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Low uptake of Climate-Smart Agricultural Practices (CSAPs) continues to exacerbate food insecurity and vulnerability in regions already burdened by poverty. CSAPs refer to agricultural methods that enhance productivity, climate resilience, and environmental sustainability. The effectiveness of extension agents is critical in promoting these practices, and their inefficiency can significantly weaken community resilience against hunger and environmental shocks. This study investigates the attitudes and participation of agricultural extension agents in disseminating CSAPs among rice farmers in North Central Nigeria. A multistage sampling procedure was used to select 88 extension agents. Data were collected using a questionnaire and analyzed using means, percentages, PPMC, and ordered probit regression. Results show that more than half of the extension agents (52.3%) exhibited unfavorable attitudes towards CSAPs, while 58% moderately participated in their dissemination. Participation was particularly low for water-smart mechanism such as index-based weather insurance (

x
¯

=
0.00
), water harvesting (

x
¯

=
0.92), drip irrigation (

x
¯

=
0.73), as well as crop-smart mechanism like integrated pest management (

x
¯

=
0.62). among rice farmers. Training significantly influenced their attitudes (p = 0.011), age (p = 0.043), marital status (p = 0.028), household size (p = 0.026), occupation (p = 0.036), years of experience (p = 0.004), number of trainings (p = 0.035), and attitude (p = 0.000) significantly determined their participation levels. The study recommends targeted training and capacity-building initiatives to strengthen extension agents’ attitudes and participation in disseminating CSAPs. Such efforts are essential for strengthening climate resilience, enhancing food security, and promoting dietary diversity through the adoption of sustainable farming systems.
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Introduction

More than half of the world’s population relies on rice for daily sustenance. Over 4 billion people consume it for approximately 21% of their daily calories. In the last five decades, rice production has increased through the interventions of international research centers and governments (1). Sub-Saharan Africa faces challenges like low crop yields and climate change. However, research findings revealed that rice production has the potential to reduce food insecurity in the region (2, 3). This validates the importance of rice research in securing global food systems (1, 4).

Cereal demand in Sub-Saharan Africa is projected to double by 2050, and climate change makes meeting this demand even difficult (5). Rice is very sensitive to shifting weather patterns, and higher temperatures, irregular rainfall, and rising CO2 levels negatively impact the yields of rice (6, 7). Furthermore, extreme climate events such as floods and droughts worsen this trend (8).

Climate-smart agricultural practices (CSAPs) provide an innovative strategy to combat the challenges posed by climate change (9). These include the use of improved rice varieties, efficient water management systems, diversified cropping, soil conservation, and climate-based services like weather forecasts and insurance (10, 11). CSAPs improve yields, enhance energy and water efficiency and reduce greenhouse gas emissions. Despite their benefits, adoption in Sub-Saharan Africa remains relatively low (9, 10, 12).

Climate-smart agriculture (CSA) adoption is increasingly recognized as a nutrition-sensitive strategy that can enhance production diversity, improve food access, and lower malnutrition risks, especially in vulnerable regions. This is because CSA practices such as crop rotation, intercropping, agroforestry, and soil fertility management encourage the cultivation of a wider range of crops and livestock. This leads to greater on-farm production diversity, which is strongly associated with higher household dietary diversity scores and improved food consumption patterns in multiple contexts, including Ethiopia, Kenya, South Africa, and West Africa. Furthermore, households adopting combinations of CSA practices often consume more food groups daily, directly supporting more balanced and nutritious diets than their counterparts (13–17).

Agricultural extension agents are key links between research, policy and farmers (18, 19). Their participation in disseminating CSA practices enhances adoption rates, which multiplies nutrition benefits at household and community level. They make up-to-date information available on climate-smart agriculture techniques through visits and advisory services (20, 21). In addition, they help farmers interpret climate information, manage risks and adapt to climate change (22). However, their effectiveness is shaped by their knowledge, attitude, constraints they face (23, 24).

Previous studies have mostly focused on what extension agents know about CSAPs. Less attention has been given to their attitudes and what influences their involvement (19). This study aims to fill that gap. It examines extension agents’ attitudes toward CSAPs, their level of participation, and the factors that affect it. It explores the relationship between attitude and engagement. Evidence from this study will inform extension organizations in motivating extension agents to take an active role. Extension agents’ participation amplifies food security and agricultural yield, while also aiding in better dietary variety and family nutrition, especially in areas susceptible to climate change. CSAPs encourage mixed and climate-resilient cropping systems that boost staple crops as well as other foods. When extension agents assist with the adoption of these practices, they contribute positively to nutrition by diversifying on-farm produce, stabilizing production and enhancing household income for off-farm food purchases. This makes CSAPs dissemination an essential connector linking agricultural extension with food and nutrition security in rural communities. In the end, it aids rice farmers in adapting to climate change and bolsters the resilience of the food system for a rising population.



Research methodology


Study area

The research took place in the North Central zone of Nigeria, one of the six geopolitical zones. This North Central area is located within the Guinea savanna region (49). Nevertheless, its vegetation spans across three savannah belts - Guinea, Sudan and Sahel. Consequently, this leads to a prominence of both cereal and root crops in this ecological area. Nigeria’s North Central region encompasses areas such as Plateau, Kwara, Benue, Niger, Kogi, and Nasarawa, along with the Federal Capital Territory (Abuja). This region is positioned between latitudes 7°00′-11°30’ North of the equator and longitudes 4°00′-11°00′East of the Greenwich meridian. The typical yearly rainfall varies from 1,200 mm to 1,500 mm. Temperature remains high for most parts of the year except during harmattan season which starts in November and concludes by February.



Sampling procedure

In choosing the extension agents, a two-step sampling method was utilized. The initial step was a purposive selection of Kwara, Kogi, and Niger states from among the seven States in North Central Nigeria. This selection stems from these particular States being prominent for their rice cultivation. Stage two involved the selection of all village extension agents, Zonal Extension Officers (ZEOs) and Block Extension Officers (BEOs). In total, 88 were interviewed. This approach was taken because the extension agents mentioned, regardless of their rank, played a role in communicating CSA practices to the farmers. The entire population chosen also reflected their relatively small number. Data were collected using a structured questionnaire.



Measurement of variables

The extension agents rated their participation in disseminating CSAPs as ‘active’, ‘passive’, or ‘never’, using a scale from 2 to 0. A cumulated mean score was used to categorize into three scale; low, medium and high level of participation.

Participants’ attitudes were measured using 38 items (positive and negative) on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree). Negative items were reverse-coded, and a summated score was computed for each respondent, producing a possible range of 38–190. This approach is consistent with earlier work demonstrating the validity of composite Likert-type attitude measures (25). This summated score was used as a continuous variable in statistical analysis, including PPMC. To classify respondents, we applied the sample mean score as the cut-off point: For descriptive reporting, respondents scoring above the mean were categorized as having favorable attitudes, while those at or below the mean were categorized as having unfavorable attitudes. This procedure has been used in recent agricultural extension research (26).

Expert validation was conducted, and a pilot test was carried out with 19 extension agents in the study area. Internal consistency of the instrument yielded a Cronbach’s alpha of 0.93, indicating a high reliability. The full list of items is provided in Appendix A.



Data analysis

The Pearson Product–Moment Correlation was used to assess the relationship between selected socio-economic characteristics and the attitude of the extension agents toward CSAPs.

The ordered probit regression model was employed because the dependent variable is ordinal in nature. Dependent variable: participation in climate-smart agricultural practices (CSAP) was measured on a 3-point Likert scale per item (0 = no participation, 1 = passive participation, 2 = active participation). For the ordered probit analysis, we used a three-category dependent variable: 0 = No/low participation, 1 = Passive/medium participation, 2 = Active /high participation. When multiple items measured participation, we computed the respondent’s mean score across items and classified respondents into low/medium/high using cutoffs (≤1.0 = Low; 1.01–1.5 = Medium; >1.5 = High), which reflect the respondent’s majority behavior across items.

The ordered probit model is typically written as:
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The explanatory variables (Xs) are as defined:



X
1

 = Kwara State Dummy (1 if the EA works in Kwara State, 0 otherwise)



X
2

 = Kogi State Dummy (1 if the EA works in Kogi State, 0 otherwise)



X
3

 = Age of the agricultural extension agents



X
4

 = Sex of the agricultural extension agents (1 if male, 0 if female)



X
5

 = Marital status of the extension agents (0 = married, 1 = Single)



X
6

 = Household size



X
7

 = Occupation of the extension agents (Primary = 0, Secondary = 1)



X
8

 = Years of experience



X
9

 = Numbers of training



X
10

 = Contacts of agricultural extension agents with research agencies (number of times in the past 1 year)



X
11

 = Ratio of farmers per extension agents



X
12

 = Monthly income of the agricultural extension agents (in Naira)



X
13

 = Attitude of extension agents 1



X
14

 = Educational qualification



β
s

 = Parameters to the estimated



e
i

 = Error term

Niger State is the base category. Therefore, the coefficients for Kwara and Kogi States reflect participation likelihood relative to agents from Niger State. Niger was used as the reference category because it is the largest state in the sample and provides the most stable baseline.




Results and discussion


Attitude of extension agents toward climate smart agricultural practices

The attitude of extension agents toward climate-smart agricultural practices is presented in Table 1. The attitude scores ranged from 105 to 189, with a mean of 157.68 (SD = 17.23). Based on the mean cut-off, respondents scoring above 157.68 were classified as having favorable attitudes, above half (52.3%) of them had an unfavorable attitude toward CSAPs, while less than half (47.7%) of them had a favorable attitude. This suggests that majority of the extension agents have a negative disposition toward CSAPs, and this affects their active performance in disseminating this information to farmers. This is consistent with the findings of Gazi et al. (27) and Hamisu et al. (28) that extension agents who have positive manners and enthusiasm contribute to more effective extension services.


TABLE 1 Attitude of extension agents toward CSA practices.


	Categories
	Frequencies
	Percentage
	Mean
	SD

 

 	Favorable attitude 	42 	47.7 	157.68 	17.23


 	Unfavorable attitude 	47 	52.3 	 	


 	Total 	88 	100.0 	 	




 



Participation of extension agents in disseminating CSAPs

Table 2 revealed the distribution of participation of extension agents in CSA dissemination. The result show that the majority of respondents (58.0%) reported medium participation, indicating that most individuals are engaged but not at the highest level. A considerable proportion (30.7%) reported low participation, suggesting that nearly one-third of the sample remains only marginally involved in dissemination processes. In contrast, only 11.4% of respondents reported high participation, reflecting a relatively small group of actively engaged individuals. This limitation not only constrains the scaling of climate-resilient technologies but also increases farmers’ vulnerability to climate-induced risks, and being malnourished. According to Ma & Rahut (29) and Tanti et al. (30), when farmers from marginalized areas adopt CSAPs, it significantly improves their income, productivity and contributes to economic diversification.


TABLE 2 Level of participation in disseminating CSA practices.


	CSA dissemination participation levels
	Frequency
	Percentage
	Mean (SD)

 

 	Low participation 	27 	30.7% 	1.16 (0.29)


 	Medium participation 	51 	58.0% 	


 	High participation 	10 	11.4% 	


 	Total 	88 	100% 	




 

The result in Figure 1 showed that a high level of participation was identified in the dissemination of soil smart mechanisms such as site-specific nutrient management (SSNM) (

x
¯

=
1.05), use of compost (

x
¯

=
1.16), use of urea deep placement (UDP) (

x
¯

=
1.35), planting of cover crops (

x
¯

=
1.39), and minimum tillage (

x
¯

=
1.42). Farmers in this region are moderately aware of the use of cover crops as a climate change adaptation strategy (31). In the same vein, extension agents in the study were found to have a low level of participation in disseminating information on agroforestry (

x
¯

=
0.66). This corroborates the findings of Luo et al. (32), Octavia et al. (33), Prajapati et al. (34) that extension agents are more engaged in disseminating basic soil-smart mechanisms than agroforestry in India and Europe, despite the latter’s proven benefits.

[image: Bar chart comparing agricultural practices. From top to bottom: Agro-forestry, Precision fertilizer, Site-specific nutrient management (SSNM), Use of compost, Micro-dosing, Mulching, Zero tillage, Organic fertilizer, Urea deep placement (UDP), Planting of cover crops, Application of manure and compost, Minimum tillage. Horizontal axis ranges from 0 to 1.6. Agro-forestry is lowest; Minimum tillage is highest, indicating frequency or effectiveness measure.]

FIGURE 1
 Participation of extension agents in disseminating soil smart mechanism.


Furthermore, the results in Figure 2 illustrated that extension agents participated greatly in disseminating notable crop-smart mechanisms, such as, use of healthy young rice seedlings (

x
¯

=
1.60), planting early maturing rice varieties (

x
¯

=
1.49), seed priming (

x
¯

=
1.22), planting of stress-resistant variety (

x
¯

=
1.36), crop rotation (

x
¯

=
1.39) and mixed cropping (

x
¯

=
1.35). This is consistent with the findings of Dzahan et al. (35) who reported that rural farmers in Benue State indicated the use of mixed cropping, crop rotation, and early planting as adaptation strategies to climate change. The extension agents had a low level of participation in the dissemination of precision agriculture (

x
¯

=
0.91) and Integrated Pest Management (IPM) (

x
¯

=
0.62) as CSA practices. This limited participation stems from inadequate training. This align with the findings show that while precision agriculture technologies (e.g., sensors, drones, automated irrigation) are effective, their adoption is limited by cost, technical complexity, and lack of extension agent training. Drawing from Karunathilake et al. (36) and Nwadike et al. (37), there is a very low adoption rate of IPM and precision agriculture among farmers in Nigeria and, and which could be attributed to poor safety knowledge and awareness.

[image: Bar chart depicting various climate change adaptation strategies for rice production. Strategies include the use of healthy young rice seedlings, direct-seeded rice methods, seed priming, stress and pest-resistant varieties, early maturing varieties, mixed cropping, integrated pest management, crop rotation, and changing cropping calendars. Each strategy is represented by a horizontal bar with corresponding values on the x-axis ranging from zero to 1.8.]

FIGURE 2
 Participation of extension agents in disseminating crop smart mechanism.


[image: Bar chart showing various irrigation techniques and their effectiveness. Techniques include Alternate-wet-and-dry (AWD) irrigation, Water harvesting, Drip irrigation technology, Sandbags, and Construction of water channels. Effectiveness ranges from 0.2 to 1.5, with Construction of water channels and Sandbags having the highest effectiveness around 1.5. Water harvesting and AWD irrigation are just over 1.0, while Drip irrigation technology is around 0.8.]

FIGURE 3
 Participation of extension agents in disseminating water smart mechanism.


The fact that the extension agents affirmed a high level of participation in the dissemination of water-smart mechanisms, such as the construction of water channels (

x
¯

=
1.35) and use of sand bags (

x
¯

=
1.20) suggests that water smart mechanisms can improve rice production. A clear trend can be seen in Figure 3 presented below. This corroborates the Obaideen et al. (38) that traditional methods like water channels and sandbags are widely promoted in Asia, while Europe promotes the adoption of advanced, automated systems, highlighting the importance of extension agent training and infrastructure for broader technology uptake.

[image: Bar chart showing the adoption rates of various agricultural technologies. Seasonal weather forecast leads at 1.25, followed by climate information services at 1.1, ICTs at 0.9, digital technology at 0.7, and decision support systems at 0.5. Index-based weather insurance is not visible.]

FIGURE 4
 Participation of extension agents in disseminating weather smart mechanism.


Climate education services help farmers to better cope with climate change, which positively improves farm productivity (39). Climate information services (

x
¯

=
1.23) and seasonal weather forecast (

x
¯

=
1.17) were highly disseminated by extension agents as weather-smart mechanisms. The result in Figure 4 revealed that they were less involved in disseminating index-based weather insurance (

x
¯

=
0.00), digital agricultural technology (

x
¯

=
0.74) and use of ICTs (

x
¯

=
0.93). This suggests that extension agents effectively share basic weather-smart tools, but advanced mechanisms like agricultural insurance, digital technologies, and ICTs are rarely promoted. This gap could undermine farmers’ long-term climate resilience, highlighting the need for agent training and stronger policy support. This aligns with the report of Madaki and Kaechele (40) that crop farmers in Kogi state, Nigeria, are unaware of agricultural insurance. As well as (41, 42), that advanced digital tools and insurance are rarely mentioned as widely disseminated by extension agents or adopted in North Central, Ethiopia.

Figure 5 showed that the dissemination of knowledge-smart mechanisms was high. The extension agents identified the following practices: farmers-to-farmers learning (

x
¯

=
1.61), off-farm risk management (

x
¯

=
1.05), seed banks (

x
¯

=
1.06) and market information (

x
¯

=
1.50). This suggests that farmers in the study area engage one another by sharing relevant CSAPs as communicated to them by the extension agents, which in turn boosts their financial life. As highlighted by Madaki et al. (40), farmers’ income and market access are key determinants of climate change strategies.

[image: Horizontal bar chart depicting four categories measured from zero to 1.8. The categories are "Off farm risk management kitchen garden," "Seeds and folder banks," "Market info," and "Farmer to farmer learning." "Market info" and "Farmer to farmer learning" have the longest bars, indicating higher values compared to the others.]

FIGURE 5
 Participation of extension agents in disseminating knowledge smart mechanisms.




Factors influencing participation of extension agents in disseminating CSA practices

Table 3 displays the results of ordered probit regression analysis examining factors influencing the participation of agricultural extension agents. The result shows that the age of the extension agent is marginally significant (p = 0.043*) in influencing their participation in CSA dissemination. Specifically, older extension agents are associated with a slightly higher likelihood of low participation but the effect is weak and only marginally significant. This could suggest that younger agents might be more open or better equipped to actively engage in CSA practices, while older agents may have less motivation or fewer resources to engage in the dissemination. This corroborates with the findings of Jones et al. (43) in Ghana.


TABLE 3 Ordered probit marginal effects on determinants of extension agents’ participation.


	Variable
	Marginal effect (low participation)
	Marginal effect (medium participation)
	Marginal effect (high participation)
	p-value

 

 	Kwara state 	0.0231 (0.2329) 	0.0003 (0.0246) 	0.0029 (0.2183) 	0.989


 	Kogi state 	−0.0148 (0.2410) 	0.0003 (0.0260) 	0.0133 (0.2153) 	0.951


 	Age 	0.0094 (0.0047) 	−0.0010 (0.0026) 	−0.0085 (0.0045) 	0.043**


 	Sex 	−0.0196 (0.0837) 	0.0021 (0.0099) 	0.0175 (0.0754) 	0.815


 	Marital status 	0.5891 (0.2681) 	−0.0622 (0.1692) 	−0.5269 (0.2254) 	0.028**


 	Household size 	−0.0141 (0.0064) 	0.0015 (0.0037) 	0.0126 (0.0060) 	0.026**


 	Occupation 	−0.2001 (0.0956) 	0.0211 (0.0562) 	0.1790 (0.0883) 	0.036**


 	Years of experience 	0.0131 (0.0045) 	−0.0009 (0.0038) 	−0.0117 (0.0034) 	0.004***


 	Numbers of training 	−0.0195 (0.0093) 	0.0021 (0.0057) 	0.0175 (0.0086) 	0.035**


 	Contact with agency 	−0.0008 (0.0021) 	0.0001 (0.0003) 	0.0007 (0.0019) 	0.683


 	Ratio of farmers/extension agents 	−2.17e-06 (2.75e-06) 	1.42e-07 (6.62e-07) 	1.94e-06 (2.48e-06) 	0.434


 	Monthly income 	2.02e-07 (4.04e-07) 	−1.73e-08 (7.81e-08) 	−1.80e-07 (3.63e-07) 	0.617


 	Attitude of extension agents 	−0.0087 (0.0021) 	0.0009 (0.0024) 	0.0078 (0.0021) 	0.000***


 	Educational qualification 	0.0977 (0.0706) 	−0.0103 (0.0259) 	−0.0874 (0.0703) 	0.166





LR χ2(25):99.90, Prob > χ2:0.0000, log likelihood: −31.5203. p < 0.001***, p < 0.05**, p < 0.10*.
 

The marital status of an extension agent significantly affects their level of participation (p = 0.028**). Single agents are more likely to engage in medium or high participation in CSA practices compared to their married counterparts. This could be due to the potential flexibility that single extension agents might have in their schedules, which could allow for more active engagement in the dissemination of CSA practices, as opposed to married agents who may have more family responsibilities. Furthermore, the household size of extension agents is significantly related to their participation in CSA dissemination (p = 0.026**). In similar vein, larger household sizes are positively correlated with higher participation in CSA dissemination. This might suggest that extension agents with larger families may feel a stronger obligation to engage in more sustainable practices like CSA, potentially due to a greater awareness of environmental impacts or the importance of resource conservation for future generations. This aligns with (44, 45) that larger household size enhances participation in CSA dissemination, primarily due to increased labor and a stronger drive for sustainable resource management.

The result further reveals that extension agents with secondary occupations (i.e., those who combine extension work with other income-generating activities) were significantly more likely to participate actively in CSA dissemination compared to those whose primary occupation was extension work (p = 0.036). At first glance, this result may seem counterintuitive, since one might expect full-time extension agents to be more engaged in dissemination, however, it is possible that agents with additional livelihoods may draw on broader social networks, and alternative livelihood experiences that they can leverage to enhance their engagement in CSA dissemination.

The table also reveals that with more years of experience are significantly more likely to be in higher participation categories (p = 0.004***), suggesting that experienced agents are more involved in CSA practice dissemination. This is because more experienced extension agents are likely to have better knowledge, skills, and networks to promote CSA practices. They are also more likely to have the confidence and reputation needed to influence farmers’ participation in such practices. This aligns with (18, 21). Similarly, the number of trainings an extension agent has participated in is significantly associated with higher participation in CSA practices (p = 0.035**), indicating that training plays an important role in preparing agents to actively disseminate CSA practices.

Finally, the attitude of extension agents (p = 0.000***), plays a vital role in influencing their participation. A positive attitude toward a profession is associated with increased professional motivation or institutional motivation (46).


TABLE 4 PPMC analysis of the socio-economic characteristics and attitude of extension agents toward CSAPs.


	Variable
	r-value
	p-value

 

 	Age 	−0.042 	0.697


 	Educational qualification 	−0.047 	0.664


 	Years of experience 	−0.124 	0.248


 	Number of trainings 	0.271 	0.011***





***Significant at 1%.
 



Socio-economic characteristics and attitude of extension agents

The Pearson product–moment analysis revealed that there is a positive and statistically significant linear relationship between the attitude of agricultural extension agents and the number of trainings they received on CSA practices (r = 0.271; p < 0.05). This explains that agricultural extension agents who receive more training tend to have a more positive or enhanced attitude toward their work or role in disseminating CSAPs. This aligns with (47, 48) that there is a linkage between training, development and motivation to work. While training correlates with better attitudes, structural constraints may still limit participation. Hence, Periodic training and incentives (e.g., awards, promotions) are recommended to sustain motivation and performance (21) (Table 4).




Conclusion and recommendation

This study revealed that extension agents in the study area generally held unfavorable attitudes toward climate-smart agricultural practices (CSAPs) and showed only moderate participation in their dissemination. Attitudes were strongly influenced by training, while participation was shaped by age, marital status, household size, occupation, numbers of training, years of experience, and attitudes. These gaps in capacity and motivation linked to inadequate training and weak institutional support, limit CSAP adoption and, by extension, reduce farmers’ resilience, productivity, and nutrition security.

Policy responses should therefore address both human capacity and institutional barriers. Government agencies should expand structured, recurrent training and invest in digital platforms, climate services, and insurance-linked advisory tools. Extension organizations should adopt age-inclusive strategies, by leveraging the innovative potential of younger agents, provide retraining for older agents, and introduce workload flexibility to enable active participation across marital and household categories. Research institutions should co-develop training curricula with extension services and ensure timely transfer of CSAP innovations. Finally, development partners can strengthen outreach through digital infrastructure and support programs that integrate socio-demographic realities into extension delivery.

By tailoring policies to the diverse characteristics of agents, the extension system can more effectively disseminate CSAPs, thereby accelerating adoption, improving food security, and advancing climate-resilient, nutrition-sensitive food systems.


Limitation of the study

This study is limited by its cross-sectional design, the relatively narrow geographic coverage, and its reliance on self-reported data, which may be subject to response bias. Future research should consider longitudinal and mixed-methods approaches to better establish causal relationships and provide deeper insights into extension agents’ engagement with climate-smart agriculture.
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