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Abstract
The study was carried out from September 2024 to April 2025. It evaluated the role of ICT in improving agricultural extension delivery in rural areas in Delta North Senatorial District, Delta State, Nigeria. Its major aim was to evaluate how ICT tools can be used to improve farmers’ knowledge and productivity in rural communities. A correlational research design was adopted to examine relationships between ICT usage and agricultural outcomes. A total of 120 rural farmers were selected using a three-stage multi-sampling technique. The instrument used for data collection was a 30-item structured interview validated by experts in agricultural extension and Measurement and Evaluation. A reliability coefficient of 0.79 was obtained using the split-half method. The results obtained revealed that ICT infrastructure and usage in rural areas were poor, with a limited impact on farmers’ knowledge and agricultural productivity. The results further revealed that ICT delivery services have a significant relationship with agricultural productivity (r = -0.245; p = 0.007). The study concluded that ICT significantly improved agricultural productivity when effectively implemented but was affected by poor infrastructure, inadequate training for rural farmers, low digital literacy, and inadequate government support.
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1. INTRODUCTION
		The development of agriculture in rural communities depends these days on relying on timely access to information, but many farmers are still engaged with outdated sources of extension service delivery. The use of Information and Communication Technologies (ICTs) has proven to be a source of transformative tools capable of addressing long-standing gaps in information flows, productivity, and market access, as noted by Olagunju et al. (2024) and Ayim (2020). Mensah and Antwi-Darko (2022); Yakubu and Bello (2021); Gupta (2023), in their research pointed out that mobile phones, digital platforms, and radio-ICT hybrids now serve as a vital source for spreading agronomic advice, climate alerts, and market intelligence to rural farmers. These gaps need to be filled on the effectiveness and accessibility of ICT tools within rural communities that practice subsistent farming where agricultural extension remains a primary source of livelihood.
	Chikuni and Kampamba, (2023); Nwadike et al. (2022); Oluwaseun and Adesina (2022); Abate et al. (2023) and Van Campenhout (2021) pointed out that there is a need for global recognition of ICT as a catalyst for agricultural modernisation, its implementation in many rural area settings in developing countries remains uneven and constrained by systemic barriers. Limited network coverage, poor power supply, and infrastructural deficits continue to widen the digital divide between rural and urban farmers. Faye and Dia, (2024); Aluko and Adeyemi (2021) also opined that the adoption of ICT-based extension tools is affected by socio-economic disparities, gender inequalities, and inadequate policy support, which weaken the sustainability of digital interventions. Understanding these barriers is essential to evaluating how effectively ICT supports agricultural service delivery in rural areas.
	In the same vein, evidence from recent research highlights pointed out the transformative potential of ICT when strategically integrated into agricultural extension systems. Digital advisory platforms, interactive voice response (IVR) systems, and community-based digital learning initiatives have recorded measurable improvements in farmers’ knowledge of climate-smart practices, pest management, and improved crop varieties Mwangi et al. (2023); Osei-Mensah and Boateng (2020). These innovations demonstrate that ICT can significantly improve farmers’ capacity to make informed decisions, which are accompanied by adequate training, user-friendly design, and contextual relevance.
	In light of these circumstances, assessing the role of ICT in enhancing agricultural service delivery in rural areas is not only timely but necessary. Rural communities face distinct geographical, cultural, and infrastructural challenges that determine how ICT tools are used, accessed, and valued by farmers. Okoli and Mbah (2024); Danjuma and Gambo (2020), in their studies, provide broad insights but often overlook local realities that influence their adoption. Therefore, this study evaluates the specific contributions, limitations, and contextual drivers of ICT-enabled agricultural extension to provide evidence-based guidance for policymakers, evaluators, development agencies, and extension practitioners seeking to assess and strengthen digital agricultural advisory services in rural communities in Nigeria. To carry out this study, the following three research questions and three hypotheses guided the study:
i) What is the current state of ICT infrastructure in agricultural extension delivery in rural communities?
ii) To what extent does ICT service delivery in agricultural extension services improve rural farmers' knowledge of modern agricultural practices? 
iii) To what extent does ICT service delivery in agricultural extension services enhance agricultural productivity?
i) There is no significant relationship between the level of ICT delivery services and access to rural communities’ dwellers in Delta North Senatorial District.
ii) There is no significant relationship between ICT delivery service and improved rural farmers' knowledge on modern agricultural practices in rural communities in Delta North Senatorial District.
iii) There is no significant relationship between ICT delivery service and improved agricultural productivity in rural communities in Delta North Senatorial District.

2.  METHOD
The study was conducted in Delta North Senatorial District of Delta State between September 2024 and April 2025. This region is known for subsistent farming and diverse cultural heritage. The research is aimed at addressing key issues affecting the subsistent farming system in the rural communities and how agricultural extension workers can use ICT tools for potential solutions that could improve agricultural extension delivery and increase farmer knowledge and productivity in the nine local government areas of Delta North Senatorial District of Delta State, Nigeria.
The design for this study is a Correlational design as it assesses relationships between the role of ICT and agricultural extension delivery services in rural areas. 
The population for the study comprises rural farmers in the nine local government areas of Delta North Senatorial District of Delta State, Nigeria. 
A three multi-stage sampling techniques and procedures was adopted. The first stage was to choose three local government areas from the nine local government areas based on the three major ethnic groups in the area, Ika ethnic nationality, Aniocha ethnic nationality and Ndowka ethnic nationality. In Ika ethnic nationality, Ika South local government area was selected, Aniocha South local government area was selected in Aniocha ethnic nationality while Ukwani local government area was selected in the Ndowka ethnic nationality. The second stage was to select rural communities, while the third stage was to purposively select 40 farmers each from the three local government area. A total of 120 farmers was selected. 
The instrument for this study is a structured interview containing 30 Items. The content and face validity of the instrument was carried out. The content validity was obtained using expert judgement. The instrument was presented to agricultural extension services and Measurement and Evaluation specialist for content validation. They certified that the instrument covers the required content and adequate. To ensure the face validity the items were well typed and clearly presented. The reliability of the instrument was obtained using the split-half method with a reliability coefficient of 0.79. 
Before data collection, the agricultural extension department of the Ministry of Agriculture, Delta State, was consulted and informed of the purpose of the research and assured them of the voluntary nature of their participation. The rural farmer consent was also obtained. 
The research questions were answered using percentages. Items with response of Yes of 50% are accepted for the study, while the hypotheses were analysed using Pearson Product Moment Correlation. Three research questions and three hypotheses guided the study

3. RESULTS AND DISCUSSION
3.1 RESULTS
3.1.1 What is the current state of ICT infrastructure in agricultural extension delivery in rural communities?
The findings of Table 1 revealed that the state of ICT infrastructure for agricultural extension delivery in rural communities within Delta North Senatorial District is generally poor. Only 33% of respondents confirmed the availability of ICT facilities. Similarly, only 25% of rural farmers reportedly use these ICT facilities for agricultural purposes, suggesting a minimal level of technology adoption among rural dwellers. 
Table 1: Evaluation of State of ICT infrastructure in agricultural extension delivery in rural communities
	S/N
	State of ICT infrastructure in agricultural extension delivery and its usage by rural dwellers
	Yes
	%
	No
	%
	Remark

	 
	a.
	ICT facilities (computers, mobile phones, internet access, radio, TV, etc.) are available for agricultural extension delivery in my community.
	40
	33%
	80
	67%
	Reject

	1
	b.
	Rural dwellers in my community make use of these facilities for agricultural purposes.
	30
	25%
	90
	75%
	Reject

	 
	a.
	Internet connectivity (network coverage, speed, and stability) is available for agricultural extension services in my community.
	20
	17%
	100
	83%
	Reject

	2
	b.
	Farmers and rural dwellers make use of internet-enabled services (WhatsApp groups, online platforms, e-learning, SMS) to receive agricultural information.
	40
	33%
	80
	67%
	Reject

	 
	a.
	Government provides support (funding, provision of ICT tools, training) for agricultural extension delivery in my community
	20
	17%
	100
	83%
	Reject

	3
	b.
	Rural farmers and dwellers access these facilities provided by the government for agricultural purposes.
	35
	29%
	85
	71%
	Reject

	 
	a.
	Agricultural extension workers train rural farmers and dwellers on the usage of ICT to access and improve agricultural productivity in my community.
	30
	25%
	90
	75%
	Reject

	4
	b.
	Rural farmers and dwellers in my community are willing to adopt and practice the training received from the extension workers. 
	60
	50%
	60
	50%
	Accept

	 
	a.
	There is a frequent supply of power that supports ICT for efficient service delivery by agricultural extension workers in my community. 
	40
	33%
	80
	67%
	Reject

	5
	b.
	Lack of power supply affects agricultural service workers, which in turn affects farmers and the rural dwellers in my community.
	60
	50%
	60
	50%
	Accept



3.1.1 
3.1.2 To what extent does ICT service delivery in agricultural extension services improve rural farmers' knowledge of modern agricultural practices? 

2

The findings of evaluation of ICT service delivery in agricultural extension in Delta North Senatorial District as indicated in Table 2 has not yet achieved a significant impact on farmers’ knowledge enhancement due to infrastructural, financial, and educational barriers. Although ICT has proven effective in other regions, its success in Delta North remains limited by insufficient training, poor connectivity, and weak institutional support. Strengthening digital literacy, timely information dissemination, and policy-backed ICT interventions are therefore essential to bridge this gap.
Table 2: Evaluation of ICT service delivery of agricultural extension services on improving rural farmers' knowledge of modern agricultural practices 
	S/N
	ICT delivery services and improved rural farmers' knowledge on modern agricultural practices in rural communities
	Yes
	%
	No
	%
	Remark

	 
	a.
	Farmers and rural dwellers receive agricultural extension information through ICT platforms (radio, SMS, mobile apps, internet, TV) in my community
	65
	54%
	55
	46%
	Accept

	6
	b.
	Information received by farmers helps to improve their knowledge of modern farming practices in my community
	60
	50%
	60
	50%
	Accept

	 
	a.
	Farmers and rural dwellers received from agricultural extension information on ICT channels (weather forecasts, pest management, planting advice) in my community 
	30
	25%
	90
	75%
	Reject

	 
	
	
	
	
	
	
	

	7
	b.
	Timely information received helped to update my knowledge on improved and modern agricultural methods.
	45
	38%
	75
	63%
	Reject

	 
	a.
	Agricultural extension workers provide ICT training using digital tools to rural farmers and dwellers in my community
	45
	38%
	75
	63%
	Reject

	8
	b.
	The training received from agricultural extension workers helps to improve farmers' knowledge on modern farming techniques such as fertilizer application, irrigation methods, etc.
	50
	42%
	70
	58%
	Reject

	9
	a.
	Agricultural extension workers frequently communicate with farmers using ICT tools (calls, WhatsApp, SMS, radio programs) in my community.
	60
	50%
	60
	50%
	Accept

	
	b.
	Frequent communication with extension workers has broadened rural farmers and rural dweller has enhanced farmers knowledge on modern agricultural practices in my community.
	50
	42%
	70
	58%
	Reject

	10
	a.
	Government and NGOs support has helped to improve farmers and rural dwellers' knowledge of agricultural service delivery in my community
	50
	42%
	70
	58%
	Reject

	
	b.
	Government and NGOs support of provision of ICT tools through agricultural extension services to rural farmers and dwellers in my community.
	40
	33%
	80
	67%
	Reject



3.1.1 
3.1.2 
3.1.3 To what extent does ICT service delivery in agricultural extension services enhance agricultural productivity? 

Analysis of Table 3 reveal that evaluation of ICT delivery services significantly influence agricultural productivity in Delta North Senatorial District. However, infrastructural deficiencies, poor internet connectivity, and inadequate farmer training limit its effectiveness. While this study aligns with several previous findings that emphasize the transformative potential of ICT in agriculture, it also highlights persistent challenges that must be addressed for ICT to achieve sustainable agricultural growth in rural areas of Nigeria
Table 3: Evaluation of ICT service delivery of agricultural extension services in enhancing agricultural productivity
	S/N
	ICT delivery service and improved agricultural productivity in rural communities 
	Yes
	%
	No
	%
	Remark

	 
	a.
	Agricultural extension service workers use ICT services (SMS, mobile apps, radio, internet, TV, etc.) to provide information for local farmers and rural dwellers 
	45
	38%
	75
	63%
	Reject

	 
	
	
	
	
	
	
	

	11
	b.
	Farmers and rural dwellers access information obtained from agricultural extension service workers to improve agricultural productivity in my community
	50
	42%
	70
	58%
	Reject

	 
	a.
	Timely information provided by agricultural extension services through ICT of weather forecasts, pest control alerts, and input availability, assists farmers and rural dwellers in my community
	40
	33%
	80
	67%
	Reject

	 
	
	
	
	
	
	
	

	12
	b.
	Timely information received from extension workers on weather forecasts, pest control alerts, and input availability helps farmers to prevent losses and improve productivity
	50
	42%
	70
	58%
	Reject

	 
	a.
	Agricultural service workers provide frequent information through ICT to farmers on new agricultural practices in my community
	45
	38%
	75
	63%
	Reject

	13
	b.
	Frequent information from agricultural extension workers through ICT helps farmers and rural dwellers in my community to modern and recent agricultural practice to improve productivity 
	38
	32%
	82
	68%
	Reject

	 
	a.
	Agricultural extension service workers effectively advise rural farmers and dwellers in my community on input usage, soil testing, and crop management in my community.
	43
	36%
	77
	64%
	Reject

	 
	
	
	
	
	
	
	

	14
	b.
	Advice received from agricultural extension service workers has helped to improve the quality, quantity, and market sales of agricultural products in my community
	45
	38%
	75
	63%
	Reject

	15
	a.
	Reliable ICT infrastructure (network availability, internet, electricity) has enhanced agricultural extension service delivery in my community
	30
	25%
	90
	75%
	Reject

	 
	b.
	The reliable ICT infrastructural facility through agricultural extension service delivery has brought about consistently improved farming productivity in my community
	42
	35%
	78
	65%
	Reject




3.1.1 
3.1.2 
3.1.3 
3.1.4 There is no significant relationship between the level of ICT delivery services and access to rural communities’ dwellers in Delta North Senatorial District.

Analysis of Table 4 revealed that r-value = -0.032, p-value = 0.726, hence we accept HO but there is a very low negative relationship between state of ICT delivery and usage of ICT by rural farmers but statistically, there is no significant relationship between the level of ICT delivery services and access to rural communities’ dwellers in Delta North Senatorial District. 
Table 4: Relationship between the level of ICT delivery services and access to rural communities’ dwellers in Delta North Senatorial District.
	 
	State of ICT Service Delivery
	Usage of ICT Service Delivery
	Decision

	State of ICT Service Delivery
	Pearson Correlation
	1
	-0.032
	


Accept HO

	
	Sig. (2-tailed)
	 
	0.726
	

	
	N
	120
	120
	

	Usage of ICT Service Delivery
	Pearson Correlation
	-0.032
	1
	

	
	Sig. (2-tailed)
	0.726
	 
	

	
	N
	120
	120
	


3.1.1 
3.1.2 
3.1.3 
3.1.4 





3.1.5 There is no significant relationship between ICT delivery service and improved rural farmers' knowledge on modern agricultural practices in rural communities in Delta North Senatorial District.

Table 5 analysis indicated that r-value = -0.165 while p-value = 0.072, therefore, we accept HO, which implies that there is no significant relationship between ICT delivery service and improved rural farmers' knowledge on modern agricultural practices in rural communities in Delta North Senatorial District at 0.05 level of significance. 
Table 5: Relationship between ICT delivery service and improved rural farmers' knowledge on modern agricultural practices in rural communities in Delta North Senatorial District.
	 
	ICT Service Delivery by Agricultural Extension Workers
	Improved Rural Farmers Knowledge on Modern Agric Practices

	Decision

	ICT Service Delivery by Agricultural Extension Workers
	Pearson Correlation
	1
	-0.165
	


Accept HO

	
	Sig. (2-tailed)
	 
	0.072
	

	
	N
	120
	120
	

	Improved Rural Farmers Knowledge on Modern Agric Practices 
	Pearson Correlation
	-0.165
	1
	

	
	Sig. (2-tailed)
	0.072
	 
	

	
	N
	120
	120
	



3.1.1 
3.1.2 
3.1.3 
3.1.4 
3.1.5 
3.1.6 There is no significant relationship between ICT delivery service and improved agricultural productivity in rural communities in Delta North Senatorial District.

Table 6 analysis revealed that p-value = 0.007, while the r-value = -0.245 which implies low relationship between ICT Service Delivery by Agricultural Extension Workers and Improved Agricultural Productivity. From the analysis we reject HO. Hence, we conclude that there is a significant relationship between ICT delivery service and improved agricultural productivity in rural communities in Delta North Senatorial District.
Table 6: Relationship between ICT delivery service and improved agricultural productivity in rural communities in Delta North Senatorial District.
	 
	ICT Service Delivery by Agricultural Extension Workers
	Improved Agricultural Productivity
	

Decision

	ICT Service Delivery by Agricultural Extension Workers
	Pearson Correlation
	1
	-0.245
	




Reject HO

	
	Sig. (2-tailed)
	
	0.007
	

	
	N
	120
	120
	

	Improved Agricultural Productivity
	Pearson Correlation
	-0.245
	1
	

	
	Sig. (2-tailed)
	0.007
	
	

	
	N
	120
	120
	



3.2 DISCUSSION 
3.2.1 [bookmark: _Hlk223115836]Evaluation of State of ICT infrastructure used by agricultural extension workers 
The result of the evaluation of state of ICT infrastructure by agricultural extension workers as revealed in the findings of this study shows that only 33% of respondents confirmed the availability of ICT facilities. 25% of rural farmers reportedly use these ICT facilities for agricultural purposes, suggesting a minimal level of technology adoption among rural dwellers.
It also pointed out that internet connectivity available for rural farmers is 17%. It also pointed out that government support in providing ICT support and training for farmers is 17%. Nonetheless, it was noted that 50% of farmers expressed willingness to adopt ICT practices if adequate training and infrastructure were provided. Additionally, irregular power supply was identified as a major challenge affecting ICT usage and service delivery in agricultural activities.
Analysis of the hypothesis show a Pearson correlation coefficient (r) of -0.032 and a p-value of 0.726. Since the p-value is greater than 0.05, the null hypothesis was accepted, indicating no statistically significant relationship between ICT service delivery and ICT usage among rural farmers. 
The lack of significant correlation between ICT delivery and usage underscores systemic barriers such as inadequate power supply, poor internet connectivity, and insufficient government support. (Arokoyo; 2020, Ajani; 2021, Oladele; 2019, Dione; 2021, Eze et al. 2020; and Musa; 2022)
3.2.2 Evaluation of ICT service delivery of agricultural extension services on improving rural farmers' knowledge
The results of the evaluation findings on ICT service delivery of agricultural extension services on improving rural farmers' knowledge of modern agricultural revealed that ICT service delivery in agricultural extension services has a moderate influence on improving rural farmers’ knowledge of modern agricultural practices in Delta North Senatorial District. The analysis shows that 54% of farmers receive agricultural information through ICT platforms such as radio, SMS, mobile apps, and television, indicating that ICT tools are somewhat used for disseminating agricultural knowledge. However, the timeliness and adequacy of the information remain poor, as only 25% of respondents affirmed receiving timely agricultural updates, and just 38% reported that such information enhanced their knowledge of modern agricultural techniques. On area of training only 38% of respondent agreed ICT-based training from extension workers
These findings indicate that although ICT channels are present, their usage for agricultural learning and practice improvement is insufficient due to infrastructural challenges such as low ICT literacy, and inadequate support mechanisms.
Analysis of the hypothesis revealed that r-value of -0.165 and a p-value of 0.072. Since the p-value is greater than 0.05, the null hypothesis is accepted, indicating that there is no statistically significant relationship between ICT delivery services and farmers’ knowledge improvement. This suggests that despite ICT interventions, their impact on knowledge enhancement remains weak due to poor accessibility and connectivity, and insufficient training among rural farmers. This study corroborates with Okoro and Nwafor, (2021), Ibrahim, (2022), Chinedu and Mensah (2023).
3.2.3 Evaluation of State of ICT service delivery of agricultural extension services in enhancing agricultural productivity
The findings further revealed that ICT service delivery in agricultural extension services has a generally low but observable influence on enhancing agricultural productivity among rural farmers. The analysis shows that only 38% of agricultural extension workers utilize ICT tools. This indicates limited integration of ICT in the agricultural extension process. Timely access to ICT-based agricultural information was rated at 33%, suggesting that farmers often receive information too late to make effective use of it, particularly regarding weather forecasts, pest management, and market updates. 36% also confirmed receiving effective advice from extension workers on input usage, soil testing, and crop management via ICT platforms, which subsequently resulted in a modest 38% improvement in the quality and marketability of agricultural products. The availability of reliable ICT infrastructure such as stable electricity and internet access was reported at just 25%, further constraining agricultural productivity. Overall, these results demonstrate that ICT has potential to enhance agricultural productivity, but infrastructural and accessibility challenges have severely limited its impact in the study area. This is line with Hirpa et al. (2020).
Analysis of the hypothesis show that r = -0.245, p = 0.007 indicating a low negative correlation but a statistically significant relationship at the 0.05 level. This suggests that if ICT services are effectively delivered, agricultural productivity improves, but deficiencies in infrastructure, digital skills, and timely communication reduce the overall efficiency of ICT usage in agriculture. This corroborates with Abubakar and Lawal (2021), Tsegaye (2022), Mensah and Ofori (2024).

1. 
2. 
3. 
4. CONCLUSION
From the study, we conclude that ICT plays a crucial role in improving agricultural extension delivery, knowledge dissemination, and productivity among rural farmers. However, its adoption and impact on rural farmers in the region remain limited due to inadequate infrastructure, poor internet connectivity, and insufficient government and NGO intervention. Although rural farmers demonstrate readiness to embrace ICT tools, the absence of training, funding, and reliable power supply significantly undermines their ability to benefit from digital agricultural innovations.

The study also pointed out that while ICT service delivery can significantly influence agricultural productivity, its potential is constrained by socio-economic and infrastructural barriers. Therefore, there is a need for deliberate policy action and investment in ICT infrastructure. 
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