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ABSTRACT
Rice is a staple food for millions globally, especially in Asia, Sub-Saharan Africa, and South America. In Nigeria, it's a major food source, with the country being Africa's second-largest producer, but climate change and environmental constraints threaten its production. A survey was conducted in 2024 across Benue and Nasarawa States to examine the socioeconomic conditions of rice farmers, their vulnerability to climate change, particularly weed infestations, and the adoption of climate-resilient practices.  The study targeted eight Local Government Areas (LGAs): Agatu, Guma, Gwer West, Ohimini (Benue), Awe, Doma, Keana, and Lafia (Nasarawa), covering 32 rice farming communities. From these, 320 farmers were interviewed using the KOBOCOLLECT tool to ensure efficient and reliable data collection. Analysis employed descriptive statistics, ranking variables by magnitude. Findings showed that most respondents were aged 31–40, married, and educated up to secondary school level. Farming was their main occupation, with 11–15 years’ experience. Annual incomes averaged ₦501,000–₦700,000, and household sizes ranged between four and six. Farmers had lived in their communities for 1–15 years. The most cultivated rice variety was Faro 44, valued for high yield, adaptability, and availability. Choice of varieties was also influenced by market demand, maturity period, pest resistance, soil suitability, and cultural preferences. Climate-related challenges were prominent, with high temperature identified as the most severe, followed by flooding, erosion, erratic rainfall, and land degradation. Limited access to climate information, poor adaptive capacity, and widespread weed infestations, such as barnyard grass, nutgrass, morning glory, and Siam weed, further constrained productivity. Despite these vulnerabilities, many farmers adopted resilience strategies, including improved rice varieties, agroforestry, rainwater harvesting, irrigation, integrated pest management, crop diversification, and cooperative participation. The study recommends strengthening farmer education, extension services, market access, rural infrastructure, and research on climate-resilient varieties and weed management to enhance sustainable rice production.
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INTRODUCTION
Rice is the most widely consumed staple food globally, especially in Asia, Sub-Saharan Africa, and South America (FAO, 2019). Its significance is attributed to its daily consumption by millions, particularly among the world’s poorest (https://www.ers.usda.gov/topics/crops/rice/rice-sector-at-a-glance/). Rice holds no cultural, ethnic, religious, or geographical barriers in consumption, making it universally important (Osabuohien et al., 2018). Nigeria is reported to be the second-largest rice producer in Africa, with an estimated annual production of about 8 million tons as of 2019 (Osabuohien et al., 2018). Rice contributes approximately 10.5% to the average caloric intake of Nigerians and represents at least 6% of household food expenditure (FAO, 2019; Toluwase et al., 2019). Despite the vast global and national production, rice cultivation is highly constrained by specific environmental conditions, such as the need for warm days and cool nights, abundant water, and suitable soil conditions (https://www.ers.usda.gov/topics/crops/rice/rice-sector-at-a-glance/); USDA, 2024). Unpredictable weather conditions like more severe temperatures and increasing   in salinity are making rice farmers harder to grow traditional rice varieties (Kishore et al., 2024).
The role of climate is becoming increasingly important due to anthropogenic climate change, which could drastically change local environments and damage yields (Datta et al., 2019). Climate change poses a severe threat to rice production and the livelihoods of Nigerian smallholder farmers (USDA, 2024). Climate change is significantly altering global weather patterns, leading to increased temperature, erratic rainfall, and prolonged droughts. These disruptions threaten food and water availability, especially in agriculture-dependent regions (Reed et al., 2022; Ayanlade et al., 2023). Natural disasters, biodiversity loss, and rising temperatures destroy crops, diminish ecosystems, put livelihoods in jeopardy, and accelerate the spread of fatal diseases (Sahoo et al., 2023). Africa, and particularly Nigeria, is highly vulnerable due to its geographic exposure, economic limitations, and infrastructural weaknesses (Trisos et al., 2022; Diouf et al., 2022).
Over 70 % of Nigeria’s rice is produced by smallholder farmers (Ahmed, 2020), who rely heavily on rain-fed agriculture with minimal adaptive resources. This dependence makes them extremely vulnerable to climatic shocks like late rains, droughts, or floods, which often result in reduced rice yield, increased poverty, and heightened food insecurity (Ojo and Baiyegunhi, 2020; Ayanlade et al., 2022). Benue and Nasarawa States, located in Nigeria’s Southern Guinea Savannah Zone, exemplify this vulnerability. With agriculture forming the backbone of their economies, and most farming being rain-fed, they are among the most climate-sensitive regions (Ayanlade and Ojebisi, 2020).
Studies indicate that a 2° C increase in temperature could cause a 10–30% decline in rice yield (Akinbile et al., 2020). Other studies report yield reductions as high as 40% across rice, maize, and cassava due to climate change (Ayanlade et al., 2021; Ayanlade et al., 2017). The underlying causes of climate change include both natural (volcanic activity, solar variation) and anthropogenic factors like fossil fuel combustion, deforestation, and poor land use (IPCC, 2021).
In sub-Saharan Africa, where agriculture employs over 60% of the population and contributes about 30% to GDP (Ayanlade et al., 2022). Climate variability has severely undermined agricultural productivity by increased frequency and intensity of extreme weather events (IPCC, 2021). Up to 50% of crop yield variability has been attributed to changes in climate (IPCC, 2021). This leads not only to reduced crop output but also increases migration pressures, pest infestations, and weakens already fragile farming systems (IPCC, 2022; FAO, 2021). With the global population projected to reach 9 billion by 2050, most of whom will reside in developing, agriculture-reliant regions like Nigeria, the urgency for climate mitigation and adaptive strategies becomes paramount (Ayanlade et al., 2022; IPCC, 2022). Without robust interventions, smallholder rice farming, especially in Benue and Nasarawa States may fail to sustain food production, threatening food security, poverty alleviation, and local economies.
Developing and implementing effective, locally-adapted climate-resilient strategies is critical to ensuring food security and economic stability in vulnerable regions like Benue and Nasarawa. Without action, the promise of rice farming as a vehicle for rural development may remain unrealised, especially compounded by weed incidences, in the face of escalating climate crises.
Significance of Study 
The significance of the study is in its potential to contribute valuable and first-hand insights and information on the socioeconomic conditions and vulnerabilities of rice farming communities in Benue and Nasarawa States, impacts of weed incidences, and correct or timely adoption of climate resilient practices that are specifically related to rice farming. 
Scope of Study
The study covered a total of 8 Local Government Areas (LGAs), in Benue (Agatu, Guma, Gwer West and Ohimini) and Nasarawa States (Awe, Doma, Keana and Lafia). Survey was specific to climate resilient practices in Benue and Nasarawa States only, using a total of 320 farmers for the study.
Specific Objectives of Study
The specific objectives of the study were to:
1. Describe the socioeconomic characteristics of rice farmers in Benue and Nasarawa States.
1. Identify some of the commonly cultivated rice varieties in Benue and Nasarawa States, and the reasons for their choice.
1. Assess current climate vulnerabilities of rice farming in Benue and Nasarawa States
1. Identify the weed problems associated with climate change due to rice cultivation in Benue and Nasarawa States.
METHODOLOGIES
2.1	Study Area
The study areas are Benue and Nasarawa States. Benue State lies within the Lower River Benue trough in the middle belt region of Nigeria. Its geographic coordinates are 7° 47' 10° 0' East, and 6° 25' 8° 8' North. It is one of the North Central states in Nigeria, estimated to have a population of about 4,253,641, using the 2006 census, with an estimated population density of 99 persons per km2 (Weather Spark, 2023). The state’s name derives from the Benue River, which is the second largest in Nigeria after the River Niger (Weather Spark, 2023). 
Nasarawa State is located in the North Central region of Nigeria. The state lies between latitude 7° 45′ and 9° 25’ N, and between longitude 7° and 9° 37′ E (https://nasarawastate.gov.ng/about-nasarawa-state/). It is named for the historic Nasarawa Emirate (Weather Spark, 2023).
2.3	Data Collection
2.3.1	Primary data used for the study.
The study questionnaires were administered using a computer-based tool (KOBOCOLLECT). The tool was used as an Application in Android tablets. The choice of survey tool was to lower costs (use of less materials, printed paper, labor), and improved data quality, ease and speed of use. The primary data of the study areas was obtained through administration of semi-structured questionnaires to the selected farmers. The questionnaires were divided into 9 thematic areas based on the specific objectives of the study (Sections A to E). The 4 thematic areas of the questionnaire included;  
Section A: Socioeconomic characteristics of the rice farmers in Benue and Nasarawa States.
Section B: Identification of commonly cultivated rice varieties in Benue and Nasarawa States. and reasons for their choice.
Section C: Current climate vulnerabilities of rice farming in Benue and Nasarawa States
Section D: Identification of climate-resilient farming Practices in the study states and their sources of information on climate change or resilient practices
Section E: Farmers’ identity of common pernicious weeds of rice in Benue and Nasarawa States.

CHART 1. Sampling of Sampling Procedure for the Study
	State
	LGA Selected
	Communities Selected
	Farms/Clusters Selected
	Farmers Selected

	Benue
	Agatu
	4
	10 (10x4=40)
	1 (1x40=40)

	
	Guma
	4
	10 (10x4=40)
	1 (1x40=40)

	
	Gwer West
	4
	10 (10x4=40)
	1 (1x40=40)

	
	Ohimini
	4
	10 (10x4=40)
	1 (1x40=40)

	
	
	
	
	

	Nasarawa
	Awe
	4
	10 (10x4=40)
	1 (1x40=40)

	
	Doma
	4
	10 (10x4=40)
	1 (1x40=40)

	
	Keana
	4
	10 (10x4=40)
	1 (1x40=40)

	
	Lafia
	4
	10 (10x4=40)
	1 (1x40=40)

	Total
	8
	32
	80 (80x4=320)
	320



Data Analysis
Data of the study were obtained from/on Socioeconomic characteristics of the rice farmers in Benue and Nasarawa States, commonly cultivated rice varieties in Benue and Nasarawa States and reasons for their choice, current climate vulnerabilities of rice farming in Benue and Nasarawa States, identified resilience improving actions known and used by rice farmers, locally adapted/used seeds and reasons for adoption, Climate-resilient farming practices in the study states and their sources of information on climate change or resilient practices, the commonly identified pernicious rice weed in Benue and Nasarawa States respectively.
Study results were processed in real time (during/as the survey is completed). Simple descriptive statistical tools such as frequency, percentages and charts were used to achieve objectives (1 to 4). The study factors/variables were also ranked based on their magnitude or percentages. 

RESULTS
3.1. Socioeconomic Characteristics of Rice Farmers in Benue and Nasarawa States
The socioeconomic characteristics of rice farmers in Benue state are shown in Figures 1a and 1b. Of the total respondents, 104 were males (65.0 %,) whereas 56 were females (35%), out of which 64 had age range of 31-40 years, accounting for 40.0% of respondents followed by those between 41-50 years old (43 respondents; 26.9%), 51-60 years (26 respondents; 16.3 %), 21-30 years old (23 respondents; 15.6%), and those less than 21 years of age (2 respondents; 1.3 %), respectively. The mean age of respondents was therefore 40 years. On marital status, 131 of the respondents (81.9%) were married, 24 (15.0%) were single, and 5 (3.1%) were widows/widowers. On educational status, 52 (32.5%) respondents possessed secondary education certificates, 50 (31.3 %) each possessed non-formal and primary school certificates, while 8 (5.0%) had tertiary education certificates. 130 (81.3%) of these respondents were observed to be occupational rice farmers, followed by those who were partly traders (16 respondents;10.0%) and rice farmers. 5 respondents (3.1 %), combined farming and rice farming and1 respondent (0.6%) was a retiree/pensioner rice farmer. With regards to years of farming experience, 50 (31.3%), of the respondents possessed 5-10 years’ experience in rice farming, 32 (20.0%) had 11-15 years, 26 (16.3 %), 16-20 years, 18 (11.3 %), had 21-25 years’ experience, 15 (9.4 %) 1-5 years and 7 respondents (4.4%) had 30 years and above of rice farming experience. The average experience in rice farming was observed to be 11-15years. The annual income distribution of all respondents in Benue State from rice farming showed that 6 respondents (3.8 %), earned above N1,000,000, in rice farming55 respondents (34.4%), earned between N251,000–N500,000, 47 (29.4%), earned between N501,000–N700,000, 30 (13.8%) earned between N701,000–N1,000,000, 22 (13.8 %) earned between N101,000-250,000 from rice farming. Out of these respondents, 74 (46.3 %), had household size of 4-6 persons, 52 respondents (32.5%), were 7-9 persons in a household,29 (18.1 %), ranged between 1-3 persons, and 5 (3.1 %) were between 7-8 persons in a household. 39 respondents (24.4 %), were observed to have resided in Benue State in the communities sampled for above 40 years. 41 respondents (25.6 %), reported being residents for 21-40 years, while 30 (18.8%), had resided in their areas for 11-20 years with only 9 (5.6%), been residents for only 1-10 years.
Figures 1 c and 1 d show the socioeconomic characteristics of rice farmers in Nasarawa State. The results indicated that 123 of the respondents, constituting 76.9%, were males, while37(23.1%) were observed to be females. Of these respondents, 54 (33.8 %), 27 (16.6 %), 31-50 years while 23 (14.45 %), were between 21-30 years, and 1 respondent each (0.6%) were either below 21 years of age or above 60 years of age. The mean age of all the respondents was therefore 41.0 years. Maritally, 145 respondents representing 90.6% were married, 13 persons (8.1%) were single, and 2 (1.3%), were either widows or widowers. Regarding the educational status of the respondents, 54 persons, representing 33.8%, had secondary education, 52 persons (32.5 %), possessed primary education certificates, 13 persons (8.1%) had tertiary education, and 41 respondents (25.6%) had no formal education. Rice farming was observed to be the main occupation of 155 respondents (96.9%), followed by 4 (2.5%), of those who were in the civil service, yet still cultivated rice, and 1 respondent (0.6%) was a retiree/pensioner and farming rice. In terms of years of rice farming experience, 39 (24.4%) respondents possessed 16-20 years’ experience in rice cultivation, 34 (21.3%) possessed 11-15 years, 28 (17.5 %), 22 (13.8 %) had 21-35 rice farming experience, 21 (13.1 %), possessed 5-10 years, 12 (17.5 %) and only 4 respondents (2.5%) had 1-5 years’ experience in rice farming, with the average years of rice farming experiences in Nasarawa State been 20.0. 
The annual income distribution of respondents in Nasarawa State showed that 55 respondents (34.4%) earned between N251,000–N500,000, 35 respondents (21.9%) earned between N701,000–N1,000,000, 29 (18.1%) earned between N501,000-700,000, 21(13.1%) earned between N101,000-2500, 15 respondents (9.4%) earned above N1,000,000, with the least of 5 respondents (3.1%) earning less than N101,000. 
Household size assessment indicated that the predominant household size was 4-6 persons made of (64 respondents; 41.9%), followed by that in which there were 7-9 persons (55 respondents; 34.4%),1-3 persons (30 respondents; 18.8%), with the least been those living between 7-8 persons (8 respondents; 5.0%). The average number of persons per household was therefore 6 persons. 
Regarding residency in the sample communities in Nasarawa State, 53 respondents (33.1%) stated that they had lived in their areas for 31-40 years, followed by 46 respondents (28.7 %), indicating that they had lived in their rice farming areas for more than 40 years, while,38 respondents (23.8 %), were residents for21-30 years, with19 (11.9 %) living for 11-20 years, and 4 persons (2.5 %), living for 1-10 years.
The results on the identification of rice varieties cultivated by farmers in Benue and Nasarawa States are outlined in Table 1a. Results indicated that 157 (91.7%) of farmers in Benue State correctly identified the rice varieties they cultivated, whereas 3 respondents (1.9%) were unable to identify. In Nasarawa State, 141 respondents (88.1%) indicated clear ability to identify their cultivated rice, while 19 (11.9%) reported inability to identify rice varieties that they cultivated.
Table 1b shows the distribution of rice varieties cultivated by farmers in Benue and Nasarawa States. In Benue State, the majority (144 persons; 91.7%) cultivated the Faro 44 rice variety, while a smaller percentage (13 persons; 8.3%) cultivated Faro 66. In Nasarawa State, 137 respondents representing 97.2% of rice farmers cultivated the Faro 44 rice variety, while 4 respondents (2.8%), cultivated the Faro 66 variety.
The rationale behind farmers' choice of rice variety is outlined in Figure 4. In Benue State, 139 respondents (89.7%) reported that yield and productivity ranked first among their choices of rice variety to be cultivated, followed by seed availability (89 respondents; 57.4%), and adaptation to climate (69 respondents; 44.5%). Other factors observed to be influencing their choices included market demand (59 respondents; 38.1 %), duration of crop maturity (46 respondents; 29.7 %), personal experiences (32 respondents; 20.6 %), and pest and disease 
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Figure 1a. Socioeconomic Characteristics of Rice Farmers in Benue State 
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tolerance (20 respondents; 12.9%), soil types and quality (13 respondents; 8.4 %), environmental concerns (12 respondents; 7.7 %), cultural and culinary preferences (3 respondents; 1.9 %), input costs (1 respondent; 0.5 %), and export considerations (0 respondent 0 %). 
In Nasarawa State, yield and productivity (131 respondents; 86.8%), seed availability (116 respondents; 76.8%), and market demand (115 respondents; 76.2%), duration of rice variety (105 respondents; 69.5 %), and adaptation to climate (94 respondents; 63.2 %), respectively were the top or primary considerations for choice of variety to cultivate. 
Diseases and pests’ resistance (48 respondents; 31.8 %), input costs (39 respondent; 25.8 %), soil types and quality (36 respondents; 23.8 %), environmental concerns (13 respondents; 8.6%), cultural and culinary preferences (1 respondent; 0.7%), and government policies and subsidies (1 respondent 0.7 %), respectively, were their least considerations for the choices of varieties to cultivated. 
Results on tolerance to draught at Benue and Nasarawa States are shown in table 1d. On tolerance to drought in Benue State, 145 respondents (92.9%), reported that Faro 44 exhibited higher tolerance, while in Nasarawa State, 137 respondents, (97.2%), reported that Faro 44 showed higher tolerance compared to Faro 66 and 67.
In Benue State, Faro 44 was reported to show greater tolerance (129 respondents; 92.1%) to flooding as compared to Faro 66 (11 respondents; 7.9%). In Nasarawa State, respondents (129) reported that Faro 44 showed higher tolerance (91.5%) to pests and diseases, compared to Faro 66 (11 respondents; 7.8 %), and Faro 67 (1 respondent; 0.7 %), respectively.
Results of rice tolerance to weed species in Benue and Nasarawa States are shown in Table 1f.  In Benue State, 143 respondents (93.5%) reported that Faro 44 was more tolerant to weed problems compared to Faro 66 (9 respondents (5.9%) and Faro 67 (1 respondent (0.7 %) respectively. In Nasarawa State, Faro 44 variety was reported to exhibit higher tolerance to weed problems compared to other known rice varieties. 135 respondents (84.4 %) reported that Faro 44 had much higher tolerance compared to Faro 66 (5 respondents; 3.1%) and Faro 67 (1 respondent; 0.6%).
Table 1g represents farmers' responses to newer weed disturbances in rice farms in Benue and Nasarawa States. In Benue State, all respondents (100%) acknowledged weed disturbances in their rice farms, while in Nasarawa State, only 153 respondents (95.6%) reported weed problems on their rice farms, and b 7 respondents (4.4 %) did not see weeds as a problem in their rice farms.
Figure 2 shows the relatively new and common pernicious weeds associated with rice cultivation due to climate change in Benue and Nasarawa States. The common or pernicious weeds which farmers associated with rice cultivation in Benue State were Echinochloa spp. (Barnyard Grass) (46 respondents; 59.0%), Commelina spp. (Dayflower), and Ipomoea spp. Respectively, (Morning Glory), (34 respondents;43.6 %), Cyperus spp. (Nutgrass or Sedge) (16 respondents;20.5%). Other weeds reported were Digitaria spp. (Crabgrass), (10 respondents;12.8 %), Chromolaena odorata (Siam Weed), (8 respondents;10.3 %), Amaranthus spp. and Bidens pilosa (Purslane), (2 respondents;2.6 %), respectively, Portulaca oleracea (1 respondent;0.7 %). 
 The respondents in Nasarawa State regarded Cyperus spp. (121 respondents; 82.9 %), as the commonest pernicious weed of rice, followed by Digitaria spp. (70 respondents; 47.7 %), Echinochloa spp. (45 respondents; 30.8 %),, and Amaranthus spp. (Pigweed), (38 respondents; 2.6 %), Commelina spp. and Chromolaena odorata respectively, (9 respondents; 6.2 %), Achyranthes aspera (10 respondents; 6.8%), Ipomea spp.(6 respondents; 4.1%), Richardia scabra (4 respondents; 2.6 %), Cleome gynandra (3 respondents; 2.1 %) and Portulaca oleracea (1 respondent; 0.7 %).
Figure 3 provides data on the current climate vulnerabilities affecting rice farming/farmers in Benue and Nasarawa States. Of 160 respondents in Benue State, 151 (94.4%), indicated that temperature was their most serious climate vulnerability factor. This was followed by Flooding and Water logging (136 respondents; 85.0%), soil erosion (130 respondents; 81.3 %), erratic rainfall patterns (119 respondents;74.4%), land degradation (85 respondents; 53.1 %), variability in water availability (62 respondents; 38.8%), limited access to climate information (51 respondents; 31.9 %), lack of climate-resilient varieties (50 respondents; 31.3 %), pest and disease outbreaks (49 respondents;30.6 %), lack of infrastructure (38 respondents;23.8%), market and economic vulnerabilities ranked tenth (27 respondents; (16.9 %), and limited adaptive capacity (17 respondents; 10.6 %), which was the least among the vulnerabilities identified.
In Nasarawa state, erratic rainfall patterns (157 respondents; 98.1 %), were identified as the dominant climate vulnerability factor affecting rice farming. increased temperatures followed (126 respondents; 78.8 %), soil erosion ranking third (122 respondents; 76.3 %), flooding and water logging (105 respondents; 65.6%), pest and disease outbreaks (84 respondents; 52.5 %), lack of climate resilient varieties (82 respondents; 51.3%), limited access to climate information (55 respondents; 34.4 %), variability in access to water (42 respondents; 26.3 %), limited adaptive capacity (37 respondents; 23.1 %), lack of infrastructure (33 respondents; 20.6 %), market and economic vulnerability (17 respondents; 10.6 %),.
Table 2a represents farmers' response on climate-resilient farming practices in Benue and Nasarawa States. Results for Benue State indicated that133 respondents, representing 83.1 % of rice farmers, knew/recognised climate-resilient rice farming practices, while 27 respondents (16.9%) could not identify any resilient practice. In Nasarawa State, 122 respondents (76.3%) of rice farmers could identify climate-resilient rice farming practices, while 38 (23.8%) did not indicate recognition.
Table 1b presents the results of climate-resilient rice farming practices by farmers in Benue State and Nasarawa State. Among the ranking of climate-resilient farming practices known to rice farmers, capacity building and farmer education were identified by 63 respondents (47.4 %) as the most effective practice to mitigate climate change and sustain rice production. This was followed by agroforestry and windbreaks (59 respondents; 44.4 %), and diversification of crop varieties (58 respondents; 43.6%). Other noteworthy practices were climate-adapted crop calendar and drought-resistant rice varieties respectively (57 respondents;42.9%), improved water management (51 respondents; 38.3 %), use of integrated pest management and community based adaptive initiatives respectively, (46 respondents; 34.6 %), climate-smart technologies (33 respondents; 24.8 %), soil health enhancement (29 respondents; 21.8 %), rain water harvesting and small-scale irrigation (27 respondents; 20.3 %), market access and value addition (22 respondents; 16.5 %), while Government support and policy alignment ranked last with 12 respondents(9 %), indicating that this could influence climate resilient farming. 
In Nasarawa State (Table 2b), diversification of crop varieties (111 respondents; 91.0 %) was indicated as the most adaptive climate-resilient practice by farmers. This was followed by agroforestry and windbreaks and drought-resistant rice varieties, respectively (97 respondents; 79.5%). climate-adapted crop calendar (87 respondents; 71.3 %), improved water management (75 respondents; 61.5 %), capacity building and farmer education (61 respondents; 50.0 %), rainwater harvesting and small-scale irrigation (37 respondents;30.3 %), community-based adaptive initiatives (27 respondents; 22.1 %), integrated pest management (25 respondents; 20.5%), Government support and policy alignment (19 respondents; 15.6 %), soil health enhancement (10 respondents; 8.2 %) and market access and value addition (5 respondents; 4.1 %)

Table 1a. Identification of varieties of rice cultivated by Farmers in Benue and Nasarawa States
	State
	Response
	No of Respondents
	%

	Benue
	No
	3
	1.9

	
	Yes
	157
	98.1

	
	Total
	160
	100

	
	
	
	

	Nasarawa
	No
	19
	11.9

	
	Yes
	141
	88.1

	
	Total
	160
	100


 
 
Table 1b. Type of Rice varieties cultivated by Farmers in Benue and Nasarawa States
	State
	Rice Type
	Number
	%

	Benue
	FARO 44
	144
	91.7

	
	FARO 66
	13
	8.3

	
	Total
	157
	100

	Nasarawa
	
	
	

	
	FARO 44
	137
	.97.2

	
	FARO 66
	4
	2.8

	
	Total
	141
	100
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Figure 2. Common pernicious weeds associated with rice farms in Benue and Nasarawa States
 
 
 
 

Table 1d. Rice varieties with higher tolerance to drought in Benue and Nasarawa States
	State
	Rice Varieties
	Number of respondents
	%

	Benue
	Faro 44
	145
	92.9

	
	Faro 66
	11
	7.1

	
	Total
	156
	100

	
	
	
	

	Nasarawa
	Faro 44
	137
	97.2

	
	Faro 66
	4
	2.8

	
	Total
	141
	100


 
 
Table 1e. Rice varieties with more resistance to flooding in Benue and Nasarawa States
	State
	Rice Varieties
	Number of respondents
	%

	Benue
	Faro 44
	129
	92.1

	
	Faro 66
	11
	7.9

	
	Total
	140
	100

	
	
	
	

	Nasarawa
	Faro 44
	129
	91.5

	
	Faro 66
	11
	7.8

	
	Faro 67
	1
	0.7

	
	Total
	141
	100


 
 
 
 
  
 
 
Table 1f. Rice varieties reported for tolerance to weed problems in Benue and Nasarawa States
	State
	Rice Varieties
	No of Respondents
	%

	
	Faro 44
	143
	93.5

	
	Faro 66
	9
	5.9

	
	Faro 67
	1
	0.7

	
	Total
	153
	100.0

	Nasarawa
	
	
	

	
	Faro 44
	135
	84.4

	
	Faro 66
	5
	3.1

	
	Faro 67
	1
	.6

	
	Total
	160
	100.0


 
 

Table 1g. Farmers Responses on -Weeds Disturbance to Rice Farms in Benue and Nasarawa States
	State
	Response
	No. of Respondents
	%

	Benue
	Yes
	160
	100

	
	
	
	

	Nasarawa
	No
	7
	4.4

	
	Yes
	153
	95.6

	
	Total
	160
	100



 
DISCUSSION 
The socioeconomic characteristics of rice farmers in Benue and Nasarawa States, as observed from the survey offers valuable insights into the demographics and livelihoods of these agricultural communities, made up preponderantly of rice farmers. These findings are consistent with existing reports that emphasise the significance of socioeconomic factors in agricultural practices, especially in the knowledge and adoption of new technologies. Socioeconomic variables such as age, educational status, years of experience, and income significantly influence farmers' decisions and adoption of agricultural technologies (Wossen et al., 2021; Sisay et al., 2023; Kanu and Przezbórska-Skobiej, 2025). In addition, the role of socioeconomic characteristics in farmers' risk attitudes and management strategies has underscored the necessity of considering socioeconomic factors in agricultural policy and interventions (Abubakar et al., 2023; Ambali et al., 2021). More so, studies on determinants of resource use efficiencies among rice farmers in Enugu State, Nigeria, indicated the impacts of education and age on farmers' allocative efficiency, with relevance to socioeconomic variables in agricultural productivity (Okoh et al., 2021). Similarly, research on low-carbon agricultural technology adoption among rice farmers in China showed that production costs and socio-environmental factors on farmers' decisions in agricultural practices were related to their socioeconomic status (Jiang et al., 2022). Kehinde et al. (2021), also reported that age, years of farming experience, membership of farmers' organisations, and access to credit significantly influenced farmers' preferences for attributes of improvement in rice varieties. This, therefore, underscores the role of socioeconomic factors in shaping farmers' choices.
The dominance or higher number of males in rice farming in the two study states (Benue and Nasarawa) may be considered to be the norm in Sub-Saharan Africa. Earlier, Gebre et al. (2019), reported that overall 44.3% of male-dominated maize farmers in Southern Tanzania. FAO (2011) and Tokula et al. (2019) also reported the majority (67%) of male farmers in Benue state, mostly within the age range of 41-50 years and in Africa generally. The average age range of 31-41years of farmers in Benue and Nasarawa States agrees with findings by Yeboah and Jayne (2020), to be within 32 to 39 years and Tokula et al., (2019), to be in the range of 41-50 years in Benue State, while Ngeywo, et al., (2015) and Chelanga, (2025) reported an average age of 51 years for cocoa farmers in Kenya. Yeboah and Jayne, (2020) further reported that even without considering young adults in the 15- to 24- year-old range, the average age of the agricultural workforce in Ghana, Rwanda, Uganda, Zambia, Nigeria and Tanzania was 38 to 45 years of age, hence, Benue and Nasarawa States. 
Further to this Gebre et al. (2019), reported that gender inequality in access to productive resources (land, improved varieties, fertilisers, farm equipment, labour, training, and information), were some of the limitations to women participation in farming, hence, the main reasons leading to the differences in agricultural productivity between male and female farm households. Other reasons for male dominance may be attributed to patriarchal inheritance, general association of men with more tasking farming activities and greater access to social resources as compared to women. Also, men’s potentials to take charge over women could have been one of influential reasons for higher number of males in rice farming in the study States.
That most of the rice farmers were married agrees with Tokula et al., (2019); Ngeywo et al., (2015) and Sesay et al., (2025) reported marriage and household members as forming the bulk of labour for the farm. Sesay et al. (2025), further stated that marital status was used to sustain needs of the family, including labour. It is therefore, inherent that these rice farmers could marry to among other purposes, meet their labour obligations on the farm.
The trend or dominance of farmers having only secondary school certificates agrees with MIJARC/IFAD/FAO, (2012), and Reimers and Klasen, (2013), observed that majority of farming populations attained only secondary education. MIJARC/IFAD/FAO, (2012), further reported that only 2 per cent of university students in sub-Saharan Africa are enrolled in agriculture and farming activities. This may also be responsible for some of the challenges (poor information and adoption of climate-smart agriculture innovations, low production and annual incomes from rice), to improved rice production. It is noteworthy to state that farmers with higher educational attainment are more likely to adopt innovations and adapt to issues of climate change (Chen et al., 2024; Hassan et al., 2024; Dawid and Boka, 2025), than poorly educated farmers. Education is also seen to be essential to ease changes in the technological environment. The African agriculture, and indeed that in Benue and Nasarawa States is faced with the challenge of an increased use of technological innovations (high yielding seed varieties, chemical fertilizers, irrigation technologies, pests and disease control options, climate change adaptation and mitigation options, and use of modern information), (Okoro et al., 2024), as identified even in this study. Generally, poorly educated people are much less skilled and therefore, bound to activities or vocations that are more suitable and convenient to them. This is assumed to be one of the reasons why most of the farmers had indulged in rice farming as their primary occupation, but without much effort on climate-mitigating activities. 
The experience of a farmer, measured in years, has a significantly positive influence on productivity (Ainembabazi and Mugisha, 2013). Studies have shown that farmers with more years of experience tend to have higher levels of agricultural productivity. The farmers’ average number of years (15 years) in rice farming is therefore attributed to their ability to achieve profitable yields (by their estimation), despite the monstrous and inconsistently variable changes in climate. This corroborates the findings of typeset.io/questions/how-does-experience-of-farmer-years-influence-productivity-2ki9ang9rz that the experience of a farmer, as measured by years of farming experience, positively influences productivity in agriculture.
The study’s revelation of low numbers of households (4-6 persons), in Benue and Nasarawa States among the rice farmers suggests that many of the respondents will not have sufficient hands to support or assist them on their farms, especially with the high labour demands of rice production. This was probably the reason for the generally reduced farm sizes or inability to cope with labour demands (Aveuya et al., 2023; Adewumi et al., 2024), for rice production. Another consequence was presumed to be that associated with low annual income earnings from rice as observed in the study.
 
The high percentage of farmers in Benue (98.1%), and Nasarawa (97.2%) States, who could identify their choice or names of cultivated rice varieties (Faro 44 variety and Faro 66) agrees with findings of Sheshi et al., (2023); Okoro et al., (2024); Adenuga et al., (2024) that farmers who owned and cultivated their lands tended to know and sustain use of known varieties, rather than adopting the use of others even if improved varieties. Jin et al. (2023) earlier reported that some of the preferences of rice farmers for identification and adoption of rice varieties were directly related to attributes such as high yields, early maturity, long and slender grains, high milling recovery, and amylose content, been the major reasons given by the rice farmers in the study. This could explain the preference for rice varieties like Faro 44 and Faro 66 among farmers in Benue and Nasarawa States. Additionally, Okoro et al. (2024) posited that the limited adoption of relatively new or unknown rice varieties in West Africa may be due to varietal evaluation programs focusing too narrowly on yield evaluation and not promoting varieties with superior non-yield characteristics compared to locally available varieties. This may also be why certain traditional rice varieties remain popular (Xia et al., 2019), among farmers in these States. Studies by Mainuddin et al. (2021), indicated significant variations in rice yields based on rice varieties, known and cultivated by farmers. Singh et al. (2014), emphasised the importance of farmer participatory varietal selection for superior performing varieties. 
As observed in the study, the selection of rice varieties by farmers in Benue and Nasarawa States was influenced by several factors, (potential yield, acceptability, seed availability, and adaptation to climate, market demand, duration of crop maturity, and pests (including weed), tolerance, similar to reports by Ghimire et al. (2015); Ajayi and Sanyang, (2023); Jarvis and Lin, (2024); Suri and Carter, (2024). The choice of the predominantly cultivated Faro 44 was mostly based on based on specific rice traits (Laborte et al. 2015; Okoro et al. 2023). These factors could be potential yield, early maturity, weed-disease tolerance, and cooking quality. The findings in this study therefore, align with the emphasis on yield and productivity as a crucial factor in rice variety selection. Further to these, Mogga et al. (2018), recommended the need to integrate farmers' preferences in variety development processes to release site-specific rice cultivars tailored to different preferences across regions. This is because improved yields of rice can lead to an increase in production, necessary to attain food security. High yields can also lead to an increase in farmers’ income and standard of living, which can motivate them to increase areas of land under cultivation. This collaborates with the findings of Jin, et al., (2020) that high-yielding rice varieties have the potential of increasing rice production chiefly by regulating physiological processes. 
Studies by Witcombe et al. (2016), underscored the importance of access to seed and extension services in accelerating the uptake of new rice varieties. This suggests that dissemination of information, extension demonstrations, and participatory research are crucial in popularising new varieties. Achukwu et al. (2023), also indicated that educational status, distance to markets, training, taste preferences, and yield variability significantly influenced the intensity of adoption of new rice varieties. Nyang’au et al. (2020), assessed the determinants of choice of climate-smart agriculture practices in Masaba, South Sub-County, Kisii, Kenya, and reported household size, farm income, perception of climate change, farm size, extension services, social group membership, and weather and climate information as the determinants that influenced farmers’ choices of varieties. Eshetu et al. (2021), identified the determinants of the choice of adaptation strategies to climate change in Southwest Ethiopia to include age, farm size, formal extension services, and agro-ecological. In Nigeria, Anugwa et al. (2022), reported that rice farmers’ preferences for climate-smart agricultural technologies also depended on age and gender. At least one of these was reported as some of the reasons for the cultivation of Faro 44 or Faro 66 in both Benue and Nasarawa States
Fatondji, et al. (2020,) reported that farmers’ preferences for the selection of rice varieties are functions of selected attributes. That Faro 44 consistently demonstrated higher tolerance to climate effects compared to Faro 66 aligns with Okoro et al, (2023), that FARO 44 was a commonly cultivated rice variety in Nigeria, mainly because of its desirable attributes like drought tolerance and taste.  In both Benue (92.9%), and Nasarawa (97.2%), States, Faro 44 rice variety was also reported to demonstrate higher tolerance to drought compared to Faro 66. FARO 44 is among many improved rice varieties (NERICA 1-18, NERICA L18-L60, Igbemo, FARO 51), that have been identified in Nigeria to be high-yielding and with early maturing attributes (Kehinde et al. 2022); Shaosheng et. al. (2020); Fatondji et al. (2020), also asserted that pest-disease resistance influenced the preference for rice variety among rice farmers.  According to Rahman and Connor (2022), farmers who adopt rice varieties with resilience to adverse climatic factors (as FARO 44), had high income and better nutrition. Henry et al. (2012) indicated these attributes to include genetic variability of roots' responsiveness to drought, and water uptake under drought conditions. The popularity of FARO 44 in the study areas, characterised with serious consequences of climate change, is therefore attributed to their genetic adaptation to thrive and yield even under drought-prone conditions. Du et al. (2010) identified the DSM2 gene as critical for drought tolerance in rice, indicating the genetic basis for enhanced drought tolerance. In addition, Bernier et al. (2008), reported quantitative trait loci (QTL) for drought tolerance in rice, and further viewed FARO 44’s genetic basis for cultivation by itinerant low-producing rice farmers of Benue and Nasarawa States. 
Conversely, varieties bred for ﬂash ﬂooding (FARO 66 and FARO 67), have not been widely explored by Benue and Nasarawa States’ rice farmers, ostensibly, due to limited distribution, insufficient awareness, or weak commercialisation of the improved varieties, with little available information on their cultivation, coverage, and performance. As a result, many farmers continue to rely on locally adapted cultivars (Mwakyusa et al., 2023).
Farmers’ preference for FARO 44 in Benue (92.1%), and Nasarawa (91.5%) States, compared to FARO 66, corroborates studies of Oladosu et al. (2020) that FARO 44 possesses mechanisms of resilience (to an extent, flooding and drought), principally through development, physiological, and molecular strategies to overcome submergence and waterlogging. Furthermore, Pradhan et al., (2019) indicated that marker-assisted back-cross breeding, development of flood-tolerant rice varieties could enhance flood resilience in FARO 44.
On the other hand, Gealy et al. (2014), focused on weed suppression by weed-suppressive rice cultivars in flood-irrigated systems, indicating a combination of high yields and weed tolerance to overcome weed problems. Лиховидова and Kostylev (2023) indicated that the assessment of morpho-physiological features of rice samples under flooded conditions emphasised the relevance of variety resistance in combating weeds under flooded conditions.
Rezaul et al, (2004) reported that weeds are common problems of rice cultivated fields, especially under direct-seeded fields, as was common in Benue and Nasarawa States. Weed problems in these states may be associated with rice farmers’ common practices, in this case, simultaneous cultivation of seeds and improper weed management (Awan et al., 2019; Paiman et al., 2020), and tillage practices (Paiman et al., 2020). Nagargade et al. (2018), also reported the presence of weed populations in direct seeded rice (DSR) typically, consisting of various types of grasses, sedges and broad-leaf weeds, which composition varies based on crop establishment methods, cultural methods used, crop rotation, location, water and soil management, weed control methods, climatic conditions, and existing weed flora population in the area. Echinochloa spp. which topped as a common weed problem in these States, and both grasses and sedges as notorious weeds of rice. Paiman et al., (2020) recommended for timely detection and control, as a single weed in one life cycle can produce high amounts of propagules and disperse to the soil, many of which may germinate while others remain dormant for an extended period. This is more so, because the levels of education and manpower of majority of the rice farmers in the study states was generally low (Secondary school certificates).
Gealy et al. (2003), reported rice cultivars’ differences to accommodate barnyard grass, highlighting the potential for certain rice varieties, in this case, FARO 44, to tolerate weed density and growth to an extent. This suggests that specific rice varieties may possess inherent weed-tolerance traits as reported to be associated with FARO 44 by the farmers, however, Fruet et al. (2019) highlighted that understanding crop tolerance to weed management practices is essential for developing sustainable strategies and improving weed control in rice farming Climate change, has been reported as a global environmental problem, or concern for agricultural production processes (Mallappa et al., 2021; Shahid et al., 2021). Pachauri and Meyer (2014), have reported that climate systems have had a general impact on global food production, and the risk of climate change severely affected crop yields (of which rice is one of the crops most affected). Kawasaki and Herath (2011) have reported that climatic variability influences rice yields, mainly as rice production is a complex natural-social system of mixed climate change and anthropogenic effects (Saud et al., 2022). Climate vulnerabilities due to precipitation and temperature threaten rice production the most (Chen et al., 2020). The vulnerabilities of rice farmers in Benue and Nasarawa States, (temperature, flooding and water-logging, soil erosion, erratic rainfall, land degradation variabilities in water availability and limited access to climate information, lack of knowledge of resilient rice varieties and infrastructure, and markets outlets), align with Saud et al., (2022), that rice a climate change sensitive crop. The detrimental effects of climate change on agriculture, and hence, the need for adaptive strategies to mitigate these vulnerabilities, have been reported by Onyeneke (2020) and Yakubu et al. (2021). Generally, meteorological monitoring data and model prediction analysis results have shown that climate warming (temperature) has been significantly higher (Chen et al., 2020), while total precipitation has had a downward slide (Jiang et al., 2021). Increases in temperature and drought disasters poses high risk in reducing areas of cultivation, yields of rice (Vicente-Serrano et al., 2010), with potentials to influence the occurrence or distribution of pests and diseases of rice (Jiang et al., 2021), therefore, seriously restricting the growth of rice, and severely limiting the contribution of technological advances to rice production (Wang et al., 2012; Xie et al., 2018). In addition, limited adaptive capacity, which serves as a prominent vulnerability, underscores the need to ensure farmers' resilience and adaptive capabilities to cope with changing climatic conditions (Pickson and He, 2021). This may be achieved through targeted adaptive measures posed by unpredictable rainfall, which can significantly impact crop yields (Khan et al. 2022; Onyeneke et al. 2021). Furthermore, the lack of climate-resilient varieties and limited access to climate information as notable vulnerabilities in the rice cultivating areas of Benue and Nasarawa States underscore the need to promote climate-smart agricultural practices and provide farmers with relevant information and resources to enhance resilience (Yusuf et al., 2019).
Overall, the vulnerabilities identified in both states require urgent need for comprehensive climate change adaptation strategies tailored to the specific challenges faced by rice farmers in Benue and Nasarawa States. Addressing issues relating to increased temperatures, erratic rainfall patterns, flooding, and the limited adaptive capacity of rice farmers to cope with these threats must be multi-faceted, including the integration of climate-smart practices, capacity-building initiatives, and access to relevant information and resources to enhance the resilience of rice farming communities in these areas.
 
The majority of rice farmers, in Benue (83.1%), and Nasarawa States (76.3%), recognised climate-resilient rice farming practices as useful and important to increase yields, and consequently, income and livelihoods demand the adoption of climate-resilient practices. The top climate-resilient rice farming (capacity building and farmer education, agroforestry and windbreaks, diversification of crop varieties, government support and policy alignment, use drought-resistant rice varieties, market access and value addition respectively), practices were considered reported to have hampered rice production, income and necessitated some of the imports of rice. It is noteworthy to state that the adoption of Climate-Resilient Rice Production (CRRP) approaches can address several critical challenges and simultaneously respond to increasing rice consumption needs, strengthen livelihoods of rice farming communities, allow for diversification of economic activities along the rice value chain, improve the overall national economic well-being, free up hard currency used for rice imports for other national needs, and contribute to political stability (Xie, 2021). Their mitigation will promote adaptation to the climate change threats (https://www. adaptation-fund.org/project/scaling-up-climate-resilient-rice-production-in-west-africa-benin-burkina-faso-co%CC%82te-divoire-the-gambia-ghana-guinea-liberia-mali-niger-nigeria-senegal-sierra-leone-andtogo/#:~:text=By%20using%20the%20Climate%2DResilient,of%20economic%20a). The study also identified the importance of scaling up cost-effective farm management adaptations and providing public services related to mitigating natural disasters to enhance farmers' adaptive capacity, particularly the poor resource farmers in response to extreme events as earlier observed by Huang et al., (2015), especially with regards to capacity building and farmer education  (Kabir et al., 2017), adoption of stress-tolerant crop varieties and crop management practices, crop rice/crop variety,  market access and value addition which were top among the climate change issues which resonated in both states. On the other hand, Upendram et al. (2023) suggested access to institutional resources to explain the adoption rates of different practices between 
Conclusion
The study, therefore, concludes that the socioeconomic characteristics of rice farmers in Benue and Nasarawa states revealed significant patterns. In both States, the majority of rice farmers were males, on average aged 31-50, married and mostly possessed primary education and were itinerant rice farmers of secondary education standard. Their average experience in rice farming ranged between 15 and 20 years, with average annual income distribution or earnings between N251,000 and N500,000. Household sizes predominantly ranged between 4 and 6 persons, and with residencies in their communities of around 30 years. 
The study further elucidated several key aspects of rice cultivation practices, revealing the clear popularity of the Faro 44 rice variety among the farmers. The choice of rice this rice variety was primarily influenced by yield, seed availability, market demand, tolerance to various environmental stressors (drought, flooding, and tolerance to weeds compared to other varieties). However, weed disturbances remained a common production predicament across the respondents in Benue and Nasarawa States, among which were Echinochloa spp., Commelina spp., Cyperus spp. These findings underscore the importance of ensuring weed management and enhancing resilience in rice practices to improve productivity and sustainability.
Also, the study highlighted the diverse climate vulnerabilities affecting rice farming in these States. These included increased temperature, flooding, water logging, soil erosion, erratic rainfall patterns, and land degradation as significant concerns, alongside challenges such as variability of water availability, limited access to climate information, absence of climate-resilient varieties, pest and disease, and lack of infrastructure, respectively, as key to their rice production practices. Based on the results of the study, it is recommended for targeted interventions and adaptation strategies to enhance rice production resilience in both states. Also, for the timely identification of weeds and the adoption of effective control measures. Further to these, are to enhance the ability of rice farming systems to withstand and recover from climate-related shocks and stresses through improved water management, crop variety diversification, and strengthened climate information systems.
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