta; M. Raveena; A.
Deora & A. Khemka, Significance of Social Media in Communication.
International Journal of Creative Research Thoughts, 11(1), 2023, D595- D603.

20. L. S. Brown; & K. Lewis, The Elementary Forms of Digital Communication. Plos
One, 17(9), 2022, E0273726.

21. A. Ansari, The Role of Interpersonal Communication Skills in Human Resource and
Management. International Journal of Science and Research, 10(11), 2021, 916-
922.

22. P. A. Mulya; T. Hidayati; & S. Zainurrosalamia, The Effect of Organizational
Communication On Organizational Performance Through Motivation as
Intervening Variable (Study at Pt Kaltim Prima Coal). International Journal of
Business and Management Invention, 11(6), 2022, 50-56.

23. E. O. Akpan; D. C. Akarika & P. E. Umoren, An Appraisal of Organisational
Communication and Job Satisfaction Among Academic Staff in Akwa Ibom State
University. Global Journal of Art, Humanities and Social Sciences, 11(11), 2023,
1-15.

24. F. Simanullang; E. R. Roem; & E. Arif, Cross-Cultural Communication and
Organizational Culture in Forming Organizational Cohesiveness. Riwayat, 7(1),
2024, 156-164.



119

25. G. Sabghatullah, Successful Intercultural Communication in Local Organization.
Journal of Tourism and Hospitality, 7(5), 2018, 1000386.

26. D. Shahid, Importance of Intercultural Communication in an Organization. Journal
of Business and Management Studies, 4(2), 2022, 459-463.

27. E. S. Asemah, Mass Media in The Contemporary Society (Revised). Jos University
Press, 2020.

28. A. C. Apeh; & I. F. Didiugwu, Appraising The Role of the Internet in Mass
Communication Research as an Apparatus for Development. Scholars Journal of
Arts, Humanities and Social Sciences, 6(11), 2022, 2125-2133.

29. S. U. Ugo; B. E. Odey; H. O. Odey & P. E. Abu, Impact of Digital Communication
Technologies On the Nigerian Mass Media: Implications and Insights into
Disruptions. Lwati: A Journal of Contemporary Research, 20(4), 2023, 39-55.

30. S. Pérez-Seijo; & A. Silva-Rodríguez, Innovation in Digital Media Beyond
Technology: The Audience-Centred Approach and Pending Challenges.
Journalism and Media, 5, 2024 311-324.

31. A. Romeo, New Forms of Interaction in The Digital Age: The Use of the Telephone.
Social Sciences, 13, 2024, 153.

32. M. Blum; F. Cofini & R. Sulaiman, Agricultural Extension in Transition Worldwide:
Policies and Strategies for Reform. Fao Rome, 2020.

33. J. Anderson, Agricultural Extension Policy: A 2020 Re-Vision. Rutgers University
Feed the Future Policy Consortium, 2020.

34. A. Ogunniyi; S. Babu; B. Balana & K. Andam, National Extension Policy and
State-Level Implementation: The Case of Cross River State, Nigeria. International
Food Policy Research Institute (Ifpri) Discussion Paper 01951, 2020.

35. J. Dwyer& K. Maredia, Overview and Importance of Agricultural Extension. In:
Innovations in Agricultural Extension, Michigan State University (Msu)
Extension and National Institute of Agricultural Extension Management
(Manage) India, 2021.

36. D. Torimiro& C. Igodan, (Eds.), Global Agricultural Extension Practices: Country
by Country Approaches. Nova Science Publishers, 2019.

37. D. Phillip & Y. Ndirpaya, Digitalization in Agriculture, Food and Nutrition: A Case
Study of Nigeria. Fara Research Report 5(10), 2020, 66.

38. R. Fabregas; M. Kremer & F. Schilbach, Realizing The Potential of Digital
Development: The Case of Agricultural Advice. Science 366(6471), 2019,
Eaay3038.



120

39. W. Haggag, Agricultural Digitalization and Rural Development in Covid-19
Response Plans: A Review Article, International Journal of Agricultural
Technology,17(1), 2021, 67-74.

40. D. Hemming; E. Chirwa; A. Dorward; H. Ruffhead; R. Hill; J. Osborn; L. Langer; L.
Harman; H. Asaoka; C. Coffey & D. Phillips, Agricultural Input Subsidies for
Improving Productivity, Farm Income, Consumer Welfare and Wider Growth in
Low- And Lower-Middle-Income Countries, Campbell Systematic Reviews,14(1),
2018, 1-153.

41. O. Mapiye; G. Makombe; A. Molotsi; K. Dzama & C. Mapiye, Towards A
Revolutionized Agricultural Extension System for The Sustainability of Smallholder
Livestock Production in Developing Countries: The Potential Role of ICTS.
Sustainability, 13, 2021, 5868.

42. G. Danso-Abbeam; D. Ehiakpor & R. Aidoo, Agricultural Extension and Its Effects
On Farm Productivity and Income: Insight from Northern Ghana, Agriculture &
Food Security, 7(74), 2018, 1-10.

43. V. Sajesh; R. Padaria & V. Sadamate, Pluralism in Agricultural Extension in India:
Imperatives and Implications, Economic Affairs,63(4), 2018, 1017-1025.

44. B. R. Cook; P. Satizábal & J. Curnow, Humanising Agricultural Extension: A
Review.World Development, 140(6), 2021, 105337.

45. N. M. Trendov; S. Varas & M. Zeng, Digital Technologies in Agriculture and Rural
Areas: Status Report. Fao Rome, 2019.

46. I. C. Uzoma; R. Onyeneke & C. Njokul. Review of Opportunities and Challenges of
Agricultural Extension and Advisory Services Among Rural Farm Households in
Nigeria During Pandemic, Asian Journal of Agricultural and Horticultural
Research, 6(3), 2020, 1-12.

47. R. Ghimire; N. Joshi & S. Ghimire, Agricultural Extension Services in Nepal: Past,
Present, And Future. In: Innovations in Agricultural Extension. Michigan State
University (Msu) And, Extension and National Institute of Agricultural
Extension Management (Manage) India, 2021.

48. S. Maulu; O. Hasimuna; B. Mutale; J. Mphande & E. Siankwilimba, Enhancing The
Role of Rural Agricultural Extension Programs in Poverty Alleviation: A Review,
Cogent Food & Agriculture, 7(1), 2021, 1886663.

49. S. Khalid & S. Sherzad, Agricultural Extension Manual for Extension Workers. Fao
Rome, 2019.

50. J. Simpson & S. Mishra, Developing A Methodology to Predict the Adoption Rate of
Connected Autonomous Trucks in Transportation Organisations Using Peer Effects,
Research in Transportation Economics, 90, 2020, 100866.



121

51. C. Alvarez-Mingote& P. Mcnamara, Evaluating Agricultural Extension and
Advisory Services Through a Governance Lens, Journal of International
Agricultural and Extension Education, 25(2), 2018, 71-86.

52. L. Rickards; J. Alexandra; C. Jolley; K. Farhey & T. Frewer, Final Report: Review
of Agricultural Extension, Australian Centre for International Agricultural
Research 2018.

53. M. Marwa; J. Mburu; R. Oburu; O. Mwai & S. Kahumbu, Impact of Ict Based
Extension Services On Dairy Production and Household W Elfare: The Case of
Icow Service in Kenya.Journal of Agricultural Science,12(3), 2020, 141-152.

54. E. M. Raidimi & H. M. Kabiti, A Review of the Role of Agricultural Extension and
Training in Achieving Sustainable Food Security: A Case of South Africa: South
African Journal of Agricultural Extension, 47(3), 2019, 120-130.

55. M. I. J. Ganawah & A. Kamara, The Role of Agricultural Extension Programmes in
The Development of the Agricultural Sector in Sierra Leone, Business and
Economics Journal,12(1), 2021, 347-353.

56. K. Kaur & P. Kaur, Agricultural Extension Approaches to Enhance the Knowledge
of Farmers: A Review, International Journal of Current Microbiology and
Applied Sciences, 7(2), 2018, 2367-2376.

57. M. Baloch & G. Thapa, Review of The Agricultural Extension Modes and Services
with Focus to Balochistan, Pakistan, Journal of Saudi Society of Agricultural
Sciences,18(2), 2019, 188-194.

58. R. Ison & E. Straw, The Hidden Power of Systems Thinking: Governance in A
Climate Emergency. Abingdon, Routledge, 2020.

59. E. Berthet; G. Hickey & L. Klerkx, Opening Design and Innovation Processes in
Agriculture: Insights from Design and Management Sciences and Future Directions,
Agricultural Systems, 165, 2018, 111-115.

60. T. Oyaniran, Current State of Nigeria Agriculture and Agribusiness Sector, Afcfta
Workshop Paper. 2020.

61. F. Nwaogu & L. Akinbile, Competencies of Agricultural Development Programme
Personnel in Extension Service Delivery in Oyo and Ogun States Nigeria, Journal
of Agricultural Extension, 22(3), 2018, 40-52.

62. A. Ezeh; A. Eze & E. Eze, Extension Agents’ Use of Mobile Phone Applications for
Agricultural Extension Service Delivery in Ebonyi State Agricultural Development
Programme, Nigeria. Journal of Agricultural Extension, 25(1), 2021, 48-58.

63. M. K. Yahaya, Enhancing The Role of Public and Private Extension in Soil
Conservation and Agricultural Productivity. Proceedings of The Twenty-Fifth
Annual Conference of the Agricultural Extension Society of Nigeria, 2020.



122

64. N. Camillone; S. Duiker; M. Bruns; J. Onyibe; & A. Omotayo, Context, Challenges,
And Prospects for Agricultural Extension in Nigeria, Journal of International
Agricultural and Extension Education, 27(4), 2020, 144-156.

65. N. Onyekuru; F. Tikon & M. Effiong, Fertilizer Policy of 2010-2015 And Changes
in Farmers’ Fertilizer Use and Revenue in Taraba State, Nigeria, Journal of
Agricultural Extension, 23(2), 2019, 154-162.

66. H. Inegbedion; E. Obadiaru; B. Obasaju; A. Asaleye & A. Lawal, Financing
Agriculture in Nigeria Through Agricultural Extension Services of Agricultural
Development Programmes (Adps). F1000research,7, 2019, 1833.

67. A. John, Policy and Agricultural Extension Programs: Implication for Improved
Agricultural Production in Nigeria, Public Policy and Administration Research,
8(12), 2018, 43-49.

68. K. Davis; K. Lion & T. Arokoyo, Organisational Capacities and Management of
Agricultural Extension Services in Nigeria: Current Status, South African Journal
of Agricultural Extension, 47(2), 2019, 118-127.

69. J. Tata & P. Mcnamara, Impact of ICT on Agricultural Extension Services Delivery:
Evidence from The Catholic Relief Services Smart Skills and Farm-Book Project in
Kenya. Journal of Agricultural Education and Extension,24(1), 2018, 89-110.

70. R. Lencucha; N. Pal; A. Appau; A. Thow & J. Drope, Government Policy and
Agricultural Production: A Scoping Review to Inform Research and Policy on
Healthy Agricultural Commodities, Globalisation and Health, 16(11), 2020, 1-15.

71. S. Sennuga & T. Fadiji, Effectiveness of Traditional Extension Models Among Rural
Dwellers in Sub-Saharan African Communities, International Journal of Advanced
Research, 8(4), 2020a, 401-415.

72. J. Szonyi & M. Blum, Evolution of Country-Specific Investment Requirements of
Agricultural and Rural Extension and Advisory Services: Occasional Papers on
Innovation in Family Farming. Fao Rome, 2018.

73. S. O. Sennuga; S. O. Oyewole & E. M. Emeana, Farmers’ Perceptions of
Agricultural Extension Agents’ Performance in Sub-Saharan African Communities.
International Journal of Environmental & Agriculture Research, 6(5), 2020b,
1-12.

74. K. Davis; K. Lion & T. Arokoyo, Organisational Capacities and Management of
Agricultural Extension Services in Nigeria: Current Status, South African Journal
of Agricultural Extension, 47(2), 2021, 118-127.

75. P. G. Kughur; A. A. Aveuya & Y. Kuza, Assessment of Extension Delivery Methods
to Farmers in Apa Local Government Area of Benue State, Nigeria, Asian Journal
of Agricultural Extension, Economics & Sociology,39(3), 2021, 29-37.



123

76. D. Pannell & S. Marsh, Public-Sector Agricultural Extension: What Should It Look
Like in 10 Years? Farm Institute Insights,10(1), 2013, 232.

77. S. Marshal & D. Pannell, The Changing Relationship Between Private and Public
Sector Agricultural Extension in Australia, Rural Society,8(2), 2014, 133-151.

78. S. Fielke; B. Taylor & E. Jakku, Digitalisation of Agricultural Knowledge and
Advice Networks: A State-Of-The-Art Review, Agricultural Systems,180, 2020,
102763.

79. S. Sakho-Jimbira & I. Hathie, The Future of Agriculture in Sub-Saharan. Southern
Voice Policy Brief No 2, 2020.

80. S. O. Sennuga, Use of Information and Communication Technologies (Icts) Among
Smallholder Farmers and Extension Workers and Its Relevance to Sustainable
Agricultural Practices, A Phd Thesis: Coventry University, United Kingdom
2019.

81. M. Ali; J. Anderson; D. Byerlee & H. Jansen, Diagnostic Assessment of the Punjab
Agricultural and Livestock Innovation System: Achievements, Constraints, And
Ways Forward, World Bank Islamabad, 2018.

82. S. Mirzagayeva & H. Aslanov, The Digitalisation Process: What Has It Led to, And
What Can We Expect in The Future?Metafizika Journal, 5(4), 2022, 10-21.

83. C. Wang; G. Yan & J. Ou, Does Digitization Promote Green Innovation? Evidence
from China, International Journal of Environmental Research and Public
Health, 20, 2023, 3893.

84. M. Gupta, What Is Digitization, Digitalization, And Digital Transformation? Arc
Advisory Group, 2020, March 24.

85. M. Pellicelli, Digital Technology Solutions for Managing the Supply Chain, The
Digital Transformation of Supply Chain Management, 2023, 101-152.

86. J. Bloomberg, Digitisation and Digital Transformation: Confuse Them at Your Peril,
Enterprise and Cloud, Forbes, 2018, April 29.

87. B. Brenner & B. Hartl, The Perceived Relationship Between Digitalization and
Ecological, Economic, And Social Sustainability, Journal of Cleaner Production,
315, 2021, 128128.

88. Y. Yamane; J. Kularatne & K. Ito, Agricultural Production and Food Consumption
of Mountain Farmers in Tanzania: A Case Study of Kiboguwa Village in Uluguru
Mountains, Agriculture and Food Security, 7, 2018, 54.

89. Fao, World Food and Agriculture: Statistical Yearbook. Fao Rome, 2020.

90. Oecd& Fao, Oecd-Fao Agricultural Outlook 2019-2028. Oecd Report, 2019.



124

91. N. Urama & Y. Nfor, Evaluating Food Crop Sector Performance in Nigeria (1999
2016). Afriheritage Working Paper 002, African Heritage Institute, Enugu,
2018.

92. O. Oyinbo; J. Chamberlin; B. Vanlauwe; L. Vranken; Y. Kamara; P. Craufurd & M.
Maertens; Farmers’ Preferences for High-Input Agriculture Supported by Site-
Specific Extension Services: Evidence from A Choice Experiment in Nigeria.
Agricultural Systems, 173, 2019, 12-26.

93. A. Fortuna; P. Starks; A. Nelson & J. Steiner, Prediction of Soil Carbon Fractions
Using a Field Spectroradiometer Equipped with an Illuminating Contact Probe.
Soil Systems, 3(4), 2019, 71.

94. J. Heiskanen; V. Hallikainen; A. Salmivaara; J. Uusitalo & H. Ilvesniemi,
Predictive Models to Determine Fine Soil Fractions and Organic Matter from
Readily Available Soil and Terrain Data of Soils Under Boreal Forest,’ Geoderma
Regional, 20, 2020, E00251.

95. M. Chen; B. Wichmann; M. Luckert; L. Winowiecki; W. Förch & P. Läderach,
Diversification and Intensification of Agricultural Adaptation from Global to Local
Scales. Plos One, 13(5), 2018, E0196392

96. M. Mwanamwenge & S. Cook, Beyond Maize: Exploring Agricultural
Diversification in Zambia from Different Perspectives, Sustainable Diet for All
Discussion Paper, 2019.

97. K. Furtak & A. Gałązka, Edaphic Factors and Their Influence on the
Microbiological Biodiversity of the Soil Environment, Advancements of
Microbiology, 58(4), 2019, 375-384

98. B. Babin; C. Feng & A. Borges, As The Wheel Turns Toward the Future of
Retailing. Journal of Marketing Theory Practice, 29(1), 2021, 78-91.

99. G. Atser; A. Tahirou; A. Ekeleme; F. Alloh & A. Akande, Oyo State Agribusiness
Strategy: Transforming Oyo State to an Agribusiness Hub. Iita, Ibadan, Nigeria,
2019.

100. L. Ogunniyi; G. Fanifosi; O. Ajao & D. Dlamini, Impact of Agricultural Extension
Services On Crop Farmers’ Productivity in Oyo State, Nigeria. Applied Science
Reports, 23(3), 2018, 97-101.

101. Oyo State Government (2021). Agriculture and Food Security: Review of
Agriculture Campaign Promises, Oyo State Government, 2021.

102. G. Musaeva, The Concept of Mass Media and Its Current Significance and Its Other
Disadvantages and Advantages Sides, Eurasian Journal of Humanities and
Social Sciences, 3, 2021, 60-63.

103. B. Duignan, Mass Media. Encyclopaedia Britannica, 2023, May 2.



125

104. B. Anyanwu & G. Udoh, The Effectiveness of Mass Media in Agricultural Extension
and Development, International Journal of Law, Politics and Humanities
Research, 24(4), 2022, 243-260.

105. L. Mdoda; A. Tshotsho & Y. Nontu, Adoption of Mass Media for Agricultural
Purposes by Smallholder Farmers in The Eastern Cape Province of South Africa.
South African Journal of Agricultural Extension, 50(2), 2022, 117-136.

106. T. Leeper, Raising The Floor or Closing the Gap? How Media Choice and Media
Content Impact Political Knowledge. Political Communication, 37(5), 2020, 719-
740.

107. Y. Pan; P. Smith & M. Sulaiman, Agricultural Extension and Technology Adoption
for Food Security: Evidence from Uganda, American Journal of Agricultural
Economics, 100, 2018, 4.

108. L. Oba; T. Imran & J. Abdul, Assessing The Effectiveness of Communication
Channels for Promotion of Agricultural Policy Among Rural Farmers in Nigeria,
Journal of Global Business and Social Entrepreneurship (Gbse), 6(17), 2020,
39-54.

109. C. Ekenta; A. Ogbonyomi; M. Kadiri & J. Ogunremi, Access and Utilization of
Information and Communication Technology (Ict) Devices Among Small Scale
Farmers in Kabba/Bunu Local Government Area, Kogi State, Nigeria. Pat Journal,
15 (1), 2019, 39-46.

110. S. Nwibo; B. Mbam; N. Odoh; P. Egwu; F. Uloh & D. Oken, Influence of Mass
Media Promoted Agricultural Programmes On Arable Crop Production in Ezza
North Local Government Area of Ebonyi State, Nigeria.Nigerian Agricultural
Journal, 53(1), 2022, 388-395.

111. M. Luqman; M. Yaseen; S. Ashraf; M. Mehmood & M. Karim, Factors Influencing
Use of Information and Communication Technologies Among Farmers in Rural
Punjab, Pakistani Journal of Agricultural Extension, 23(2), 2019, 101-112.

112. Y. Gao; D. Zhao; L. Yu & H. Yang, Influence of A New Age Agricultural
Technology Extension Mode On Farmers’ Technology Adoption Behaviour in China,
Journal of Rural Studies, 76, 2020, 173-183.

113. M. Tam, Improving Access and "Unhiding" The Special Collections". The Serials
Librarian, 73(2), 2017, 179-185.

114. J. Waldfogel, How Digitization Has Created a Golden Age of Music, Movies, Books,
And Television. Journal of Economic Perspectives, 31(3), 2017, 195-214.

115. C. Parker; M. Tomitsch & J. Frederick, Smart Engagement for Smart Cities: Design
Patterns for Digitally Augmented Situated Community Engagement. In: Shaping
Smart Better Cities. Elsevier, 2021, 177-200.



126

116. G. D. R. Castro; M. C. G. Fernández & A. U. Colsa, Unleashing the Convergence
Amid Digitalization and Sustainability Towards Pursuing the Sustainable
Development Goals (Sdgs): A Holistic Review. Journal of Cleaner Production,
280, 2021, 122204.

117. L. Richardson, Digital and Platform Economies. International Encyclopaedia of
Human Geography, 2nd Edition, 3, 317-321.

118. M. Antikainen; T. Uusitalo & P. Kivikytö-Reponen, Digitalisation as an Enabler of
Circular Economy. Procedia Cirp, 73, 2018, 45-49.

119. J. Usman, Global Digital Technologies and The Homogenisation of Culture in
Africa. Global Journal of Human-Social Science, 20(9), 2020, 22-38.

120. S. Mohr & J. Hӧhler, Media Coverage of Digitalization in Agriculture - An Analysis
of Media Content.Technological Forecasting & Social Change, 187, 2023, 122238.

121. Fao,The Future Of Food And Agriculture: Trending And Challenges. Fao Rome,
2017c.

122. Oecd, Going Digital: Shaping Policies, Improving Lives. Oecd Report, Paris,
2019a.

123. Auc& Oecd, Africa’s Development Dynamics 2021: Digital Transformation for
Quality Jobs. African Union Commission (Auc), Addis Ababa and Oecd Report
Paris, 2021.

124. O. A. Olaniyi & T. Ogunkunle, Agricultural and Nutritional Information Needs of
Arable Crop Farmers in Ondo State Nigeria. Journal of Agricultural Extension,
22(3), 2018, 9-21.

125. R. A. Bahn; A. A. Yehya & R. Zurayk, Digitalization for Sustainable Agri-Food
Systems: Potential, Status, And Risks for The Mena Region. Sustainability, 13,
2021, 3223.

126. L. Klerkx; E. Jakku & P. Labarthe, A Review of Social Science On Digital
Agriculture, Smart Farming and Agriculture 4.0: New Contributions and A Future
Research Agenda. Njas Wageningen Journal of Life Science, 90-91, 2019,
100315.

127. World Bank Group, Agriculture Ict Extension Services: Improving Smallholders’
Knowledge of Agricultural Practices and Markets Through Innovative Media
Platform.World Bank Group, 2017.

128. J. Ingram, & D. Maye, What Are the Implications of Digitalisation for Agricultural
Knowledge? Frontiers in Sustainable Food Systems, 4(66), 2020, 1-6.

129. A. Subramanian, Harnessing Digital Technology to Improve Agricultural
Productivity? Plos One, 16(6), 2021, E0253377.



127

130. E. Perrett; R. Heath; A. Laurie & L. Darragh, Accelerating Precision Agriculture to
Decision Agriculture: Analysis of The Economic Benefit and Strategies for Digital
Agriculture in Australia. Australian Farm Institute Sydney, 2017.

131. O. Oyinbo; J. Chamberlin & M. Maertens, Design of Digital Agricultural Extension
Tools: Perspectives from Extension Agents in Nigeria. Journal of Agricultural
Economics, 71(3), 2020, 798-815.

132. A. Gichamba; P. W. Wagacha & D. O. Ochieng, An Assessment of E-Extension
Platforms in Kenya. International Journal of Innovative Studies in Sciences and
Engineering Technology, 3(7), 2017, 36-40.

133. S. O. Oruma; S. Misra & L. Fernandez-Sanz, Agriculture 4.0: An Implementation
Framework for Food Security Attainment in Nigeria’s Post-Covid-19 Era.Ieeeacess,
9, 2021, 83592-83627.

134. U. Shafi; R. Mumtaz; J. García-Nieto; S. A. Hassan; A. R. Zaidi & N. Iqbal,
Precision Agriculture Techniques and Practices: From Considerations to
Applications.Sensors, 19(17), 2019, 3796.

135. S. Bonadies& S. A. Gadsden, An Overview of Autonomous Crop Row Navigation
Strategies for Unmanned Ground Vehicles. Engineering in Agriculture,
Environment and Food,12(1), 2019, 24-31.

136. W. Kersten; T. Blecker & C. M. Ringle (Eds), Digitalisation in Supply Chain
Management and Logistics: Smart and Digital Solutions for an Industry 4.0
Environment, Proceedings of The Hamburg International Conference of
Logistics No. 23, Berlin, 2017.

137. I. Arenkov; M. Tsenzharik & M. Vetrova, Digital Technologies in Supply Chain
Management: International Conference On Digital Transformation in Logistics and
Infrastructure. Atlantis Highlight in Computer Sciences, 1, 2019, 453-458.

138. T. S. Nwabugwu; C. E. Nwobodo & J. C. Okoro, Awareness and Use of E-
Resources Among Public Extension Personnel in Anambra State, Nigeria. Journal
of Agricultural Extension, 23(1), 2019, 161-170.

139. O. Olagunju; O. Adetarami; G. F. Koledoye; A. T. Olumoyegun; & I. S. Nabara,
Digitization of Agricultural Extension System for Effective Management of
Emergency in Nigeria. Journal of Agricultural Extension, 25(4), 2021. 81-91.

140. C. U. Izuogu; M. O. Olaolu; G. C. Azuamairo; L. C. Njoku; P. C. Kadurumba; & G.
D. Agou, A Review of the Digitalization of Agriculture in Nigeria. Journal of
Agricultural Extension, 27(2), 2023; 47-64.

141. N. K. Singh; N. H. Sunitha; G. Tripathi; D. R. K. Saikanth; A. Sharma; A. E. Jose &
M. V. K. J. Mary, Impact of Digital Technologies in Agricultural Extension. Asian
Journal of Agricultural Extension, Economics & Sociology, 41(9), 2023, 963-
970.



128

142. R. K. Naresh; S. Kumar; M. S. Chandra; S. O. Pathak; S. K. Gupta4; S. Gawdiya; &
P. K. Singh, Application of Digital Technologies for The Next Level of Agriculture
Growth and Transformation Under Changing the Indian Agriculture: A Critical
Review. International Journal of Environment and Climate Change, 11(8), 2021,
47-67.

143. R. Abiri; N. Rizan; S. K. Balasundram; A. B. Shahbazi & H. Abdul-Hamid,
Application of Digital Technologies for Ensuring Agricultural Productivity.
Heliyon, 9, 2023, E22601.

144. G. Gebresenbet; T. Bosona; D. Patterson; H. Persson; B. Fischer; N. Mandaluniz; G.
Chirici; A. Zacepins; V. Komasilovs; T. Pitulac; & A. Nasirahmadi, A Concept for
Application of Integrated Digital Technologies to Enhance Future Smart
Agricultural Systems. Smart Agricultural Technology, 5, 2023, 100255.

145. T. Soma; & B. Nuckchady, Communicating The Benefits and Risks of Digital
Agriculture Technologies: Perspectives On the Future of Digital Agricultural
Education and Training. Frontiers in Communication, 6, 2021, 762201.

146. M. Khabib; H. M. R. Sembel, The Influence of Digital Communication to Farmers
and Field Activity with Brand Awareness as Mediating Variable to Sales Effort in Pt
Bayer Crop Science, Indonesia. International Journal of Business, Economics
and Law, 24(2), 2021, 39-47.

147. R. Kumar; R. Kumar; J. Singh; S. Kumar & S. Rohilla, Role of Information
Communication Technology (ICTS) In Modern Agriculture. Bright Sky, New Delhi,
2022, 69-88.

148. M. Irpan; A. Summantri; M. F. Kurniawati; R. A. Sukmana; M. Fajar; & S. Shaddiq,
Digital Communication in Agricultural Extension in the Era of the Industrial
Revolution 4.0. 14th International Quality Conference: Quality Research, 2023,
981-1002.

149. J. Kim; & D. Nielson, ICT, Digital Tools, and Agricultural Knowledge and
Information Systems.World Bank Group Elibrary, 2017.

150. D. K. Kiambi, The Use of Information and Communication Technology in
Advancement of African Agriculture. African Journal of Agricultural Research,
13(39), 2018, 2025-2036.

151. S. Pérez-Seijo; & A. Silva-Rodríguez, Innovation in Digital Media Beyond
Technology: The Audience-Centred Approach and Pending Challenges.
Journalism and Media, 5, 2024, 311-324.

152. L. R. Campuzano; G. A. H. Llanos; J. W. Z. Sossa; G. L. O. Mendoza; J. C. Palacio;
& M. Herrera, Barriers to The Adoption of Innovations for Sustainable
Development in The Agricultural Sector: Systematic Literature Review,
Sustainability 15, 2023, 4374.



129

153. D. Mhlanga, Digital Revolution in African Agriculture. Ssrn Electronic Journal,
2024.

154. S. H. Purnomo; &K. Kusnandar, Barriers to Acceptance of Information and
Communication Technology in Agricultural Extension in Indonesia. Information
Development, 2018, 1-12.

155. I. G. Anugwa, Social and Cultural Barriers to Effective Agricultural Extension
Service Delivery in Nigeria. Agricultural Research and Technology: Open
Access Journal, 14(4), 2018, 555930.

156. A. Ferrari; M. Bacco; K. Gaber; A. Jedlitschka; S. Hess; J. Kaipainen; P. Koltsida;
E. Toli; & G. Brunori, Drivers, Barriers and Impacts of Digitalisation in Rural
Areas from The Viewpoint of Experts. Information and Software Technology, 145,
2022, 106816.

157. G. Kudama; M. Dangia; H. Wana; & B. Tadese, Will Digital Solution Transform
Sub-Sahara African Agriculture? Artificial Intelligence in Agriculture, 5, 2021,
292-300.

158. D. Mhlanga; & E. Ndhlovu, Digital Technology Adoption in The Agriculture Sector:
Challenges and Complexities in Africa. Human Behaviour and Emerging
Technologies, 2023, 6951879.

159. J. Kim; P. Shah; J. C. Gaskell; A. Prasann & A. Luthra, Scaling Up Disruptive
Agricultural Technologies in Africa: International Development in Focus. World
Bank Group, 2020.

160. O. A. Ogbeide & I. Ele, An Analysis of Mobile Phone Use in Nigerian Agricultural
Development. International Journal of ICT Research in Africa and The Middle
East, 6(2), 2017, 29-46.

161. Fao, Country Factsheet On Smallholder Family Farms (Nigeria). Food and
Agriculture Organisation Factsheet, 2018.

162. A. Quandt; J. D. Salerno; J. C. Neff; T. D. Baird; J. E. Herrick; J. T. Mccabe; E. Xu
& J. Hartter, Mobile Phone Use Is Associated with Higher Smallholder Agricultural
Productivity in Tanzania, East Africa, Plos One,15(8), 2020, E0237337.

163. Fao, Information and Communication Technology (ICT) In Agriculture: A Report to
The G20 Agricultural Deputies. Food and Agriculture Organisation (Fao) Rome,
2017.

164. Ilo, Global Employment Trends for Youth 2020: Technology and The Future of
Jobs.International Labour Office, Geneva, (2020).

165. N. Beintema & G. Stads, A Comprehensive Overview of Investments and Human
Resource Capacity in African Agricultural Research. Asti Synthesis Report,
International Food Policy Research Institute Washington Dc, (2017).



130

166. L. Collon, & T. Dème, 2018 Was A Monumental Year for African Tech Start-Ups,
With Us$ 1.163 Billion Raised in Equity Funding, A 108% Yoyo Growth. Partech
Partners, San Francisco, 2019.

167. Gsma., Agritech in Nigeria: Investment Opportunities and Challenges. Gsma
Programmes, 2020.

168. A. M. Okunola, Nigeria: Positioning Rural Economy for Implementation of
Sustainable Development Goals. Turkish Journal of Agriculture, Food Science
and Technology, 4(9), 2016, 752-757.

169. K. Bronson, Looking Through a Responsible Innovation Lens at Uneven
Engagements with Digital Farming. Njas Wageningen Journal of Life
Sciences,90-91, 2019, 100294.

170. Gsma, Spotlight On Nigeria: Delivering A Digital Future. Gsma, Uk, 2019b.

171. G. I. Musaeva, The Concept of Mass Media and Its Current Significance and Its
Other Disadvantages and Advantages Sides. Eurasian Journal of Humanities and
Social Sciences, 3, 2021, 60-63.

172. B. Duignan, Mass Media.Encyclopaedia Britannica, 2023, May 2.

173. Factory.Hr, What Kind of Impact Does Digitalization Have On Business Growth?
2020.

174. U. Kedir,Agricultural Broadcasting Media (Abm) For Agricultural Developments
And Structural Change Within And Across The Countries: A Review. International
Journal of Research Studies in Biosciences, 8(4), 2020, 26-33.

175. S. Opara; R. S. Olaleye; M. Mohammed; I T. Salihu & J. J. Pelemo, Analysis of
Mass Media Utilization Among Yam Farmers in Benue and Niger States, Nigeria.
African Scholar Journal of Agriculture and Agricultural Technology, 22(1),
2021, 98-109.

176. C. Akinyi, Impact of Social Media on Agricultural Extension. Idosr Journal of
Arts and Humanities, 6(1), 2021, 51-58.

177. S. Ashraf; G. A. Khan; S. Ali; S. Ahmed & M. Iftikhar, Perceived Effectiveness of
Information Sources Regarding Improved Practices Among Citrus Growers in
Punjab, Pakistan. Pakistani Journal of Agricultural Science, 52(3), 2015, 861-
866.

178. L. A. Oba; T. Z. Imran & J. R. Abdul, Assessing The Effectiveness of
Communication Channels for Promotion of Agricultural Policy Among Rural
Farmers in Nigeria. Journal of Global Business and Social Entrepreneurship
(Gbse), 6(17), 2020, 39-54.



131

179. K. S. Kumar; S. Akshaya& K. P. Vijayakumar, Role of Mass Media in
Disseminating Agricultural Information to Farmers of Nedumangad Bloc in Kerala.
International Journal of Information Movement, 2(8), 2017, 44-51.

180. C. M. Ekenta; A. A. Ogbonyomi; M. Kadiri & J. Ogunremi, Access and Utilization
Of Information And Communication Technology (Ict) Devices Among Small Scale
Farmers In Kabba/Bunu Local Government Area, Kogi State, Nigeria. Pat Journal,
15 (1), 2019, 39-46.

181. N. Khan; B. N. Siddiqui; N. Khan; Z. Ahmad; S. Ismail; H. H. Javed; S. Ali; R.
Kazim; T. Azam; A. Awais & K. Kasi, Mass Media Role in Agricultural and Rural
Development. International Journal of Advanced Research in Biological
Sciences, 7(4), 199-209.

182. Y. Zhang; L. Wang & Y. Duan, Agricultural Information Dissemination Using Icts:
A Review and Analysis of Information Dissemination Models in China. Information
Processing in Agriculture, 3(1), 2016, 17-29.

183. A. Falola; M. F. Salami; A. A. Bello & T. A. Olaoye, Effect of Yam Storage
Techniques Usage On Farm Income in Kwara State, Nigeria. Agrosearch, 17(1),
2017, 54-65.

184. F. Wu, Adoption and Income Effects of New Agricultural Technology On Family
Farm in China. Plos One, 17(4), 2022, E0267101.

185. D. M. Rizzo; M. Lichtveld; J. A. K. Mazet; E. Togami & S. A. Miller, Plant Health
and Its Effects On Food Safety and Security in a One Health Framework: Four
Case Studies. One Health Outlook, 3, 2021, 6.

186. S. Rahman & C. D. Chima, Determinants of Pesticide Use in Food Crop Production
in Southeastern Nigeria. Agriculture, 8, 2018, 35.

187. A. N. Mukasa; A. D. Woldemichael; A. O. Salami & A. M. Simpasa, Africa’s
Agricultural Transformation: Identifying Priority Areas and Overcoming
Challenges. African Development Bank Group (Afdb); African Economic Brief,
8(3), 2017, 1-16.

188. Unctad, The Role of Science, Technology and Innovation in Ensuring Food Security
by 2030.United Nations, 2017.

189. G. Okpiaifo; A. Durand-Morat; G. H. West; L. L. Nally; R. M. Nayga & E. Wailes,
Consumers’ Preferences for Sustainable Rice Practices in Nigeria. Global Food
Security, 24, 2020, 100345.

190. P. Rajkhowa & M. Qaim, Personalized Digital Extension Services and Agricultural
Performance: Evidence from Smallholder Farmers in India. Plos One, 16(10),
E0259319.

191. I. O. Ologeh; J. B. Akarakiri & F. A. Adesina, Promoting Climate Smart
Agriculture Through Space Technology in Nigeria. In: Innovation in Climate



132

Change Adaptation, Climate Change Management, W. L. Filho, (Ed.), Springer,
2016, 99-112.

192. J. Revich; R. Koort; P. Archambault; A. Samuelson; M. Nannizzi; M. Moawalla &
A. Bonin, Precision Farming: Cheating Malthus with Digital Agriculture.
Goldman Sachs Investment Research, New York, 2016.

193. E. Nakasone; M. Torero & B. Minten, The Power of Information: The ICT
Revolution in Agricultural Development, Annual Review of Resource
Economics,6(1), 2014, 533-550.

194. J. C. Aker &M. Fafchamps, Mobile Phone Coverage and Producer Markets:
Evidence from West Africa,World Bank Economic Review, 29(2), 2015, 262-292.

195. S. A. Adegbemi; L. A. Akinbile & N. S. Olutegbe, Effect of Privatisation of
Agricultural Extension Services on Productivity of Fadama Iii Beneficiaries in Oyo
State, Nigeria. Journal of Agricultural Extension, 21(3), 2017, 152-161.

196. C. Kivunja, Distinguishing Between Theory, Theoretical Framework, And
Conceptual Framework: A Systematic Review of Lessons from The Field,
International Journal of Higher Education,7(6), 2018, 44-54.

197. F. N. Kerlinger & H. B. Lee, Foundations of Behavioural Research (4th Edition).
Cengage Learning, 2000.

198. J. E. Thomas, Scholarly Views On Theory: Its Nature, Practical Application, And
Relation to World View in Business Research. International Journal of Business
and Management,12(9), 2017, 231-240.

199. O. S. Sennuga; A. Alo & S. Olusegun, Agricultural Extension Theories and
Practice in Sub-Saharan Africa: A Critical Review, The Journal of Agricultural
Science, 1(1), 2021, 20-28.

200. E. M. Rogers, Diffusion of Innovations (5th Edition). New York: Free Press, 2003.

201. R. Green; R. Agarwal & D. Logue, Innovation (Ed, J. D. Wright,). International
Encyclopaedia of the Social and Behavioural Sciences (Second Edition), 2015,
145-151.

202. T. A. Wani & S. W. Ali, Innovation Diffusion Theory: Review & Scope in The Study
of Adoption of Smartphones in India. Journal of General Management Research,
3(2), 2015, 101-118.

203. V. Marijke, Agricultural Innovation: Invention and Adoption or Change and
Adaptation?World Archaeology, 42(1), 2010, 1-12.

204. L. Foxhall, Olive Cultivation in Ancient Greece: Seeking The Ancient Economy.
Oxford: Oxford University Press, 2007.



133

205. I. Sahin, Detailed Review of Rogers’ Diffusion of Innovations Theory and
Educational Technology-Related Studies Based On Rogers’ Theory. The Turkish
Online Journal of Educational Technology, 5(2), 2006, 14-23.

206. T. Gouws& G. P. Rheede Van Oudtshoorn, Correlation Between Brand Longevity
and The Diffusion of Innovations Theory. Journal of Public Affairs, 11(4), 2011,
236-242.

207. V. Venkatesh; M. G. Morris; G. B. Davis & F. D. Davis, User Acceptance of
Information Technology: Toward A Unified View. Mis Quarterly, 27(3), 2003,
425-478.

208. P. C. Lai & A. A. Zainal, Consumers’ Intention to Use a Single Platform E-Payment
System: A Study Among Malaysian Internet and Mobile Banking Users. Journal of
Internet Banking and Commerce,20(1), 2015, 1-13.

209. M. D. Williams; N. P. Rana & Y. K. Dwivedi, The Unified Theory of Acceptance
and Use of Technology (Utaut): A Literature Review. Journal of Enterprise
Information Management, 28(3), 2015, 443-488.

210. C-M. Chao, Factors Determining the Behavioural Intention to Use Mobile Learning:
An Application and Extension of the Utaut Model. Frontiers in Psychology, 10,
2019, 1652.

211. A. M. Momani, The Unified Theory of Acceptance and Use of Technology: A New
Approach in Technology Acceptance. International Journal of Socio-Technology
and Knowledge Development, 12(3), 2020, 79-98.

212. T. Hauer, Technological Determinism and New Media. International Journal of
English, Literature & Social Science, 2(2), 2017, 1-4.

213. S. Mezentsev, Technological Determinism: Breakthrough into The Future.
European Proceedings of Social and Behavioural Sciences, 3, 2020, 240-248.

214. C. A. Da-Costa; F. K. Ganaa & E. N. Apeakoran, Technological Determinism: New
Media Applications and Adaptations Within Traditional Media in Ghana. The
Information Technologist: An International Journal of Information and
Communication Technology, 18(1), 2021, 1-16.

215. A. Čavoški,The European Green Deal And Technological Determinism.
Environmental Law Review, 24(3), 2022, 201-213.

216. S. Hamilton, Agribusiness, The Family Farm, And The Politics of Technological
Determinism in The Post-World War Ii United States. Technology and Culture,
55(3), 2014, 560-590.

217. Y. J. Alhassan; A. M. Muhammad & A. D. Chari, Social Media Usage and
Agricultural Extension Service Delivery: Implications for Effectiveness in
Northwest Nigeria. Discoveries in Agriculture and Food Sciences, 10(5), 2022, 1-
12.



134

218. M. Touri, Deconstructing The Role of ICTS in Agricultural Development Using The
Diverse Economies Framework. Information Technology for Development, 4,
2024, 2332316.

219. R. Pateva, Philosophical Foundations of Technological Determinism: Social
Importance of Machine and Technology. Eighth International E-Conference On
Studies in Humanities and Social Sciences, 2022, 213-222.

220. M. Gugganig; K. A. Burch; J. Guthman & K. Bronson, Contested Agri- Food
Futures: Introduction to The Special Issue. Agriculture and Human Values, 40,
2023, 787-798.

221. M. B. Naika; M. Kudari; M. Devi; D. S. Sadhu & S. Sunangar, Digital Extension
Service: Quick Way to Deliver Agricultural Information to The Farmers, (Ed C. M.
Galanakis,). Food Technology Disruptions: Academic Press, 2021.

222. B. Ortiz-Crespo; J. Steinke; C. F. Quiros; J. Van De Gevel; H. Daudi; M. G.
Mgimiloko & J. Van-Etten, User-Centred Design of a Digital Advisory Service:
Enhancing Public Agricultural Extension for Sustainable Intensification in
Tanzania, International Journal of Agricultural Sustainability, 19(5-6), 2021,
556-582.

223. N. Munthali; C. Leeuwis; A. Van Paassen; R. Lie; R. Asare; R. Van Lammeren &
M. Schut, Innovation Intermediation in A Digital Age: Comparing Public and
Private New-ICT Platforms for Agricultural Extension in Ghana, Njas-
Wageningen Journal of Life Sciences, 86, 2018, 64-76.

224. A. A. Barau & S. I. Afrad, An Overview of Social Media Use in Agricultural
Extension Service Delivery. Journal of Agricultural Informatics, 8(3), 2017, 50-
61.

225. J. Steinke; J. Van-Etten; A. Müller; B. Ortiz-Crespo; J. Van-De-Gevel; S. Silvestri
& J. Priebe, Tapping The Full Potential of the Digital Revolution for Agricultural
Extension: An Emerging Innovation Agenda. International Journal of
Agricultural Sustainability, 19, 2020, 1-17.

226. M. Boyaci & O. Yildiz, An Overview of Agricultural Extension Services in Turkey.
Bulgarian Journal of Agricultural Sciences, 22(1), 2016, 151-157.

227. M. Atinaf; A. Molla; S. Karanasios & S. Anteneh, Digitalizing Agriculture
Extension Service in Ethiopia: A Design-Reality Gap Analysis. Twenty-Third
Pacific Asia Conference On Information Systems, Uae, 2020.

228. A. Namyenya; T. Daum; P. B. Rwamigisa & R. Birner, E-Diary: A Digital Tool for
Strengthening Accountability in Agricultural Extension. Information Technology
for Development, 28(2),2021, 319-345.

229. M. Mccampbell; J. Adewopo; L. Klerkx & C. Leeuwis, Are Farmers Ready to Use
Phone-Based Digital Tools for Agronomic Advice? Ex-Ante User Readiness



135

Assessment Using the Case of Rwandan Banana Farmers. The Journal of
Agricultural Education and Extension, 43, 2021, 1-23.

230. B. Ashokkumar & A. Naik, Transforming Indian Agriculture with Digital
Technologies. Asian Journal of Agricultural Extension, Economics and
Sociology, 39(6), 2021, 76-90.

231. E. Lecoutere; D. J. Spielman & B. V. Campenhout, Empowering Women with
Digital Extension in Uganda: Effects of Information and Role Models. Paper
Presented at The 6th African Conference of Agricultural Economists, Abuja,
Nigeria, September 23-26, 2019.

232. D. Adom; E. K. Hussein & J. A. Agyem, Theoretical and Conceptual Framework:
Mandatory Ingredients of a Quality Research, International Journal of Scientific
Research, 7(1), 2018, 438-441.

233. B. Swaen, Developing A Conceptual Framework for Research. Scribbr
Methodology 2021.

234. R. Banzi; L. Moja; V. Pistitti; A. Facchini & A. Liberati, Conceptual Frameworks
and Empirical Approaches Used to Assess the Impact of Health Research: An
Overview of Reviews. Health Research Policy and Systems, 9(26), 2011.

235. S. M. Ravitch & N. M. Carl, Qualitative Research: Bridging The Conceptual,
Theoretical and Methodological (2nd Ed.). Sage Publications, 2020.

236. Oecd, The Socio-Demographic Distribution of Key Information-Processing Skills.
In: Oecd Skills Outlook 2013: First Results from The Survey of Adult Skills. Oecd
Publication, 2015.

237. J. O. Akintonde; O. S. Akintaro; S. B. Rahman; B. S. Bamidele; I. O. Oladosu & A.
B. Ogunwale, Factors Associated with The Use of Information and Communication
Technologies in Training Farmers On Farming Techniques by Extension Agents in
South-Western Nigeria. International Journal of Agricultural Extension and
Rural Development Studies, 8(4), 2021, 29-35.

238. E. E. Sanga & E. F. Elia, Socio-Demographic Determinants of Access to Climate
Change Information Among Tomato Growing Farmers in Mvomero District,
Tanzania. University of Dares Salaam Library Journal, 15(2), 2020, 121-136.

239. B. B. Neves & F. Amaro, Too Old for Technology? How The Elderly of Lisbon Use
and Perceive Ict. Journal of Community Informatics (Community Informatics
and Older Persons), 8(1), 2012, 3061.

240. S. Chandni; D. Joseph; B. Amir; G. Ziervogel; D. Spear; J. Krishnaswamy; Z.
Modathir & E. Kituyi, The Utility of Weather and Climate Information for
Adaptation Decision Making: Current Uses and Future Prospects in Africa and
India. Climate and Development, 10(5), 2018, 389-405.



136

241. H. Dang; E. Li; I. Nuberg & J. Bruwer, Factors Influencing the Adaptation of
Farmers in Response to Climate Change: A Review. Climate and Development,
11(9), 2019, 765-774.

242. A. Rayit; Q. Zhang; K. Wang; B. Naseem; M. Naeem; M. Yaseen; & X. Zuo,
Possibility of Socioeconomic Attributes and Ict Application in Improving Quality of
Farmers. Asian Agricultural Research, 11(1), 2019, 20-25.

243. A. Tomar; N. Bhardwaj; A. P. Verma & M. W. Sawant, Association Between
Sociodemographic Profile and Extent of Use of ICT Among Farmers. International
Journal of Agricultural Science and Research, 6 (6), 2016, 161-166.

244. J-H. Chuang; J-H. Wang & Y-C. Liou, Farmers’ Knowledge, Attitude, And
Adoption of Smart Agriculture Technology in Taiwan. International Journal of
Environmental Research and Public Health, 17, 2020, 7236.

245. H. Baumüller, The Little We Know: An Exploratory Literature Review On the
Utility of Mobile Phone-Enabled Services for Smallholder Farmers. Journal of
International Development,30(1), 2018, 134-154.

246. G. Omulo, & E. M. Kumeh, Farmer-To-Farmer Digital Network as A Strategy to
Strengthen Agricultural Performance in Kenya: A Research Note On ‘Wefarm’
Platform. Technological Forecasting and Social Change, 158(3), 2020, 120120.

247. S. Coggins; M. Mccampbell; A. Sharma; R. Sharma; S. Haefele; E. Karki, J.
Hetherington; J. Smith & B. Brown, How Have Smallholder Farmers Used Digital
Extension Tools? Developer and User Voices from Sub-Saharan Africa, South Asia,
And Southeast Asia. Global Food Security, 32, 2022, 100577.

248. J. C. Nwaiwu & M. N. Okeke, Perceived Effects of Information and Communication
Technologies in Agricultural Extension Service Delivery in Owerri West Lga Of Imo
State, Nigeria. Journal of Agriculture and Food Sciences, 17(1), 2019, 98-111.



137

Chapter Three

Methodology

This chapter describes the study area, research design, population of the study, sample size

and sampling techniques, descrption of the research instruments, and the procedures for

collecting and analysing data necessary for the completion of the research. The chapter is

presented under the following sub-headings:

3.1 Research Design

The study adopted descriptive survey research design. Descriptive survey research involves

collection of data about the prevailing conditions or situations for the purpose of analysis,

interpretation, comparisons, and identification of trends and relationships in order to proffer

answers to questions covering the current status of the subject in the study. It also allows for

quick data collection across different sections that belong to the same group at comparatively

cheaper cost.

3.2 Population of the Study

The study population comprised all the 5250 registered farmers in Oyo State under the

auspices of All Farmers’ Association of Nigeria (AFAN), Oyo State Chapter. This includes

but not limited to cassava, yam, rice, maize, tomatoes, pepper, and plantain farmers’ resident
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in Oyo State. All cash crop farmers’ resident in the state will be excluded from the study as

they do not fall within the scope of this study.

3.3 Sample and Sampling Technique

A sample size of 408 was used for the study. The minimum sample size was determined using

the Taro Yamane formula and ten percent non-retrieval rate was added. The Taro Yamane

formula is stated as follow;

Where;

n = Sample size

N = Population size = 5250

e = error margin = 0.05

Therefore;

n + 10% non-retrieval

+37
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Thus, the minimum sample size for the study as calculated was 408 respondents.

A well-structured Google form was administered on the WhatsApp platform of the All

Farmers Association of Nigeria (ALFAN), Oyo State Chapter with the consent of the State

Chairman.

3.4 Description of the Research Instrument

A well-structured Google form titled “The Influence of Digital Communication Agriculture

Extension on Food Crop Production in Oyo State” (IDCAEFCP) was used to elicit

information from the respondents. The instrument was divided into seven sections (A-G).

Equally Focused Group Discussion (FGD) sessions were conducted among Food Crops

Farmers in the state under review to further validate the information from the respondents

thereby making the research works robust.

Section A: This comprised structured questions designed to elicit relevant information about

the socio-demographic characteristics of respondents such as age, gender, religion,

educational attainment, household size, ethnicity, and estimated monthly income. The

respondents gave relevant information about their socio-demographic characteristics as

applicable.

Section B: This was designed to elicit information on the enterprise characteristics such as

years of farming experience, types of food crop cultivated, size of farmland, sources of farm

labour, sources of farm capital, sources of farm inputs, and avenues of produce sales.

Section C: This is a cognitive test that measures the level of knowledge of digital

communication extension among respondents. It has three scale of True/False = 3; False/No =

2 and Not Sure = 1.
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Section D: This was designed to determine the digital communication platforms accessible to

the farmers. The farmers were presented with various digital communication extension

platforms and were allowed to indicate by ticking the digital communication platforms

accessible to them.

Section E: This was designed to assess the level of utilisation of digital communication

Agricultural extension services among food crop farmers in the study area. A 4-point Likert

response scale of Often = 4; Sometimes = 3; Rarely = 2; Never = 1. The respondents were

expected to tick as applicable.

Section F: This was designed to investigate the constraints militating against utilisation of

digital communication Agricultural extension services among food crop farmers in Oyo State.

Farmers were presented with a list of constraints which were measured on a 4-points Likert

response scale of Very Severe Constraint = 4; Severe Constraint = 3; Mild Constraint = 2;

Not a Constraint = 1. The farmers were expected to tick as applicable.

3.5 Validity of the Research Instrument

The instrument was subjected to face validity by the Thesis Supervisor, while content validity

was carried out by three other experts in statistics and evaluation. All corrections were

subsequently made and comments incorporated as recommended before the link was shared

at All Farmers Association of Nigeria, Oyo State Chapter WhatsApp platform for the of

collecting data for this study.

3.6 Reliability of the Research Instrument

Reliability of a research instrument refers to the extent to which the instrument yields almost

the same results over multiple trials. The link on the Google form was first shared on the

WhatsApp platform of small groups of farmers who were in cooperative societies in the

neighbourhood of Ogun State; a population homologous to the population of this study. The



141

researcher retrieved the Google forms where 41 forms, representing ten percent of intended

sample size, were completely filled by the farmers. Data from the retrieved Google form was

subjected to Cronbach’s Alpha test, and the coefficients are as presented below;

Table 3.1: Reliability Coefficients of the Research Instrument
SN Section Number of variables Reliability coefficient

1 B 10 0.72

2 C 15 0.69

3 D 13 0.81

4 E 10 0.72

5 F 10 0.76

Fieldwork, 2024

3.7 Method of Data Collection

A letter of introduction was obtained from the Department of Mass Communication and

Media Technology, Lead City University to gain access to conduct the research with

registered farmers in Oyo State under the auspices of AFAN, Oyo State Chapter. Data

collection was carried out by the researcher with two research Assistants using the Google

form on ALFAN, Oyo State Chapter WhatsApp platform. The forms were administered

electronically for two weeks and completed forms were retrieved for analysis. For the

qualitative study, two Focused Group Discussions (FGDs) were conducted in Atiba represting

Oyo Zone and Ogbomoso representing Oke-Ogun Zone and Iseyin respectively. The

interview schedule captured the socio-demographic characteristics of the respondents,

Agricultural enterprise characteristics, accessibility to digital communication platforms,

knowledge of digital communication Agricultural extension, level of utilisation of digital

communication Agricultural extension services, constraints to utilisation of digital

communication Agricultural extension services.
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3.8 Method of Data Analysis

Data collected was systematically coded and analysed with the aid of Statistical Package for

Service Solution (SPSS) version 27. The study adopted both descriptive and inferential

statistical tools for the analysis. Descriptive tools such as mean and standard deviation,

frequency distributions, and percentages were used to analyse the research question; and the

outputs were presented on Tables. The hypotheses were tested using relevant inferential

statistical tools like Analysis of Variance (ANOVA) at p-value ≤ 0.05 level of significance.

The results from the analysis were used for interpretation and discussion of the research

findings.

Endnotes

1. All Farmers Association of Nigeria (AFAN), Oyo State Branch, 2024.
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Chapter Four

Results and Discussions of Findings

This chapter presents the results and discussion of the findings in line with the research

questions and hypotheses of the study.

4.1 Demographic Data Analysis

Table 4.1: Socio Demographic Data of Respondents (N=408)
Variables Description Frequency Percent
Age (Years) 20-30 111 27.2

31-40 83 20.3
41-50 132 32.4
≥ 51 82 20.1

Gender Male 289 70.8
Female 119 29.2

Educational attainment No formal education 12 2.9
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Primary 25 6.1
Secondary 36 8.8
Tertiary 335 82.1

Marital status Single 101 24.8
Married 269 65.9
Separated 12 2.9
Divorced 11 2.7
Widowed 15 3.7

Religion Christianity 167 40.9
Islam 158 38.8
Traditional worship 83 20.3

Source: Field Survey, 2023

Table 4.1 presents the frequency distribution of farmers’ socio demographic characteristics in

Oyo State, Nigeria. The result shows that the age bracket of one hundred and thirty-two (132):

32.4% of the farmers was between 41-50 years, followed by one hundred and eleven (111):

27.2% who were between 20-30 years; eighty-three (83): 20.3% who were between 31-40

years; and eighty-two (82): 20.1% who were 51 years and above. This implies that majority

of the farmers were in their active and economically productive ages. It also signifies the

entrant of young adults into agricultural farming and specifically, food crop production. The

study was dominated by male gender as two-hundred and eighty-nine (289): 70.8% of the

respondents were male farmers, while the female farmers accounted for one hundred and

nineteen (119): 29.2%.

Concerning educational attainment, three hundred and thirty-five 335: (82.1%) of the

respondents have attained tertiary education; thirty-six 36: (8.8%) had attained primary

education; twenty-five 25: (6.1%) had only primary education; and twelve 12: (2.9%) had no

formal education. These findings mean that the farmers are highly educated and well read,

and only a fraction had below secondary education. It also signifies that majority of the

respondents are expected to be familiar with digital communication. Two hundred and sixty-

nine 269: (65.9%) of the respondents were married farmers; while one hundred and one 101:

(24.8%) were unmarried farmers; fifteen 15: (3.7%) were divorced; while twelve 12: (2.9%)
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and eleven 11: (2.7%) were separated or divorced, respectively. The result on religious

affiliation showed that one-hundred and sixty-seven 167: (40.9%) of the respondents were of

Christian faith; one hundred and fifty-eight 158: (38.8%) professed Islam; and eighty-three

83: (20.3%) were affiliated with traditional worship.

Table 4.2: Enterprise Characteristics in Food Crop Farming (N=408)
Variables Description Frequency Percent
Years of farming experience 1-5 112 27.5

6-10 119 29.2
11-15 60 14.7
16-20 117 28.7

Farm size (Hectares) 1-5 182 44.6
6-10 125 30.6
11-15 47 11.5
16-20 30 7.4

Land ownership Inheritance 140 34.3
Purchase 146 35.8
Communal 33 8.1
Lease 89 21.8

Source of farm capital Personal savings 220 53.9
Family savings 56 13.7
Loan from friends 24 5.9
Loan from Cooperatives 72 17.6
Loan from microfinance bank 25 6.1
Government grant 11 2.7

Avenue for produce sales Open market 307 75.2
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Off-takers 101 24.8
Profit of Product sales per
hectare (₦)

≤ ₦100,000 9 2.2
₦101,000-₦200,000 96 23.5
₦201,000-₦300,000 116 28.4
₦301,000-₦400,000 113 27.7
≥ ₦401,000 74 18.1

Source: Field Survey, 2023

The frequency distribution on enterprise characteristics of food crop farmers as presented on

Table 4.2 shows that one hundred and twelve (112): 27.5% of the respondents had between 1-

5 years of farming experience, one hundred and nineteen (119): 29.2% had between 6-10

years of farming experience, sixty (60):14.7% had between 11-15 years of farming

experience, and one hundred and seventeen (117): 28.7% had between 16-20 years of farming

experience. The result also shows that one hundred and eighty-two (182): 44.6% of the

farmers owned between 1-5 hectares of farmland, one hundred and twenty-five (125): 30.6%

owned between 6-10 hectares of farmland, forty-seven (47): 11.5% owned between 11-15

hectares of farmland, and thirty (30): 7.4% owned between 16-20 hectares of farmland. One

hundred and forty (140): 34.3% of the respondents claimed their land ownership was through

inheritance, one hundred and forty-six (146): 35.8% claimed they acquired the land farming

through direct purchase, thirty-three (33): 8.1% claimed the land they used for farming was

communally owned, and eighty-nine (89): 21.8% claimed the land used for farming was

leased.

It was further shown that two hundred and twenty (220): 53.9% of the respondents sourced

their farm capital through personal savings, fifty-six (56): 13.7% sourced farm capital from

family savings, twenty-four (24): 5.9% sourced their farm capital through loans from friends,

seventy-two (72): 17.6% obtained loans from cooperatives, twenty-five (25): 6.1% obtained

loans from microfinance banks, while a fraction, eleven (11): 2.7% acquired government

grants as their farm capital. In addition, majority of the farmers, three hundred and seven

(307): 75.2% sell their farm produce in the open market, while one hundred and one (101):
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24.8% sold their farm produce directly to off-takers. Food crop production as measured in

sales per hectare shows nine (9): 2.2% of the farmers made ₦100,000 or less per hectare,

ninety-six (96): 23.5% made between ₦101,000-₦200,000 per hectare, one hundred and

sixteen (116): 28.4% made between ₦201,000-₦300,000 per hectare, one hundred and

thirteen (113): 27.7% made between ₦301,000-₦400,000 per hectare, and seventy-four (74):

18.1% made ₦401,000 and above per hectare.
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Figure 4.1: Sources of farm inputs
Source: Field Survey, 2023

Figure 4.1 presents the sources of farm inputs such as seeds and seedlings, fertilisers,

herbicides, pesticides, equipment, and implements among others. The result as presented

shows that one hundred and seventy-two (172): 42.2% sometimes source their farm inputs

from open market, two hundred and eight (208): 51.0% claimed they always source their

farm inputs from open market; one hundred and seventy (172): 42.2% sometimes approach

extension agents for their farm inputs and ninety-seven (97): 23.8% claimed they always

source their inputs extension agents. The result also shows that one hundred and seventy

(170): 41.7% and eighty-eight (88): 21.6% of the respondents claimed they sometimes and

always source their inputs from cooperative societies; two hundred and sixteen (216): 52.9%

and seventy-five (75): 18.4% sometimes and always sources inputs from middlemen; one

hundred and sixty-four (164): 40.2% and fifty-nine (59): 14.5% sometimes and always source

inputs from research institutes. The findings indicate that farmers in this study usually

sourced their inputs from any available source that can meet theneeds of planting seasons.
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4.2 Presentation of Data

4.2.1 Analysis of Research Questions

Research Question One: What are the major food crops facililated by digital agricultural

extension communication services in Oyo State?
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sFigure 4.2: Major Crops Cultivated by Food Crop Farmers
Source: Field Survey, 2023

Figure 4.2 presents the major crops faciliatated by digital communication agricultural

extension services in Oyo State. As observed in the Figure, one hundred and sixty-four (164):

40.2% specialised in the cultivation of cassava, one hundred and thirteen (113): 27.7%

cultivated maize, sixty (60): 14. 7% were into cultivation of yam, forty-four (44): 10.8% were

into vegetable production, fourteen (14): 3.4% were into cowpea production, and thirteen

(13): 3.2% were into rice production. In summary, this clearly indicated that cassava, maize,

and yam were the three most cultivated crops by farmer in the study area.
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Research Question Two: What is the level of accessibility to Digital Communication

Agricultural Extension Sserivces to food crop farmers in Oyo State?

Table 4.3: Accessibility of Digital Communication Platforms by Food Crop Farmers
(N=408)
Digital platforms Not

Accessible

Barely

Accessible

Very

accessible

Remark

Freq % Freq % Freq % x̅ Std

WhatsApp 96 23.5 183 44.9 129 31.6 2.08 0.74 Accessible

Instagram 210 51.5 127 31.1 71 17.4 1.66 0.76 Barely Accessible

E-Bay 245 60.0 105 25.7 58 14.2 1.54 0.73 Barely Accessible

Telegram 179 43.9 162 39.7 67 16.4 1.73 0.73 Barely Accessible

Facebook 82 20.1 181 44.4 145 35.5 2.15 0.73 Accessible

LinkedIn 248 60.8 120 29.4 40 9.8 1.49 0.67 Barely Accessible

Twitter 213 52.2 137 33.6 58 14.2 1.62 0.72 Barely Accessible

E-Wallet 254 62.3 106 26.0 48 11.8 1.49 0.70 Barely Accessible

Short Messaging

Services (SMS)

75 18.4 185 45.3 148 36.3 2.18 0.72 Accessible

Webpage 169 41.4 168 41.2 71 17.4 1.76 0.73 Barely Accessible

Email 122 29.9 204 50.0 82 20.1 1.90 0.70 Barely Accessible

Interactive voice

response (IVR)

192 47.1 150 36.8 66 16.2 1.69 0.73 Barely Accessible

Unstructured

supplementary

service data (USSD)

170 41.7 159 39.0 79 19.4 1.78 0.75 Barely Accessible

Weighted mean (x̅)= 1.76±0.76; Criterion mean (x̅)= 2.00; General decision =Barely Accessible

Source: Field Survey, 2023
***Threshold: Mean value of 0.01-1.99 = Barely Accessible; 2.00-2.59 = Accessible; 2.60-3.00=
VeryAccessible; x̅ = Mean; Std= Standard Deviation

Table 4.3 presents the accessibility of digital communication agricultural extension platforms

available to food crop farmers in Oyo State. The rating scale of “Not Accessible (1), Barely

Accessible (2), and Very Accessible (3)” were used; a criterion mean of 2.0 was set for the

study, and thresholds were established for remarks. The result as presented on the Table

shows that only three (3) of the digital platforms were remarked as “Accessible”, and these

platforms include WhatsApp (x̅= 2.08±0.74), Facebook (x̅= 2.15±0.73), and SMS (x̅=

2.18±0.73). The result also shows that ten (10) of the digital platforms were remarked barely
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accessible, and these include Instagram (x̅= 1.66±0.76), e-Bay (x̅= 1.54±0.73), Telegram (x̅=

1.73±0.73), Twitter (x̅= 1.62±0.72), Webpage (x̅= 1.76±0.73), Email (x̅= 1.90±0.70), IVR (x̅=

1.69±0.73), and USSD (x̅= 1.78±0.75), LinkedIn (x̅= 1.49±0.67), and e-Wallet (x̅=

1.49±0.70), respectively. In addition, the weighted mean of the accessibility index was lower

than the criterion mean (1.76 < 2.0). In summary, finding from research question two

revealed that the digital communication agricultural extension platforms were barely

accessible to food crop farmers in the study area.

Research Question Three: What is the extent of knowledge Digital Communication

Agricultural Extension Services among food crop farmers in Oyo State?

Table 4.4a: Knowledge of DCAES among Food Crop Farmers in Oyo State (N=408)
Knowledge statements False/No Not Sure True/Yes x̅ Std Remark

F % F % F %
Digital extension involves the use of
digital technologies for the purpose
disseminating innovative information and
technologies

65 15.9 51 12.5 292 71.6 2.56 0.75 Good

Digitalisation of agricultural extension
involve the deployment of digital
platforms like Facebook, WhatsApp, e-
Bay, Instagram

67 16.4 39 9.6 302 74.0 2.58 0.76 Good

Digital extension enables quick transfer of
agricultural information between
researchers, extension agents and farmers

57 14.0 41 10.0 310 76.0 2.62 0.72 Very
Good

The deployment of digital extension can
make the transfer of innovative ideas to
reach a wider audience within a short time

61 15.0 36 8.8 311 76.2 2.61 0.73 Very
Good

The use of digital technologies always
give farmers access to innovative
techniques that improve their productivity

63 15.4 47 11.5 298 73.1 2.58 0.75 Good

The use of digital technologies always
link farmers to diverse farm inputs
suppliers with opportunities for price
negotiation

56 13.7 48 11.8 304 74.5 2.61 0.72 Very
Good

Source: Field Survey, 2023

Table 4.4b: Knowledge of DCAES among Food Crop Farmers in Oyo State (N=408)
Knowledge statements False/No Not Sure True/Yes x̅ Std Remark

F % F % F %
Digital extension enables quick transfer
of agricultural information from
researchers and extension agent farmers

69 16.9 41 10.1 298 73.0 2.56 0.77 Good
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The use of digital extension furnish
farmers with analytical tools that enhance
farm management and decision-making
skills

73 17.9 56 13.7 279 68.4 2.51 0.78 Good

Digital extension can hinder farmers
from sharing knowledge, ideas, and
experiences with other farmers

232 56.9 31 7.6 145 35.5 2.22 0.94 Good

Digital extension could hinder
improvement in efficiency, productivity
and sustainability in farm and across
value-chain

226 55.4 42. 10.3 140 34.3 2.21 0.93 Good

Digital extension can collapse the current
commercial agricultural structure
resulting in huge financial loss to farmers

257 63.0 54 13.2 97 23.8 2.39 0.85 Good

Digital extension reduces farmers’
decision-making capabilities leading to
poor choices and low crop yield

232 56.9 55 13.5 121 29.7 2.27 0.89 Good

Digital extension cannot benefit local
farmers because of its high-speed
connectivity and data driven system

148 36.3 59 14.5 201 49.3 1.87 0.92 Poor

Digital extension cannot meet basic
information needs of local farmers’
because it is too technical for their
understanding

151 37.0 57 14.0 200 49.0 1.88 0.92 Poor

Digital extension can reduce farmer’s
bargaining power and the option to
choose from reputable vendors

198 48.5 51 12.5 159 39.0 2.10 0.93 Good

Weighted Mean (x̅) = 2.39±0.68; Criterion mean (x̅) = 2.00; General Decision= Good
Source: Field Survey, 2023
Key: x̅ = Mean; Std= Standard Deviation
Thresholds: mean value of 0.01-1.99= Poor; 2.00-2.59= Good; 2.60-3.00= Very Good

Table 4.4a and Table 4.4b presented the summary of descriptive analysis on knowledge of

digital communication agricultural extension services among food crop farmers in Oyo State.

Fifteen (15) items were used to measure the knowledge of digital communication agricultural

extension services among food crop farmers. The result as presented above showed that three

(3) items were marked very good, ten (10) items were remarked good, two (2) items were

remarked poor, and the weighted mean was higher than the criterion mean. The general

remarking of the items as good implies that majority of the respondents had good knowledge

of the items.

Thus, they know and agree that digital extension involves the use of digital technologies for

the purpose disseminating innovative information and technologies (x̅=

2.56±0.75);digitalisation of agricultural extension involves the deployment of digital
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platforms like Facebook, WhatsApp, e-Bay, Instagram (x̅= 2.58±0.76); digital extension

enables quick transfer of agricultural information between researchers, extension agents and

farmers (x̅= 2.62±0.72); deployment of digital extension can make the transfer of innovative

ideas to reach a wider audience within a short time (x̅= 2.61±0.73); the use of digital

technologies can give farmers access to innovative techniques that improve their productivity

(x̅= 2.58±0.75); the use of digital technologies always link farmers to diverse farm inputs

suppliers with opportunities for price negotiation (x̅= 2.61±0.72); digital extension enables

quick transfer of agricultural information from researchers and extension agents to farmers

(x̅= 2.56±0.77); and the use of digital extension can furnish farmers with analytical tools that

enhance farm management and decision-making skills (x̅= 2.51±0.78).

The result also indicates that majority of the respondents know and disagree that digital

extension can hinder farmers from sharing knowledge, ideas, and experiences with one

another (x̅= 2.22±0.94); digital extension could hinder improvement in efficiency,

productivity and sustainability in farm and across value-chain (x̅= 2.21±0.93); digital

extension can collapse the current commercial agricultural structure resulting in huge

financial loss to farmers (x̅= 2.39±0.85); digital extension reduces farmers’ decision-making

capabilities leading to poor choices and low crop yield (x̅= 2.27±0.89), and digital extension

can reduce farmer’s bargaining power and the option to choose from reputable vendors (x̅=

2.10±0.93). Majority of the respondents exhibited poor knowledge on two items and

erroneously agree that digital extension cannot benefit local farmers because of its high-speed

connectivity and data driven system (x̅= 1.87±0.92); and digital extension cannot meet basic

information needs of local farmers because it is too technical for their understanding (x̅=

1.88±0.92). Cumulatively, the weighted mean (x̅= 2.39±0.68) was greater than the criterion

(x̅= 2.00). In summary, finding for research question three revealed that majority of the food
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crop farmers in the study area had good knowledge of digital communication agricultural

extension services.

Research Question Four: What is the extent of utilisation of Digital Communication
Agricultural Extension Serivces among food crop farmers in Oyo State?
Table 4.5 Utilisation of DCAES among Food Crop Farmers (N=408)
Variables Never Rarely Often Always x̅ Std Remark

F % F % F % F %

Access price of farm inputs

from vendors

34 8.3 81 19.9 171 41.9 122 29.9 2.93 0.91 High

Access market price for farm

produce

46 11.3 57 14.0 153 37.5 152 37.3 3.01 0.98 Very
High

Access financial services 78 19.1 115 28.2 124 30.4 91 22.3 2.56 1.04 High

Recruitment of farm labour 86 21.1 89 21.8 108 26.5 125 30.6 2.67 1.12 High

Access innovative ideas on

crop husbandry

55 13.5 67 16.4 158 38.7 128 31.4 2.88 1.00 High

Purchase of agricultural input

(e.g., seeds, agro-chemicals,

equipment, machinery)

42 10.3 66 16.2 143 35.0 157 38.5 3.02 0.98 Very
High

Access information on crop

disease and management

10.0 10.0 74 18.1 157 38.5 136 33.3 2.95 0.96 High

Access weather information 53 13.0 77 18.9 153 37.5 125 30.6 2.86 1.00 High

Access information on

profitability of other

agricultural enterprises for

diversification purposes

64 15.7 71 17.4 155 38.0 118 28.9 2.80 1.03 High

Weighted mean (x̅) = 2.85±0.92; Criterion mean (x̅) = 2.50; General Decision= High

Source: Field Survey, 2023
Key: Always (4); Often (3); Rarely (2); Never (1); x̅ = Mean; Std= Standard Deviation
Thresholds: mean value of 0.01-2.49= Low; 2.50-2.99=High; 3.00-3.99= Very High

Table 4.5 presented the utilisation of digital communication extension services among food

crop farmers in Oyo State. Nine (9) items were used to assess the utilisation of digital

extension services among food crop farmers, out of which seven (7) were remarked “High”,

and two items (2) were remarked “Very High”. The seven (7) items remarked “High” implies

majority of the food crop farmers often utilised digital communication extension services to

access prices of farm inputs from vendors (x̅= 2.93±0.91); access financial services (x̅= 2.56±1.04);
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recruitment of farm labour (x̅= 2.67±1.12); access innovative ideas on crop husbandry (x̅=

2.88±1.00); access information on crop diseases and management (x̅= 2.95±0.96); access

weather information (x̅= 2.86±1.00); and access information on profitability of other

agricultural enterprises for diversification purposes(x̅= 2.80±1.03). It was also observed from

the Table that two (2) items were remarked “Very High” which imply that majority of the

food crop farmers always utilised digital agricultural extension services to access market

prices for farm produce (x̅= 3.01±0.98); and purchase agricultural inputs (x̅= 3.02±0.98). In

addition, the result generally reveals that the utilisation of digital agricultural extension

services among food crop farmers was High (x̅= 2.85>2.50). The summary of the finding for

research question four revealed that majority of the food crop farmers often utilise digital

communication agricultural extension services in the study area.
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Research Question Five: What are the constraints to utilisation of Digital Communication

Agricultural Extension Services among food crop farmers in Oyo State?

Table 4.6: Constraints Preventing Utilisation of DCAES (N=408)
Constraints Not a

Constraint
Minor
Constraint

Major
Constraint x̅ Std Remark

F % F % F %
High level of illiteracy among
farmers

27 6.6 101 24.8 280 68.6 2.62 0.61 VS

Inadequate information on digital
extension services delivery

43 10.5 137 33.6 228 55.9 2.45 0.68 S

Poor internet accessibility and
connectivity in rural areas

39 9.6 76 18.6 293 71.8 2.62 0.65 VS

Erratic power (electricity) supply 51 12.5 90 22.1 267 65.4 2.53 0.71 VS
Poor ICT infrastructure 53 13.0 79 19.4 276 67.6 2.55 0.71 VS
Lack of technical support 52 12.7 120 29.4 236 57.8 2.45 0.71 S
Poor access to computer and other
internet gadget

47 11.5 100 24.5 261 64.0 2.53 0.69 VS

High cost of data 49 12.0 127 31.1 232 59.9 2.45 0.70 S
Policy disruption by new
government

43 10.5 135 33.1 230 56.4 2.46 0.68 S

Poor knowledge of digital-
enabled technologies among
farmers

37 9.1 105 25.7 266 65.2 2.56 0.66 VS

Weighted Mean (x̅) = 2.52±0.72; Criterion mean (x̅)= 2.00; General Remark= Very Severe
Source: Field Survey, 2023
Key: Major Constraint (3); Minor Constraint (2); Not a Constraint (1); x̅= Mean; Std=
Standard Deviation; S= Severe; VS= Very Severe
Thresholds: mean value of 0.01-1.99= Minor Constraint; 2.00-2.49= Severe; 2.50-3.00= Very Severe

Table 4.6 presents the constraints preventing utilisation of DCAES among food crop farmers

in Oyo State. Ten (10) items were used to measure the constraints preventing utilisation of

digital agricultural extension services among food crop farmers; four (4) of the items were

remarked “Severe”, while six (6) were marked “Very Severe”. From the crop farmers’

response to the items, it was revealed that majority of the food crop farmers perceived

inadequate information on digital extension services delivery (x̅= 2.45±0.68); lack of technical

support (x̅= 2.45±0.71); high cost of data (x̅= 2.45±0.70); and policy disruption by new

government (x̅= 2.46±0.68) as severe constraints.

The result also reveals that majority of food crop farmers perceived that high level of

illiteracy among farmers (x̅= 2.62±0.61); poor internet accessibility and connectivity in rural
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areas (x̅= 2.62±0.65); erratic power (electricity) supply (x̅= 2.53±0.71); poor ICT infrastructure

(x̅= 2.55±0.71); poor access to computer and other internet gadgets (x̅= 2.53±0.69); and Poor

knowledge of digital-enabled technologies among farmers (x̅= 2.56±0.66) as very severe

constraints. Cumulatively, the weighted mean was higher than criterion mean (2.52>2.00), and was

remarked very severe. The summary of the finding for research question five revealed that

majority of the constraints were generally inferred as very severe.



159

Research Question Six: What is the influence of accessibility to Digital Communication

Agricultural Extension Serivces on food crops production in Oyo State?

Table 4.7: Cross-tabulation on Influence of Accessibility to DCAES on Food Crops
Production (N=408)

Level of Accessibility

Food Crops

Poor Good

Freq % Freq %

Cassava 93 56.7 71 43.3

Cowpea 3 21.4 11 78.6

Maize 55 48.7 58 51.3

Rice 3 23.1 10 76.9

Vegetables 16 36.4 28 63.6

Yam 26 43.3 34 56.7

Total 196 48.0 212 52.0

Source: Field Survey, 2023

Table 4.7 presents the summary of cross-tabulation on influence of accessibility to DCAES

on food crops production in Oyo State. It was observed that two hundred and twelve (212):

52.0% of the respondents reports good accessibility of digital agricultural extension services

while, one hundred and ninety-six (196): 48.0% of the respondents reports poor accessibility

of digital agricultural extension services. The result also shows that good accessibility of

digital communication agricultural extension services is prominent among cowpea farmers

(78.6%); this is followed by rice farmers (76.9%), vegetable farmers (63.6%), yam farmers

(56.7%), and maize farmers (51.3%), respectively. Poor accessibility of digital

communication agricultural extension services is observed only among cassava farmers

(56.7%) in the study area. In summary, finding for research question six revealed that access

to digital communication agricultural extension services was highest among cowpea and rice

farmers in the study area.
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Research Question Seven: What is the influence of knowledge of Digital Communication

Agricultural Extension Services on food crops production in Oyo State?

Table 4.8: Cross-tabulation on Influence of Knowledge of DCAES on Food Crops
Production (N=408)

Level of Knowledge

Food Crops

Poor Good

Freq % Freq %

Cassava 29 17.7 135 82.3

Cowpea 2 14.3 12 85.7

Maize 6 5.3 107 94.7

Rice 4 30.8 9 69.2

Vegetables 2 4.5 42 95.5

Yam 13 21.7 47 78.3

Total 56 13.7 352 86.3

Source: Field Survey, 2023

Table 4.8 presents the summary of cross-tabulation regarding the influence of knowledge of

DCAES on food crops production in Oyo State. It is observed from the result that good

knowledge of digital agricultural extension services is conspicuous among vegetable farmers

(95.5%). This is followed by maize farmers (94.7%), cowpea farmers (85.7%), cassava

farmers (82.3%), yam farmers (78.3%), and rice farmers (62.9%), respectively. This implies

that vegetable and maize farmers have the highest knowledge of digital agricultural extension

services which could be harness to improve food production in the study area.
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Research Question Eight: What is the influence of utilisation of Digital Communication
Agricultural Extension Services on food crops production in Oyo State?

Table 4.9: Cross-tabulation on Influence of Utilisation of DCAES on Food Crops
Production

Level of Utilisation
Food Crops Low High

Freq % Freq %
Cassava 74 45.1 90 54.9
Cowpea 6 42.9 8 57.1
Maize 48 42.5 65 57.5
Rice 9 69.2 4 30.8
Vegetables 22 50.0 22 50.0
Yam 25 41.7 35 58.3
Total 184 45.1 224 54.9
Source: Field Survey, 2023

Table 4.9 presents the summary of cross-tabulation on influence of utilisation of digital

agricultural extension services on food crops production in Oyo State. The result as presented

on the Table shows that the level of utilisation of digital agricultural extension services is

highest among yam farmers (58.3%), maize farmers (57.5%), and cowpea farmers (57.1%).

They are followed by cassava farmers (54.9%) and vegetable farmers (50.0%); while rice

farmers (41.7%) trailed behind in the study area. This implies that the level of utilisation of

digital communication agricultural extension services was above average among the food

crop farmers in the study area.
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4.2.2 Testing of Hypotheses

H01: Accessibility of Digital Communication Agricultural Extension Services has no

significant influence on food crops production in Oyo State.

Table 4.10a: ANOVA on Influence of Accessibility DCAES to on Food Crops Production
in Oyo State
Acceptability Sum of

Squares

Df Mean

Square

F p-value Decision

Between

Groups

64.723 2 32.362 30.962 0.000 Significant

Within

Groups

423.313 405 1.045

Total 488.037 407

Table 4.10a presents the summary of Analysis of Variance (ANOVA) on influence of

accessibility of digital agricultural extension services on food crops production in Oyo State.

The result as presented on the Table above shows that accessibility of digital agricultural

extension services has significant influence (F2, 405=30.962; P= 0.000) on food crops

production among the respondents in Oyo State. This implies that food crops production in

Oyo State is influenced by access to digital extension services. Therefore, the null hypothesis

was rejected at 0.05 alpha level of confidence.

Table 4.10b: Least Significant Difference (LSD) Post-hoc Multiple Comparisons Test

Level of Accessibility Mean Diff Std. Error p-value 95% Confidence Interval

Lower Bound Upper Bound

Poor Good -0.49697* 0.11612 0.000 -0.7252 -0.2687

Very Good -1.04720* 0.13374 0.000 -1.3101 -0.7843

Good Poor 0.49697* 0.11612 0.000 0.2687 0.7252

Very Good -0.55023* 0.13095 0.000 -0.8077 -0.2928

Very Good Poor 1.04720* 0.13374 0.000 0.7843 1.3101

Good 0.55023* 0.13095 0.000 0.2928 0.8077

*. The mean difference is significant at the 0.05 level.
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Table 4.10b presents further analysis on influence of accessibility of digital communication

agricultural extension services on food crops production using Least Significant Difference

(LSD) post-hoc multiple comparisons test. The summary as observed in the Table reveals

there is significant difference (p= 0.000) in food crops production between farmers with very

good access to digital communication agricultural extension services and those with poor

access; and food crop production was seen to be 1.047 times (mean difference = 1.04720)

higher among farmers with very good access to digital communication agricultural extension

services than those with poor access to digital agricultural extension services.

The result also reveals there is statistically significant difference (p= 0.000) in food crops

production between farmers with very good access to digital communication agricultural

extension services and those with good access; and food crops production was seen to be

0.550 times (mean difference = 0.55023) higher among farmers with very good access to

digital communication agricultural extension services than their counterpart with good access.

The result furthermore reveals there is significant difference (p= 0.000) in food crop

production between farmers with good access to digital communication agricultural extension

services and farmers with poor access; and food crops production was seen to be 0.496 times

(mean difference = 0.49697) higher among farmers with good access to digital

communication agricultural extension services than farmers with poor access.
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H02: Knowledge of Digital Communication Agricultural Extension Services has no

significant influence on food crops production in Oyo State.

Table 4.11a: ANOVA on influence of Knowledge of DCAES on Food Crops Production
in Oyo State
Knowledge Sum of

Squares

Df Mean

Square

F p-value Decision

Between

Groups

11.625 2 5.812 4.941 0.008 Significant

Within

Groups

476.412 405 1.176

Total 488.037 407

Table 4.11a presents the result of analysis conducted to determine the influence of knowledge

of digital communication agricultural extension services on food crop production in Oyo

State. The result reveals that knowledge of digital communication agricultural extension

services has significant influence (F2,405= 4.941; P= 0.008) on food crops production in Oyo

State. Therefore, the null hypothesis was rejected at 0.05 alpha level of significance.

Table 4.11b: Least Significant Difference (LSD) Post-hoc Multiple Comparisons Test

Level of Knowledge Mean Diff Std. Error p-value 95% Confidence Interval
Lower Bound Upper Bound

Poor Good -0.34949* 0.15814 0.028 -0.6604 -0.0386
Very Good -0.63732* 0.20319 0.002 -1.0368 -0.2379

Good Poor 0.34949* 0.15814 0.028 0.0386 0.6604
Very Good -0.28783 0.15583 0.065 -0.5942 0.0185

Very Good Poor 0.63732* 0.20319 0.002 0.2379 1.0368
Good 0.28783 0.15583 0.065 -0.0185 0.5942

*. The mean difference is significant at the 0.05 level.

Table 4.11b presents a Least Significant Difference (LSD) post-hoc multiple comparisons test

that was further carried out to determine the level and direction of significance between the

level of knowledge. The result of the post-hoc multiple comparison tests shows there was

significant difference (p= 0.002) in food crops production between farmers with very good

knowledge and those with poor knowledge of digital communication agricultural extension
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services; food crop production was 0.637 times (mean difference = 0.63732) higher among

farmers with very good knowledge when compared to those with poor knowledge of digital

communication agricultural extension services. Significant difference (p= 0.028) is also

observed between farmers with good knowledge and those with poor knowledge of digital

communication agricultural extension services; and food crops production was 0.349 times

(mean difference = 0.34949) higher among farmers with good knowledge than those with poor

knowledge of digital communication agricultural extension services. However, there is no

significant difference (p= 0.065) in food crops production between farmers with very good

knowledge and those with good knowledge of digital communication agricultural extension

services.

H03: Utilisation of Digital Communication Agricultural Extension Services has no

significant influence on food crops production in Oyo State.

Table 4.12a: ANOVA on Influence of Utilisation of DCAES on Food Crops Production in
Oyo State
Acceptability Sum of

Squares

Df Mean

Square

F p-

value

Decision

Between

Groups

14.458 2 7.229 6.182 0.002 Significant

Within

Groups

473.578 405 1.169

Total 488.037 407

Table 4.12a presents the summary of ANOVA on influence of digital communication

agricultural extension on food crops production in Oyo State. The result as seen in the Table

above shows the utilisation of digital communication agricultural extension services has

significant influence (F2,405 = 6.182; p= 0.002) on food crops production in Oyo State.

Therefore, the null hypothesis was rejected at 0.05 alpha level of significance.
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Table 4.12b: Least Significant Difference (LSD) Post-hoc Multiple Comparisons Test
Level of Utilisation Mean

Diff

Std.

Error

p-

value

95% Confidence Interval

Lower Bound Upper Bound

Low High -0.33637* 0.11575 0.004 -0.5639 -0.1088

Very High -0.46308* 0.16284 0.005 -0.7832 -0.1430

High Low 0.33637* 0.11575 0.004 0.1088 0.5639

Very High -0.12671 0.16494 0.443 -0.4510 0.1975

Very

High

Low 0.46308* 0.16284 0.005 0.1430 0.7832

High 0.12671 0.16494 0.443 -0.1975 0.4510

*. The mean difference is significant at the 0.05 level.

Table 4.12b presents further analysis on influence of utilisation of digital communication

agricultural extension services on food crop production using Least Significant Difference

(LSD) post-hoc multiple comparisons test. The summary of the post-hoc test reveals there is

significant difference (p= 0.005) in food crops production between farmers with very high

usage of digital communication agricultural extension services and their counterpart with low

level usage; and food crop production was seen to be 0.463 times (mean difference = 0.46308)

higher among farmers with very high usage of digital communication agricultural extension

services than those who low usage. The result further reveals there is statistically significant

difference (p= 0.004) in food crop production between farmers with high usage than those

with low usage of digital communication agricultural extension services; food crop

production was seen to be 0.336 times (mean difference = 0. 0.33637) higher among farmers

with high usage of digital agricultural extension services than those with low usage.

Conversely, there was no significant difference (p= 0.443) in food crops production between

farmers with very high usage and their counterpart with high usage of digital communication

agricultural extension services.
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H04: Constraints to utilisation of Digital Communication Agricultural Extension Serivces

has no significant influence on food crops production in Oyo State.

Table 4.13a: ANOVA on Influence of Constraints to Utilisation of DCAES on Food
Crops Production in Oyo State.
Acceptability Sum of

Squares

Df Mean

Square

F p-value Decision

Between

Groups

22.601 2 11.300 9.833 0.000 Significant

Within

Groups

465.436 405 1.149

Total 488.037 407

The summary of a one-way analysis of variance on influence of constraints to utilisation of

digital communication agricultural extension services on food crops production in Oyo State

is presented on Table 4.13a above. The result as presented shows that constraints to utilisation

of digital communication agricultural extension services has significant influence (F2,405=

9.833; p= 0.000) on food crops production in Oyo State. Therefore, the null hypothesis was

rejected at 0.05 alpha level of significance.

Table 4.13b: Least Significant Difference (LSD) Post-hoc Multiple Comparisons Test

Level of Constraints Mean
Diff

Std.
Error

p-
value

95% Confidence Interval

Lower Bound Upper Bound
Minor Severe -0.20872 0.16446 0.205 -0.5320 0.1146

Very
severe

-0.59433 0.15486 0.000 -0.8988 -0.2899

Severe Minor 0.20872 0.16446 0.205 -0.1146 0.5320
Very
severe

-0.38561 0.11815 0.001 -0.6179 -0.1533

Very
severe

Minor 0.59433 0.15486 0.000 0.2899 0.8988
Severe 0.38561 0.11815 0.001 0.1533 0.6179

*. The mean difference is significant at the 0.05 level.

Further analysis to determine the level and direction of significance using LSD post-hoc test

as presented on Table 4.13b shows there is significant difference (p= 0.000) between farmers
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who reported minor constraints and those that reported very severe constraints; food crops

production was observed to be0.594times (mean difference = 0.59433) higher among farmers

who reported minor constraints when compared to farmers that reported very severe

constraints to utilisation of digital communication agricultural extension services in the study

area. The result also shows there is significant difference (p= 0.001) in food crops production

between farmers who experience severe constraints and those that experience very severe

constraints; food crops production was observed to be0.385 times (mean difference = 0.38561)

higher among farmers who experience severe constraints when compared to those that experience

very severe constraints. However, there was no significant difference (p= 0.205) in food crops

production between farmers that reported minor constraints and those that reported severe constraints

to utilisation of digital communication agricultural extension services. This implies that increase

in severity of constraints causes decline in food crops production in the study area.

4.2.3 Discussion of Findings

This research investigated the influence of digital communication agricultural extension

services on food crops’ production in Oyo State, Nigeria. This section presents the discussion

of findings and relate them with previous studies by other researchers for similarity and

differences for robustness. In this study, the socio demographic characteristics of the farmers

were analysed, enterprise characteristics were highlighted, eight research questions were

answered, and four hypotheses were tested.

Results of the farmers’ socio demographic characteristics revealed that majority, 289 (70.8%)

of the respondents were male, while the female gender accounted for 119 (29.2%). The result

also revealed that about one-third, 132 (32.4%) of the farmers were between 41-50 years of

age, and this was followed by 111 (27.2%) who were between 20-30 years; 83 (20.3%) who

were between 31-40 years; and 82 (20.1%) who were between 51 years and above. This

implied that most of the farmers were in their active and productive years who can stand the
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rigour involved in farming; however, about one-fifth of the farmers were a bit advance in age.

Result on educational attainment revealed that majority, 335 (82.1%) had attained tertiary

education, while only a fraction 12 (2.9%) had no formal education, indicating the farmers

are highly educated and well read, as only a fraction had below secondary education.

Majority, 269 (65.9%) of the respondents were married; about one-quarter, 101 (24.8%) were

single; 15 (3.7%) were divorced; while 12 (2.9%) and 11 (2.7%) were separated and divorced

from their spouses, respectively. The high number of married farmers observed in this study

is a testament to the importance attached to marriage and family responsibilities. The result

on religious affiliation revealed that 167 (40.9%) of the respondents were of Christian faith;

158 (38.8%) professed Islam; and 83 (20.3%) were affiliated with traditional worship. The

presence of the three main religious among the respondents indicates a strong religious

affiliation and the level societal religiosity.

Results of enterprise characteristics of food crop farmers revealed that 112 (27.5%) of the

respondents had between 1-5 years of farming experience; 119 (29.2%) had between 6-10

years of farming experience; 60 (14.7%) had between 11-15 years of farming experience; and

117 (28.7%) had between 16-20 years of farming experience. This indicates that the farmers

are endowed with wealth of years of experience which can be productively and profitably

harnessed. This was corroborated by Focus Group discussants who noted that;

“I was born into farming; my parents are farmers and I was trained with the proceeds of

farming” (FGD, Atiba).

“I have been farming for about 15years now. I was introduced to farming by a friend when I

lost my job, and I have been feeding my family from the proceeds of farming” (FGD,

Ogbomoso).
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It was further revealed that 188 (44.6%) of the farmers owned between 1-5 hectares of

farmland; 125 (30.6%) owned between 6-10 hectares of farmland; 47 (11.5%) owned

between 11-15 hectares of farmland, and 30 (7.4%) owned between 16-20 hectares of

farmland. This indicates that majority of the farmers were into medium-scale commercial

farming. Result on land ownership revealed 140 (34.3%) of the respondents claimed their

land ownership was through inheritance; 146 (35.8%) claimed they acquired the land for

farming through direct purchase; 33 (8.1%) claimed that the land they used for farming was

communally owned; and 89 (21.8%) claimed the land used for farming was leased. Land is

an important factor of production in agriculture. It provides the basis for food crop production

and most income-generating activities which make land an indispensable asset for economic

empowerment and livelihood diversification in developing countries1,2. Studies have shown

that improve productivities by small- and medium-scale farmers that would promote food

security hinge their abilities to step-up and expand land usage above eleven hectares3,4,5, as

there exists inverse relationship between farm size and farm productivity6,7.

Farm inputs such as seeds and seedlings, fertilisers, herbicides, pesticides, equipment, and

implements among others were always 208 (51.0%) or sometimes 172 (42.2%) sourced from

open market; always 97 (23.8%) or sometimes 172 (42.2%) from extension agents; 88

(21.6%) always or 170 (41.7%) sometimes sourced from cooperative societies; 75 (18.4%)

always or 216 (52.9%) sometimes sourced from middlemen; while 59 (14.5%) always or 164

(40.2%) sometimes sourced their inputs from research institutes. The findings indicated a

mix-sources of farm inputs probably due to problems of timely availability and/or

accessibility of these inputs to meet the needs during planting seasons; however, open market

and middlemen were mostly patronised for agricultural inputs8,9,10. The finding is also

corroborated by FGD discussants who asserted that;
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“You know it is not possible to get all your agricultural inputs in one place; I always buy

agro-chemicals from a vendor in the market, and those I couldn’t get from the vendor order

from a known supplier (middleman)” (FGD, Ogbomoso).

“Input buying is based on trust and my vendor has not never disappointed me. I have had

dealings with him (the vendor) for years, and I always buy my seeds and other inputs from his

store. However, the cooperative society I belong to do supply us agrochemicals like fertiliser

at a cheaper rate” (FGD, Atiba).

It was further revealed that 220 (53.9%) of the respondents sourced their farm capital from

personal savings; 56 (13.7%) source farm capital from family savings; 24 (5.9%) source farm

capital through loans from friends; 72 (17.6%) obtained loans from cooperatives; 25 (6.1%)

obtained loans from microfinance banks, while a fraction, 11 (2.7%) acquired government

grants as farm capital. This implied that majority of the farmers sourced their farm capital

through personal savings, close relatives, and only approach external sources like

cooperatives when there are special needs such as expansion and diversification among

others11,12. The observation is substantiated by FGD discussants’ testaments;

“I started with personal savings and kept reinvesting the proceeds. I later secure loan from

cooperative society for expansion, and this has really helped my farm business” (FGD,

Ogbomoso).

“Our farm enterprise is a product of combine savings, myself and my spouse (family savings);

and we have been increasing our investment every year from the profits(FGD, Ogbomoso).

“I started with small personal savings and later got government grant which I invested for

the expansion of the farm (FGD, Atiba).
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In addition, it was revealed that majority of the farmers 307 (75.2%) sold their farm produce

in the open market, while about one-quarter, 101 (24.8%) sold their farm produce directly to

off-takers. Food crop production as measured in sales per hectare indicated 9 (2.2%) of the

farmers made ₦100,000 or less per hectare; 96 (23.5%) made between ₦101,000-₦200,000

per hectare; 116 (28.4%) made between ₦201,000-₦300,000 per hectare; 113 (27.7%) made

between ₦301,000-₦400,000 per hectare; and 74 (18.1%) made ₦401,000 and above per

hectare. The finding above is a testament to the profitability of food crop farming; however, it

has been argued that most farmers usually quote their gross revenues which are a far-cry from

the net-income even when seasonality and crop specialty are taken into consideration7,13,14,15.

Findings from research question 1 revealed majority of the farmers, 164 (40.2%) specialised

in cassava cultivation; more than one-quarter 113 (27.7%) cultivated maize; 60 (14.7%) were

into yam cultivation; 44 (10.8%) were into vegetable production; 14 3.4% were into cowpea

cultivation; and 13 (3.2%) were into rice cultivation. This clearly indicated that cassava,

maize, and yam are the three most cultivated food crops by farmers in the study areas. This

concurred with previous studies which asserted that the economy of Oyo State is chiefly

anchored on production of cash and food crops such as cassava, yam, maize, and cocoa

among others16,17,18. The dominance of cassava farming in the study area was further acceded

to by FGD discussant;

“Although cassava is the crop I cultivate majorly, I often interplant it with maize. It is very

hard to see a farmer that plant only one crop, we also practice mixed-cropping where

cassava and maize or vegetables are planted together” (FGD, Atiba).

“I major in cassava cultivation, but I always inter-plant cassava with corn and some

vegetables. I don’t think you can see any farmers who practice mono-cropping” (FGD,

Ogbomoso).



173

“I specialised in two crops, cassava and yam on separate farmlands. However, I don’t plant

them alone, I inter-crop cassava with maize while yam is inter-cropped with tomatoes” (FGD,

Ogbomoso).

Findings from research question 2 revealed that only three digital communication platforms

namely WhatsApp (x̅= 2.08±0.74), Facebook (x̅= 2.15±0.73), and SMS (x̅= 2.18±0.73) were

accessible, while others were barely accessible to the farmers. In addition, the weighted

accessibility mean (x̅=1.76±0.76) was lower than the criterion indicating that the digital

communication agricultural extension platforms were barely accessed to food crop farmers in

the study area. Thus, more than half of the respondents decry poor accessibility to digital

communication agricultural extension services. This finding is in consonance with previous

studies whose findings indicated that farmers face the challenge of accessibility that is

multifaceted in nature19,20,21, and this has resulted to poor- or low-level adoption of digital

extension services22. Despite the challenge of accessibility, studies have shown that farmers

still patronise electronic platforms like WhatsApp, Facebook, SMS, and YouTube for timely

agricultural information23,24. Thus, it has been posited that the promotion of digital extension

accessibility would facilitate access to timely agricultural information and services that

strengthens food security22. Similar attestations were made by FGD discussants as follow;

“…there is issue with internet connection here, however, WhatsApp is accessible to me, and

this is followed by the use of SMS, especially when internet network is very poor” (FGD,

Ogbomoso).

“I always access WhatsApp and Facebook with ease. In fact, we have WhatsApp platforms

for different farm groups where agricultural information is shared” (FGD, Atiba).

“As for me, WhatsApp, Facebook, and SMS are the most accessible. They play similar

functions, and SMS becomes very handy when there is internet problem” (FGD, Atiba).
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Findings from research question 3 revealed the weighted mean (x̅= 2.39±0.68) was higher

than the criterion mean indicating that majority of the farmers had good knowledge of digital

communication extension services. Determination of the level of digital communication

agricultural extension knowledge among the respondents further reveals that cumulatively,

more than three-quarter of the farmers had good knowledge of digital communication

agricultural extension services. Similarly, FGD discussants demonstrated good knowledge

digital communication in agricultural extension services thus;

“… my understanding is digital communication extension is when you can use mobile phone

to access agricultural information like disease management, weather forecast, determine

farm input price, or current price of farm produce” (FGD, Ogbomoso).

“… I can say digital communication extension involves the broadcast of agricultural

messages to farmers through digital technologies like radio, tv, and other electronic media.

Radio programmes like ‘Agbelere’, ‘Ere Agbe’, and ‘Ageloba’ are some digital extension

broadcasts used to educate farmers on modern agricultural practices in Oyo State” (FGD,

Atiba).

“I think digital communication agricultural extension covers all modern technology that uses

internet for information sharing, and platforms like WhatsApp, Facebook, Instagram, and

Twitter are some of the platforms for digitally disseminating agricultural innovations and

other agriculture-related information” (FGD, Atiba).

On the benefits of digital communication agricultural extension services, an FGD discussant

averred that;

“There is this WhatsApp group I belonged to, we usually meet on that WhatsApp group to

discuss and share ideas without physically coming together. Also, emergency information on



175

inputs, disease management, and weather are shared on the platform and farmers got the

information almost immediately (FGD, Atiba).

This finding is in consonance with a study whose findings indicated more than three-quarter

of farmers knew digital technology can be efficiently used for the dissemination of innovative

ideas and technologies to a larger farm audience25,26. The widespread knowledge that digital

communication agricultural extension involves the use of digital technologies for the purpose

of disseminating innovative information and technologies to wider audience within a short

time can be leveraged in promoting innovative ideas that enhance food crop production27.

Findings from research question 4 revealed the aggregated mean utilisation of digital

communication agricultural extension by the farmers was high (x̅= 2.85±0.92), indicating

majority of the farmers of often utilise the available digital communication agricultural

extension services. Further analysis revealed that cumulatively, high utilisation of digital

agricultural extension services was reported by more than three-quarter of the farmers in the

study area. The findings agree with earlier studies which reported high usage of user-driven

and user-friendly digital agricultural extension services for their outmost benefits22,28,29,30.

Although, there is widespread of digital communication extension knowledge among

educated farmers, it has been observed that this knowledge does not often translate into

adoption and utilisation of digital agricultural extension services by food crop farmer25,31,32.

The utilisation of digital communication agricultural extension services among food crop

farmers was further affirmed as FGD discussants averred:

“…I use digital communication platforms to compare inputs prices like fertiliser, herbicides,

and seeds every planting season” (FGD, Ogbomoso).
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“…I steadily get information on weather, price of inputs, crop diseases and their

managements. I also search for innovative ideas on post-harvest practices in the area of

storage techniques to enable me sell at later period after the market glut” (FGD, Atiba).

“… WhatsApp is very accessible to me; this is followed by SMS especially when there is poor

internet connection” (FGD, Ogbomoso).

“…WhatsApp and Facebook, and SMS are the most accessible platforms for me. Although,

they play similar function, SMS become very handy when there is problem with internet

connectivity” (FGD, Atiba).

Findings from research question 5 revealed majority of the constraints variables were seen as

very severe (2.52±0.72) by the respondents, indicating they were major constraints on the

aggregate. Further analysis revealed more than half of the respondents perceived the

constraints as very severe, while about one-third perceived the constraints as severe. Thus, it

can be deduced that the constraint variables were a major barrier to the utilisation of digital

communication agricultural extension services in the study area. Our finding is in complete

agreement with previous study who gave similar findings that poor internet accessibility and

connectivity, poor knowledge of digital-enabled technologies, and poor access to computer

and other internet gadgets were among the constraints that hinders the adoption and

utilisation of digital agricultural extension services among farmers19,33). In addition, the

finding was also attested to by FGD discussants who asserted;

“…there is poor internet connection in the rural areas where our farms are located, and so

poor internet connection prevents us from accessing timely information” (FGD, Ogbomoso).



177

“…the poor internet connection is caused by near-absence of telecom infrastructure. You

won’t believe that at times we have to climb hills to find network at the farm site; thus, access

to urgent agricultural information is sometimes very difficult” (FGD, Atiba).

“…to be honest, I don’t know how to operate android phone; I always wait for my colleagues

to get the latest agricultural information. In the process, I sometimes miss out completely or

got the innovations late” (FGD, Ogbomoso).

Research question 6 revealed that more than three-quarter of cowpea farmers (78.6%) and

rice farmers (76.9%) reported good accessibility of digital communication agricultural

extension services. These were followed by vegetable farmers (63.6%), yam farmers (56.7%),

and maize farmers (51.3%), while cassava farmers (48.7%) reported the least accessibility of

digital communication agricultural extension services in the study area. This finding implies

that cowpea and rice farmers have the highest accessibility of digital communication

extension information; and they were followed by vegetable, yam, and maize farmers. The

least accessibility was observed among cassava farmers, and indicates that cassava farmers

are less likely to get timely innovative information that would improve production. Our

findings agree with previous study which posited that access to digital extension services

have profoundly revolutionise how information is disseminated and accessed by farmers,

facilitate equitable access to agricultural knowledge, empower farmers with innovative ideas,

leading to enhanced agricultural productivity23,34,35,36.

Findings from research question 7 revealed that knowledge of digital communication

agricultural extension services was highest among vegetable (95.5%) and by maize (94.7%)

farmers. They were followed by cowpea farmers (85.7%), cassava farmers (82.3%), yam

farmers (78.3%), and rice farmers (62.9%), respectively. This implies that vegetable and

maize farmers have the highest knowledge of digital communication agricultural extension
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services which could be harness to improve food production in the study area. A good

knowledge of digital communication agricultural extension services could create vantage for

timely and effective communication with other stakeholders in the agricultural value chain as

well as accessing innovative techniques that empowers farmers to make informed choices and

decisions for increased productivity25,27,37. The findings also give credence to previous studies

which averred that better knowledge brings better understanding of modern agricultural

techniques, enhances usability of digital agricultural extension services, and empowers

farmers with valuable insight that promotes agricultural productivity, profitability and

sustainability223,34,35.

Findings from research question 8 revealed an average level of digital communication

extension utilisation among food crop farmers. The utilisation of digital communication

agricultural extension services was highest among yam farmers (58.3%), maize farmers

(57.5%), and cowpea farmers (57.1%). They were followed by cassava farmers (54.9%) and

vegetable farmers (50.0%); while rice farmers (41.7%) trailed behind. This implies that the

level of utilisation of digital communication agricultural extension services was above

average among the food crop farmers. This corroborates the findings from previous research

which posited that the utilisation of digital agricultural extension services have profound

revolutionary impacts on how information is disseminated and accessed by food crop

farmers32,34,35. Also, numerous studies have shown that utilisation of digital agricultural

extension platforms and associated services have help overcome geopolitical barriers,

allowing farmers access to timely agricultural knowledge on market prices for farm inputs

and products, innovative agricultural techniques and best practices, weather forecast, et cetera,

which have empowered farmers with up-to-date practical knowledge that promotes better

crop yields25,34,38,39,40.
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Findings from Hypothesis 1 revealed accessibility to digital communication agricultural

extension services has significant influence (F2, 405 = 30.962; P= 0.000) on food crop

production among the respondents in Oyo State, Nigeria. Significant increase in food crop

production (mean difference = 1.04720; p= 0.000) was observed among farmers with very

good access to digital communication agricultural extension services when compared to those

with poor access to digital agricultural extension services. Also, significant increase in food

crop production (mean difference = 0.55023; p= 0.000) was observed among farmers with

very good access to digital communication agricultural extension services when compared to

their counterpart with good accessibility. Significant increase in food crop production (mean

difference = 0.49697; p= 0.000) was further observed among farmers with good access to

digital communication agricultural extension services when compared to farmers with poor

accessibility. This finding is in consonance with previous study which reported significant

association exists between accessibility and productivity. The study posited that access to

digital extension services exposes farmers to agricultural best practices that reduces

inefficiencies and enhance their productivity41. The Similarly, experimental study conducted

to evaluate the effects of two different extension treatments showed significant increased

production by those farmers whose extension treatment was followed by access to additional

digital extension information over those without access to digital extension information42.

Findings from Hypothesis 2 revealed knowledge of digital communication agricultural

extension services has significant influence (F2,405= 4.941; P= 0.008) on food crop production

in Oyo State, Nigeria. Significant increase in food crop production (mean difference =

0.63732; p= 0.002) was recorded among farmers with very good knowledge when compared

to those with poor knowledge of digital agricultural extension services. Also, significant

increase in food crop production (mean difference = 0.34949; p= 0.028) was observed

between farmers with good knowledge when compared to farmers with poor knowledge of



180

digital communication agricultural extension services in the study area. Worthy of note is the

significant increase in food crop productions recorded among farmers with very good

knowledge when juxtaposed to farmers with poor knowledge of digital communication

agricultural extension services; and farmers with very good knowledge of digital extension at

their disposal always poise in making better decision with regards to agricultural best

practices that enhance their productivity23,35.

Findings from Hypothesis 3 revealed utilisation of digital communication agricultural

extension services has significant influence (F3,405 = 6.182; p= 0.002) on food crop production

in Oyo State, Nigeria. In addition, significant increase in food crop production (mean

difference = 0.52152; p= 0.005) was observed among farmers with very high level of

utilisation when compared to those with low utilisation of digital agricultural services. Also,

statistically significant increase in food crop production (mean difference = 0.33637; p=

0.004) was recorded among farmers with high level utilisation of digital communication

agricultural extension services when juxtaposed to those with low level utilisation of digital

communication agricultural extension services. The finding is in complete agreement with

previous studies that reported association between adoption of digitalised extension with

farmers’ access to timely agricultural knowledge on market prices for farm inputs and

products, utilisation of innovative techniques and best practices, and better crop yields23,

31,34,38.

Findings from Hypothesis 4 revealed constraints to utilisation of digital communication

extension services has significant influence (F2,405= 9.833; p= 0.000) on food crop production

in Oyo State, Nigeria. Also, significant increase in food crop production (mean difference =

0.59433; p= 0.000) was observed among farmers who reported minor constraints when

compared to farmers that experience very severe constraints. It was further observed that food

crop production significantly increased (mean difference = 0.38561; p= 0.001) among
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farmers who experience severe constraints when compared to farmers that experience very

severe constraints to utilisation of digital communication agricultural extension services This

implies that increase in severity of constraints causes decline in food crop production in the

study area. The findings agreed with previous studies that barriers to utilisation of digital

communication agricultural extension services could be technical, economic, environmental,

cultural, and regulatory-institutional, and the severity, which is more pronounced among

small-scale farmers, has been associated with inefficiencies, poor decision-making skills and

low productivity19,20,21,43. Also, studies have further shown that efficient application of

adaptable digital communication in agricultural extension service delivery would directly

grow region economy and this would be evident in all life activities in the social system and

wellbeing44,45,46,47.



182

Endnotes

1. R. Meinzen-Dick; A. Quisumbing & C. Doss; S. This is, Women’s Land Rights as a
Pathway to Poverty Reduction: Framework and Review of Available Evidence.
Agricultural Systems, 172, 2019, 72-82.

2. P. Yokying & I. Lambrecht, Landownership and the Gender Gap in Agriculture: Insights
from Northern Ghana. Land Use Policy,99, 2020, 105012.

3. O. Omotilewa; T. Jayne; M. Muyanga; A. Aromolaran; L. Liverpool-Tasie & T. Awokuse.
A Revisit of Farm Size and Productivity: Empirical Evidence from a Wide Range of Farm
Sizes in Nigeria.World Development, 146, 2021, 105592.

4. African Development Bank (AfDB), Feed Africa: The Road to Agricultural
Transformation in Africa. High five brief No. 2. 2017.

5. O. Omotilewa; T. Jayne & M. Muyanga, The Farm Size-Productivity Relationship:
Evidence from Panel Data Analysis of Small- and Medium-Scale Farms in Nigeria.
Agricultural Policy Research in Africa (APRA) working paper 94, 2022

6. G. Debrah & K. Adanu, Does the Inverse Farm Size-Productivity Hypothesis Hold Beyond
Five Hectares? Evidence from Ghana, Journal of Agricultural and Applied Economics,
2022, 1-12.

7. A. B. Omotoso; S. A. Daud; L. Okojie & A. O. Omotayo, Rural Infrastructure and
Production Efficiency of Food Crop Farmers: Implication for Rural Development in
Nigeria, African Journal of Science, Technology, Innovation and Development,14(1),
2020, 197-203.

8. M. Isah; S. Abdullahi; A. Aliyu & M. Sadiq, Assessment of the Agro-Input Supply Sector
in Kogi State, Nigeria. Agricultural Socio-Economics Journal, 23(1), 2023, 59-68.

9. A. Gichangi; E. Birachi; S. Wambua; J. Kavoi; D. Karanja; F. Muriithi & M. Mutua,
Factors Influencing Smallholder Farmers’ Inputs Use in Major Bean Production
Corridors in Kenya, Journal of Agriculture and Food Sciences, 17(1), 2019, 136-147.

10. A. Sekumade; S. Toluwase; R. Owoeye & M. Sedowo, Analysis of Farm Inputs
Distribution and Information Linkages among Farmers in Ekiti State, Nigeria, Global
Journal of Agricultural Research, 7(4), 2019, 1-11.

11. D. Zawadzka; A. Strzelecka & E. Szafraniec-Siluta, Debt as a Source of Financial Energy
of the Farm: What Causes the Use of External Capital in Financing Agricultural Activity?
A Model Approach. Energies, 14, 2021, 4124.



183

12. T. Haryanto; W. Wardana; I. Jamil; A. Brintanti & K. Ibrahim, Impact of Credit Access on
Farm Performance: Does Source of Credit Matter? Heliyon, 9, 2023, e19720.

13. U. Okoro; A. Akpaeti & U. Ekpo, Seasonality in Income and Poverty among Rural Food
Crop Farmers in Akwa-Ibom State, Nigeria. Russian Agricultural Sciences, 41(5), 2015,
383-389.

14. K. Idris-Adeniyi; A. Busari & S. Adedokun, Determinants of Income Diversification
among Arable Crop Farmers in Osun State, Nigeria. Journal of Agricultural Extension,
24(2), 2020, 23-30.

15. N. Odoh; S. Nwibo; A. Eze & E. Igwe, Farmers Income and Savings Pattern in Benue
State, Nigeri, Journal of Agricultural Extension, 24(1), 2020, 128-137.

16. T. Editors, Oyo. Editors of Encyclopaedia 2023, August 1st.

17. A. Akande; L. Ummuna; K. Adeniji; P. Eledan; O. Ojekunle; S. Lateef; D. Ladele; G.
Aster; O. Saibu; V. Obatolu; S. Odebode; B. Oloko & A. Dixon, Strategic Plan for
Srengthening Oyo State Food System for Healthier Diet during COVID-19 Pandemic. Oyo
State Agribusiness Development Agency; in partnership with International Institute
of Tropical Agriculture (IITA), Ibadan, 2020.

18. O. Akano; A. Oluwasemire; M. Modirwa; O. Aminu; F. Oderinde & O. Oladele, Weather
Variability in Derived Savannah and Rainforest Agro-Ecologies in Nigeria: Implications
for Crop Yields and Food Security.African Crop Science Journal, 29(4), 2021, 513-534.

19. C. Ayim; A. Kassahun; C. Addison & B. Tekinerdogan. Adoption of ICT Innovations in the
Agriculture Sector in Africa: A Review of the Literature. Agriculture and Food Security,
11 (1), 2022, 1-16.

20. A. Ferrari; M. Bacco; K. Gaber; A. Jedlitschka; S. Hess; J. Kaipainen; P. Koltsida; E. Toli
& G. Brunori, Drivers, Barriers and Impacts of Digitalisation in Rural Areas from the
Viewpoint of Experts, Information and Software Technology, 145, 2022, 106816.

21. R. Amoussohoui; A. Arouna; M. Bavorova; V. Verner; W. Yergo & J. Banout, Analysis of
the Factors Influencing the Adoption of Digital Extension Services: Evidence from the
Rice Advice Application in Nigeria, The Journal of Agricultural Education and
Extension, 14, 2023, 109.

22. S. Coggins; M. McCampbell; A. Sharma; R. Sharma; S. M. Haefele; E. Kark; J.
Hetherington; J. Smith & B. Brown, (2022). How have Smallholder Farmers used Digital
Extension Tools? Developer and User Voices from Sub-Saharan Africa, South Asia and
Southeast Asia. Global Food Security, 32, 2022, 100577.



184

23. O. Olagunju; O. Adetarami; G. F. Koledoye; A. T. Olumoyegun & I. S. Nabara, (2021).
Digitization of agricultural extension system for effective management of emergency in
Nigeria. Journal of Agricultural Extension, 25(4), 2021, 81-91.

24. M. Ibe; A. Edet; J. Ajaero & C. Godson-Ibeji, Agricultural Extension Workers’ Use of
Electronic Tools in Delivering Farm Information During Pandemics, Disasters and
Emergencies in Imo State, Nigeria, International Academy Journal of Agribusiness and
Agricultural Science Annals, 6(3), 2023, 9-16.

25. O. Deji; M. Famakinwa; D. Alabi & E. Faniyi, Utilisation of Artificial Intelligence-Based
Technology for Agricultural Extension Services among Extension Professionals in Nigeria,
Journal of Agricultural Extension, 27(3), 2023, 80-92.

26. W. Fu & R. Zhang, can Digitalization Levels Affect Agricultural Total Factor Productivity?
Evidence from China. Frontiers in Sustainable Food Systems, 6, 2022, 860780.

27. FAO, Strengthening Digital Agricultural Extension and Advisory Services in Smallholder
Farming. Food andAgriculture Organisation, Rome.

28. C. Ifeanyi-obi & B. Corbon, Utilization of Digital Tools in Extension Service Delivery
amongst Extension Agents in Akwa Ibom State, Nigeria, Journal of Agricultural
Extension, 27(4), 2023, 67-76.

29. M. Khabib; H. M. R. Sembel, The Influence of Digital Communication to Farmers and
Field Activity with Brand Awareness as Mediating Variable to Sales Effort in Pt Bayer
Crop Science, Indonesia. International Journal of Business, Economics and Law, 24(2),
2021, 39-47.

30. T. V. L. Gaol: & M. R. Gustira, Utilization of Information and Communication Technology
in Agriculture. IOP Conference Series: Materials Science and Engineering, 879, 2020,
012143.

31. R. U. Onyeneke; D. A. Ankrah; R. Atta-Ankomah; F. F. Agyarko; C. J. Onyeneke & J. G.
Nejad, Information and Communication Technologies and Agricultural Production: New
Evidence from Africa.Applied Science, 13, 2023, 3918.

32. C. Izuogu; M. Olaolu; G. Azuamairo; L. Njoku; P. Kadurumba & G. Agou, A Review of
the Digitalization of Agriculture in Nigeria, Journal of Agricultural Extension, 27(2),
2023, 47-64.

33. D. A. Mustashkina; N. V. Karpova; A. S. Makarov & M. M. Khannanov, Agricultural
Development Using Digital Technologies. BIOWeb of Conferences, 27, 2020, 00042.



185

34. N. Singh; N. Sunitha; G. Tripathi; D. Saikanth; A. Sharma; A. Jose & M. Mary, Impact of
Digital Technologies in Agricultural Extension,Asian Journal of Agricultural Extension,
Economics and Sociology, 41(9), 2023, 963-970.

35. P. Rajkhowa & M. Qaim, Personalized Digital Extension Services and Agricultural
Performance: Evidence from Smallholder Farmers in India, PLoS ONE, 16(10), 2021,
e0259319.

36. A. Jameel, Improving Agricultural Information and Extension Services to Increase Small-
Scale Farmers Productivity, J-PAL Policy Insight,2023, 2260.

37. M. Herrero; P. Thornton; D. Mason-D’Croz; J. Palmer; T. Benton; B. Bodirsky & J.
Bogard, Innovation can Accelerate the Transition Towards a Sustainable Food System.
Nature Food, 1(5), 2020, 266-272.

38. C. Anadozie; M. Fonkam; J Cleron & M. Kah, The Impact of Mobile Phone Use on
Farmers’ Livelihoods in Post-Insurgency Northeast Nigeria, Information Development,
37(1), 2021, 6-20.

39. A. Balkrishna; J. Sharma; H. Sharma; S. Mishra; S. Singh; S. Verma & V. Arya,
Agricultural Mobile Apps used in India: Current Status and Gap Analysis, Agricultural
Science Digest, 2020, D-5140.

40. N. Khan; G. Qijie; S. Ali; B. Shahbaz & A. Shah, Farmers’ Use of Mobile Phone for
Accessing Agricultural Information in Pakistan: a case of Punjab Province, Ciência
Rural, 49(10), 2019, 1-12.

41. A. Arouna; R. Aboudou & S. Ndindeng, The Adoption and Impacts of Improved
Parboiling Technology for Rice Value Chain Upgrading on the Livelihood of Women Rice
Parboilers in Benin.Frontiers in Sustainable Food Systems, 7, 2023, 1066418.

42. O. Oyinbo; J. Chamberlin; T. Abdoulaye & M. Maertens, Digital extension, Price Risk,
and Farm Performance: Experimental Evidence from Nigeria, American Journal of
Agricultural Economics, 2021, 1-20.

43. A. Arouna; J. Michler; W. Yergo & K. Saito, One Size Fit all? Experimental Evidence on
the Digital Delivery of Personalized Extension Advice in Nigeria, American Journal of
Agricultural Economics, 103(2), 2020, 596-619.

44. M. Irpan; A. Summantri; M. F. Kurniawati; R. A. Sukmana; M. Fajar; & S. Shaddiq,
Digital Communication in Agricultural Extension in the Era of the Industrial Revolution
4.0. 14th International Quality Conference: Quality Research, 2023, 981-1002.



186

45. N. M. Trendov; S. Varas & M. Zeng, Digital Technologies in Agriculture and Rural areas:
Status Report. FAO Rome, 2019.

46. I. Unay-Gailhard; & M. A. Brennen, How Digital Communications Contribute to Shaping
the career Paths of Youth: A Review Study Focused on Farming as a Career option.
Agriculture and Human Values, 39, 2022, 1491-1508.

47. G. M. A. Nonvide, Impact of Information and Communication Technologies on
Agricultural Households’ Welfare in Benin, Telecommunication Policy, 47(6), 2023,
102570.



187

Chapter Five

Conclusion

This chapter presents the summary, conclusion, and recommendations of the study. It also

discusses the contributions of this study to the body of knowledge as well as suggested areas

for further studies.

5.1 Summary of Findings

This study investigated influence of digital communication agricultural extension services on

food crop production in Oyo State, Nigeria. Findings of the study revealed that one hundred

and thirty-two (132: 32.4%) were between 41-50 years of age and this was followed by one

hundred and eleven (111: 27.2%) were between 20-30 years; eighty-three (83: 20.3%) were

between 31-40 years; and eighty-two (82: 20.1%) were between 51 years and above. Two

hundred and eighty-nine (289: 70.8%) of the respondents were male farmers, while one

hundred and nineteen (119: 29.2%) were female farmers. Concerning educational attainment,

three hundred and thirty-five (335: 82.1%) had attained tertiary education; thirty-six (36:

8.8%) had attained secondary education; twenty-five (25: 6.1%) had only primary education;

and twelve (12: 2.9%) had no formal education. Two hundred and sixty-nine (269: 65.9%)

were married farmers; one hundred and one (101: 24.8%) were single unmarried farmers;

fifteen (15: 3.7%) were divorced; while twelve (12: 2.9%) and eleven (11: 2.7%) were

separated and divorced from their spouse, respectively. Findings on religious affiliation

revealed one-hundred and sixty-seven (167: 40.9%) were of Christian faith; one hundred and
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fifty-eight (158: 38.8%) professed Islam; while eighty-three (83: 20.3%) were affiliated with

traditional worship.

Frequency distribution on enterprise characteristics of food crop farmers revealed one

hundred and twelve (112: 27.5%) of the farmers had between 1-5 years of farming experience,

one hundred and nineteen (119: 29.2%) had between 6-10 years of farming experience, sixty

(60:14.7%) had between 11-15 years of farming experience, and one hundred and seventeen

(117: 28.7%) had between 16-20 years of farming experience. It was also revealed that one

hundred and eighty-eight (188: 44.6%) of the farmers owned between 1-5 hectares of

farmland, one hundred and twenty-five (125: 30.6%) owned between 6-10 hectares of

farmland, forty-seven (47: 11.5%) owned between 11-15 hectares of farmland, and thirty (30:

7.4%) owned between 16-20 hectares of farmland. One hundred and forty (140: 34.3%)

claimed their land ownership was through inheritance, one hundred and forty-six (146: 35.8%)

claimed land ownership was through direct purchase, thirty-three (33: 8.1%) claimed

farmland was communally owned, and eighty-nine (89: 21.8%) claimed the farmland was

leased.

Findings on farm inputs revealed that one hundred and seventy-two (172: 42.2%) sometimes

source their farm inputs from open market, two hundred and eight (208: 51.0%) always

source farm inputs from open market; one hundred and seventy (172: 42.2%) sometimes

approach extension agents for their farm inputs; and ninety-seven (97: 23.8%) always source

farm inputs from extension agents. one hundred and seventy (170: 41.7%) and eighty-eight

(88: 21.6%) sometimes and always source inputs from cooperative societies; two hundred

and sixteen (216: 52.9%) and seventy-five (75: 18.4%) sometimes and always sources inputs

from middlemen; one hundred and sixty-four (164: 40.2%) and fifty-nine (59: 14.5%)

sometimes and always source inputs from research institutes.
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It was further revealed that two hundred and twenty (220: 53.9%) farmers raised farm capital

through personal savings, fifty-six (56: 13.7%) raised farm capital from family savings,

twenty-four (24: 5.9%) source farm capital through loans from friends, seventy-two (72:

17.6%) obtained loans from cooperatives, twenty-five (25: 6.1%) obtained loans from

microfinance bank, while a fraction, eleven (11: 2.7%) acquired government grants as farm

capital. Three hundred and seven (307: 75.2%) sell their farm produce in the open market,

while one hundred and one (101: 24.8%) sold their farm produce directly to off-takers. Food

crop production as measured in sales per hectare shows nine (9: 2.2%) farmers made

₦100,000 or less per hectare, ninety-six (96: 23.5%) made between ₦101,000-₦200,000 per

hectare, one hundred and sixteen (116: 28.4%) made between ₦201,000-₦300,000 per

hectare, one hundred and thirteen (113: 27.7%) made between ₦301,000-₦400,000 per

hectare, and seventy-four (74: 18.1%) made ₦401,000 and above per hectare.

Answer to research questions revealed that one hundred and sixty-four (164: 40.2%)

specialised in the cultivation of cassava, one hundred and thirteen (113: 27.7%) cultivated

maize, sixty (60: 14.7%) were into yam cultivation, forty-four (44: 10.8%) were into

vegetable production, fourteen (14: 3.4%) were into cowpea production, and thirteen (13:

3.2%) were into rice production. Findings on accessibility revealed that cumulatively,

accessibility to digital agricultural extension service was below average (x̅= 1.76±0.76) in the

study area.

Findings on level of knowledge revealed that cumulatively, majority of the farmers had good

knowledge (x̅= 2.39±0.68) of digital communication agricultural extension in the study area.

Findings on level of utilisation revealed that cumulatively, utilisation of digital

communication agricultural extension services was high (x̅= 2.85±0.92) among food crop

farmers in the study area. On constraints to utilisation, majority of the farmers perceived the

constraints as very severe (x̅= 2.52±0.72) in the study area.
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Findings revealed accessibility was highest among cowpea farmers (78.6%) and rice farmers

(76.9%); and these were followed by vegetable farmers (63.6%), yam farmers (56.7%), and

maize farmers (51.3%), while the least accessibility was reported among cassava farmers

(48.7%). Knowledge of digital agricultural extension services was highest among vegetable

(95.5%) and maize (94.7%) farmers. They were followed by cowpea farmers (85.7%),

cassava farmers (82.3%), yam farmers (78.3%), and rice farmers (62.9%), respectively. Lastly,

utilisation of digital agricultural extension was highest among yam farmers (58.3%), maize

farmers (57.5%), and cowpea farmers (57.1%), cassava farmers (54.9%), and vegetable

farmers (50.0%); while rice farmers (41.7%) trailed behind.

Accessibility of digital agricultural extension services (F2, 405 = 30.962; P= 0.000), knowledge

of digital agricultural extension services (F2,405= 4.941; P= 0.008), utilisation of digital

agricultural extension services (F2,405 = 6.182; p= 0.002), and constraints to utilisation of

digital extension services (F2,405= 9.833; p= 0.000) significantly influenced food crop

production in the study area.

5.2 Conclusion

Owing to the findings of this study, it could be deduced that majority of the food crop farmers

in Oyo State were male; in their mid-ages; had attained tertiary education; were married; and

professed one of the three major religious faiths.

Most of the food crop farmers have acquired wealth of years of farming experience; majority

cultivated six hectares and above farmland; majorly acquired farmland through direct

purchase and inheritance; majorly sourced inputs from the open market and middlemen;

mostly sourced farm capital from personal savings; sold farm produce in open market; and

made above two hundred thousand Naira per hectare.



191

Food crops majorly cultivated were cassava, maize, vegetables, cowpea, and rice; the most

accessible digital communication agricultural extension platforms were WhatsApp, Facebook,

and short messaging services, while on aggregate, digital communication agricultural

extension services were barely accessible to food crop farmers.

Majority of the food crop farmers had good knowledge of DCAES; reported high utilisation

of digital communication agricultural extension; and mostly inferred that constraints

preventing the utilisation of digital agricultural extension services were severe.

The accessibility of DCAES was highest among cowpea farmers, rice farmers, vegetable

farmers, yam farmers, maize farmers, and was least among cassava farmers. Knowledge of

digital communication agricultural extension services was highest among vegetable, maize,

cowpea, cassava, yam, and rice farmers, respectively. Furthermore, utilisation of digital

communication agricultural extension was highest among yam, maize, cowpea, cassava, and

vegetable farmers, while rice farmers trailed behind in the utilisation of digital agricultural

extension services.

Lastly, accessibility, knowledge, utilisation, and constraints to utilisation of digital

agricultural extension services had significant influence on food crop production in Oyo State,

Nigeria. In addition, very good knowledge, and very high utilisation significantly increase

food crop production; while very severe and severe constraints to utilisation of digital

agricultural extension services significantly reduce food crop production in the study area.

5.3 Recommendations

Based on major findings from this study, the following recommendations were hereby made:

1. It was reported in this study that accessibility to DCAES was poor, and majority of the

digital extension platforms were barely accessible to food crop farmers. Poor accessibility
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can cut-off the flow of innovative information to farmers resulting in a decline in food crop

production. Accessibility of digital communication agricultural extension services to food

crop farmers should be improved upon by ensuring inclusive development of digital

agricultural, provision of critical digital infrastructures and facilities and establishment of

institutional framework that see to the provision and delivery of digitalised agricultural

extension information to food crop farmers especially among those in rural community.

2. Knowledge of digital communication agricultural extension services among food crop

farmers was generally good; however, there is always room for improvement. Target-specific

educational programmes that enunciate the potentials of digital communication agricultural

extension services to food crop farmers should be championed. Capacity building should be

embarked upon through community training on digital agriculture, especially among lead-

farmers, young farmers, and women farmers to improve their current knowledge of digital

information on agriculture. Acquisition of digital agricultural extension knowledge through

training will increase adoption and utilisation potentials of food crop farmers.

3. Utilisation of DCAES was observed to be high among food crop farmers. Very higher

utilisation of digital agricultural extension services can be achieved through community

agents and facilitators approach; these will allow real-time capturing of the challenges

farmers encounter in their bid to utilise digital communication extension platforms. The use

of community tech-savvy facilitators will also accord developers the opportunity to co-design

accessible, affordable, and easy-to-use digital extension tools and services that are demand-

driven. In addition, the facilitator will be able to monitor and evaluate food crop farmers’

performance in terms of responsiveness, efficiency of use, and satisfaction.

4. Constraints to utilisation of digital extension services were observed by food crop farmers

while these constraints can be mitigated through provision of digital infrastructure especially
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in the rural area and will promote digital inclusivity and enhance dissemination of innovative

ideas to farmers; promotional campaigns through conferences, seminars, and advocacies

should be employed to sensitise farmers on benefits of digital agricultural extension and

advisory services; and the provision of cheap and efficient internet connectivity that promotes

easy access to up-to-date agricultural extension knowledge and services is essential.

5.4 Contribution to Knowledge

This study has contributed to knowledge in the following ways: Theoretically, this study gave

a profound insight to the concept used in the study that was richly elaborated beyond what is

obtainable among related previous studies. Diffusion of Innovation Theory, Unified Theory

of Acceptance Use of Technology and Technology Determinism Theory were the major

theories used for the study. Diffusion of Innovation Theory propounded in 1962 and extended

in 2003 averred the adoption of any technological innovation such as digital agricultural

extension services, involves various stages that is reflective as knowledge acquisition about

innovation, evaluation of ease of accessibility and utilisation, and decision for continuum

when positive outcome is attained. This theory shows that when food crop farmers acquire

knowledge of digital agricultural extension services; ease of access and utilisation would

further attract to the innovation; and the outcome as measured by their productivity would

influence their decision to assimilate and disseminate the innovation.

The Unified Theory of Acceptance is based on four cardinal determinants of behavioural

intention to use digital technology, and these performance expectancy, effort expectancy,

social influence, and facilitating conditions. Farmers’ desire to improve on crop production

usually endeared them to innovative technology such as digital extension platform and digital

agriculture and advisory services. However, the efforts (ease or difficulty) required to access
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the platforms and effort required to utilise the services are very crucial both before and after

adoption of the innovations. Equally crucial is the mass media (social media) influence.

Digital agricultural extension platform such as WhatsApp, Facebook, YouTube, Twitter (now

X) among others, would influence timely accessibility of innovative ideas by food crop

farmers depending on the knowledge and skills these farmers possess; while the availability

or lack of facilities and infrastructure can facilitate or constrained access and utilisation of

digital agricultural extension services by food crop farmers, which advertently influence food

crop production.

Technology Determinism Theory asserted that technology has autonomy of development; the

development of technology is progressive; and the development of technology is emergent,

that is, it is the determinant of all social transformations and cultural modifications. The

invented technology shapes society and culture, influencing human behaviour, social

structures, and communication patterns. In summary, technology determinism theory

emphasizes the transformative impact of digital technologies on agricultural practices,

information dissemination, and extension service delivery; which will motivate farmers to

adopt and utilise digital communication extension to improve their food crop production.

Empirically, this study adds to the pool of empirical literature by reporting the significant

influence of accessibility, knowledge, utilisation, and constraints to utilisation of digital

communication agricultural extension services on food crop production in Oyo State, which

previous empirical studies did not consider thus, bridging the gap in empirical literature.

In addition, findings of this study had also provided useful information that can serve as

bedrock for policy formulation by both the Federal and State Ministries of Agriculture and

other policy makers in the development of polices that could be used to improve accessibility
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and utilisation of digital extension platforms to food crop farmers in order to enhance high

productivity.

5.5 Suggested Areas of Further Studies

This study investigated the influence of digital communication agricultural extension services

on food crop production in Oyo State, using food crop farmers as its respondents. The study

also employed quantitative research. Perchance, mixed research could be employed in further

studies to provide a more detailed result on the influence of digital communication

agricultural extension services on food crops production.

The study also employed descriptive survey research design investigated the influence of

digital communication agricultural extension services on food crops production in Oyo State.

A similar study could, however, be conducted using other types of research designs for the

purpose of comparison to establish similarities or differences of these studies.

Again, this study was conducted among food crop farmers as respondents. However, new

studies could be conducted among cash crop farmers using the same research problems to

determine the influence of digital agricultural extension services on cash crop production.

Furthermore, the influence of socio-demographic characteristics of food crop farmers were

not considered in this study. Perhaps, further studies that explore the influence of age, gender,

educational attainment, and years of farming experience on food crop production. In addition,

the influence of enterprise characteristics such as farm size, type of land ownership, types of

crops cultivated, sources of capital, and labour, on food crops production could be explored.
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Appendices

Appendix 1: SPSS Computation Results (Raw Scores)

Age

Frequency Percent Valid Percent Cumulative Percent
Valid 20-30 111 27.2 27.2 27.2

31-40 83 20.3 20.3 47.5
41-50 132 32.4 32.4 79.9
≥ 51 82 20.1 20.1 100.0
Total 408 100.0 100.0

Gender
Frequency Percent Valid Percent Cumulative Percent

Valid Male 289 70.8 70.8 70.8
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Female 119 29.2 29.2 100.0
Total 408 100.0 100.0

Educational attainment
Frequency Percent Valid Percent Cumulative Percent

Valid No formal
education

12 2.9 2.9 2.9

Primary 25 6.1 6.1 9.1
Secondary 36 8.8 8.8 17.9
Tertiary 335 82.1 82.1 100.0
Total 408 100.0 100.0

Marital status
Frequency Percent Valid Percent Cumulative Percent

Valid Single 101 24.8 24.8 24.8
Married 269 65.9 65.9 90.7
Separated 12 2.9 2.9 93.6
Divorced 11 2.7 2.7 96.3
Widowed 15 3.7 3.7 100.0
Total 408 100.0 100.0

Religion
Frequency Percent Valid Percent Cumulative

Percent
Valid Christianity 167 40.9 40.9 40.9

Islam 158 38.7 38.7 79.7
Traditional
worship

83 20.3 20.3 100.0

Total 408 100.0 100.0

Years Farming Experience

Frequency Percent Valid Percent Cumulative Percent

Valid 1-5 112 27.5 27.5 27.5

6-10 119 29.2 29.2 56.6
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11-15 60 14.7 14.7 71.3

16-20 117 28.7 28.7 100.0

Total 408 100.0 100.0

Size of Farm (Hectares)
Frequency Percent Valid Percent Cumulative Percent

Valid 1-5 182 44.6 44.6 44.6
6-10 125 30.6 30.6 75.2
11-15 47 11.5 11.5 86.8
16-20 30 7.4 7.4 94.1
≥ 21 24 5.9 5.9 100.0
Total 408 100.0 100.0

Land Ownership
Frequency Percent Valid Percent Cumulative Percent

Valid Inheritance 140 34.3 34.3 34.3
Purchase 146 35.8 35.8 70.1
Communal 33 8.1 8.1 78.2
Lease 89 21.8 21.8 100.0
Total 408 100.0 100.0

Major Crop
Frequency Percent Valid Percent Cumulative Percent

Valid Yam 60 14.7 14.7 14.7
Cassava 164 40.2 40.2 54.9
Rice 13 3.2 3.2 58.1
Cowpea 14 3.4 3.4 61.5
Vegetables 44 10.8 10.8 72.3
Maize 113 27.7 27.7 100.0
Total 408 100.0 100.0

Sources of farm capital
Frequency Percent Valid Percent Cumulative Percent

Vali
d

Personal savings 220 53.9 53.9 53.9
Family savings 56 13.7 13.7 67.6
Loan from friends 24 5.9 5.9 73.5



225

Loan from
Cooperatives

72 17.6 17.6 91.2

Loan from
microfinance bank

25 6.1 6.1 97.3

Government grant 11 2.7 2.7 100.0
Total 408 100.0 100.0

Source of seedlings- Open market
Frequency Percent Valid Percent Cumulative Percent

Valid Never 28 6.9 6.9 6.9
Sometimes 172 42.2 42.2 49.0
Always 208 51.0 51.0 100.0
Total 408 100.0 100.0

Source seedlings-Ext. Agent

Frequency Percent Valid Percent Cumulative Percent

Valid Never 139 34.1 34.1 34.1

Sometimes 172 42.2 42.2 76.2

Always 97 23.8 23.8 100.0

Total 408 100.0 100.0

Source seedlings- Cooperative
Frequency Percent Valid Percent Cumulative Percent

Valid Never 150 36.8 36.8 36.8
Sometimes 170 41.7 41.7 78.4
Always 88 21.6 21.6 100.0
Total 408 100.0 100.0

Source seedlings- Middlemen
Frequency Percent Valid Percent Cumulative Percent

Valid Never 117 28.7 28.7 28.7
Sometimes 216 52.9 52.9 81.6
Always 75 18.4 18.4 100.0
Total 408 100.0 100.0
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Source seedlings Research Institute
Frequency Percent Valid Percent Cumulative Percent

Valid Never 185 45.3 45.3 45.3
Sometimes 164 40.2 40.2 85.5
Always 59 14.5 14.5 100.0
Total 408 100.0 100.0

Avenue Produce Sales
Frequency Percent Valid Percent Cumulative Percent

Valid Open market 307 75.2 75.2 75.2
Off-takers 101 24.8 24.8 100.0
Total 408 100.0 100.0

Estimated sales of farm produce per hectare
Frequency Percent Valid Percent Cumulative Percent

Valid ≤ ₦100,000 9 2.2 2.2 2.2
₦101,000-
₦200,000

96 23.5 23.5 25.7

₦201,000-
₦300,000

116 28.4 28.4 54.2

₦301,000-
₦400,000

113 27.7 27.7 81.9

≥ ₦401,000 74 18.1 18.1 100.0
Total 408 100.0 100.0

WhatsApp
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 96 23.5 23.5 23.5
Accessible 183 44.9 44.9 68.4
Highly
accessible

129 31.6 31.6 100.0

Total 408 100.0 100.0

E-Bay
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 245 60.0 60.0 60.0
Accessible 105 25.7 25.7 85.8
Highly 58 14.2 14.2 100.0
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accessible
Total 408 100.0 100.0

Instagram
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 210 51.5 51.5 51.5
Accessible 127 31.1 31.1 82.6
Highly accessible 71 17.4 17.4 100.0
Total 408 100.0 100.0

Facebook
Frequency Percent Valid

Percent
Cumulative Percent

Valid Not accessible 82 20.1 20.1 20.1
Accessible 181 44.4 44.4 64.5
Highly
accessible

145 35.5 35.5 100.0

Total 408 100.0 100.0

Telegram
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 179 43.9 43.9 43.9
Accessible 162 39.7 39.7 83.6
Highly
accessible

67 16.4 16.4 100.0

Total 408 100.0 100.0

Twitter
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 213 52.2 52.2 52.2
Accessible 137 33.6 33.6 85.8
Highly
accessible

58 14.2 14.2 100.0

Total 408 100.0 100.0
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LinkedIn
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 248 60.8 60.8 60.8
Accessible 120 29.4 29.4 90.2
Highly accessible 40 9.8 9.8 100.0
Total 408 100.0 100.0

E-Wallet
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 254 62.3 62.3 62.3
Accessible 106 26.0 26.0 88.2
Highly accessible 48 11.8 11.8 100.0
Total 408 100.0 100.0

Short Message Services (SMS)
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 75 18.4 18.4 18.4
Accessible 185 45.3 45.3 63.7
Highly accessible 148 36.3 36.3 100.0
Total 408 100.0 100.0

Web page created by Agricultural Research Institutes
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 169 41.4 41.4 41.4
Accessible 168 41.2 41.2 82.6
Highly accessible 71 17.4 17.4 100.0
Total 408 100.0 100.0
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E-mail
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 122 29.9 29.9 29.9
Accessible 204 50.0 50.0 79.9
Highly accessible 82 20.1 20.1 100.0
Total 408 100.0 100.0

Interactive Voice Response (IVR)
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 192 47.1 47.1 47.1
Accessible 150 36.8 36.8 83.8
Highly
accessible

66 16.2 16.2 100.0

Total 408 100.0 100.0

Unstructured supplemetary service data
Frequency Percent Valid Percent Cumulative Percent

Valid Not accessible 170 41.7 41.7 41.7
Accessible 159 39.0 39.0 80.6
Highly
accessible

79 19.4 19.4 100.0

Total 408 100.0 100.0

Level of Accessibility
Frequency Percent Valid Percent Cumulative Percent

Valid Poor 196 48.0 48.0 48.0
Good 153 37.5 37.5 85.5
Very Good 59 14.5 14.5 100.0
Total 408 100.0 100.0

Digital extension involves the use of digital technologies for the purpose disseminating
innovative information and technologies

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 65 15.9 15.9 15.9

Not Sure 51 12.5 12.5 28.4
True/Yes 292 71.6 71.6 100.0
Total 408 100.0 100.0
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Digitalisation of agricultural extension involve the deployment of digital platforms like
Facebook, WhatsApp, e-Bay, Instagram

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 67 16.4 16.4 16.4

Not Sure 39 9.6 9.6 26.0
True/Yes 302 74.0 74.0 100.0
Total 408 100.0 100.0

Digital extension enables quick transfer of agricultural information between researchers,
extension agents and farmers

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 57 14.0 14.0 14.0

Not Sure 41 10.0 10.0 24.0
True/Yes 310 76.0 76.0 100.0
Total 408 100.0 100.0

The deployment of digital extension can make the transfer of innovative ideas to reach a
wider audience within a short time

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 61 15.0 15.0 15.0

Not Sure 36 8.8 8.8 23.8
True/Yes 311 76.2 76.2 100.0
Total 408 100.0 100.0

The use of digital technologies can give farmers access to innovative techniques that
improve their productivity

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 63 15.4 15.4 15.4

Not Sure 47 11.5 11.5 27.0
True/Yes 298 73.0 73.0 100.0
Total 408 100.0 100.0

The use of digital technologies can link farmers to diverse farm inputs suppliers with
opportunities for price negotiation

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 56 13.7 13.7 13.7

Not Sure 48 11.8 11.8 25.5
True/Yes 304 74.5 74.5 100.0
Total 408 100.0 100.0
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Digital extension enables quick transfer of agricultural information between researchers,
extension agents and farmers

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 69 16.9 16.9 16.9

Not Sure 41 10.0 10.0 27.0
True/Yes 298 73.0 73.0 100.0
Total 408 100.0 100.0

The use of digital extension can furnish farmers with analytical tools that enhance farm
management and decision-making skills

Frequency Percent Valid Percent Cumulative Percent
Valid False/No 73 17.9 17.9 17.9

Not Sure 56 13.7 13.7 31.6
True/Yes 279 68.4 68.4 100.0
Total 408 100.0 100.0

Digital extension can hinder farmers from sharing knowledge, ideas, and experiences
with one another

Frequency Percent Valid Percent Cumulative Percent
Valid True/Yes 145 35.5 35.5 35.5

Not Sure 31 7.6 7.6 43.1
False/No 232 56.9 56.9 100.0
Total 408 100.0 100.0

Digital extension could hinder improvement in efficiency, productivity and sustainability
in farm and across value-chain

Frequency Percent Valid Percent Cumulative Percent
Valid True/Yes 140 34.3 34.3 34.3

Not Sure 42 10.3 10.3 44.6
False/No 226 55.4 55.4 100.0
Total 408 100.0 100.0
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Digital extension can collapse the current commercial agricultural structure resulting in
huge financial loss to farmers

Frequency Percent Valid Percent Cumulative Percent
Valid True/Yes 97 23.8 23.8 23.8

Not Sure 54 13.2 13.2 37.0
False/No 257 63.0 63.0 100.0
Total 408 100.0 100.0

Digital extension reduce farmers’ decision-making capabilities leading to poor choices
and low crop yield

Frequency Percent Valid Percent Cumulative Percent
Valid True/Yes 121 29.7 29.7 29.7

Not Sure 55 13.5 13.5 43.1
False/No 232 56.9 56.9 100.0
Total 408 100.0 100.0

Digital extension will not be beneficial to local farmers because of its hyper-connectivity
and data driven system

Frequency Percent Valid Percent Cumulative Percent
Valid True/Yes 201 49.3 49.3 49.3

Not Sure 59 14.5 14.5 63.7
False/No 148 36.3 36.3 100.0
Total 408 100.0 100.0

Digital extension cannot meet the basic information need of local farmers’ because it is
too technical for their understanding

Frequency Percent Valid Percent Cumulative Percent
Valid True/Yes 200 49.0 49.0 49.0

Not Sure 57 14.0 14.0 63.0
False/No 151 37.0 37.0 100.0
Total 408 100.0 100.0

Digital extension can reduce farmer’s bargaining power and the option to choose from
reputable vendors

Frequency Percent Valid Percent Cumulative Percent
Valid True/Yes 159 39.0 39.0 39.0

Not Sure 51 12.5 12.5 51.5
False/No 198 48.5 48.5 100.0
Total 408 100.0 100.0
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Access price of farm inputs from vendors
Frequency Percent Valid Percent Cumulative Percent

Valid Never 34 8.3 8.3 8.3
Rarely 81 19.9 19.9 28.2
Sometimes 171 41.9 41.9 70.1
Regularly 122 29.9 29.9 100.0
Total 408 100.0 100.0

Access market price for farm produce
Frequency Percent Valid Percent Cumulative Percent

Valid Never 46 11.3 11.3 11.3
Rarely 57 14.0 14.0 25.2
Sometimes 153 37.5 37.5 62.7
Regularly 152 37.3 37.3 100.0
Total 408 100.0 100.0

Access financial services
Frequency Percent Valid Percent Cumulative Percent

Valid Never 78 19.1 19.1 19.1
Rarely 115 28.2 28.2 47.3
Sometimes 124 30.4 30.4 77.7
Regularly 91 22.3 22.3 100.0
Total 408 100.0 100.0

Access innovative ideas on crop husbandry
Frequency Percent Valid Percent Cumulative Percent

Valid Never 55 13.5 13.5 13.5
Rarely 67 16.4 16.4 29.9
Sometimes 158 38.7 38.7 68.6
Regularly 128 31.4 31.4 100.0
Total 408 100.0 100.0

Recruitment of farm labour
Frequency Percent Valid Percent Cumulative Percent

Valid Never 86 21.1 21.1 21.1
Rarely 89 21.8 21.8 42.9
Sometimes 108 26.5 26.5 69.4
Regularly 125 30.6 30.6 100.0
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Total 408 100.0 100.0

Purchase of agricultural input (e.g., seeds, agro-chemicals, equipment, machinery, etc.)
Frequency Percent Valid Percent Cumulative Percent

Valid Never 42 10.3 10.3 10.3
Rarely 66 16.2 16.2 26.5
Sometimes 143 35.0 35.0 61.5
Regularly 157 38.5 38.5 100.0
Total 408 100.0 100.0

Access information on crop disease and management
Frequency Percent Valid Percent Cumulative Percent

Valid Never 41 10.0 10.0 10.0
Rarely 74 18.1 18.1 28.2
Sometimes 157 38.5 38.5 66.7
Regularly 136 33.3 33.3 100.0
Total 408 100.0 100.0

Access weather information
Frequency Percent Valid Percent Cumulative Percent

Valid Never 53 13.0 13.0 13.0
Rarely 77 18.9 18.9 31.9
Sometimes 153 37.5 37.5 69.4
Regularly 125 30.6 30.6 100.0
Total 408 100.0 100.0

Access information on profitability of other agricultural enterprise for diversification purpose
Frequency Percent Valid Percent Cumulative Percent

Valid Never 64 15.7 15.7 15.7
Rarely 71 17.4 17.4 33.1
Sometimes 155 38.0 38.0 71.1
Regularly 118 28.9 28.9 100.0
Total 408 100.0 100.0
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Major crop * Accessibility Cross tabulation
Accessibility

TotalPoor Good

Majorcrop Yam Count 26 34 60

% within Majorcrop 43.3% 56.7% 100.0%

% within Accessibility 13.3% 16.0% 14.7%

% of Total 6.4% 8.3% 14.7%

Cassava Count 93 71 164

% within Majorcrop 56.7% 43.3% 100.0%

% within Accessibility 47.4% 33.5% 40.2%

% of Total 22.8% 17.4% 40.2%

Rice Count 3 10 13

% within Majorcrop 23.1% 76.9% 100.0%

% within Accessibility 1.5% 4.7% 3.2%

% of Total 0.7% 2.5% 3.2%

Cowpea Count 3 11 14

% within Majorcrop 21.4% 78.6% 100.0%

% within Accessibility 1.5% 5.2% 3.4%

% of Total 0.7% 2.7% 3.4%

Vegetables Count 16 28 44

% within Majorcrop 36.4% 63.6% 100.0%

% within

Accessibility_Cat2

8.2% 13.2% 10.8%

% of Total 3.9% 6.9% 10.8%

Maize Count 55 58 113

% within Major_crop 48.7% 51.3% 100.0%

% within

Accessibility_Cat2

28.1% 27.4% 27.7%

% of Total 13.5% 14.2% 27.7%

Total Count 196 212 408

% within Major_crop 48.0% 52.0% 100.0%

% within

Accessibility_Cat2

100.0% 100.0% 100.0%

% of Total 48.0% 52.0% 100.0%

Major_crop * Knowledge Cross tabulation
Knowledge_Cat

TotalPoor Good Very Good

Major_crop Yam Count 13 47 0 60

% within Major_crop 21.7% 78.3% 0.0% 100.0%

% within Knowledge_Cat 23.2% 16.0% 0.0% 14.7%
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% of Total 3.2% 11.5% 0.0% 14.7%

Cassava Count 29 110 25 164

% within Major_crop 17.7% 67.1% 15.2% 100.0%

% within Knowledge_Cat 51.8% 37.4% 43.1% 40.2%

% of Total 7.1% 27.0% 6.1% 40.2%

Rice Count 4 9 0 13

% within Major_crop 30.8% 69.2% 0.0% 100.0%

% within Knowledge_Cat 7.1% 3.1% 0.0% 3.2%

% of Total 1.0% 2.2% 0.0% 3.2%

Cowpea Count 2 8 4 14

% within Major_crop 14.3% 57.1% 28.6% 100.0%

% within Knowledge_Cat 3.6% 2.7% 6.9% 3.4%

% of Total 0.5% 2.0% 1.0% 3.4%

Vegetables Count 2 38 4 44

% within Major_crop 4.5% 86.4% 9.1% 100.0%

% within Knowledge_Cat 3.6% 12.9% 6.9% 10.8%

% of Total 0.5% 9.3% 1.0% 10.8%

Maize Count 6 82 25 113

% within Major_crop 5.3% 72.6% 22.1% 100.0%

% within Knowledge_Cat 10.7% 27.9% 43.1% 27.7%

% of Total 1.5% 20.1% 6.1% 27.7%

Total Count 56 294 58 408

% within Major_crop 13.7% 72.1% 14.2% 100.0%

% within Knowledge_Cat 100.0% 100.0% 100.0% 100.0%

% of Total 13.7% 72.1% 14.2% 100.0%

Major_crop * Utilisation_ Cross tabulation
Utilisation_Cat

TotalLow High Ver High

Major_crop Yam Count 25 25 10 60

% within Major_crop 41.7% 41.7% 16.7% 100.0%

% within Utilisation_Cat 13.6% 15.1% 17.2% 14.7%

% of Total 6.1% 6.1% 2.5% 14.7%

Cassava Count 74 68 22 164

% within Major_crop 45.1% 41.5% 13.4% 100.0%

% within Utilisation_Cat 40.2% 41.0% 37.9% 40.2%

% of Total 18.1% 16.7% 5.4% 40.2%

Rice Count 9 1 3 13

% within Major_crop 69.2% 7.7% 23.1% 100.0%

% within Utilisation_Cat 4.9% 0.6% 5.2% 3.2%

% of Total 2.2% 0.2% 0.7% 3.2%

Cowpea Count 6 5 3 14
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% within Major_crop 42.9% 35.7% 21.4% 100.0%

% within Utilisation_Cat 3.3% 3.0% 5.2% 3.4%

% of Total 1.5% 1.2% 0.7% 3.4%

Vegetables Count 22 19 3 44

% within Major_crop 50.0% 43.2% 6.8% 100.0%

% within Utilisation_Cat 12.0% 11.4% 5.2% 10.8%

% of Total 5.4% 4.7% 0.7% 10.8%

Maize Count 48 48 17 113

% within Major_crop 42.5% 42.5% 15.0% 100.0%

% within Utilisation_Cat 26.1% 28.9% 29.3% 27.7%

% of Total 11.8% 11.8% 4.2% 27.7%

Total Count 184 166 58 408

% within Major_crop 45.1% 40.7% 14.2% 100.0%

% within Utilisation_Cat 100.0% 100.0% 100.0% 100.0%

% of Total 45.1% 40.7% 14.2% 100.0%

Major_crop * Constraints Cross tabulation
Constraint_Cat

Total

Minor

constraint

Severe

constraint

Very severe

constraint

Major_crop Yam Count 9 22 29 60

% within Major_crop 15.0% 36.7% 48.3% 100.0%

% within Constraint_Cat 16.1% 16.3% 13.4% 14.7%

% of Total 2.2% 5.4% 7.1% 14.7%

Cassava Count 20 56 88 164

% within Major_crop 12.2% 34.1% 53.7% 100.0%

% within Constraint_Cat 35.7% 41.5% 40.6% 40.2%

% of Total 4.9% 13.7% 21.6% 40.2%

Rice Count 6 4 3 13

% within Major_crop 46.2% 30.8% 23.1% 100.0%

% within Constraint_Cat 10.7% 3.0% 1.4% 3.2%

% of Total 1.5% 1.0% 0.7% 3.2%



238

Cowpea Count 4 7 3 14

% within Major_crop 28.6% 50.0% 21.4% 100.0%

% within Constraint_Cat 7.1% 5.2% 1.4% 3.4%

% of Total 1.0% 1.7% 0.7% 3.4%

Vegetable

s

Count 9 11 24 44

% within Major_crop 20.5% 25.0% 54.5% 100.0%

% within Constraint_Cat 16.1% 8.1% 11.1% 10.8%

% of Total 2.2% 2.7% 5.9% 10.8%

Maize Count 8 35 70 113

% within Major_crop 7.1% 31.0% 61.9% 100.0%

% within Constraint_Cat 14.3% 25.9% 32.3% 27.7%

% of Total 2.0% 8.6% 17.2% 27.7%

Total Count 56 135 217 408

% within Major_crop 13.7% 33.1% 53.2% 100.0%

% within Constraint_Cat 100.0% 100.0% 100.0% 100.0%

% of Total 13.7% 33.1% 53.2% 100.0%

ANOVA
Estimated sales of farm produce per hectare

Sum of Squares Df Mean Square F Sig.
Between Groups 64.723 2 32.362 30.962 .000
Within Groups 423.313 405 1.045
Total 488.037 407

Multiple Comparisons

LSD

(I)

Accessibility

Level

(J)

Accessibility

Level

Mean

Difference (I-J)

Std. Error Sig. 95% Confidence Interval

Lower

Bound

Upper

Bound
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Poor Good -.49697 .11612 .000 -.7252 -.2687
Very Good -1.04720 .13374 .000 -1.3101 -.7843

Good Poor .49697 .11612 .000 .2687 .7252
Very Good -.55023 .13095 .000 -.8077 -.2928

Very Good Poor 1.04720 .13374 .000 .7843 1.3101
Good .55023 .13095 .000 .2928 .8077

ANOVA
Estimated sales of farm produce per hectare

Sum of Squares Df Mean Square F Sig.
Between Groups 11.625 2 5.812 4.941 .008
Within Groups 476.412 405 1.176
Total 488.037 407

Multiple Comparisons

LSD

(I) Knowledge (J) Knowledge Mean

Difference (I-J)

Std. Error Sig. 95% Confidence Interval

Lower

Bound

Upper

Bound

Poor Good -.34949* .15814 .028 -.6604 -.0386

Very Good -.63732* .20319 .002 -1.0368 -.2379

Good Poor .34949* .15814 .028 .0386 .6604

Very Good -.28783 .15583 .065 -.5942 .0185

Very Good Poor .63732* .20319 .002 .2379 1.0368

Good .28783 .15583 .065 -.0185 .5942

*. The mean difference is significant at the 0.05 level.

ANOVA
Estimated sales of farm produce per hectare

Sum of Squares Df Mean Square F Sig.
Between
Groups

15.665 3 5.222 4.466 .004

Within Groups 472.372 404 1.169
Total 488.037 407

Multiple Comparisons
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LSD

(I) Utilisation

Level

(J) Utilisation

Level

Mean

Difference (I-J)

Std. Error Sig. 95% Confidence Interval

Lower Bound Upper Bound

Very Low Low .17067 .16800 .310 -.1596 .5009

High -.22413 .16001 .162 -.5387 .0904

Very High -.35085 .19677 .075 -.7377 .0360

Low Very Low -.17067 .16800 .310 -.5009 .1596

High -.39480* .12925 .002 -.6489 -.1407

Very High -.52152* .17269 .003 -.8610 -.1820

High Very Low .22413 .16001 .162 -.0904 .5387

Low .39480* .12925 .002 .1407 .6489

Very High -.12671 .16493 .443 -.4509 .1975

Very High Very Low .35085 .19677 .075 -.0360 .7377

Low .52152* .17269 .003 .1820 .8610

High .12671 .16493 .443 -.1975 .4509

*. The mean difference is significant at the 0.05 level.

ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 9.965 2 4.983 4.221 .015
Within Groups 478.072 405 1.180
Total 488.037 407

Multiple Comparisons

LSD
(I) Constraint
Level

(J) Constraint Level Mean
Difference

(I-J)

Std.
Error

Sig. 95% Confidence
Interval

Lower
Bound

Upper
Bound

Minor
constraint

Severe constraint .00384 .17269 .982 -.3357 .3433
Very severe -.31048 .16285 .057 -.6306 .0096
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constraint
Severe
constraint

Minor constraint -.00384 .17269 .982 -.3433 .3357
Very severe
constraint

-.31432* .11909 .009 -.5484 -.0802

Very severe
constraint

Minor constraint .31048 .16285 .057 -.0096 .6306
Severe constraint .31432* .11909 .009 .0802 .5484

*. The mean difference is significant at the 0.05 level.

APPENDIX 2

QUESTIONNAIRE

Lead City University, Ibadan

Faculty of Communication and Information Sciences

Department of Mass Communication and Media Technology

Dear Respondent,

I am a postgraduate student of the above-named University, undertaking research on the

Influence of Digital Communication Agricultural Extension Services on Food Crops

Production in Oyo State, Nigeria. The questionnaire is aimed at eliciting data for an on-going

PhD research work; the information solicited is required for research purpose only and will be

treated with utmost confidentiality. Your frank and candid response will be highly appreciated.

Thanks for your compliance.
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Shittu, Morufu Adewale
(Researcher)

Section A: Demographic characteristics

1. Age of Respondent 20-30 ( ) 31-40 ( ) 41-50 ( ) 51 and above ( )

2. Gender: Male( ) Female( )

3. Educational attainment: No formal education( ) Primary( ) Secondary( ) Tertiary( )

4. Marital status: Single( ) Married( ) Separated( ) Divorced( ) Widowed( )

5. Religion: Christianity( ) Islam( ) Traditional worship( )

Section B: Enterprise Characteristics

Instruction: Tick As Many As Appropriate In this Section.

1. Years of farming experience: 1-5( ) 6-10( ) 11-15( ) 16-20 ( ) 21 and above

2. Size of farmland (hectare): 1-5( ) 6-10( ) 11-15( ) 16-20( ) 21 and above

3. Type of land ownership: Inheritance ( ) Purchase ( ) Communal land ( ) Lease ( ) Others

specify……………………………………………..

4. Major type of food crop cultivated: Yam( ) Cassava( ) Maize( ) Rice( ) Cowpea( )

Vegetables( ) Others, specify …………………………………………….

5. Source of farm capital: Personal savings ( ) Family savings ( ) Loan from friends ( ) Loan

from cooperative( ) Loan from Microfinance bank( ) Government grants( ) Others,

specify……………………..

6. Source of farm inputs:

i. Open market: Always( ) Sometimes( ) Never( )

ii. Extension agents: Always( ) Sometimes( ) Never( )

iii. Cooperative society: Always( ) Sometimes( ) Never( )

iv. Middlemen: Always( ) Sometimes( ) Never( )

7. Research Institutions (e.g. IITA, NIFOR, IAR&T): Always( ) Sometimes( )

Never( Avenues for produce sales: Open market ( ) Off-takers ( ) Others

specify………………….

8. Estimated sales of farm produce per hectare: ₦100,000 and below( ) ₦101,000-₦200,000

( ) ₦201,000-₦300,000 ( ) ₦301,000-₦400,000 ( ) ₦401,000 and above

Section C: Digital Platforms accessible to Farmers

S/N Digital platforms
Very
accessible Accessible

Not
accessible

1 WhatsApp
2 Instagram
3 E-Bay
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4 Telegram
5 Facebook
6 LinkedIn
7 Twitter
8 E-Wallet
9 Short Messaging Services (SMS)
10 Webpage
11 Email
12 Interactive voice response (IVR)
13 Unstructured supplementary service data

(USSD)

Section D: Knowledge of Digital Commuincation Agricultural Extension Services
S/N Knowledge statements False/No Not Sure True/Yes
1 Digital extension involves the use of digital

technologies for the purpose disseminating
innovative information and technologies

2 Digitalisation of agricultural extension involve the
deployment of digital platforms like Facebook,
WhatsApp, e-Bay, Instagram

3 Digital extension enables quick transfer of
agricultural information between researchers,
extension agents and farmers

4 The deployment of digital extension can make the
transfer of innovative ideas to reach a wider
audience within a short time

5 The use of digital technologies can give farmers
access to innovative techniques that improve their
productivity

6 The use of digital technologies can link farmers to
diverse farm inputs suppliers with opportunities
for price negotiation

7 The deployment of digital extension grant can
farmers access to local and international market
enhancing competitiveness

8 The use of digital extension can furnish farmers
with analytical tools that enhance farm
management and decision-making skills

9 Digital extension can hinder farmers from sharing
knowledge, ideas, and experiences with one
another

10 Digital extension could hinder improvement in
efficiency, productivity and sustainability in farm
and across value-chain

11 Digital extension can collapse the current
commercial agricultural structure resulting in
huge financial loss to farmers

12 Digital extension reduces farmers’ decision-
making capabilities leading to poor choices and
low crop yield
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13 Digital extension will not be beneficial to local
farmers because of its hyper-connectivity and data
driven system

14 Digital extension cannot meet the basic
information need of local farmers’ because it is
too technical for their understanding

15 Digital extension can reduce farmer’s bargaining
power and the option to choose from reputable
vendors

Section E: Level of Utilisation of Digital Communication Agricultural Extension Services
S/N Variables Never Rarely Often Always
1 Access price of farm inputs from vendors
2 Access market price for farm produce
3 Access financial services
4 Recruitment of farm labour
5 Access innovative ideas on crop husbandry
6 Purchase of agricultural input (e.g., seeds, agro-

chemicals, equipment, machinery, etc.)
7 Sales of farm produce
8 Access information on crop disease and

management
9 Access weather information
10 Access information on profitability of other

agricultural enterprise for diversification
purpose
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Section F: Constraints to Utilisation of Digital Commuincation Agricultural Extension
Services
S/N Constraints Not

aConstraint
Minor
Constraint

Major
Constraint

1 High level of illiteracy among farmers
2 Inadequate information on digital

extension services delivery
3 Poor internet accessibility and

connectivity in rural areas
4 Erratic power (electricity) supply
5 Poor ICT infrastructure
6 Lack of technical support
7 Poor access to computer and other

internet gadget
8 High cost of data
9 Policy disruption by new government
10 Poor knowledge of digital-enabled

technologies among farmers
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APPENDIX 3

FOCUS GROUPDISCUSSION GUIDE

Lead City University, Ibadan

Faculty of Communication and Information Sciences

Department of Mass Communibiocation and Media Technology

Dear Discussant,

I am a postgraduate student of the above-named University, undertaking research on the

Influence of Digital Communication Agricultural Extension Services on Food Crops

Production in Oyo State, Nigeria. The goal of this meeting is to hear your views on how digital

communication in agricultural extension influence food crop production. Responses solicited is

for the on-going PhD research purpose only and will be treated with utmost confidentiality. Your

frank, accurate and comprehensive response will be highly appreciated.

Thanks for your compliance.

Shittu, Morufu Adewale
(Researcher)

Date of Focus Group Discussion: ________________________________________

Name of Facilitator: ___________________________________________________

Type of Group: _______________________________________________________

Local Government Area: ________________________________________________

State: _______________________________________________________________

Section A: Enterprise Characteristics

1. How many years have you been farming? ____________________________________

2. How did you acquire the land you are using for farming? ________________________

3. What is the main type of crop you are cultivating? ______________________________

4. How did you raise capital for your farm enterprise? _____________________________

5. Where do you get your farm inputs (e.g., seeds/seedlings, herbicide, fertilizer, etc.) from?

_______________________________________________________________________
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Section B: Knowledge of Digital Communication Agricultural Extension Services

1. What is digital communication agricultural extension? ______________________ _____

2. Further Probe: What does digital communication Extension entail? _________________

3. Can you explain some of the benefits of digital communication extension services to

farmers? ________________________________________________________________

Section C: Accessibility to Digital Communication Agricultural Extension

1. Do you have access to digital extension platforms? __________________________

2. Which of the digital communication platforms is/are accessible to you? _____________

Section D: Utilisation of Digital Communication Agricultural Extension

1. Do you use digital communication agricultural extension services as a farmer?

_________-

2. What do you use digital communication agricultural extension services for?

_______________________________________________________________________

Section E: Constraints Preventing Utilisation of Digital Communication Agricultural

Extension Services

1. Are there constraints that prevent utilisation of digital communication agricultural

extension services among farmers? ___________________________________________

2. Can you describe these constraints? _________________________________________
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APPENDIX 4

PICTURES TAKENAT THE FOCUS GROUP DISCUSSION CENTRES

CENTRE 1OGBOMOSO (OKE-OGUN ZONE)
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CENTRE 2 ATIBA (OYO ZONE)

CENTRE 2ATIBA (OYO

ZONE)
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