STRATEGIES FOR ENHANCING SUSTAINABLE ACCESS TO MOBILE-PHONE ENABLED AGRICULTURAL INFORMATION SERVICES AMONG SMALLHOLDER FARMERS IN BUNGOMA COUNTY, KENYA.
[bookmark: _GoBack]ABSTRACT
Agriculture plays a pivotal role in the global economy, employing approximately 27% of the world’s workforce and contributing significantly to food security and economic stability. In the Kenya’s economy context, the World Bank, highlights that agriculture is the backbone, contributing approximately 33% to the country's GDP and providing employment to over 40% of the population. Smallholder farmers dominate the sector, producing nearly 70% of Kenya’s agricultural output. Despite the sector’s importance to the national economy and food security, agricultural extension services, whose primary function is to promote agricultural production by disseminating vital information and skills to farmers, face significant challenges like underfunding, understaffing, and lack modern training, which has severely hindered their effectiveness in supporting smallholder farmers, particularly in rural areas like Bungoma County. The objective of this study was to investigate strategies for enhancing sustainable access to mobile-phone enabled agricultural information services among smallholder farmers in Bungoma county, Kenya. The research was conducted in Tongaren, Mt. Elgon and Bumula. The study adopted evaluation research design with a study population of 118, 533 and a sample size of 400 respondents. Findings revealed a strong positive correlation between strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information and accessing agricultural information. It was also established that every individual unit increase in the strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers, there would be a resulting 13.3% increase in accessing agricultural information which shows a positive and significant effect on strategies in accessing agricultural information. To enhance sustainable access to agricultural information for smallholder farmers, a multifaceted approach is essential. To achieve sustainable access to mobile phone-enabled services for smallholder farmers in agricultural information, it is recommended that strategies should prioritize accessibility, affordability, and adaptability.
Keywords: Smallholder farmers, agricultural information, mobile phone-enabled services.
INTRODUCTION
According to the World Bank (2022), agriculture plays a pivotal role in the global economy, employing approximately 27% of the world’s workforce and contributing significantly to food security and economic stability. It is not just about producing food and raw materials; agriculture sustains livelihoods, especially in developing countries where it forms the backbone of their economies. The sector contributes about 4% to global GDP, but in many low-income countries, this figure rises to 25% (Food and Agriculture Organization 2023). As the global population is expected to reach 9.7 billion by 2050, food demand is predicted to increase by 70%, making agriculture more critical than ever in ensuring the world’s food security (FAO, 2020).
To enhance agricultural productivity and sustainability, the African Union’s Comprehensive Africa Agriculture Development Programme (CAADP) has been working since 2003 to increase public and private investment in the sector. CAADP’s goal is to achieve an annual agricultural growth rate of 6% by improving market access, infrastructure, and adopting sustainable practices (CAADP, 2023). One key strategy involves promoting climate-smart agriculture, which helps farmers adapt to changing environmental conditions while boosting productivity.
According to FAO (2021), it is notable that in East Africa, agriculture is also is a critical tool in the fight against hunger and malnutrition. Governments in the region are investing in the production of nutrient-rich crops and improving food distribution systems to tackle under nutrition and food shortages, which are still prevalent in some areas. FAO, further argues that as the world’s population grows and environmental challenges mount, investments in sustainable agricultural practices and technology will be essential in ensuring the future of agriculture and its ability to meet global food demands.
In the Kenya’s economy context, World Bank (2022), highlights that agriculture is the backbone, contributing approximately 33% to the country's GDP and providing employment to over 40% of the population. In this context, smallholder farmers dominate the sector, producing nearly 70% of Kenya’s agricultural output, as pointed out by KNBS, (2023). Despite the sector’s importance to the national economy and food security, KALRO, (2023) is of the view that agricultural extension services, whose primary function is to promote agricultural production by disseminating vital information and skills to farmers, face significant challenges. These services are underfunded, understaffed, and lack modern training, which has severely hindered their effectiveness in supporting smallholder farmers, particularly in rural areas like Bungoma County.
According to Mittal et al., (2019), mobile phone-enabled services offer an innovative solution to the challenges faced by traditional extension services. These services allow farmers to access real-time agricultural information through SMS, voice calls, and mobile apps, thus bridging the gap left by overburdened extension officers. The authors, adds that mobile phones can deliver timely updates on weather forecasts, pest and disease outbreaks, and best farming practices, empowering farmers to make informed decisions. This technological intervention is particularly crucial in rural areas; a case in hand is Bungoma County, where the extension services are insufficient to meet the needs of the farming population. This study therefore explores strategies for enhancing sustainable access to mobile-phone enabled agricultural information services among smallholder farmers in Bungoma county, Kenya.
LITERATURE REVIEW
The sustainability of mobile phone-enabled services in accessing agricultural information is critical for the advancement of smallholder farming systems, particularly in developing regions where traditional agricultural extension services are often limited. Smallholder farmers, who form the backbone of agricultural production in many countries, face numerous challenges, including limited access to timely information on weather patterns, market prices, pest and disease management, and modern farming techniques (Aker, 2022). The introduction of mobile phone technologies has opened up new avenues for overcoming these barriers, offering farmers the ability to access crucial information that can enhance their decision-making processes and improve agricultural productivity (Ferris et al., 2020). 
In an increasingly digital world, mobile phones have become indispensable tools for connecting farmers to vital agricultural services, including real-time updates on crop management, access to financial services, and market linkages (Kirui et al., 2021). This digital shift is not only reshaping the way farmers interact with their environment but also creating new opportunities for innovation and growth in the agricultural sector. However, for mobile phone-enabled services to remain impactful and beneficial to smallholder farmers, it is essential that they are designed to be resilient, adaptable, and user-friendly in the face of evolving agricultural challenges (Maru, 2023; Virtual City, 2023). 
Ensuring the long-term success of these mobile services is more than just providing access to information; it involves fostering an ecosystem where smallholder farmers can continuously engage with and benefit from the digital tools available to them (Jensen, 2021). This requires addressing the diverse needs of farmers, from illiteracy and low digital literacy to infrastructure limitations, while also ensuring that the information provided is accurate, relevant, and accessible (Odera,2023). Additionally, fostering collaboration between various stakeholders, including farmers, government agencies, mobile service providers, and agricultural experts, is crucial in maintaining the effectiveness and reliability of these services over time (CA, 2023; Kirui et al., 2020).
As mobile phone technology continues to evolve, the potential to revolutionize agricultural practices for smallholder farmers is immense. The ability to access real-time, localized, and actionable information empowers farmers to make informed decisions that improve their yields, reduce risks, and ultimately enhance their livelihoods (Jensen, 2021; Kirui et al., 2021). By ensuring that mobile phone-enabled services are sustainable, farmers can continue to rely on these platforms as essential tools for navigating the complexities of modern agriculture. This approach not only benefits individual farmers but also contributes to broader goals of food security, economic development, and rural empowerment (CA, 2023).
For mobile phone-enabled services to be effective, they must be designed with the end-user, smallholder farmers, at the core. This means developing user-friendly interfaces that are simple and intuitive, catering to a demographic that often has limited digital literacy (Aker et al., 2019). Services should accommodate a range of devices, including basic feature phones, which are more commonly used in rural areas. Involving farmers during the design phase through participatory methods ensures the service is aligned with their needs, minimizing barriers to adoption. Regular user feedback loops should be integrated to continuously improve usability and relevance. Personalized services, such as voice-based systems in local languages, can also ensure exclusivity, particularly for those with low literacy levels (Bongomin et al., 2018).
According to Duncombe (2018), understanding the local agricultural environment is critical for the success of mobile services. This involves assessing factors such as existing mobile penetration, local farming practices, and socioeconomic conditions. A thorough environmental scan can identify gaps where mobile services can provide the most value. For instance, in regions where extension services are weak, mobile technology can fill that void by offering timely, relevant information. Additionally, to (Mittal 2016), understanding the existing communication channels farmers use such as word-of-mouth, radio, or in-person meetings can help integrate mobile technology into their daily routines without causing disruption.
Designing mobile phone services with scalability in mind is essential for ensuring that they can reach a wider audience and remain viable over time. Scalability involves ensuring that the infrastructure and resources can handle a growing user base without sacrificing quality or accessibility. Sustainable models often incorporate partnerships with private and public sector entities to share costs and expand reach (Qiang et al., 2020). According to (Donner, 2021) ensuring long-term sustainability requires developing a revenue model that keeps services affordable for farmers while maintaining operational viability. Services designed to scale should also include mechanisms for continuous innovation, ensuring that they can evolve as technology advances and farmer needs change.
Baumüller (2018) notes that robust network infrastructure is the backbone of mobile phone-enabled services, especially in rural and remote areas. Many smallholder farmers still face poor or unreliable mobile coverage, limiting their ability to fully benefit from mobile services. Expanding 4G networks and introducing satellite-based solutions can help close this gap. Governments and telecom providers must prioritize investments in infrastructure to extend reliable coverage to rural areas (Jensen, 2019). Furthermore, improving the quality of service, such as ensuring high data speeds and reduced latency, can support more advanced mobile applications, including real-time weather updates or video-based extension services.
Building the capacity of farmers to effectively use mobile services is essential for sustainability. Many smallholder farmers lack the necessary digital skills to fully utilize these technologies. Training programs that focus on digital literacy and mobile phone usage can significantly enhance adoption rates (Duncombe et al., 2019). Extension officers, NGOs, and farmer organizations can play a vital role in offering hands-on training to ensure that farmers understand how to use the mobile platforms, interpret the data provided, and apply it in their farming practices. Capacity building should also be continuous, with refresher training to keep farmers updated on new features and services (Muto et al., 2017).
Collaboration between multiple stakeholders—such as government agencies, mobile network operators, agricultural experts, NGOs, and farmer organizations—is key to the success of mobile-enabled agricultural services (Ferris et al., 2020). These partnerships allow for the pooling of resources and expertise, which can lead to more innovative and effective solutions. For example, governments can provide subsidies or incentives for mobile network expansion, while agricultural experts can ensure the accuracy and relevance of the information provided (World Bank 2021). Multi-stakeholder collaboration also ensures that the services are comprehensive and address all aspects of the agricultural value chain, from input supply to market access (Reyes et al., 2021).
Localization is crucial for ensuring that mobile services are relevant and accessible to smallholder farmers. This includes adapting content to local languages, cultures, and agricultural practices. In many regions, mobile services that offer information in a foreign language or that are not aligned with local farming seasons may not be useful to farmers (Chavula, 2019). Localization also involves providing region-specific advice, such as crop recommendations based on local soil conditions or pest management strategies that are relevant to the specific pests found in that area (Walsh et al., 2020). By localizing content, service providers ensure that farmers receive information they can easily understand and apply to their practices.
For mobile services to be sustainable, they must be affordable and accessible to all smallholder farmers, including the poorest and most marginalized. This requires innovative pricing models, such as pay-per-use or subscription services, that take into account the financial constraints of smallholder farmers (Nakasone et al., 2019). Providing free or subsidized access to critical information, such as weather forecasts or pest alerts, can also increase inclusivity (Qiang et al., 2020). Additionally, addressing gender disparities in access is crucial. In many regions, women farmers have less access to mobile phones than men, limiting their ability to benefit from mobile services. Ensuring gender-sensitive approaches in mobile service design and outreach is essential for inclusivity (Mittal, 2016).
A supportive policy and regulatory environment is essential for the expansion and sustainability of mobile phone-enabled agricultural services. Governments can encourage the development of mobile services by offering incentives to mobile operators to expand coverage in rural areas, reducing tariffs on mobile phones and services, and ensuring a fair regulatory environment (Donner, 2021). Regulatory frameworks that protect farmers’ data privacy and promote fair competition in the telecommunications sector also foster trust and promote wider adoption (Jensen, 2020). National agricultural strategies should incorporate mobile phone-enabled services as a key tool for rural development, recognizing their potential to transform the agricultural sector (World Bank, 2021).
Reusing and improving existing mobile phone-enabled initiatives can accelerate the scaling and sustainability of services. Many successful models have already been developed, such as mobile-based weather services or market information platforms, which can be adapted to new regions or contexts (Mittal et al., 2016). Instead of starting from scratch, stakeholders can build on these existing solutions, adapting them to local conditions and improving their functionality based on user feedback. Continuous improvement is key, as technologies and the needs of farmers evolve. Regularly updating these services ensures that they remain relevant and effective in addressing emerging challenges in agriculture (Baumüller, 2018).
While mobile phone-enabled services have been praised for their potential to transform agriculture for smallholder farmers, several scholars argue that their sustainability and long-term impact may be overstated. Maru (2022), points out that these services often fail to address the root causes of barriers to agricultural information access, such as limited digital literacy, inadequate infrastructure, and the high costs of mobile devices and services in rural areas. Furthermore, Ferris (2021), argues that reliance on mobile technology alone can exacerbate existing inequalities, particularly among marginalized groups such as women and the elderly, who may have less access to these tools. 
Without substantial investments in training, capacity-building, and infrastructure development, mobile services risk becoming short-term solutions that do not fundamentally alter the structural challenges facing smallholder farmers (Kirui, 2019). Additionally, the limited relevance of some of the information provided, especially when it is not tailored to local contexts, can further diminish the effectiveness and sustainability of these services (Jensen, 2007). Therefore, a more holistic approach is required for sustainability and long-term viability of mobile phone-enabled services in access to agricultural information by smallholder farmers in Bungoma County necessitating the need for the current study.
METHODOLOGY
The research was conducted within three sub-counties located in Bungoma County, Kenya. These sub-counties were Tongaren, Mt. Elgon, and Bumula which were purposively selected based on a specific criterion. Bumula was chosen due to its high population density and limited agricultural potential. Tongaren was selected as it represents a cosmopolitan area with a moderate to high agricultural potential while Mt Elgon was selected as it is known for being a vegetable growing zone (BCIDP, 2013). The study adopted evaluation research design. The target population was 395,108 while the study population was 118, 533. Using Yamane’s formula, the sample size was computed to give a sample size of 400 respondents that were sampled using stratified random sampling as shown in Table 1.
[bookmark: _Toc142457310]Table 1: Sample size proportions of the 3 Sub Counties of Bungoma County, Kenya.
	Sub county
	Target population
	Study population
	Sample size

	Bumula
	215,892
	64768
	218

	Mt Elgon
	78,873
	23662
	80

	Tongaren
	100,343
	30103
	102

	[bookmark: _Hlk147084082]Total
	395108
	118533
	400



Source: Researcher, (2022)
The study used interviews, focus group discussions and questionnaires as the main research instruments. The data collected were analyzed using both descriptive and inferential statistics. The descriptive statistics includes; frequency, percentage, and mean scores while the inferential statistics includes; correlation, regression and chi-square test and findings were presented in form of figures and tables. 
RESULTS AND DISCUSSIONS
The researcher sought to establish strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers in Bungoma county, Kenya.
Whether other means of communicating agricultural information increased or Decreased since Smallholder Farmers started using Mobile Phones to Communicate Agricultural Information.
[bookmark: _Hlk137472928][bookmark: _Hlk142254943][bookmark: _Toc142457353]To achieve this, smallholder farmers were asked to state if the use of other means of communicating agricultural information increased or decreased since they started using mobile phones to communicate agricultural information. Their responses were analyzed and presented as shown in Table 2. 
[bookmark: _Toc145681893][bookmark: _Hlk144499889]Table 2: Whether other means of Communicating Agricultural Information Increased or Decreased since Smallholder Farmers started using Mobile Phones to Communicate Agricultural Information.
	 
	No change
	Slight decrease
	Large decrease
	Slight increase
	Large increase

	
	F
	%
	F
	%
	F
	%
	F
	%
	F
	%

	Office visits
	28
	13.3%
	52
	24.6%
	54
	25.6%
	69
	32.7%
	8
	3.8%

	[bookmark: _Hlk137473125]Making farm visits
	23
	10.8%
	77
	36.3%
	38
	17.9%
	57
	26.9%
	17
	8.0%

	Attend meeting
	44
	20.8%
	94
	44.3%
	31
	14.6%
	29
	13.7%
	14
	6.6%

	Consulting fellow farmers
	13
	6.2%
	45
	21.3%
	26
	12.3%
	54
	25.6%
	73
	34.6%

	Visiting to extension homes
	26
	12.3%
	104
	49.1%
	37
	17.5%
	26
	12.3%
	19
	9.0%

	Listening to radio
	19
	9.0%
	59
	27.8%
	19
	9.0%
	54
	25.5%
	61
	28.8%

	Watching TV
	34
	16.0%
	42
	19.8%
	23
	10.8%
	53
	25.0%
	60
	28.3%

	Reading books and newspapers
	45
	21.2%
	74
	34.9%
	52
	24.5%
	28
	13.2%
	13
	6.1%



Source: Researcher (2022)
[bookmark: _Hlk137473180][bookmark: _Hlk137473566]From Table 7.1, it was observed that 32.7% of the smallholder farmers stated that office visits slightly decreased since they started using mobile phones to access agricultural information. 36.3% of the smallholder farmers indicated that making farm visits slightly decreased since they started using mobile phones to communicate agricultural information. 44.3% of the smallholder farmers stated that attending meetings slightly decreased since they started using mobile phones to communicate agricultural information. Another 34.6% of the smallholder farmers indicated that there was a large increase in consulting fellow farmers since they started using mobile phones to communicate agricultural information. 

It was also observed that 49.1% of the smallholder farmers indicated that there was a slight decrease in visits to extension homes since they started using mobile phones to communicate agricultural information. 28.8% of the smallholder farmers indicated that there was a large increase in listening to radio since they started using mobile phones to communicate agricultural information. 28.3% of the smallholder farmers stated that there was a large increase in watching TV since they started using mobile phones to communicate agricultural information while 34.9% of the smallholder farmers indicated that there was a slight decrease in reading books and newspapers since they started using mobile phones to communicate agricultural information. 

The results indicated a significant rise in the acquisition of agricultural information from fellow farmers. This aligns with the findings of Abraham (2020), who argued that the exchange of knowledge among farmers plays a crucial role in facilitating informed decision-making in agricultural practices. This is a prevalent phenomenon observed among farmers, as they tend to place greater trust in agricultural information shared by their peers as opposed to information obtained from alternative sources.  In addition to seeking agricultural information from fellow farmers, respondents reported a small rise in their utilization of mobile phones to access agricultural information via radio. This aligns with the conclusions obtained by Aker (2019) regarding the presence of radio-like functionalities in the existing mobile phones. The utilization of mobile phones for accessing agricultural extension services has led to a minor decline in visits to the homes of agricultural extension officers. This practice is employed by law enforcement personnel who provide their contact numbers to clients in order to facilitate dialogue.
[bookmark: _Toc145681236][bookmark: _Toc145681410]
Capabilities to Interact with Different Stakeholders
Smallholder farmers were also asked to rate how they assessed themselves in terms of capability to interact with different stakeholders using mobile phones for agricultural information, their responses were analyzed and presented as shown in Table 3.
[bookmark: _Toc142457354][bookmark: _Toc145681894][bookmark: _Hlk144500038][bookmark: _Hlk142255301]Table 3: Rating of Capabilities to Interact with Different Stakeholders by using Mobile Phones by Smallholder Farmers in Bungoma County, Kenya
	 
	High
	Medium
	Low

	
	F
	%
	F
	%
	F
	%

	County government
	48
	22.6%
	73
	34.4%
	91
	42.9%

	Mobile phone companies
	63
	29.7%
	111
	52.4%
	38
	17.9%

	Extension agents
	45
	21.2%
	147
	69.3%
	20
	9.4%

	Agro dealers
	43
	20.3%
	154
	72.6%
	15
	7.1%

	Traders
	57
	26.9%
	141
	66.5%
	14
	6.6%

	Fellow farmers
	85
	40.1%
	123
	58.0%
	4
	1.9%



Source: Researcher (2022)

[bookmark: _Toc145681237][bookmark: _Toc145681411]From Table 3, 42.9% of the smallholder farmers rated their capability as low in using mobile phones to communicate to county government. 52.4% of the smallholder farmers rated their capability in communicating to mobile phone companies as medium. Another 69.3%, 72.6%, 66.5% and 58.0% of the smallholder farmers rated their capabilities as medium in using mobile phones to communicate to extension agents, agro dealers, traders and fellow farmers respectively. Farmers observed a moderate level of engagement in utilizing mobile phones as a means of communication with extension agents, agro dealers, traders, and fellow farmers. This demonstrates that mobile phones enhance efficiency by reducing the need for unnecessary visits, hence saving time. Positive engagement with stakeholders has been found to result in a heightened utilization of mobile phones as a means of disseminating agricultural information, as indicated by the research conducted by Butt et al., (2021). It is well acknowledged that those who engage in networking activities tend to experience greater success compared to those who do not. This can be attributed to the notion that society operates somewhat to a market, wherein individuals engage in the trade of ideas for their own personal benefit. The results are consistent with the findings of Klerk et al., (2022), which indicate that the acquisition of agricultural information by a single actor, such as a farmer, through mobile phones necessitates collaboration with other stakeholders. In general, regular interactions foster more transparency, hence facilitating the exchange of knowledge. According to the study conducted by Kale et al. (2020),

Support Services Availed by Different Stakeholders
[bookmark: _Toc145681895]The researcher sought to establish the kind of support services that have been availed by different stakeholders to enable them use mobile phones to communicate agricultural information in Bungoma county. The findings are as shown in Table 4.
Table 4:  Support Services Availed by Different Stakeholders for Mobile Phone Use by Smallholder Farmers in Bungoma County, Kenya
	
	Yes
	No

	
	F
	%
	F
	%

	Adapting content to local market
	126
	59.4%
	86
	40.6%

	Government subsidy
	124
	58.5%
	88
	41.5%

	Digital literacy training
	73
	34.6%
	138
	65.4%

	Enabling connectivity through Improved network coverage
	137
	64.6%
	75
	35.4%

	Availability of skilled personnel
	119
	56.1%
	93
	43.9%

	Access to credit
	106
	50.2%
	105
	49.8%

	Improved infrastructure
	127
	59.9%
	85
	40.1%

	Policies/regulations influencing Agricultural information
	116
	54.7%
	96
	45.3%

	Marketing networks
	156
	73.6%
	56
	26.4%



Source: Researcher (2022)
From Table 4, it was observed that 59.4% of the smallholder farmers indicated that adopting content to local market was availed by stakeholders, 58.8% of the smallholder farmers stated that government subsidy was available. It was observed that 65.4% of the smallholder farmers indicated that digital literacy training was not available. However, it was observed that 64.6% of the smallholder farmers indicated that there was an enabling connectivity through improved network coverage. More than half of the smallholder farmers indicated that there was availability of skilled personnel, access to credit facilities, improved infrastructure and policies and regulations influencing agricultural information. Another 73.6% of the smallholder farmers indicated that marketing networks was available.

[bookmark: _Toc145681238][bookmark: _Toc145681412]Mobile Phone Use Seminars/Workshops
The researcher sought to establish if farmers have ever attended seminars and workshops on the use of mobile phones to communicate agricultural information. Findings were as presented in Figure 1. 
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[bookmark: _Toc145682608][bookmark: _Toc141450140][bookmark: _Hlk144500206][bookmark: _Hlk143620026]Figure 1: Mobile Phone Use Seminars/Workshops by Smallholder Farmers in Bungoma County, Kenya
Source: Researcher (2022)


[bookmark: _Hlk143625508]From Figure 1, it was observed that majority 71.7% of the smallholder farmers had never attended any workshop or seminar on mobile phone use to communicate agricultural information, only 28.3% of the smallholder farmers indicated that they had attended such a seminar or workshop. From those who had attended the workshops or seminars, majority of them were from Bumula Sub-County. Chi-square test of variation in the distribution of mobile phone use seminars/workshops attended by smallholder farmers  showed that there was a significant  variation between mobile phone use seminars/workshops attended and the sub counties.
[bookmark: _Toc145681413][bookmark: _Toc145681239]The findings revealed that most of the smallholder farmers in the study areas had never attended any workshop / seminar on mobile phone use to communicate agricultural information. Researcher’s opinion is that farmers need to give or receive agricultural information to inform other farmers, buyers, government extension workers, agrovet etc from time to time through mobile phones. But they normally experience hardship accessing or sharing agricultural information required during farming activities because they don’t know the available mobile phone enabled services to help them. Awareness is missing therefore, farmers through the Ministry of Agriculture need sensitization through seminars /workshop.

Role(s) Mobile Phone Companies play in Promoting the use of Mobile Phone- enabled services to Access Agricultural Information by Smallholder Farmers in Bungoma County. 
[bookmark: _Hlk142464881]The researcher sought to establish the respondent’s views on the role of the mobile phone companies in enabling farmers use mobile phone-enabled services to access agricultural information. Mobile phone companies facilitate mobile based money transfer in a quick and cost-effective way. The study specifically found out that the largest portion of money received via mobile money was used on agricultural related purposes [purchase of seed, fertilizer, farm implements, leasing land for farming and for paying farm workers]

The mobile based money transactions in the study areas include M-banking such as M-kesho, Mobicash, Pesapap, Mpesa and Airtel money. This is supported by [CAK,2015] that Mpesa continues to dominate the market, accounting for 77 % of mobile money customers. Apart from mobile-based money transfer, the companies also offer easy and secure platforms for small saving with no access to formal financial services. The companies also offer micro loans that is paid with interest. Also, the respondents in the three sub-counties noted that as much as network coverage is still low in some areas, there is great improvement compared to 10 years ago. This to a great extent has enabled farmers with smartphones to access internet for search of agricultural information. 

[bookmark: _Toc145681414][bookmark: _Toc145681240]This aligns with the findings of the Communication Authority of Kenya (CA 2015), which highlight the crucial role of mobile network expansion in enabling Kenyan citizens to access the internet. There is a disparity in the accessibility and quality of networks between rural and urban locations. Furthermore, with regards to the issue of network connectivity in specific locations within the research areas, farmers expressed the viewpoint that mobile phone operators should enhance the network infrastructure and reception capabilities in order to maximize the benefits derived from their services. It is suggested that planners should engage in closer proximity with customers in order to engage in discussions regarding their intentions and the anticipated effects that are related with the proposed plans prior to their development. According to the author, regardless of the specific intention, the initial stage in successfully implementing a program should involve identifying the target audience. Therefore, it is imperative to do audience research as a preliminary step in order to determine the most efficient means of engaging with them.

Role of Government in Promoting the use of Mobile Phone enabled Services to Access Agricultural Information by Smallholder Farmers in Bungoma County, Kenya

The researcher sought to establish the respondent’s views on the role of government in promoting the use mobile phone-enabled services to access agricultural information.  It was the view of key informants in Tongaren sub county that the government in conjunction with the ministry of agriculture and mobile phone companies create content that is relevant to small holder farmer of which they can access through mobile phones.During the surveys it was found that there is a need to establish supporting infrastructure and build farmers’ capacity to be able to utilize this information and to enable them to realize the full potential that information delivery through mobile phones has to offer. To them technical illiteracy is a major challenge in the active use of mobile phones and this issue needs to be addressed before rolling out mobile phones based services. Therefore, rigorous awareness and training by the government need to be done for proper utilization of the services.  It was also established the government through the ministry of agriculture fosters mobile phone applications[s] in communicating agricultural information. A few farmers from Tongaren confirmed and reported that some farmers are registered with maize variety SMS service and National farmers information services for answering farmers queries. But majority of smallholder farmers felt these services are for large scale farmers only.

They also noted that the government should set in place policy and regulations that are viable for the benefit of the smallholder farmer when it comes to accessing agricultural information through mobile phones. Additionally, they said the government through the ministry of agriculture to enhance collaboration with farmers to increase farmer participation in agricultural programs through mobile phone-based information. Further, a discussion with two key informants, one from the Ministry of Agriculture Bungoma county agricultural officer and agro-dealer from Kabula shopping Centre. Both were of the view that for sustainability of mobile phones enabled services, the implementers should engage users in the design process. 

Across the county respondents confirmed that agriculture extension is provided by ministry of agriculture i.e. sub-county agriculture extension officers, NGOs (One Acre Fund), agro processing firms, (Kenya seed) and media (Radio Sulwe FM). The services are provided through extension techniques such as use of mobile phones, meetings, mass discussions and personal visits. Hence mobile phones can play a big role in giving farmers knowledge on agronomic techniques and skills to improve productivity, food security and livelihoods if used to full potential as designed.

In Bungoma county, mobile phones enabled services is replacing face to face extension. They provide smallholder farmers with convenient and economical way to obtain agricultural information and the present percentage of extension workers to farmers cannot meet the information needs of small holder farmers. 

The results were consistent with a study conducted by Aker (2011) in Niger, which suggested that mobile phones had the capacity to accelerate the adoption of contemporary production technologies among smallholder farmers. This includes the utilization of improved seeds and fertilizers to enhance agricultural productivity. For example, farmers have the option to contact an input provider by telephone in order to ascertain the availability of fertilizer and seeds prior to physically visiting the seller's location for the purpose of purchasing those inputs. This leads to a decrease in the expenses related to transportation. In addition, the mobile phone has the capability to enhance access to technical agricultural information provided by agricultural advisory services through the means of phoning or texting, thereby obviating the necessity for physical travel. 

The concept has also received endorsement from Jensen (2018), who proposed that mobile phone-enabled services have the potential to establish a connection between smallholder farmers and extension staff, thus obviating the necessity for farmers to undertake trips in search of information. In a further investigation conducted by in Sri Lanka, it was discovered that the adoption of mobile phone-based services among farmers for the purpose of accessing technical and production information resulted in a significant reduction of 33 percent in expenses associated with information search. This study examined the utilization of mobile phone farming applications by smallholder farmers as a means to access information related to production. The mobile phone farming applications encompassed downloadable applications designed enable farmers to conveniently access information either directly or by sending text messages to retrieve the necessary data.

[bookmark: _Toc145681415][bookmark: _Toc145681241]During FGDs, extension agents confirmed that mobile phones help them to easily access farmers. The findings also established that farmer groups in the study area communicate with each other through mobile phones to plan on the attendance of members to field days organized by ministry of agriculture through extension officers, like wise in attending ASK show for technology adoption.

Opportunities that Prevail in the Study area that give Hope for the use of Mobile Phone in Communicating Agricultural Information by the Smallholder Farmers in Bungoma County, Kenya

[bookmark: _Hlk142391002]The study sought to establish the opportunities that prevail in the study area that give hope for the use of mobile phone in communicating agricultural information. The respondents established that owning a mobile phone is becoming mandatory, because they need to be in touch with relatives and friends. They said it is through mobile phone that they send/receive money for domestic and farm work. which suggests that individuals residing in a community characterized by robust social connections are more inclined to be motivated in their adoption of technology. This motivation stems from observing the outcomes, both positive and negative, experienced by others within the group.

The research aimed to identify the difficulties encountered by individuals when utilizing mobile phones for the purpose of sharing agricultural information. There are three prominent problems that are prevalent throughout. Insufficient proficiency in mobile phone operation abilities. Proficiency in fundamental mobile phone operations is essential for effectively utilizing this technology.  Similar is the case of the present study where a good number of farmers above 60 years old lack reading and writing skills. Smallholder farmers in the study area lack advanced operating skills to utilize smart phones effectively which highlighted the need for farmers training regarding the use of mobile phones to access agricultural information. Because advanced use of the smartphones holds a huge potential as many agricultural related applications, web portals and social media have more authentic information sources than basic mobile phones

[bookmark: _Toc145681416][bookmark: _Toc145681242]Similarly, the respondents pointed out the problem of inadequate electricity supply which hinder the use of mobile phones effectively. Mobile phones need to be charged with electricity which is not available in some homes forcing them to take to market centers for charging at a fee. This is expensive, which make some farmers switch off their phones to save on power hence cutting off communications. The other main challenge farmers in the study areas face while using mobile phone is lack of service centers. To improve the use of mobile phone enabled services in accessing agricultural information, majority of the respondents affirmed that training on how to use the gadgets should be given priority. They claimed the mobile hand set especially the smart phone is complex yet it has very many features and apps that can benefit the farmer 

The agencies/Organization involved in Promoting the use of Mobile Phones by Farmers in Accessing Agricultural Information by Smallholder Farmers in Bungoma County
[bookmark: _Hlk142391162]The study sought to establish the agencies/organization involved in promoting the use of mobile phones by farmers. The researcher found out that apart from the state there are other agencies/organizations that are involved in promoting the use of mobile phones by farmers to communicate agricultural information. These includes private companies, M-farm, KACE, ICOW, radio stations, NGOs and One Acre fund. Most of these organizations focus on information provision related to production and crop price information via SMS, phone calls and websites.  Several radio stations like Mulembe FM, Sulwe FM and West FM offer interactive programs with farmers through mobile phones via SMS which are then answered on air. However, usage of these services among the smallholder farmers in the study area for agricultural purposes appear to be limited. 

The present study aligns with the findings of Baumuller (2015), which indicate that although numerous mobile phone-enabled services are accessible to smallholder farmers, their practical implementation has not been fully achieved. In order to enhance the efficacy and scope of support provided to farmers, it is imperative to conduct a comprehensive evaluation of their effectiveness and reach, while also ensuring that farmers receive appropriate training. In order to ascertain the practical applicability of these services for promoting agricultural development and determine their relevance within the specific context, it is important to ensure comprehension.

[bookmark: _Toc145673357][bookmark: _Toc145681417][bookmark: _Toc145681243][bookmark: _Hlk181362491][bookmark: _Hlk181362778][image: C:\Users\MAURINE\Favorites\Downloads\Research_Permit_NACOSTI-P-21-9985 (1)_001.jpg]Correlation for Strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers
Pearson Moment Correlation Coefficient was used to determine the relationship between strategies for enhancing mobile phone enabled services and accessing agricultural information. 
[bookmark: _Toc145681896][bookmark: _Hlk181362601]Table 5: Correlation for Strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers
	
	
	Accessing Agricultural Information

	Strategies
	Pearson Correlation
	.834**

	
	Sig. (2-tailed)
	.000

	
	N
	143



**Correlation is significant at the 0.01 level (2-tailed).    r = 0.834, N = 400, P<.01
Source: Researcher (2022)
[bookmark: _Toc145681897][bookmark: _Toc142457355][bookmark: _Hlk143625705]From Table 5, there is a strong positive correlation between strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information and accessing agricultural information (r=.834, n=400, P=<.01). 

[bookmark: _Hlk181362911][bookmark: _Hlk181363143]Simple linear regression for Strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers

[bookmark: _Hlk181363691]The simple linear regression analysis was used in the study to test the influence made by strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers and consequently test the hypothesis. H03: There are no significant strategies which enhances sustainable access to mobile phone -enabled services for accessing agricultural information for the smallholder
farmers. The study formulated the following model to test this effect. 
AAI = β0+ β1SEMPES+℮

Where:	AAI	=	Accessing agricultural information
β0		=	Constant
β1	=	Slope associated with strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information             
SEMPES	= 	Strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information	
℮		=	error term 
The simple linear regression analysis results for the Strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information are presented on Table 6. 
Table 6: Strategies and Accessing Agricultural Information
	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.834a
	.695
	.693
	.50146

	
Source: Researcher (2022)
a. Predictors: (Constant), Strategies


[bookmark: _Toc142457356][bookmark: _Toc145681898]Results in Table 6 show that the coefficient of determination (R2) is .695 which represents 69.5% variation of accessing agricultural information as a result of strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information. The study also conducted the analysis of variance (ANOVA) between the strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers. The aim of the analysis was to determine the regression model’s statistical significance and the results are presented in Table 7.
Table 7: ANOVA for Strategies and accessing agricultural information
	Model
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	1
	Regression
	112.772
	1
	112.772
	449.290
	.000b

	
	Residual
	100.149
	399
	.251
	
	

	
	Total
	212.921
	400
	
	
	

	

Source: Researcher (2022)
a. Dependent Variable: Accessing agricultural information

	b. Predictors: (Constant), Strategies


As shown in Table 7, an F statistic of 449.290 showed a significant model. A probability (p) value of 0.000 (p < 0.05), supported this, showing that the model used has the capacity to statistically significantly predict the outcome variable (accessing agricultural information). This means that strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers were a strong predictor of accessing agricultural information. The regression coefficients that can be used for model fitting are as shown in Table 8.

	[bookmark: _Toc145681899]Table 8: Regression Coefficients 

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	Β
	Std. Error
	β
	
	

	1
	(Constant)
	1.244
	.041
	
	30.107
	.000

	
	Strategies
	.133
	.012
	.625
	11.304
	.000

	
a. Dependent Variable: Accessing agricultural information



[bookmark: _Hlk145585973]From Table 8, it has been established that that a unit increase in the strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers causes an increase of 0.133 in accessing agricultural information. The results gave the study a simple linear regression equation of:
AAI =1.244 + 0.133 SEMPES + ɛ
The equation indicates that for every individual unit increase in the strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers, there would be a resulting 13.3% increase in accessing agricultural information. Strategies which enhance sustainable access to mobile phone-enabled services for accessing agricultural information for the smallholder farmers has a positive and significant effect on accessing agricultural information (β=0.133, P=0.000), thus the null hypothesis that there are no significant strategies which enhances sustainable access to mobile phone -enabled services for accessing agricultural information for the smallholder farmers is rejected.  

CONCLUSIONS AND RECOMMENDATIONS
To enhance sustainable access to agricultural information for smallholder farmers in Bungoma County, a multifaceted approach is essential. Key strategies include strengthening mobile phone-enabled services, expanding digital literacy programs, and ensuring reliable network infrastructure, particularly in remote areas. Collaborations with local government, mobile service providers, and agricultural extension agencies can amplify resources and reach, enabling farmers to access timely and relevant information additionally, tailored support services, including subsidies or incentives for technology adoption and locally relevant content creation, can empower smallholder farmers. These strategies collectively foster informed decision-making, improve productivity, and bolster the socioeconomic resilience of the farming community in Bungoma County. 
To achieve sustainable access to mobile phone-enabled services for smallholder farmers in agricultural information, it is recommended that strategies should prioritize accessibility, affordability, and adaptability. Strengthening rural network infrastructure is fundamental, as reliable connectivity underpins all mobile service use. Affordable service options, such as community-based mobile hubs or discounted data plans for farmers, can lower financial barriers to usage. Additionally, digital literacy programs designed specifically for rural farmers can enhance their ability to navigate these services independently. Collaborations between mobile operators, agricultural advisors, local governments, and farmer organizations can create an integrated support system that fosters sustained engagement. Offering agricultural content in user-friendly formats and local languages ensures that information is practical and accessible for all literacy levels, covering critical areas like crop management, weather updates, and access to markets and inputs. Establishing a system for ongoing farmer feedback can also help continuously refine the services, making them more aligned with evolving needs and promoting consistent usage for long-term benefits.
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