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Original Research Article
FARMERS’ PERCEPTION ON AGROCHEMICAL USAGE AND RISK ASSESSMENT IN TARABA STATE
ABSTRACT 
	Aims: This study assessed farmers’ perception on agrochemical usage and associated risk practices in Taraba State, Nigeria.
Study design: A multi-stage survey design with structured questionnaire and likert scale.
Place and Duration of Study: Taraba state, covering three wards in each of the sixteen  local government areas and one development area, between October 2024 and July 2025.
Methodology: Data were collected from 416 respondents across 16 Local Government Areas and 1 Development Area Council, using structured questionnaires, with the highest representation from Jalingo LGA (24.3%). The demographic profile indicated a predominantly male (77.0%) and economically active population, mostly aged 31–40 years (35.7%), with small to medium family sizes (0–10 members; 88.0%).
Results: Most respondents were formally educated, with diplomas (26.8%) and secondary education (22.4%) prevailing. Farming was the primary occupation (50.5%), and over 50% of farmers had more than 10 years of experience. Cereal and tuber crops dominated cultivation, with maize (30.4%) and rice (29.4%) as major crops, while groundnut (46.8%) and soybean (18.2%) were the main minor crops. Agrochemical usage was widespread, with herbicides (45.1%) and fertilizers (28.4%) as the most commonly applied inputs. Most agrochemicals were sourced from open markets (63.1%) and individual stores (27.4%). Nearly all farmers (98.1%) used herbicides, favouring products such as Paraforce (24.8%) and Atrazine (23.8%). Farms were predominantly smallholder (<5 ha; 60%), and knowledge of herbicide application was largely obtained through friends (39.2%) and neighbours (26.6%), though extension services contributed (16.7%). While the majority (65.8%) adhered to recommended herbicide application rates, deviations were observed: 20.0% applied below and 14.3% above recommended doses. Hygiene practices were generally good, with 89.2% cleaning up immediately post-application, and 69.7% used personal protective equipment. Risky behaviours such as eating, drinking, or smoking during herbicide application were reported by 10.2% of farmers. Overdose of herbicides was largely attributed to ignorance of recommended doses, distrust in recommendations, and perceptions of high weed pressure. 
Overall, the findings highlight that farming in Taraba State is predominantly small-scale, male-dominated, and reliant on staple crop production, with widespread agrochemical adoption. Knowledge dissemination remains heavily reliant on informal networks, and while safety practices are relatively observed, a substantial proportion of farmers are exposed to chemical risks. 

Conclusion: These insights underscore the need for targeted extension services, education on safe agrochemical use, and regulatory oversight to promote sustainable and safe farming practices 
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1. INTRODUCTION
Industrial, large scale crop production cannot be sustained without usage of basic agrochemicals including herbicide, insecticides and fertilizer. Their effective usage increases yield per hectare as well as quality of the produce harvested from various fields. However, herbicide failure and overdose have been reported in several quarters world over. 
The high risk to soil, human and environmental health of inappropriate usage of herbicides and insecticides are well documented under various conditions [1]. Weeds and insects are major pests militating against crop production and must be effectively handled for such farm or system to be profitable. Herbicides used in maize have been among the pesticides most frequently detected in ground water [2,3] and may adversely affect the environment (land, water, crop and Livestock product) as well as reproductive potential in human [4]. A pesticide is any substance or mixture of substances natural, organic or man-made, used to prevent, destroy or manage pests. Different types of pesticides target different types of pests, e.g., insecticides target insects, herbicides target weeds, and fungicides target fungi that may cause plant diseases. Pesticides can either be synthetic/chemical pesticides or bio/organic pesticides. The World Health Organization classifies pesticides into four classes; I, II, III and U. Class I is sub-divided into two: Ia (extremely hazardous, color coded bright red, with a lethal dose of 1-50mg/kg), e.g. Nuvacron (Monocrotophos), ethyl mercury acetate, zinc phosphide, etc. and Ib (highly hazardous, color coded bright yellow, with a lethal dose of 51-500mg/kg), e.g. Qunialphos, carbaryl, etc. Class II are moderately toxic, color coded bright blue, with a lethal dose of 501-5000mg/kg), e.g. glyphosate, thiram, malathion, etc, while class III are slightly hazardous, color coded bright green, with a lethal dose of >5000mg/kg), e.g. Azadiractin, Mancozab, etc. Class U are unlikely to present acute hazard.

The number of pesticide poisonings is increasing dramatically worldwide. Several media reports on pesticide related health incidences in Nigeria have observed instances of death in Benue, Edo and Kano states (year 2020 with a total of about 328 casualities), Anambra Imo, Katsina, Kwara, Oyo, Sokoto, Zamfara (year 2021 with a total of 66 fatalities and 26 survivors), and Zamfara (year 2022 with a total of 7 fatalities from a family) [5]. The World Health Organization estimates that 385 million farmers fell victim to acute poisoning in 2019 most of them in Asia and Africa [6]. Although developing countries like Nigeria, use only 25% of chemical pesticides produced worldwide, they experience 99% of pesticide deaths [7]. These call for deliberate care whenever herbicide or insecticide is to be applied. 

Taraba is known as an agrarian state with cultivation of several arable crops including maize, rice, cowpea, groundnut, yam, etc. There are a number of methods available to tackle weeds and/or insect pests: physical, cultural, biological, chemical and integrated methods. Several herbicides and insecticides are available for pre-planting, pre-emergent and post-emergent applications depending on the time. Some are also contact, others are systemic. Farmers in the study area who are generally illiterate or semi-literate hardly follow recommended protocols in terms of application rate, preventive measures thus exposing the applicator (spray-men) to health risk through contact via skin, inhalation, re-usage of the container on one hand and on the environment on the other hand
. With the quest for increased production makes manual hoe weeding with attendant drudgery not feasible because of rural-urban migration of able-bodied youths which generally diminishes the amount of available labour [8] [5]. So farmers are faced with the problem of choice of effective herbicides or insecticides as well as the determination of appropriate application rates in addition to lack of usage of protective devices. These calls for an in-depth investigation to generate information for factual orientation.

The objective of the study is to:

i. Identify the types of herbicides used in various crops, method of application and challenges faced. 

ii. Identify the types of insecticides used in various crop production systems across vegetational zones. 

iii. To investigate the level of awareness of above technologies, nature of risk associated and possible solutions.

2. material and methods 
The research was conducted using survey methods across the entire state. The four identified agro-ecological zones, northern guinea savanna, southern guinea savanna, forest zone and semi-temperate region [9] were covered.

 Proportional random sampling was used to select four hundred (416) farmers from selected wards in the sixteen (16) Local governments and one (1) Local development area for the study based on population and size of the LGAs
. 

Structured questionnaire was used to elicit information about herbicide/insecticide technology across major crops; maize, rice, yam, vegetables, and cowpea. Data was collected on respondents’ biodata, types of herbicides/insecticides, application rates and frequency, level of efficacy, degree of failure, nature of risk. 5 -point Likert scale was used to elicit responses about farmers perception of awareness and nature of risk. Data was analysed using SPSS, and results presented in tables.

3. results and discussion
3.1 Results

3.1.1 Questionnaire Distribution Across Local Government Areas (LGAs)

Out of about 450 questionnaires administered, 416 questionnaires were recovered from 16 Local Government Areas (LGAs) and 1 Development Council to establish farmers' perception of the use of agrochemicals and risk assessment. Distribution was highly variable among the LGAs, as presented in Table 1. The highest number of questionnaires was distributed in Jalingo LGA (101; 24.3%), followed by Takum (32; 7.7%), Wukari (30; 7.2%), Bali (30; 7.2%), Gashaka (30; 7.2%), and Gassol (30; 7.2%). Together, these six LGAs accounted for more than half of the distribution (60.8%). Moderate responses were received in Karim Lamido (25; 6.0%), Zing (21; 5.0%), and Lau (21; 5.0%), while lower responses of questionnaires were received in Yorro (18; 4.3%), Donga (17; 4.1%), and Sardauna (13; 3.1%). The lowest response of questionnaires was received in Kurmi (7; 1.7%), Yangtu (7; 1.7%), Ardo-Kola (9; 2.2%), and Ibi (5; 1.2%), all representing less than 3% of the total sample. This distribution pattern both reflects the relative population density of farmers per LGAs and accessibility considerations during fieldwork.
Table 1: Questionnaire Distributions on Local Government Areas
	LGA
	Frequency
	
	Percent

	ARDO-KOLA
	9
	
	2.2

	TAKUM
	32
	
	7.7

	USSA
	20
	
	4.8

	WUKARI
	30
	
	7.2

	YORRO
	18
	
	4.3

	ZING
	21
	
	5.0

	KARIM LAMIDO
	25
	
	6.0

	KURMI
	7
	
	1.7

	YANGTU
	7
	
	1.7

	BALI
	30
	
	7.2

	DONGA
	17
	
	4.1

	GASHAKA
	30
	
	7.2

	GASSOL
	30
	
	7.2

	IBI
	5
	
	1.2

	JALINGO
	101
	
	24.3

	LAU
	21
	
	5.0

	SARDAUNA
	13
	
	3.1

	Total
	416
	
	100.0


3.1.2 Gender, Age and Family Size of Respondent Farmers in Taraba

3.1.2.1 Gender Distribution of Respondents
The majority of the farmers were male (301; 77.0%), while female farmers accounted for 90 (23.0%) (Table 2). This shows that farming in the study area is predominantly male, but females also play an important part in farming operations.
3.1.2.2 Age Distribution of Respondents
The age distribution indicates that the majority of the farmers are in the economically active age groups (Table 2): 31–40 years was the most populous age group (146; 35.7%), followed by 41–50 years (102; 24.9%), and 21–30 years (87; 21.3%). Together, these three age groups accounted for over 80% of the farmers, indicating the dominance of young and middle-aged adults in farming. Older farmers (51–60 years and 61 years and above) were less in number, representing 12.2%, while younger farmers in the age group of 1–20 years made up only 5.9% of respondents..

3.1.2.3 Family Size of Respondents

The results indicate that most farmers had comparatively small to medium family sizes (Table 2): Most (216; 53.7%) had 0–5 members, followed by 138 (34.3%) who had 6–10 members. Few respondents reported bigger families: 11–15 members (33; 8.2%), 16–20 members (10; 2.5%), and hardly any (less than 1%) reported family sizes exceeding 20 members. This trend shows that farm families in Taraba are largely nuclear or small extended families, and that only a minority are maintaining very large family sizes.

Table 2: Gender, Age and Family Size of Respondent Farmers in Taraba
	
	
	
	

	Variables
	Frequency
	Percent
	Valid Percent

	Gender
	
	
	

	Male
	301
	72.4
	77.0

	Female
	90
	21.6
	23.0

	Total
	391
	94.0
	100.0

	No response
	25
	6.0
	 

	Total
	416
	100.0
	 

	
	
	
	

	Age
	
	
	

	1-20 Yrs
	24
	5.8
	5.9

	21-30 Yrs
	87
	20.9
	21.3

	31-40 Yrs
	146
	35.1
	35.7

	41-50 Yrs
	102
	24.5
	24.9

	51-60 Yrs
	40
	9.6
	9.8

	61 And above
	10
	2.4
	2.4

	Total
	409
	98.3
	100.0

	No response
	7
	1.7
	 

	
	
	
	

	Family Size
	
	
	

	0- 5 member
	216
	51.9
	53.7

	6-10 member
	138
	33.2
	34.3

	11-15 member
	33
	7.9
	8.2

	16-20 member
	10
	2.4
	2.5

	21-25 member
	2
	0.5
	0.5

	26-30 member
	1
	0.2
	0.2

	30 and above
	2
	0.5
	0.5

	Total
	402
	96.6
	100.0

	No Response
	14
	3.4
	 


3.1.3 Educational Qualifications, Main Occupation and Years of Farming Experience of Respondent Farmers

3.1.3.1 Educational Qualification of Respondents
The spread shows that most respondents had attained formal education at different levels (Table 3): Diploma graduates were the most visible group (110; 26.8%), followed by secondary education (92; 22.4%), and HND/Degree holders (74; 18.0%). Other notable categories are respondents with NCE (68; 16.5%) and those with primary education (34; 8.3%). A minority reported non-formal education (22; 5.4%), while a total of 11 respondents (2.7%) had attained Master's degree and above. This indicates that the farming community is very literate, with a great percentage having post-secondary education..

3.1.3.2 Main Occupation of Respondents

Findings indicate that (Table 3): Farming (203; 50.5%) is the dominant occupation, followed by civil service (101; 25.1%), and trading (36; 9.0%). Lower numbers of respondents were employed as artisans/self-employed (34; 8.5%), students (19; 4.7%), with very few being retirees (4; 1.0%) or reporting "other occupations" (5; 1.2%). This suggests the predominance of farming as a primary livelihood, though a considerable percentage are also employed in the public service and commerce.

3.1.3.3 Years of Farming Experience

Table 3 shows that the largest number had 6–10 years of experience (123; 30.4%), followed by 11–15 years (83; 20.5%), and 0–5 years (74; 18.3%). Surprisingly, 71 respondents (17.5%) had 16–20 years of experience, and 54 (13.3%) had 21 years and above of farming experience. This explains that the farming population in Taraba comprises relatively experienced farmers since almost half (51.3%) reported over 10 years of farming experience..

Table 3: Highest Educational Qualifications, Main Occupation and Years of Farming Experience of Respondent Farmers

	
	
	
	

	
	Frequency
	Percent
	Valid Percent

	Educational Qualification
	
	
	

	Non – Formal
	22
	5.3
	5.4

	Primary
	34
	8.2
	8.3

	Secondary
	92
	22.1
	22.4

	Diploma
	110
	26.4
	26.8

	NCE
	68
	16.3
	16.5

	HND/Degree
	74
	17.8
	18.0

	Master And Above
	11
	2.6
	2.7

	Total
	411
	98.8
	100.0

	No Response
	5
	1.2
	 

	Main occupation
	
	
	

	Farming
	203
	48.8
	50.5

	Civil Servant
	101
	24.3
	25.1

	Trading
	36
	8.7
	9.0

	Artisan (Self-Employed)
	34
	8.2
	8.5

	Student
	19
	4.6
	4.7

	Any Other Specify
	5
	1.2
	1.2

	Retiree
	4
	1.0
	1.0

	Total
	402
	96.6
	100.0

	No Response
	14
	3.4
	 

	Years of Farming Experience
	
	
	

	0-5 Yrs
	74
	17.8
	18.3

	6-10 Yrs
	123
	29.6
	30.4

	11-15 Yrs
	83
	20.0
	20.5

	16-20 Yrs
	71
	17.1
	17.5

	21 Yrs and Above
	54
	13.0
	13.3

	Total
	405
	97.4
	100.0

	No Response
	11
	2.6
	 


3.1.4 Types of Major and Minor Crops Cultivated by Farmers in Taraba State

3.1.4.1 Major Crops Cultivated

The finding indicates that staple food crops took precedence in Taraba State farming (Table 4): The most widespread crops cultivated were Maize (126; 30.4%) and Rice (122; 29.4%), which together represented approximately 60% of the total responses. Yam (55; 13.3%) and Beans (53; 12.8%) followed as prominent food crops in the zone. Cassava (42; 10.1%) also featured prominently, while tree crops (5; 1.2%), vegetables (11; 2.7%), and other crops (1; 0.2%) were less mentioned. This shows cereal and tuber crops are the mainstay of farming systems in Taraba State.

3.1.4.2 Minor Crops Cultivated

Groundnut (167; 46.8%) was the dominant minor crop, followed by Soybeans (65; 18.2%), and Bambara nut (46; 12.9%) and Beniseed (46; 12.9%) (Table 4). The remaining minor crops were sweet potatoes (22; 6.2%), sugarcane (7; 2.0%), and miscellaneous crops (4; 1.1%). The results indicate that Taraba farmers diversify their crop farming by intercropping staple crops with legumes and oil seeds, namely groundnut and soybeans, which are important to food security and household-level income.

Table 4: Types of Major and Minor Crops Cultivated by Farmers in Taraba State
	
	Frequency
	Percent
	Valid Percent

	Major Crops
	
	
	

	MAIZE
	126
	30.3
	30.4

	YAM
	55
	13.2
	13.3

	RICE
	122
	29.3
	29.4

	BEANS
	53
	12.7
	12.8

	CASSAVA
	42
	10.1
	10.1

	TREE CROP
	5
	1.2
	1.2

	VEGETABLE
	11
	2.6
	2.7

	ANY OTHER SPECIFY
	1
	0.2
	0.2

	Total
	415
	99.8
	100.0

	NO RESPONSE
	1
	0.2
	 

	Minor Crops
	
	
	

	GROUNDNUT
	167
	40.1
	46.8

	BAMBARA NUT
	46
	11.1
	12.9

	SUGAR CANA
	7
	1.7
	2.0

	SOYA BEANS
	65
	15.6
	18.2

	BENISEED
	46
	11.1
	12.9

	SWEET POTATOES
	22
	5.3
	6.2

	ANY OTHER SPECIFY
	4
	1.0
	1.1

	Total
	357
	85.8
	100.0

	NO RESPONSE
	59
	14.2
	 


3.1.5 Types and Sources of Agrochemicals Used by Farmers in Taraba State

3.1.5.1 Types of Agrochemicals Used

The responses indicate that (Table 5): The most common agrochemicals used were herbicides (186; 45.1%), followed by fertilizers (117; 28.4%), and insecticides (68; 16.5%). The other agrochemicals cited are produce storage chemicals (21; 5.1%) and fungicides (16; 3.9%). A very small proportion of respondents reported the use of fish-killing chemicals (2; 0.5%), rodenticides (1; 0.2%), and other unspecified chemicals (1; 0.2%). This reaffirms that weed and soil fertility management are the main drivers of agrochemical use in the study region, with relatively less emphasis on pest and disease control.

3.1.5.2 Sources of Agrochemicals

The results show that (Table 5): the open market (260; 63.1%) was the major source of agrochemicals, followed by purchasing from individual shops (113; 27.4%). Few of the respondents purchased agrochemicals from government/TADP (27; 6.6%) and cooperative shops (12; 2.9%). This has the implication that most farmers rely on informal or private markets for their agrochemical requirements, with possible effects on quality assurance, safety, and chemical use control.

Table 5: Types and Sources of Agrochemicals Used by Farmers in Taraba State
	
	Frequency
	Percent
	Valid Percent

	AGROCHEMICALS
	
	
	

	HERBICIDE
	186
	44.7
	45.1

	INSECTICIDE
	68
	16.3
	16.5

	FERTILIZER
	117
	28.1
	28.4

	FUNGICIDE
	16
	3.8
	3.9

	PRODUCE STORAGE CHEMICAL
	21
	5.1
	5.1

	RODENTICIDE
	1
	0.2
	0.2

	FISH KILLING CHEMICAL
	2
	0.5
	0.5

	ANY OTHER SPECIFY
	1
	0.2
	0.2

	Total
	412
	99.0
	100.0

	NO RESPONSE
	4
	1.0
	 

	SOURCES
	
	
	

	OPEN MARKET
	260
	62.5
	63.1

	TADP/GOVERNMENT
	27
	6.5
	6.6

	COOPERATIVE STORE
	12
	2.9
	2.9

	INDIVIDUAL STORE
	113
	27.2
	27.4

	Total
	412
	99.0
	100.0

	NO RESPONSE
	4
	1.0
	 


3.1.6 Types and Sources of Herbicide Used by Farmers in Taraba State):

3.1.6.1 Herbicide Usage

The finding shows that herbicide use is nearly a universal Taraba State farm practice (Table 6): 403 respondents (98.1%) applied herbicides, as opposed to only 8 respondents (1.9%) who indicated non-use. It shows that herbicides are a core component of farm management practice in the state.

3.1.6.2 Types of Herbicides Used

The results are that (Table 6): Paraforce (100; 24.8%) and Atrazine (96; 23.8%) were the most used herbicides, accounting for nearly half of the responses. Other notable herbicides are Butaforce (44; 10.9%), Atraforce (40; 9.9%), and Roundup (33; 8.2%). Lesser popular chemicals were Primextra (26; 6.5%), Gramoxone (26; 6.5%), Propaforce (12; 3.0%), Pendilin (9; 2.2%), Propanil (9; 2.2%), Orizo (4; 1.0%), and other chemicals not specified (4; 1.0%). These results indicate extensive diversities of herbicides in use, with a clear preference for broad-spectrum kinds like Paraforce and Atrazine.

Table 6: Herbicide Usage among Taraba Farmers
	
	Frequency
	Percent
	Valid Percent

	Herbicide usage
	
	
	

	Yes
	403
	96.9
	98.1

	No
	8
	1.9
	1.9

	Total
	411
	98.8
	100.0

	No response
	5
	1.2
	 

	Types of herbicide
	
	
	

	Atrazine
	96
	23.1
	23.8

	Primextra
	26
	6.3
	6.5

	Gramoxone
	26
	6.3
	6.5

	Pendilin
	9
	2.2
	2.2

	Round Up
	33
	7.9
	8.2

	Paraforce
	100
	24.0
	24.8

	Atraforce
	40
	9.6
	9.9

	Butafroce
	44
	10.6
	10.9

	Propaforce
	12
	2.9
	3.0

	Orizo
	4
	1.0
	1.0

	Propanil
	9
	2.2
	2.2

	Any other specify
	4
	1.0
	1.0

	Total
	403
	96.9
	100.0

	No response
	13
	3.1
	 


3.1.7 Farm Size and Source of Knowledge of Herbicide Technology:

3.1.7.1 Farm Size of Respondents

The distribution is as follows (Table 7): The majority of the farmers had small to medium holdings, with the largest numbers of 1–3 ha (101; 25.0%), 3–5 ha (77; 19.1%), and <1 ha (64; 15.8%). Medium farm sizes were 5–7 ha (55; 13.6%) and 7–10 ha (57; 14.1%). Smaller numbers of farmers had larger farm sizes, such as 10–15 ha (39; 9.7%), 15–20 ha (9; 2.2%), and above 20 ha (1; 0.2%). This shows that farming in Taraba State is predominantly smallholder in scale, though some of the respondents were involved in medium- to large-scale farming.

3.1.7.2 Source of Knowledge of Herbicide Technology

The results show that farmers learned through informal and formal sources (Table 7): Friends (159; 39.2%) and neighbours (108; 26.6%) were the most common sources, suggesting high reliance on peer-to-peer learning. Extension services (68; 16.7%) also played a large role in knowledge transmission. The remaining sources were relatives (47; 11.6%), radio (12; 3.0%), and television (12; 3.0%). This dissemination shows that even though formal extension services are crucial, informal social networks remain the dominant channel for diffusing herbicide-related knowledge among farmers.
Table 7: Farm Size and Source of Knowledge of Herbicide Technology
	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	FARM SIZE
	
	
	
	

	< 1 ha
	64
	15.4
	15.8
	15.8

	1-3 ha
	101
	24.3
	25.0
	40.8

	3-5 ha
	77
	18.5
	19.1
	59.9

	5-7 ha
	55
	13.2
	13.6
	73.5

	7-10 ha
	57
	13.7
	14.1
	87.6

	10-15 ha
	39
	9.4
	9.7
	97.3

	15-20 ha
	9
	2.2
	2.2
	99.5

	> 20 ha
	1
	0.2
	0.2
	99.8

	Any other specify
	1
	0.2
	0.2
	100.0

	Total
	404
	97.1
	100.0
	 

	No response
	12
	2.9
	 
	 

	SOURCE OF KNOWLEDGE OF HERBICIDE TECHNOLOGY

	Friend
	159
	38.2
	39.2
	39.2

	Neighbour
	108
	26.0
	26.6
	65.8

	Radio 
	12
	2.9
	3.0
	68.7

	Extension 
	68
	16.3
	16.7
	85.5

	Relatives
	47
	11.3
	11.6
	97.0

	Television
	12
	2.9
	3.0
	100.0

	Total
	406
	97.6
	100.0
	 

	No response
	10
	2.4
	 
	 


3.1.8 Years of Experience, Risk Habits, and Personal Protection in Herbicide Technology among Taraba Farmers
3.1.8.1 Years of Experience in Herbicide Technology

The results indicate that (Table 8): The most numerous groups of farmers had 2–5 years (132; 32.6%) and 6–10 years (132; 32.6%) of experience with herbicides. A smaller but notable group had 11–15 years (52; 12.8%) of experience. Few respondents indicated 16–20 years (14; 3.5%), and 43 (10.6%) had been using herbicides for more than 20 years. New adopters (<1 year) were 32 respondents (7.9%). This shows that the majority of farmers have moderate experience (2–10 years) in the use of herbicides, suggesting relatively recent but extensive adoption.

3.1.8.2 Risk Habits during Herbicide Application

The findings are that (Table 8): 368 respondents (89.8%) reported that they avoided risky habits, and 42 respondents (10.2%) reported that they did engage in them. Although most take precautions, risky habits among one-tenth of respondents represent a health hazard.

3.1.8.3 Use of Personal Protective Accessories

The results show that (Table 8): 287 respondents (69.7%) used protective accessories, while 125 respondents (30.3%) did not. This means that although most farmers utilize protective measures, a considerable percentage (about one-third) continue to use herbicides without the use of protective equipment, thus exposing themselves to chemical exposure.

Table 8: Years of Experience, Risk Habits, and Personal Protection in Herbicide Technology among Taraba Farmers
	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Year of experience in herbicide technology

	< 1 Yr
	32
	7.7
	7.9
	7.9

	2-5 Yrs
	132
	31.7
	32.6
	40.5

	6-10 Yrs
	132
	31.7
	32.6
	73.1

	11-15 Yrs
	52
	12.5
	12.8
	85.9

	16-20 Yrs
	14
	3.4
	3.5
	89.4

	20 Yrs above
	43
	10.3
	10.6
	100.0

	Total
	405
	97.4
	100.0
	 

	No response
	11
	2.6
	 
	 

	Eating, smoking and drinking during herbicide application

	Yes
	42
	10.1
	10.2
	

	No
	368
	88.5
	89.8
	

	Total
	410
	98.6
	100.0
	

	No response
	6
	1.4
	 
	

	Use of personal protective accessories

	Yes
	287
	69.0
	69.7
	

	No
	125
	30.0
	30.3
	

	Total
	412
	99.0
	100.0
	 

	No response
	4
	1.0
	 
	 


3.1.9 Herbicide Usage-Practices Rates among Taraba Farmers:

3.1.9.1 Cleaning Up After Herbicide Application

Results are (Table 9): 363 respondents (89.2%) reported cleaning up immediately, while 44 respondents (10.8%) did not. This indicates good hygiene practice by most farmers, but a small percentage are exposed to prolonged risk.
3.1.9.2 Crops Treated with Herbicides

The results show that herbicides are used on a number of crops, with dominance in cereal farming (Table 9): Maize (197; 48.2%) and Rice (112; 27.4%) were the most treated crops and together represented over three-quarters of the responses. The other treated crops were Yam (47; 11.5%), Beans (28; 6.8%), and Cassava (16; 3.9%). Only a few respondents reported using herbicides on vegetables (6; 1.5%), tree crops (1; 0.2%), and other crops (2; 0.5%). This shows that the use of herbicides is highly concentrated in the farming of staple food crops, primarily cereals.

3.1.9.3 Herbicide Application Rates

The patterns of herbicide application rate are that (Table 9): The majority, 263 respondents (65.8%), used herbicides at the recommended rate, while 80 respondents (20.0%) used herbicides at less than the recommended rate and 57 respondents (14.3%) used in excess of the recommended rate. This indicates that while the majority of farmers follow recommended practice, about one-third still deviate, either under- or over-doing, which can reduce effectiveness or increase risks.

Table 9: Washing, Crops Treated, and Application Rates among Taraba Farmers
	
	Frequency
	Percent
	Valid Percent

	CLEANING UP IMMEDIATELY AFTER OPERATION

	Yes
	363
	87.3
	89.2

	No
	44
	10.6
	10.8

	Total
	407
	97.8
	100.0

	No response
	9
	2.2
	 

	CROP FARMS WHERE HERBICIDES HAVE BEEN USED

	Maize
	197
	47.4
	48.2

	Yam
	47
	11.3
	11.5

	Rice
	112
	26.9
	27.4

	Beans
	28
	6.7
	6.8

	Cassava
	16
	3.8
	3.9

	Tree crop
	1
	0.2
	0.2

	Vegetable
	6
	1.4
	1.5

	Any other specify
	2
	0.5
	0.5

	Total
	409
	98.3
	100.0

	No response
	7
	1.7
	 

	HERBICIDE APPLICATION RATES OFTEN USED

	Below recommended
	80
	19.2
	20.0

	Recommended
	263
	63.2
	65.8

	Above  recommended
	57
	13.7
	14.3

	Total
	400
	96.2
	100.0

	No response
	16
	3.8
	 


3.1.10 Farmers’ Perceptions on Causes of Herbicide Over-application

Farmers were asked about possible causes of why herbicide over-dose rates occur. Responses were measured under five scales: Strongly Agree (SA), Agree (A), Undecided (U), Disagree (D), and Strongly Disagree (SD). The results reveal some significant patterns (Table 10): About 74% (SA 50.5%, A 23.4%) of farmers believed overdose is a result of their ignorance of the correct dose, the most highly perceived reason. More than three-quarters (78.2%) of farmers (SA 28.2%, A 50.0%) indicated that farmers overdose because they do not trust the recommended dosage. Similarly, about 73.9% (SA 36.5%, A 37.4%) believed overdose is caused by ineffectiveness of recommended doses in the past. About 58% (SA 19.0%, A 39.0%) agreed that overdosing is caused by the easy availability of herbicides. Farmers were divided on cost of herbicides: while 42.4% (SA 22.3%, A 20.1%) believed low price encourages overdose, 46.7% disagreed (D 26.1%, SD 20.6%), reflecting contrasting opinions. Over half (54.5%) agreed that absence of proper measuring equipment leads to overdosing. On poor Water for Mixing – 42.5% (SA 20.6%, A 21.9%) agreed, but the same percentage (46.8%) disagreed, so farmers were split. Almost an overwhelming majority (72.1%) agreed that heavy weed pressure leads to higher-than-recommended applications. Similarly, about 74.7% (SA 42.9%, A 31.8%) agreed farmers overdose because they want completely weed-free farms. Slightly over half (53%) agreed that expired herbicides lead to overdosing, and about 33.7% disagreed. Roughly three-fourths (72.9%) believed overdosing occurs because of the temporary impact of herbicides. The findings show the main causes of overdose in herbicide application are: Mistrust and unawareness of recommended dosage, Perceived ineffectiveness of recommended rates, Severe weed infestation, and Desire for complete weed annihilation. Herbicide cost and water scarcity, on the contrary, were perceived less consistently across the respondents.

Table 10: Farmers’ Perception on Causes of Overdose Herbicide Rate
	
	
	SA
	A
	U
	D
	SD
	Total
	Mean Score

	1
	They don't know the recommended dose
	205
	95
	20
	57
	29
	406
	3.96

	
	%
	50.5
	23.4
	4.9
	14.0
	7.1
	100.0
	

	2
	They don't trust the recommended dose
	115
	204
	33
	41
	15
	408
	3.89

	
	%
	28.2
	50.0
	8.1
	10.0
	3.7
	100.0
	

	3
	The recommended dose has failed in the past
	148
	152
	47
	35
	24
	406
	3.90

	
	%
	36.5
	37.4
	11.6
	8.6
	5.9
	100.0
	

	4
	The herbicide is readily available
	77
	158
	45
	86
	39
	405
	3.37



	
	%
	19.0
	39.0
	11.1
	21.2
	9.6
	100.0
	

	5
	The herbicide is cheap
	90
	81
	44
	105
	83
	403
	2.98



	
	%
	22.3
	20.1
	10.9
	26.1
	20.6
	100.0
	

	6
	They don't have measuring instrument
	77
	143
	27
	106
	51
	404
	3.22



	
	%
	19.1
	35.4
	6.7
	26.2
	12.6
	100.0
	

	7
	No enough water to mix herbicide
	83
	88
	43
	114
	74
	402
	2.98



	
	%
	20.6
	21.9
	10.7
	28.4
	18.4
	100.0
	

	8
	The weed is too much
	127
	162
	37
	45
	30
	401
	3.78

	
	%
	31.7
	40.4
	9.2
	11.2
	7.5
	100.0
	

	9
	People don't want weed at all
	174
	129
	31
	43
	29
	406
	3.93


	
	%
	42.9
	31.8
	7.6
	10.6
	7.1
	100.0
	

	10
	The herbicide are expired
	84
	132
	54
	78
	59
	407
	3.26



	
	%
	20.6
	32.4
	13.3
	19.2
	14.5
	100.0
	

	11
	Effect is short lived (does not last long)
	143
	153
	35
	48
	27
	406
	3.83

	
	%
	35.2
	37.7
	8.6
	11.8
	6.7
	100.0
	


Mean scores on each of the 11 perception items, scored on a 5-point scale (SA=5, A=4, U=3, D=2, SD=1) are given above.  Grand Mean (all items): 3.55. Items with mean ≥ 3.5 indicate strong agreement among farmers; mean < 3.5 indicate weaker or mixed perceptions. This means the top perceived causes of herbicide overdose are unawareness of dosage, failure or lack of trust in recommended dose, and weed pressure/weed intolerance, with cost and water scarcity being the least perceived causes. 

3.1.11 Farmers’ Perceptions on Herbicide Risk

To eating, smoking, or drinking while working, a very high proportion (83.5% = SA 70.3% + A 13.2%) agreed that it is unsafe (Table 11). Only 13% disagreed (D+SD) and 3.4% were not sure. Similarly, majority (82.8% = SA 35.5% + A 47.3%) agreed non-use of protective clothing is unsafe. Only 12.5% disagreed and 4.7% were not sure. About 79.5% (SA 41.6% + A 37.9%) rated the practice of re-use of herbicide containers for domestic use as unsafe. Only 15.1% disagreed while 5.4% were not sure. In the same way, a high 84.1% (SA 27.3% + A 56.8%) agreed poor disposal of containers after use is risky. Just 9.6% disagreed and 6.4% were unsure. About 80.3% (SA 42.6% + A 37.7%) rated "not cleaning sprayer/equipment immediately" as risky. Only 10.8% disagreed while 8.8% were unsure. A high percentage (80.1% = SA 29.6% + A 50.5%) agreed storage of herbicides/equipment in home stores is risky. About 12.3% disagreed and 7.6% were undecided. For all items, at least 79% of farmers rated each practice given as a risk. The highest perceived risks were improper container disposal (84.1%) and eating, smoking, or drinking during handling (83.5%), and the lowest was still high (79.5% for re-using containers). This suggests farmers highly perceive herbicide handling and use practices as risky, with unsafe consumption behavior and unsafe cleaning behavior perceived as most risky.

Table 11: Percentage Distribution of Farmers’ Perception on Herbicide Risk
	
	Nature of herbicide risk
	SA
	A
	U
	D
	SD
	Total
	Mean Score

	1
	Eating, smoking or drinking during the operation
	287
	54
	14
	19
	34
	408
	4.32

	
	%
	70.3
	13.2
	3.4
	4.7
	8.3
	100.0
	

	2
	Non usage of protective device
	145
	193
	19
	28
	23
	408
	4.07

	
	%
	35.5
	47.3
	4.7
	6.9
	5.6
	100.0
	

	3
	Re-usage of containers for domestic purpose
	169
	154
	22
	23
	38
	406
	3.99

	
	%
	41.6
	37.9
	5.4
	5.7
	9.4
	100.0
	

	4
	Poor disposal of containers after usage 
	111
	231
	26
	26
	13
	407
	4.00

	
	%
	27.3
	56.8
	6.4
	6.4
	3.2
	100.0
	

	5
	Not cleaning up the sprayer/ equipment immediately
	174
	154
	36
	26
	18
	408
	3.96

	
	%
	42.6
	37.7
	8.8
	6.4
	4.4
	100.0
	

	6
	Keeping of herbicide/ equipment in general house store
	120
	205
	31
	20
	30
	406
	3.91

	
	%
	29.6
	50.5
	7.6
	4.9
	7.4
	100.0
	


Mean scores of all 6 perception items on a scale of 5 (SA=5, A=4, U=3, D=2, SD=1) are given above.  Grand Mean = 4.04. Mean ≥ 3.5 indicate strong agreement among the farmers; mean < 3.5 indicate weaker or inconsistent perceptions. Farmers have indicated some practices that expose them to risk of herbicides. Weighted mean scores were calculated for each risk factor. Consumption, smoking, or ingestion after applying herbicides recorded the highest mean (4.32), signifying very strong agreement that it is a considerable risk. Not washing equipment after each use (mean 4.07) and refilling containers for domestic use (mean 3.96) also ranked very high. Burial or burning of containers (mean 3.99) and storage of herbicides in general domestic storage (mean 3.91) were also regarded as considerable risks. Failure to use protective equipment (grand mean 4.00) was also strongly highlighted as a great risk. The grand mean of 4.04 meant that farmers generally did recognize herbicide usage to be risky, most significantly because of improper handling and a lack of proper personal protection measures. 

3.2 Discussion

Uneven questionnaires distribution—with Jalingo LGA accounting for almost one-quarter of all respondents, is as a result of population concentrations or fieldwork convenience. Similar research emphasizes that logistical limitations can skew regional representation [10,11]. The biased sampling in more convenient LGAs may cause skewed conclusions, and therefore prudent generalization is required [12].

The majority of respondents were men (77%), supporting evidence that rural farming in Nigeria is predominantly masculine [13].

As per that, the reason that 23% of farmers were women renders female contributions to agriculture, although lesser noted [14]. The reason why farmers are agglomerated within prime working age (21–50 years, over 80%) aligns with population dynamics in agricultural labour force participation [15]. That reduced household sizes (0–5 persons for 53.7%) signify nuclear family types are predominant, possibly affecting labour availability and agrochemical handling practices [16]. Large percentages of post-secondary education (Degree, HND/Diploma combined above 60%) suggest that farmers are a relatively well-educated group, which can have implications for understanding agrochemical risk [17].

However, most respondents remain largely dependent on agriculture; the remainder are in petty trading or in the civil service, showing livelihood diversification [18]. Most of the farmers possess 6–10 years of experience, indicating moderate use of herbicides but perhaps not advanced skill levels—risk behavior explained below may be a reason [19]. Maize and rice are the major crops, and they cover nearly 60% of cultivation, indicative of staple food crops and market demand for Taraba State [20]. Groundnut is the major minor crop (46.8%), followed by soybeans and bambara nut—indicative of common cropping patterns comprising staples with legumes for food security and soil fertility [21].

Fertilizers (28%) and herbicides (45%) are the most frequent agrochemicals applied, and they point to weed management and soil fertility as issues of concern. This is in line with country-level trends towards intensification of mechanized farming [22]. Reliance on the open market (63.1%) for supplies reflects a dearth of quality control and training at the level of sale [23]. Government and cooperative outlets only have limited shares to provide, limiting formal support structures [24].

Almost all of them (98.1%) use herbicides, justifying widespread use in modern agriculture. The most common products—Paraforce (24.8%) and Atrazine (23.8%)—are all-purpose herbicides known for potency, but often abused [25]. The multitude of brands reflects diversity of access and perhaps differential application of safe use.

Most of the farmers (more than 45%) own small farms (<5 ha), which are typical of smallholder farm systems in Nigeria [26]. Technological knowledge of herbicides is disseminated mainly by social contacts—neighbors (26.6%) and friends (39.2%)-more often than by extension agencies (16.7%). Peer-to-peer dissemination of such technical knowledge is technically incorrect [27], raising further the need to build formal training channels.

The farmers typically have 2–10 years' herbicide experience (more than 65%), which suggests cumulative exposure. Although most avoid risky behavior at the point of application (about 90% do not eat/smoke/drink), about 10% do, suggesting continued unsafe practice [7]. About 70% use personal protective equipment, so nearly a third continue to apply herbicides unprotected—a serious health and safety risk [28].

Good personal hygiene is common: nearly 90%. clean up straight away after use, which likely reduces exposure risks [29]. Herbicide use is most common in the production of maize and rice (75% combined. together), consistent with their role as staple foods. Most farmers (65.8%) use recommended doses, but large. minorities under-dose (20%) or over-dose (14%), which could lead to ineffective control or soil contamination [30].

The highest-rated causes of overdose are lack of knowledge of recommended dose (mean 3.96), disbelief in recommended doses (3.89), shortcomings of recommended rates (3.90), and strong desire for weed removal (3.93), followed by weed pressure and temporary effects. This is a blend of technical and behavior drivers—farmers use surplus when the recommendation is seen as ineffective or as lacking [7,31]. Items ranked below the grand mean (e.g., cost, water constraint) represent less priority in decision-making.

Over 80% of the farmers point to the dangers in the habits of consumption, smoking, improper disposal, and failure to wear protective equipment, with "improper disposal of containers" recording highest agreement (84.1%) and "reuse of containers" being slightly lower (79.5%). Such awareness provides a channel for targeted interventions, although behavior can still lag behind perceived risk [32].
4. Conclusion

Overall, the findings highlight that farming in Taraba State is predominantly small-scale, male-dominated, and reliant on staple crop production, with widespread agrochemical adoption. Knowledge dissemination remains heavily reliant on informal networks, and while safety practices are relatively observed, a substantial proportion of farmers are exposed to chemical risks. These insights underscore the need for targeted extension services, education on safe agrochemical use, and regulatory oversight to promote sustainable and safe farming practices 
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