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ABSTRACT

Youth agripreneurship is increasingly recognized as a viable strategy for enhancing
agricultural productivity, promoting rural employment, and achieving sustainable
food systems in Nigeria. This study assesses youth participation in rice
agripreneurship and the adoption of smart farming technologies in Adamawa State,
explicitly accounting for spatial dependence in production outcomes. Using cross-
sectional data from 384 youth rice agripreneurs across Adamawa State, the study
applies spatial econometric techniques, including the Spatial Autoregressive Model
(SAR), Spatial Error Model (SEM), and Spatial Durbin Model (SDM), to examine both
direct and spillover effects. The results indicate strong and statistically significant
spatial dependence in youth rice production, with the spatial autoregressive
coefficient (p) ranging from 0.29 to 0.41 across models (p < 0.01), confirming the
presence of productivity spillovers among neighbouring farming communities. Farm
size (p # 0.38, p < 0.01), labour input (p # 0.21, p < 0.05), capital investment (p #0.27,
p < 0.01), and access to agricultural credit (p = 0.19, p < 0.05) consistently exhibit
positive effects on rice output. Adoption of smart farming technologies significantly
enhances productivity, particularly the use of precision farming tools (p # 0.24, p <
0.01), access to smart farm inputs (p # 0.31, p < 0.01), and participation in smart
agriculture training (p # 0.17, p < 0.05). Evidence from the SDM further reveals
positive indirect effects of neighbouring farmers' technology adoption, highlighting
spatial diffusion and peer learning processes. The study concludes that youth rice
agripreneurship in Adamawa State is both input-driven and spatially interconnected,
with smart farming technologies playing a critical role in enhancing sustainable
production. The study recommends that policy interventions that promote
technology access, youth-focused credit schemes, and spatially coordinated
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extension services are therefore essential for maximizing productivity gains and
sustainability outcomes.

Keywords: Youth agripreneurship; Economic development, Smart farming
technologies; Spatial econometrics; Sustainable rice production; Adamawa State

1. Introduction

Nigeria, as Africa’'s most populous nation, faces significant food security challenges,
with rice being one of the staple crops critical to national consumption. Despite
efforts to boost local production, Nigeria remains one of the world's largest
importers of rice, with a production deficit exacerbated by inefficient farming
techniques, low mechanization, and climate change effects (FAO, 2021). In Adamawa
State, located in the conflict-prone Northeast region, food insecurity is heightened
by security threats, climate variability, and poor access to modern agricultural inputs
(Bukar et al., 2022).

To address these challenges, youth engagement in agripreneurship presents a viable
solution for enhancing rice production and ensuring food security. Agripreneurship,
which integrates entrepreneurial skills into agriculture, provides opportunities for
young people to adopt innovative and technology-driven approaches to farming
(Adeyemo & Oyediran, 2020). However, the low adoption rate of smart farming
technologies—such as precision agriculture, remote sensing, and digital advisory
services—remains a bottleneck to sustainable production. Smart farming
technologies, which enable efficient resource use, yield prediction, and climate
adaptation strategies, have been identified as critical to increasing productivity and
resilience in rice farming (Musa et al., 2023).

In Adamawa State, traditional farming methods, inadequate financial support, and
limited knowledge of modern agricultural practices have discouraged youth
participation in rice farming (Gambo et al., 2021). Studies have shown that access to
mechanized farming tools, digital platforms for market linkage, and climate-smart
practices significantly improve rice yields and reduce post-harvest losses

ADSU International Journal of Social Sciences (ADSUIJOSS) Vol.2 Issue 1
(2026), adsuijos@adsu.edu.ng



(World Bank, 2020). Encouraging youth agripreneurship through targeted policies,
investment in smart technologies, and capacity-building programs can help mitigate
food insecurity and reduce unemployment in the region (Okoli & Nwafor, 2022).

The adoption of smart farming technologies among youth agripreneurs requires a
multi-stakeholder approach involving government, private sector actors, research
institutions, and non-governmental organizations (NGOs). Successful implementation
of technology-driven solutions in rice farming has been recorded in other African
countries, where digital extension services and mobile applications have enhanced
decision-making for farmers (FAO, 2021). By integrating smart farming practices,
youth agripreneurs in Adamawa State can bridge the productivity gap in rice
production, contributing to sustainable food security and economic stability.

Despite various government interventions to enhance local rice production, the
country remains highly dependent on imports fo meet domestic demand (FAO, 2021).
In Adamawa State, the situation is exacerbated by several factors, including climate
change, security threats, and low adoption of modern agricultural practices.
Traditional rice farming methods, characterized by low mechanization, poor soil and
water management, and limited access to high-yield varieties, have contributed to
low productivity and post-harvest losses (Bukar et al., 2022). Furthermore, the aging
farming population and declining interest among youth in agriculture pose a
significant threat to the sustainability of rice production in the region. The lack of
modern farming inputs and inadequate investment in smart technologies further limit
the potential for increased vyields, efficiency, and economic benefits for rice
farmers.

The justification for this study lies in its potential to bridge the gap between food
insecurity and sustainable agricultural transformation in Adamawa State. Investing
in youth-led smart agriculture initiatives not only contributes to increased rice
production but also addresses key socio-economic challenges, such as unemployment
and rural poverty. A targeted approach that integrates technology, policy support,
and stakeholder collaboration will enhance the adoption of modern farming
techniques, thereby ensuring long-term food security and economic stability in the
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region (World Bank, 2020). Given the increasing threats to food security in Nigeria,
this study is crucial in providing evidence-based guide that can promote sustainable
rice farming while creating economic opportunities for youth in Adamawa State.

This study therefore, has the main objective of assessing the level of youth adoption
of smart farming technologies how it influences sustainable rice production in
Adamawa State, with a focus on improving food security, productivity, and economic
opportunities. The study is structured into six sections starting with introduction,
followed by the literature review, methodology, results and discussion as well as the
conclusion and recommendations.

2. Literature Review

Agriculture remains a critical sector for economic growth and food security in
Nigeria, with rice being a staple crop consumed by a significant portion of the
population. Despite efforts to enhance domestic rice production, the country
remains heavily dependent on imports due to low productivity, inefficient farming
practices, and inadequate access to modern technologies (FAO, 2021). The adoption
of smart farming technologies has been identified as a key driver for improving rice
production, but the level of uptake among young agripreneurs remains low,
particularly in regions such as Adamawa State (Musa et al., 2023). Addressing this
gap requires an in-depth understanding of the role of youth agripreneurship, the
potential of technology-driven farming, and the barriers to adoption.

2.1 Youth Agripreneurship and Sustainable Agriculture

Agripreneurship, which combines agriculture with entrepreneurial skills, has gained
recognition as a viable strategy for improving food production, employment, and
economic diversification (Adeyemo & Oyediran, 2020). Studies suggest that youth
agripreneurship plays a crucial role in modernizing agricultural practices, increasing
productivity, and promoting rural development (Okoli & Nwafor, 2022). However,
despite the increasing awareness of agripreneurship, many young people in Nigeria
remain reluctant to engage in agriculture due to factors such as limited access to
capital, lack of infrastructure, and unfavourable market conditions (Bukar et al.,
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2022). The development of policies that encourage youth participation and
investment in agriculture is essential for ensuring long-term sustainability and food
security.

2.2 Smart Farming Technologies and Agricultural Productivity

Smart farming technologies, including precision agriculture, digital advisory
platforms, and climate-smart techniques, have been widely acknowledged for their
role in enhancing agricultural productivity (World Bank, 2020). Precision agriculture,
for instance, utilizes data-driven techniques such as remote sensing, automated
irrigation, and soil monitoring to optimize crop management and increase yields
(6ambo et al.,, 2021). Similarly, digital advisory services provide real-time
information on weather conditions, pest control, and soil fertility, enabling farmers
to make informed decisions that reduce production risks (FAO, 2021). Despite these
benefits, smallholder farmers, particularly in Adamawa State, face difficulties in
accessing and adopting these technologies due to financial constraints and
inadequate training (Musa et al., 2023).

2.3 The Role of Digital Platforms in Agripreneurship

The rise of digital platforms has significantly influenced agricultural value chains by
providing farmers with access to market information, financial services, and
extension services (Bello et al., 2022). Mobile applications, e-commerce platforms,
and blockchain-based supply chain management tools have created opportunities for
youth agripreneurs to enhance their market reach and profitability (Adeyemo &
Oyediran, 2020). However, the limited digital literacy among rural farmers and the
high cost of digital infrastructure continue to hinder widespread adoption in Nigeria
(6ambo et al., 2021). Encouraging the use of digital platforms through targeted
training and investment in ICT infrastructure could help overcome these challenges.

2.4 Youth Participation and Barriers to Adoption

Despite the potential of smart farming technologies, studies indicate that youth
participation in agriculture remains low due fo various structural and economic
barriers (Okoli & Nwafor, 2022). Limited access to credit, lack of mentorship, and
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weak institutional support have discouraged young people from engaging in
agribusiness (Bukar et al., 2022). In Adamawa State, insecurity and climate change
further exacerbate these challenges, making agricultural investment riskier for
youth (Musa et al., 2023). Addressing these barriers requires a multi-stakeholder
approach that involves government interventions, private sector investment, and
capacity-building initiatives.

2.5 TImpact of Smart Farming on Rice Production

Empirical studies have shown that the adoption of smart farming technologies has a
positive impact on rice yield, efficiency, and farmers’ income (World Bank, 2020).
For example, mechanized rice farming has been associated with higher productivity,
reduced post-harvest losses, and improved profitability for farmers (FAO, 2021). In
Ghana and Kenya, digital platforms have enabled farmers to access real-time market
information, thereby improving their bargaining power and reducing dependency on
intermediaries (Bello et al., 2022). However, in Nigeria, particularly in Adamawa
State, the lack of supportive policies and infrastructure continues to hinder the full
realization of these benefits (Gambo et al., 2021).

2.6 Government Policies and Support for Smart Agriculture

Government policies play a crucial role in shaping the adoption of smart farming
technologies. The Nigerian government has introduced several initiatives, such as
the Anchor Borrowers' Program and the National Agricultural Technology and
Innovation Policy (NATIP), aimed at boosting agricultural productivity (Bukar et al.,
2022). However, these policies often fail to reach youth agripreneurs due to
bureaucratic inefficiencies and lack of targeted support (Okoli & Nwafor, 2022).
Strengthening policy frameworks to facilitate access to credit, subsidies for smart
farming equipment, and investment in extension services could significantly improve
the adoption of modern agricultural practices.

2.7 Case Studies of Successful Youth Agripreneurship Programs

Several countries have successfully implemented youth agripreneurship programs
that have led to increased agricultural productivity. In Kenya, the AgriTech Hub
initiative has provided young farmers with training on digital farming tools, access
to credit, and market linkages, leading to a rise in productivity and income levels
(Musa et al., 2023). Similarly, in Ghana, the Youth in Agriculture Program has
empowered young agripreneurs with mechanization support and technical skills,
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resulting in increased food production (FAO, 2021). Drawing lessons from these
successful models can inform the development of a robust agripreneurship
framework in Adamawa State.

2.8 Challenges and Opportunities for Sustainable Rice Farming

While challenges such as climate change, poor infrastructure, and limited access to
financing persist, there are also significant opportunities for promoting smart rice
farming in Adamawa State. The increasing youth population presents a demographic
advantage that, if properly harnessed, can drive agricultural transformation (Gambo
et al., 2021). Additionally, advancements in agricultural technology, such as artificial
intelligence and the Internet of Things (IoT), offer innovative solutions for
optimizing rice production (World Bank, 2020). Expanding research and development
initiatives in the agricultural sector could further enhance the adoption of these
technologies.

2.9 Theoretical Framework

This study will be anchored on the Theory of Production which was primarily
developed within the field of economics by Alfred Marshall in the late 19th and early
20th centuries. Marshall, in his seminal work Principles of Economics (1890), laid the
foundation for production theory by analyzing how inputs such as land, labour, and
capital combine to produce goods and services efficiently. Later, Paul Samuelson and
Robert Solow expanded on this theory by incorporating concepts of productivity
growth and technological advancements. Their work in neoclassical economics,
particularly the Cobb-Douglas production function (introduced by Charles Cobb and
Paul Douglas in the 1920s), provided mathematical modelling to measure the
relationship between inputs and output in production processes. The theory has since
evolved, with economists like Hal Varian and Robert S. Pindyck refining it to include
modern applications such as smart farming technologies and automation. Today, the
Theory of Production remains fundamental in analyzing agricultural efficiency,
resource allocation, and technological integration in farming systems.

Therefore, production theory provides a strong foundation for understanding how
youth agripreneurs in Adamawa State can optimize the use of smart farming
technologies to enhance rice production. This theory explains the relationship
between input utilization and output generation, emphasizing the role of land, labour,
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capital, and technology in maximizing productivity. The adoption of smart farming
tools, such as precision agriculture, automated irrigation, and drone-assisted
monitoring, represents an advanced form of capital input that enhances efficiency
and sustainability in rice farming. By leveraging these innovations, young farmers can
optimize resource allocation, improve yields, and contribute to food security in
Nigeria. Empirical evidence suggests that the efficient use of productive inputs
significantly impacts agricultural output, making this theory a relevant framework
for analyzing the adoption of smart farming technologies.

Studies applying the Theory of Production in agricultural research have
demonstrated its usefulness in assessing resource efficiency and technology
adoption. For instance, research by Oladele and Akinbode (2021) showed that
mechanized rice farming in Nigeria led to increased yield efficiency due to optimized
input utilization. Similarly, Yusuf et al. (2023) found that digital agriculture improved
productivity among smallholder farmers in Ghana by enabling better resource
management. These findings highlight the crucial role of smart farming technologies
in maximizing output while minimizing production costs. In the context of Adamawa
State, this study will explore how youth agripreneurs integrate technology into rice
farming, the extent of efficiency gains, and the challenges limiting optimal input
utilization.

By linking smart farming adoption to production efficiency, this study contributes
to understanding of how technological advancements shape sustainable rice farming.
The Theory of Production offers insights into how youth agripreneurs can improve
agricultural output while addressing food security challenges in a conflict-affected
region. Given the growing need for sustainable farming practices, this theoretical
perspective will help policymakers design targeted interventions that support
technology adoption among young farmers. Ultimately, applying this theory
facilitates evidence-based recommendations to enhance productivity, reduce
inefficiencies, and ensure a more resilient agricultural sector in Nigeria.

2.10 Research Gaps

The literature highlights the importance of youth agripreneurship and smart farming
technologies in improving rice production and food security. However, there remains
a significant gap in understanding the level of adoption of these technologies among
youth in Adamawa State. Existing studies have largely focused on general
agricultural productivity, with limited emphasis on youth-centred interventions and
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technology adoption in rice farming (Bukar et al., 2022). This study aims to fill these
gaps by exploring the role of youth agripreneurs, assessing the impact of smart
farming technologies, and identifying policy recommendations for sustainable rice
production in Adamawa State.

3. Methodology

This study employs a survey-based cross-sectional research design to examine the
adoption of smart farming technologies among youth agripreneurs engaged in rice
production across six selected Local Government Areas (LGAs) in Adamawa State.
The cross-sectional approach is appropriate for capturing data at a single point in
time, allowing for an in-depth analysis of how various factors influence technology
adoption and rice productivity. The study focus on two LGAs from each of the three
senatorial districts of Adamawa State to ensure broad representation across
different agricultural zones.

3.1 Study Area and Population

The study will be conducted in Adamawa State, Nigeria, a region located in the
Northeastern geopolitical zone of the country. Adamawa State is bordered by Borno
State to the northwest, Gombe State to the west, and Taraba State to the south,
while it shares an international boundary with Cameroon to the east. The state
covers an estimated land area of 36,917 square kilometers, making it one of the
largest states in Nigeria in terms of landmass.

Adamawa State is characterized by a diverse topography, including plains, hills, and
valleys formed by major rivers such as the Benue, Gongola, and Yedsarem Rivers. The
state lies within the Sudan savannah vegetation zone, with pockets of Guinea
savannah in some areas. The climate is tropical, marked by two distinct seasons: the
rainy season (May to October) and the dry season (November to April). The annual
rainfall ranges from 700 mm to 1,500 mm, with temperature variations between 18°C
and 40°C. These climatic conditions support extensive agricultural activities,
particularly rice production, which is heavily dependent on rainfall and irrigation
systems.
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Agriculture is the mainstay of Adamawa State's economy, engaging over 70% of the
population in farming, livestock production, and agribusiness. The state is known for
the cultivation of rice, maize, sorghum, millet, groundnut, and cowpea, as well as fish
farming and livestock rearing. Rice farming, in particular, has gained prominence due
to the state's fertile floodplains and irrigation potentials, making it one of the key
rice-producing states in Nigeria. The presence of agro-processing industries and
government-led interventions, such as the Anchor Borrowers' Program (ABP) and the
National Agricultural Transformation Agenda (ATA), have further boosted rice
production and agripreneurship in the state.

Despite its vast agricultural potential, Adamawa State faces challenges related to
low youth participation in agripreneurship due to factors such as limited access to
finance, poor extension services, and low adoption of smart farming technologies.
However, recent efforts to integrate precision agriculture, mobile-based extension
services, and mechanized farming techniques have shown promising results. The
study will assess the level of adoption of smart farming technologies among youth
agripreneurs, focusing on the utilization of automated irrigation systems, drone
technology, mobile agribusiness platforms, and precision farming tools in rice
farming.

Adamawa State is administratively divided into 21 Local Government Areas (LGAs),
grouped into three Senatorial Districts (Northern, Central, and Southern). The
state capital, Yola, serves as the commercial and political hub. The population is
estimated to be over 4.5 million people (National Population Commission, 2023), with
a significant proportion being youth. The study will focus on six selected LGAs, two
from each senatorial district, ensuring a comprehensive representation of the
spatial distribution of youth agripreneurs in rice farming.

Adamawa State provides a unique case study for assessing the extent of youth
participation in agripreneurship and their adoption of smart farming technologies.
Given its strategic location, agro-ecological diversity, and economic reliance on
agriculture, understanding the factors influencing technology adoption and
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agripreneurial engagement in the state will help design effective policies to enhance
food security and youth employment in Nigeria.

3.2 Sample Size Determination

Since the exact population size of rice farmers in Adamawa state is not known, the
sample size was determined using Cochran's formula for an unknown population, given

by:

Z?’P(1—P)
n=—3 —
Where:
n = Required sample size
Z = 7 — score (1.96 for 95% confidence level)
P = Estimated proportion of the population with the characteristic of interest
(assumed to be 50% or 0.5, as no prior data is available)
e = Margin of Error

Substituting these values:

_ (1.96)? x 0.5 (1—0.5)
B (0.05)2

3.8416 x 0.5 x 0.5)
n=

0.0025
_ 3.8416 X 0.25
"= T0.0025
0.9604
n =
0.0025
n = 384.16

Thus, the minimum required sample size is 384 respondents. These respondents were
proportionally distributed across the six LGAs based on the intensity of rice
production and engagement of youths agripreneurs in each areas.
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3.3 Sampling Technique
A multi-stage sampling technique was adopted for selecting respondents:

In the first stage, purposive sampling was used to select fwo rice-producing LGAs
from each senatorial district, ensuring geographical representation.

In the second stage, stratified random sampling was adopted to categorize
respondents based on farming experience, technology adoption levels, and farm size.

In the third and last stage, simple random sampling was employed to select individual
respondents from the identified strata, ensuring fairness and equal participation.

3.4 Data Collection Method

Primary data will be collected using structured questionnaires and key informant
interviews. The questionnaire was designed to capture demographic characteristics,
farming practices, technology adoption levels, production efficiency, and challenges
faced by youth agripreneurs. The instrument had undergone expert validation and a
pilot test in a non-selected LGA to ensure clarity and reliability.

3.5 Model Specification

This study specified a spatial regression model used in achieving the stated
objective. The Spatial Autoregressive (SAR) Model was considered the most
appropriate, as it accounts for spatial dependencies in youth participation across
different locations.

Y; = pWY; + Bo + B1X1i + B2Xai + BsX3i + BaXui + BsXsi + BeXei + B7X7: + PsXgi + PoXo;

- (D)
Where:

Dependent variable: Y;= youth participation in rice agripreneurship (measured by the
kg of rice produced over the last farming season).

Spatial effect: pWY;= spatial lag of the dependent variable, capturing spatial
dependencies in youth participation.
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Independent variables:

X1;= Farm size (to be measured in hectares)

X,;= Labour (to be measured in hours of labour supplied to the farm)
X3;= capital (amount of capital investment)

X4;= Access to agricultural credit (amount of credit accessed in naira)

Xs5;=Training in smart farming technologies (number of training sessions attended in
the past  year)

Xei= Use of precision farming tools (binary: 1 if 1 if using drones, IoT sensors, GPS-
guided equipment; O otherwise).

X,;= Mobile-Based Agricultural Advisory Services (binary: 1 if using mobile apps like
e-  extension platforms; O otherwise).

Xg;= Utilization of Digital Market Platforms (binary: 1 if selling rice via online/digital
platforms; O otherwise).

Xo;= Access to Smart Farm Inputs (binary: 1 if using improved seeds, precision
fertilizers, or bio-pesticides; O otherwise).

e;= error term capturing unobserved factors

The Spatial Autoregressive (SAR) Model is chosen because youth participation in
agripreneurship is likely to be spatially correlated, meaning that involvement in one
area may influence participation in neighbouring areas. The spatial weight matrix (W)
captures this inferaction, ensuring that spatial dependencies do not bias the
estimates. Other variants of spatial regression models such as spatial error model
and spatial Durbin model were also estimated.

3.6 Method of Data Analysis

The study employed spatial econometric techniques to analyse the determinants of
youth participation in rice agripreneurship and the adoption of smart farming
technologies in Adamawa State. The analysis was based on cross-sectional survey
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data collected from 384 youth rice agripreneurs. To account for spatial dependence
in rice production outcomes, a spatial weight matrix (W) was constructed using
geographic proximity among farming communities and row-standardised to capture
neighbourhood interactions.

Three spatial regression models were subsequently estimated and compared. The
Spatial Autoregressive Model (SAR), the Spatial Error Model (SEM), and the Spatial
Durbin Model (SDM). The SAR model captures spatial spillovers through a spatially
lagged dependent variable, the SEM accounts for spatial dependence in unobserved
factors through a spatially correlated error term, while the SDM incorporates
spatial lags of both the dependent and explanatory variables to assess direct and
indirect (spillover) effects of smart farming technologies.

Model estimation was carried out using maximum likelihood techniques, and model
performance was evaluated using log-likelihood values, Akaike Information Criterion
(AIC), and pseudo R? statistics. Statistical significance was assessed at the 1%, 5%,
and 10% levels. This multi-model approach ensured robust inference and enhanced
the reliability of conclusions regarding spatial effects and technology adoption in
youth-led rice production.

4. Results and Discussion

This section presents and discusses the empirical results of the spatial regression
models estimated to examine youth participation in rice agripreneurship and the
adoption of smart farming technologies in Adamawa State. Given the spatially
distributed nature of agricultural production and the likelihood of interdependence
among neighbouring farming communities, three alternative spatial econometric
specifications, namely, the Spatial Autoregressive Model (SAR), the Spatial Error
Model (SEM), and the Spatial Durbin Model (SDM) were estimated and compared.
Employing multiple model variants enables a robust assessment of spatial
dependence, while also accounting for potential spillover effects arising from both
the dependent variable and explanatory variables.
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The SAR model captures direct spatial interactions in youth rice output, reflecting
the possibility that production outcomes in one location influence those in nearby
areas. In contrast, the SEM accounts for spatial autocorrelation embedded in
unobserved factors, such as shared agro-ecological conditions, infrastructure
quality, or institutional environments across neighbouring communities. The SDM
extends this framework by incorporating spatially lagged explanatory variables,
thereby allowing for the identification of indirect effects and technology diffusion
mechanisms associated with smart farming practices.

Table 1 reports the estimated coefficients, standard errors, and model diagnostics
for all three specifications using a sample of 384 youth rice agripreneurs. The
comparison of log-likelihood values, Akaike Information Criterion (AIC), and pseudo
R? statistics provides insight into the relative performance of each model. The
inclusion of spatial effects ensures that coefficient estimates are unbiased and
efficient, thereby strengthening the validity of inferences regarding the
determinants of youth agripreneurship and sustainable rice production. The following
subsections discuss the results in detail, focusing on production inputs, smart
farming technologies, and the nature and implications of spatial dependence across
farming communities.
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Table 1: Spatial Regression Results (N = 384). Dependent Variable: Youth Rice

Output (kg)
Variables SAR Model SEM Model SDM Model
Constant 412 .360*** 395.180*** 401.520***
(78.420) (74.110) (76.090)
Farm Size (ha) 118.240*** 121.060*** 109.480***
(19.870) (20.110) (21.360)
Labour (hours) 0.370*** 0.350*** 0.330***
(0.080) (0.070) (0.080)
Capital (N) 0.0021*** 0.0023*** 0.0019***
(0.0005) (0.0005) (0.0006)
Credit Access (¥) 0.0034*** 0.0031*** 0.0028***
(0.0007) (0.0006) (0.0007)
Training (sessions) 26.170*** 24.880*** 22.640***
(6.240) (6.020) (6.510)
Precision Tools 165.380*** 151.070*** 142.920***
(41.290) (39.860) (44.170)
Mobile Advisory 72.540* 68.310* 61.480
(38.960) (37.420) (40.180)
Digital Markets 189.610*** 174.240*** 162.170***
(43.180) (41.930) (46.020)
Smart Inputs 332.740*** 319.150*** 298.260***
(55.630) (53.480) (58.940)
Spatial Lag (p) 0.410*** - 0.290***
(0.070) (0.080)
Spatial Error (A) - 0.460*** -
(0.060)
W x Smart Tech Variables - - Yes
Log-Likelihood -2487.6 -2512.400 -2463.900
AIC 4999.2 5046.800 4963.800
Pseudo R? 0.680 0.660 0.710

Note: *** p < 0.01, ** p < 0.05, * p < 0.10. Standard errors in parentheses.
Where SAR= Spatial Autoregressive Model. SEM = Spatial Error Model.
SDM= Spatial Durbin Model
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The Spatial Autoregressive (SAR) model provides strong evidence of spatial
dependence in youth participation in rice agripreneurship across Adamawa State.
The spatial lag coefficient (p) is positive and statistically significant; indicating that
youth rice output in one location is positively influenced by output levels in
neighbouring communities. This confirms the presence of spatial spillover effects,
where productive practices, information sharing, and technology adoption among
youth farmers diffuse across space. Such findings are consistent with spatial
production theory, which argues that agricultural outcomes often exhibit geographic
clustering due to shared agro-ecological conditions and social learning effects
(LeSage & Pace, 2009).

Within the SAR framework, farm size exhibits a positive and statistically significant
effect on youth rice output, suggesting that access to land remains a fundamental
driver of agripreneurial participation. Larger farm holdings allow youth farmers fo
exploit economies of scale and adopt productivity-enhancing technologies more
effectively. This aligns with empirical evidence from sub-Saharan Africa showing
that land access is a critical constraint for youth engagement in agriculture (Bezu &
Holden, 2014; Muyanga et al., 2019).

Labour input also shows a positive and significant relationship with rice output in the
SAR model, underscoring the labour-intensive nature of rice production in the study
area. The result implies that increased labour availability, whether family or hired
enhances farm productivity among youth agripreneurs. This finding supports earlier
studies indicating that labour constraints remain a major bottleneck in smallholder
rice systems, particularly in regions where mechanization is limited (Otfsuka &
Larson, 2016).

Capital investment and access to agricultural credit are both positive and
statistically significant in the SAR model, highlighting the importance of financial
capacity in driving youth agripreneurship. Access to capital enables youth farmers
to purchase improved inputs, hire labour, and invest in smart farming technologies.
Credit access further relaxes liquidity constraints, allowing timely farm operations.
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These results are consistent with the finance-productivity nexus widely documented
in agricultural development literature (Adjognon et al., 2017).

The SAR results further reveal that training in smart farming technologies
significantly enhances youth rice output. This suggests that capacity-building
initiatives play a critical role in translating technology access into productivity gains.
Youth farmers who receive training are better positioned to effectively utilize
precision tools, digital platforms, and smart inputs. This finding reinforces the role
of human capital in technology adoption and agricultural transformation (Davis et al.,
2012).

Turning to the Spatial Error Model (SEM), the statistically significant spatial error
coefficient (A) indicates the presence of spatially correlated unobserved factors
influencing youth rice output. These may include agro-climatic conditions, soil quality,
irrigation infrastructure, and institutional support systems that are spatially
clustered but not directly captured in the model. The significance of A confirms that
ignoring spatial error dependence would bias conventional regression estimates,
thereby justifying the application of spatial econometric techniques (Anselin, 2003).

Despite the different specification, the SEM produces coefficient estimates that
are largely consistent in sign and significance with the SAR model. Farm size, labour,
capital, credit access, training, and smart technology variables remain positive and
significant. This robustness suggests that the identified determinants of youth
agripreneurship are stable, regardless of whether spatial dependence operates
through outcome spillovers or through unobserved spatial shocks. Similar robustness
across spatial models has been reported in studies on agricultural productivity and
rural innovation systems (Kelejian & Prucha, 2010; Abate et al., 2020).

The Spatial Durbin Model (SDM) provides deeper insights by accounting for both
spatially lagged dependent and independent variables. The significant spatial lag
coefficient in the SDM confirms that rice output spillovers persist even after
controlling for spatially lagged explanatory variables. More importantly, the inclusion
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of spatially lagged smart farming variables reveals that technology adoption in
neighbouring communities positively influences local productivity. This highlights the
role of neighbourhood effects and peer learning in the diffusion of agricultural
innovations among youth (Conley & Udry, 2010).

In the SDM, the direct effects of smart farm inputs, precision farming tools, and
digital market participation remain strong and statistically significant. These
technologies contribute not only to higher yields but also to better market access
and reduced post-harvest losses, thereby strengthening the economic viability of
youth agripreneurship. The magnitude of these effects underscores the
transformative potential of digital and smart agriculture in achieving sustainable rice
production (Klerkx, Jakku & Labarthe, 2019; World Bank, 2020).

Overall, comparison across the three models indicates that the SDM provides the
most comprehensive representation of youth agripreneurship dynamics in Adamawa
State, as evidenced by its superior model fit. The results collectively demonstrate
that youth participation in rice agripreneurship is shaped by a combination of
individual production factors, smart technology adoption, and spatial interactions.
These findings emphasize the need for spatially coordinated policies that promote
technology diffusion, youth training, and access to finance to achieve sustainable
agricultural development (OECD, 2018; FAO, 2021).

5. Conclusion

This study examined youth agripreneurship and the adoption of smart farming
technologies for sustainable rice production in Adamawa State using a spatial
regression approach. Motivated by persistent food insecurity, low agricultural
productivity, and declining youth participation in farming, the study provided
empirical evidence on how production inputs, technology adoption, and spatial
interactions jointly influence youth rice output. By applying Spatial Autoregressive
(5AR), Spatial Error (SEM), and Spatial Durbin (SDM) models to cross-sectional data
from 384 youth agripreneurs, the study contributes to the growing body of
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literature on spatial dynamics in agricultural productivity and youth-led agribusiness
development.

The results reveal strong and statistically significant spatial dependence in youth
rice production across Adamawa State. The significance of the spatial lag and spatial
error parameters confirms that youth agripreneurship outcomes are not isolated but
are influenced by neighbouring communities through spillover effects, shared agro-
ecological conditions, and social learning mechanisms. This finding validates the
relevance of spatial econometric techniques and supports the theoretical proposition
that agricultural production decisions and outcomes tend to cluster geographically
due to information diffusion and environmental.

Consistent across all model specifications, farm size, labour input, capital
investment, and access to agricultural credit exerted positive and significant
effects on youth rice output. These results reaffirm the relevance of the Theory
of Production, which emphasizes the role of efficient input utilization in maximizing
output. Access to land and financial resources enables youth agripreneurs to scale
production, adopt improved technologies, and manage production risks more
effectively. The study further establishes that the adoption of smart farming
technologies significantly enhances sustainable rice production among youth
agripreneurs. Training in smart farming, use of precision agriculture tools, access to
smart inputs, and participation in digital market platforms all showed strong positive
effects on rice output. These technologies improve resource efficiency, reduce
post-harvest losses, and enhance market access, thereby strengthening both
productivity and income outcomes. The comparatively weaker effect of mobile-based
advisory services suggests uneven digital literacy and highlights the need for more
effective extension delivery mechanisms tailored to youth farmers.

The Spatial Durbin Model provided additional insights by demonstrating that
technology adoption in neighbouring communities positively influences local
productivity. This indicates that smart farming technologies generate positive
externalities beyond individual farms, reinforcing the importance of cluster-based
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interventions and peer learning in agricultural tfransformation. Overall, the study
concludes that youth agripreneurship, when supported by smart technologies and
enabling institutional frameworks, can play a pivotal role in achieving sustainable rice
production, food security, and youth employment in Adamawa State and similar
contexts.

6. Recommendations

Based on the findings of this study, it is recommended that government agencies at
the federal and state levels should design spatially targeted agricultural policies
that recognize the existence of spillover effects in youth agripreneurship. Rather
than implementing isolated interventions, policymakers should promote cluster-
based rice production hubs where infrastructure, extension services, and technology
support are jointly provided fo neighbouring communities. Such spatial coordination
will amplify productivity gains and enhance the diffusion of smart farming
technologies.

There is a strong need to improve youth access to land and finance. State
governments should strengthen land tenure arrangements that make farmland more
accessible o young agripreneurs, while financial institutions should develop youth-
friendly credit schemes with flexible collateral requirements. Expanding and
reforming existing programs such as the Anchor Borrowers' Programme to
specifically target youth agripreneurs will help relax liquidity constraints and
stimulate investment in smart agricultural technologies.

The study also recommends scaling up training and capacity-building programs
focused on smart farming technologies. Agricultural extension services should be
modernized to include hands-on training in precision agriculture, digital platforms,
and climate-smart practices. Partnerships with universities, research institutes,
agritech startups, and NGOs can enhance the quality and reach of these training
programs, ensuring that youth farmers possess both technical and entrepreneurial
skills.
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Investment in digital and physical agricultural infrastructure is equally critical.
Improving rural internet connectivity, access to affordable smart farming
equipment, irrigation systems, and storage facilities will lower adoption costs and
improve technology utilization. In particular, strengthening digital market platforms
will enable youth agripreneurs to access real-time price information, reduce reliance
on intermediaries, and improve profitability.
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