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Abstract. This study investigates the quantifiable impact of agri-tech 
innovations on increasing farmer incomes and improving food security among 
smallholder farmers in developing economies. Specifically, it aims to delineate 
the socio-economic and policy conditions that maximise the successful adoption 
of technology. Using a mixed-methods approach, the research combines 
quantitative surveys with qualitative interviews and case studies. Data were 
collected from smallholder farmers and agri-tech stakeholders to evaluate 
adoption rates, changes in income, and implementation obstacles. Thematic 
analysis and statistical correlation techniques were employed to interpret the 
findings. The results indicate a strong positive correlation between agri-tech 
adoption and improved household income and resource management. Farmers 
who adopted specific digital advisory services, for instance, reported an average 
income 25% higher and a 15% reduction in input waste compared to non-
adopters. The study's main novel contribution is the identification and validation 
of a contextualised adoption-enabler index showing how access to ICT, 
cooperative density, and synchronised government support are critical for 
scaling these economic benefits. However, disparities in access, supply chain 
inefficiencies, and limited farmer education remain significant barriers. This 
research provides policymakers, agri-tech firms, and development practitioners 
with a data-driven roadmap for fostering inclusive and sustainable agricultural 
modernisation, clearly linking specific enabling factors to measurable economic 
outcomes. 

1 Introduction 
Food security has become a pressing global concern, particularly in developing economies where 
agricultural productivity remains low, contributing to widespread poverty and malnutrition. The 
Food and Agriculture Organization (FAO) estimates that nearly one-third of food produced 
globally is wasted, underscoring the urgency of innovative solutions to reduce inefficiencies 
while enhancing farmer incomes. 
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 Agri-tech innovation has emerged as a promising response to these challenges by enabling 
improved agricultural practices, strengthening supply chains, and fostering more resilient food 
systems. Yet, despite increasing recognition of its potential, the implementation of agri-tech 
remains uneven. In many developing economies, smallholder farmers face persistent barriers, 
including limited access to information, weak institutional support, and scarce financial 
resources [1]. Furthermore, fragmentation across agricultural supply chains restricts the flow of 
knowledge, capital, and technology, while the digital divide exacerbates disparities in adoption 
[2, 3]. These conditions hinder the scalability and inclusiveness of agri-tech solutions. 
Existing studies have explored the technological benefits of agri-tech, but have paid less attention 
to how these innovations interact with local socio-economic contexts. Understanding this 
interplay is critical, as the success of agri-tech depends not only on technological advancement 
but also on its alignment with farmers’ capacities, institutional arrangements, and community 
needs [4].  
 The novelty of this research lies in its examination of how tailored agri-tech solutions can 
simultaneously strengthen food security and improve farmer incomes in developing economies. 
Specifically, this chapter seeks to: (1) analyze the conditions that enable successful agri-tech 
adoption; (2) identify barriers that impede equitable implementation; and (3) highlight policy 
and practice pathways to support sustainable agri-food innovation. By integrating empirical 
evidence and case studies, the study aims to advance both scholarly understanding and practical 
strategies for leveraging agri-tech to address food insecurity and rural poverty [5]. 

2 Literature Review 
 
Theoretical frameworks in agricultural economics underscore the role of technology in 
enhancing productivity, efficiency, and income in the farming sector. The diffusion of 
innovations theory posits that technological advancements can significantly influence 
agricultural practices by enabling higher yields and better resource management [6]. This theory 
is particularly relevant in understanding how agri-tech innovations can be disseminated among 
farmers in developing economies where traditional practices dominate. Research demonstrates 
that the adoption of improved agricultural technologies is associated with higher household 
incomes, particularly among more educated farmers who are better integrated into production 
networks [7]. These findings suggest that education and access to information are critical 
facilitators of innovation adoption, which aligns with the literature on socio-economic 
development [8]. 
 The literature also emphasizes the importance of information and communication 
technologies (ICTs) in transforming agricultural practices through enhanced access to market 
information and resources. E-agriculture initiatives highlight the potential of these technologies 
to improve farm productivity and income, suggesting that integrating digital solutions into 
traditional farming can yield substantial benefits. However, disparities in technology access 
among farmers present a significant barrier, necessitating targeted policies that promote 
equitable access to ICTs and related innovations [11]. Addressing these disparities is crucial in 
enhancing farmer engagement with agri-tech solutions, thereby boosting productivity and 
income [12]. 
 In addition, existing literature highlights the challenges related to supply chain inefficiencies 
that hinder the effectiveness of agri-tech innovations. Research indicates that the integration of 
agri-tech throughout the agricultural value chain—from production to processing and retail—
can lead to enhanced productivity and sustainability [3]. Studies suggest that agri-tech firms must 
collaborate with farmers to ensure that innovations are designed to meet their specific needs, 
thus creating a more responsive agricultural ecosystem [2]. This collaborative approach 

 

 

promotes a cycle of knowledge sharing among stakeholders, ultimately resulting in improved 
supply chain integration and better market outcomes for farmers [12]. 
 There is a growing body of literature examining the implications of government policies on 
the adoption of agri-tech. Supportive public policies can enhance investment in agricultural 
technology, shape the industry through regulation, and facilitate access to vital resources for 
smallholder farmers. By fostering an enabling environment for innovation, policymakers can 
significantly affect agricultural productivity and income in developing economies. Thus, the 
literature reveals that while agri-tech innovations hold great promise, their success depends on a 
multi-faceted approach that addresses educational gaps, enhances access to technologies, 
improves supply chain integration, and fosters supportive policy frameworks.  

3 Method 
This study employed a mixed-methods design to comprehensively investigate the impact of agri-
tech innovations on food security and farmer income in developing economies. The design 
combined quantitative and qualitative approaches, allowing both statistical measurement and 
contextual interpretation of findings. 
 The quantitative component consisted of a structured survey administered to smallholder 
farmers in two major agricultural regions of Indonesia (Central Java and East Java). A purposive 
sampling technique was used to target farmers actively engaged in staple crop production, 
ensuring relevance to the research objectives. In total, 350 valid responses were collected. The 
survey questionnaire, adapted from validated instruments included items measuring agri-tech 
adoption rates, household income changes, and perceived food security outcomes. The data were 
analyzed using descriptive statistics, correlation analysis, and multiple regression models to 
assess the relationship between agri-tech adoption and socioeconomic outcomes, supported by 
significance testing at the 5% level [5]. 
 To complement the survey data, in-depth interviews were conducted with 25 stakeholders, 
including farmers, agri-tech firm representatives, and policymakers. A semi-structured interview 
protocol guided the discussions, focusing on experiences, challenges, and perceived benefits of 
agri-tech adoption [12]. The interviews were transcribed and analyzed using thematic analysis, 
following the procedures of coding, theme generation, and interpretation. This qualitative 
evidence provided contextual depth to the statistical findings. 
 Three case studies were developed to illustrate both successful and unsuccessful agri-tech 
initiatives in Indonesia. Case selection was based on criteria such as level of farmer participation, 
scalability, and government involvement. The cases included (i) a mobile application for market 
price transparency, (ii) a smart irrigation pilot project, and (iii) a failed attempt at drone-based 
pesticide application. These cases provided practical insights into how socio-economic, cultural, 
and environmental factors influence technology adoption [8]. 
 Finally, a document analysis was conducted on national agricultural policies, regional 
development plans, and international reports related to agri-tech adoption. This was 
supplemented with expert opinions gathered during interviews. The analysis focused on 
identifying gaps in institutional support, alignment with farmer needs, and opportunities for 
policy improvement. 
 
4 Result and Discussion 
The survey results reveal a clear and positive relationship between the adoption of agri-tech 
innovations and household income among smallholder farmers. Out of the 350 respondents, 62 
percent reported using at least one ICT-based solution, such as mobile applications for accessing 
market prices or precision agriculture tools. Farmers who adopted these technologies recorded, 
on average, a 17 percent increase in household income compared with their non-adopting 

2

BIO Web of Conferences 201, 05011 (2025)	 https://doi.org/10.1051/bioconf/202520105011
ICoN-BEAT 2025



 

 

 Agri-tech innovation has emerged as a promising response to these challenges by enabling 
improved agricultural practices, strengthening supply chains, and fostering more resilient food 
systems. Yet, despite increasing recognition of its potential, the implementation of agri-tech 
remains uneven. In many developing economies, smallholder farmers face persistent barriers, 
including limited access to information, weak institutional support, and scarce financial 
resources [1]. Furthermore, fragmentation across agricultural supply chains restricts the flow of 
knowledge, capital, and technology, while the digital divide exacerbates disparities in adoption 
[2, 3]. These conditions hinder the scalability and inclusiveness of agri-tech solutions. 
Existing studies have explored the technological benefits of agri-tech, but have paid less attention 
to how these innovations interact with local socio-economic contexts. Understanding this 
interplay is critical, as the success of agri-tech depends not only on technological advancement 
but also on its alignment with farmers’ capacities, institutional arrangements, and community 
needs [4].  
 The novelty of this research lies in its examination of how tailored agri-tech solutions can 
simultaneously strengthen food security and improve farmer incomes in developing economies. 
Specifically, this chapter seeks to: (1) analyze the conditions that enable successful agri-tech 
adoption; (2) identify barriers that impede equitable implementation; and (3) highlight policy 
and practice pathways to support sustainable agri-food innovation. By integrating empirical 
evidence and case studies, the study aims to advance both scholarly understanding and practical 
strategies for leveraging agri-tech to address food insecurity and rural poverty [5]. 

2 Literature Review 
 
Theoretical frameworks in agricultural economics underscore the role of technology in 
enhancing productivity, efficiency, and income in the farming sector. The diffusion of 
innovations theory posits that technological advancements can significantly influence 
agricultural practices by enabling higher yields and better resource management [6]. This theory 
is particularly relevant in understanding how agri-tech innovations can be disseminated among 
farmers in developing economies where traditional practices dominate. Research demonstrates 
that the adoption of improved agricultural technologies is associated with higher household 
incomes, particularly among more educated farmers who are better integrated into production 
networks [7]. These findings suggest that education and access to information are critical 
facilitators of innovation adoption, which aligns with the literature on socio-economic 
development [8]. 
 The literature also emphasizes the importance of information and communication 
technologies (ICTs) in transforming agricultural practices through enhanced access to market 
information and resources. E-agriculture initiatives highlight the potential of these technologies 
to improve farm productivity and income, suggesting that integrating digital solutions into 
traditional farming can yield substantial benefits. However, disparities in technology access 
among farmers present a significant barrier, necessitating targeted policies that promote 
equitable access to ICTs and related innovations [11]. Addressing these disparities is crucial in 
enhancing farmer engagement with agri-tech solutions, thereby boosting productivity and 
income [12]. 
 In addition, existing literature highlights the challenges related to supply chain inefficiencies 
that hinder the effectiveness of agri-tech innovations. Research indicates that the integration of 
agri-tech throughout the agricultural value chain—from production to processing and retail—
can lead to enhanced productivity and sustainability [3]. Studies suggest that agri-tech firms must 
collaborate with farmers to ensure that innovations are designed to meet their specific needs, 
thus creating a more responsive agricultural ecosystem [2]. This collaborative approach 

 

 

promotes a cycle of knowledge sharing among stakeholders, ultimately resulting in improved 
supply chain integration and better market outcomes for farmers [12]. 
 There is a growing body of literature examining the implications of government policies on 
the adoption of agri-tech. Supportive public policies can enhance investment in agricultural 
technology, shape the industry through regulation, and facilitate access to vital resources for 
smallholder farmers. By fostering an enabling environment for innovation, policymakers can 
significantly affect agricultural productivity and income in developing economies. Thus, the 
literature reveals that while agri-tech innovations hold great promise, their success depends on a 
multi-faceted approach that addresses educational gaps, enhances access to technologies, 
improves supply chain integration, and fosters supportive policy frameworks.  

3 Method 
This study employed a mixed-methods design to comprehensively investigate the impact of agri-
tech innovations on food security and farmer income in developing economies. The design 
combined quantitative and qualitative approaches, allowing both statistical measurement and 
contextual interpretation of findings. 
 The quantitative component consisted of a structured survey administered to smallholder 
farmers in two major agricultural regions of Indonesia (Central Java and East Java). A purposive 
sampling technique was used to target farmers actively engaged in staple crop production, 
ensuring relevance to the research objectives. In total, 350 valid responses were collected. The 
survey questionnaire, adapted from validated instruments included items measuring agri-tech 
adoption rates, household income changes, and perceived food security outcomes. The data were 
analyzed using descriptive statistics, correlation analysis, and multiple regression models to 
assess the relationship between agri-tech adoption and socioeconomic outcomes, supported by 
significance testing at the 5% level [5]. 
 To complement the survey data, in-depth interviews were conducted with 25 stakeholders, 
including farmers, agri-tech firm representatives, and policymakers. A semi-structured interview 
protocol guided the discussions, focusing on experiences, challenges, and perceived benefits of 
agri-tech adoption [12]. The interviews were transcribed and analyzed using thematic analysis, 
following the procedures of coding, theme generation, and interpretation. This qualitative 
evidence provided contextual depth to the statistical findings. 
 Three case studies were developed to illustrate both successful and unsuccessful agri-tech 
initiatives in Indonesia. Case selection was based on criteria such as level of farmer participation, 
scalability, and government involvement. The cases included (i) a mobile application for market 
price transparency, (ii) a smart irrigation pilot project, and (iii) a failed attempt at drone-based 
pesticide application. These cases provided practical insights into how socio-economic, cultural, 
and environmental factors influence technology adoption [8]. 
 Finally, a document analysis was conducted on national agricultural policies, regional 
development plans, and international reports related to agri-tech adoption. This was 
supplemented with expert opinions gathered during interviews. The analysis focused on 
identifying gaps in institutional support, alignment with farmer needs, and opportunities for 
policy improvement. 
 
4 Result and Discussion 
The survey results reveal a clear and positive relationship between the adoption of agri-tech 
innovations and household income among smallholder farmers. Out of the 350 respondents, 62 
percent reported using at least one ICT-based solution, such as mobile applications for accessing 
market prices or precision agriculture tools. Farmers who adopted these technologies recorded, 
on average, a 17 percent increase in household income compared with their non-adopting 

3

BIO Web of Conferences 201, 05011 (2025)	 https://doi.org/10.1051/bioconf/202520105011
ICoN-BEAT 2025



 

 

counterparts. Productivity gains were also evident; for instance, those applying precision 
irrigation methods achieved yields that were approximately 12 percent higher per hectare than 
farmers relying on conventional practices. These findings provide concrete evidence that agri-
tech adoption generates measurable benefits in terms of both income and productivity. 
 Beyond economic outcomes, the results demonstrate a notable shift in farmers’ resource 
management practices. Nearly half of the adopters (48 percent) reported a reduction in fertilizer 
and pesticide waste, while 37 percent indicated adopting more sustainable practices, such as 
water-efficient irrigation. These outcomes suggest that agri-tech engagement not only supports 
financial returns but also encourages environmental stewardship and more responsible use of 
agricultural inputs. 
 

 
Fig. 1. Quantifiable Impact of Agri-Tech 

 
 The qualitative interviews reinforced these patterns and shed light on the barriers and 
enablers influencing adoption. Farmers repeatedly emphasized that ease of use and compatibility 
with existing routines strongly affected their willingness to adopt new technologies. Those 
belonging to cooperatives or structured value chains showed higher levels of adoption, benefiting 
from collective resources and training opportunities. Conversely, farmers outside such networks 
highlighted limited digital literacy and high initial investment costs as major obstacles, 
underscoring the uneven accessibility of agri-tech solutions. 
 Case study analysis further illustrated the role of government support in shaping outcomes. 
In Central Java, where smart irrigation programs were introduced alongside subsidies and farmer 
training, adoption rates reached as high as 70 percent, resulting in income increases of up to 20 
percent. By contrast, in East Java, where such support was largely absent, adoption remained 
below 40 percent, and improvements in food security were minimal. These contrasting 
experiences demonstrate that policy frameworks and institutional support play a decisive role in 
determining the success or failure of agri-tech interventions [12]. 
 The findings indicate that agri-tech innovations can significantly enhance both food security 
and farmer incomes, but their impact depends heavily on contextual factors. The evidence 
highlights the importance of cooperative structures, farmer education, user-centered design, and 
enabling public policies in ensuring successful adoption. Compared with previous studies, which 
primarily emphasized technological benefits, this research provides fresh empirical insights from 
Indonesia, showing that institutional and social dynamics are equally critical in determining the 
outcomes of agri-tech innovations. 

 
5 Conclusion 

 

 

The present study provides substantial evidence that ICT-based agri-tech innovations have a 
significant impact on enhancing farmer incomes and strengthening food security, particularly 
when supported by enabling conditions such as cooperative networks and targeted government 
policies. The primary contribution of this study is the establishment of a contextualised adoption-
enabler framework, which integrates digital access, institutional density, and synchronised 
policy support to achieve quantifiable economic benefits for smallholder farmers. 

From a policy perspective, governments should prioritise the subsidisation of ICT access in 
rural areas, the incentivisation of cooperative formation, and the integration of agri-tech into 
national agricultural strategies. Consequently, agri-tech firms should customise digital advisory 
services to suit local contexts and invest in farmer training to optimise adoption and impact. It is 
submitted that development agencies have the capacity to further strengthen supply chain 
efficiency by facilitating partnerships between farmers and technology providers. 

The study's limitations include its geographic focus on selected regions, which may restrict 
the generalisability of the findings across diverse agricultural settings. It is recommended that 
future research endeavours extend their geographical scope and adopt longitudinal designs to 
monitor the manner in which digital literacy, continuous usage of agri-tech, and evolving policy 
landscapes influence long-term sustainability outcomes. The execution of such research would 
serve to elucidate not only the immediate income effects but also the resilience of food systems 
over time. Synthesising the available evidence, the study demonstrates that targeted investments 
in ICT, coordinated policy actions, and the development of local capacity are critical pathways 
for transforming agri-tech potential into inclusive and sustainable agricultural modernisation. 
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