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ABSTRACT 

	In Delta State, Nigeria, tomato production is a large agricultural sector with substantial potential for food security and revenue generation. However, producers continue to encounter efficiency and profitability difficulties that call for empirical economic appraisal. This research therefore, evaluated the economic performance and technical efficiency of tomato farmers in Delta State, Nigeria. Multistage sampling method was used to select 240 tomato farmers. The structured questionnaires were used to gather data and analysed through descriptive statistics, cost and return analysis, and stochastic frontier production functions. The findings showed that the average age of farmers was 41 years with 67.5% female and 66.3% married. Tomato production was found to be profitable, with a total revenue of ₦5,600,000 per hectare, gross margin of ₦3,193,969.17 and net farm income of ₦3,139,641.88. The benefit cost ratio was 2.27, indicating that for every ₦1 invested, ₦2.27 was returned. The mean technical efficiency was 83%, showing that farmers were operating close to the frontier, but with room for efficiency improvement. Technical inefficiency was considerably decreased by education, visits to the extension, membership in associations and access to credit but was amplified by age and household size. Some of the major constraints that were identified were pest and disease pressure, lack of proper storage facilities, climate related issues and middle man interference. The research arrived at the conclusion that tomato business is cost effective in the region and the government and financial institutions were advised to ease accessibility to cheap credit by tomato growers in order to increase production and efficiency.
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1. INTRODUCTION 

Tomato (Lycopersicon escolentum) production is a significant agricultural activity, It is assumed as the popular and widely grown vegetables in the world. Enagi (2024) stated that tomato is high in vitamins, minerals antioxidants and nutritious. Umar (2019) included that tomato is rich in essential amino acids, dietary fibers and sugar.  It originated from South America as an edible commodity but usage started in Mexico and then spread throughout the world. Tomato is eaten fresh as salad or they may be processed into pastes or purees, which are used for cooking soups or stews and producing fruit drinks.
In Delta State, tomato farmers are predominantly smallholder farmers planting on between 0.5 – 2 acres of land accounting for 90% of production under rained, while 10% commercial producers are done under drip irrigation system (Okpue, 2017)). Meanwhile, the technical land resource efficiency of tomato production needs to be quickly checked in Delta State for profitability to be achieved among producers of tomato. This examination will help to increase the profitability of farmers through an improved input utilization and increasing technical efficiency level (Ochilo et al.,2019).
Technical efficiency is enablement of farmers towards achieving better output with available goods and services through the use of definite technology (Obianefo et al., 2021). It is when the level of technical efficiency and its determinants are identified that tomato farmers can improve production capacity that will lead to profitability among tomato farmers in Delta state. Technically Efficient tomato enterprise utilizes input more appropriately generating higher yield at a reduced price (Younas et al., 2024).
Despite its potential for profitability, tomato farming faces numerous challenges that hinder its efficiency and economic viability such as weak production activities due to decrease in fertility of the soil, scarce of seed of hybrid origin, lack of improved technology, inadequate pest and weed control, lack of irrigation, and lack of processing and marketing infrastructure. (Shafiwu et al., 2022; Ugonna, et al., 2015).  
Adegbite and Adeoye (2015 have argued that low yields of tomato are as a result of inefficient production techniques manifested in technical inefficiencies, over-reliance on household causing low tomato yield per hectare. On the other hand, Ochilo, et al. (2019) assert that enchancing production and profitability of tomato can be improved through increasing economic efficiency levels of tomato farmers.
Delta State is good for tomato production because of favourable climate and suitable soil. Despite these, tomato farmers in Delta State encounter several obstacles, including high production costs, pest and disease pressures, inadequate infrastructure, and limited access to quality inputs. In reality, 40 – 50% of tomato produced in Delta State is lost due to the poor handling and lack of storage/preservation facilities (Okpue, 2017)). These challenges create scarcity and high cost of tomatoes in the study area. These issues contribute to suboptimal technical and economic efficiencies. Understanding these challenges and identifying effective interventions is crucial for enhancing the productivity of tomato farming in the State. This study seeks to analyze the technical and economic efficiencies of tomato production, examining the socioeconomic characteristics of farmers, cost and returns, factors influencing profitability, and the constraints they face.
The specific objectives are to:
i. Examine the socioeconomic characteristics of tomato farmers in Delta State.
ii. Estimate the technical and economic efficiency of tomato production.
iii. Identify the constraints faced by tomato farmers in the study area.
2. methodology

2.1 Study Area  
The study was conducted in Delta State, Nigeria, focusing on four Local Government Areas (LGAs): Aniocha North, Oshimili North, Ika North East, and Oshimili South. The State cover a landmass of about 17,698km2 (6,970 sq ml), of which more than 60% is land. The state is located approximately between latitudes 5°00′N and 6°30′N and longitudes 5°00′E and 6°45′E. Delta state currently has twenty-five local government areas. The states bordering Delta state are Edo to the north, Ondo to the northwest, Anambra to the east and Bayelsa and Rivers to the southeast. On its southern flank is 160km of the coastline of the Bight of Benin. Delta State has three agricultural zones, namely Delta South, Delta Central Delta North. The state has a projected population of 5,636,100 (National Bureau of Statistics (NBS), 2022).  Delta North which is the agricultural zone has a tropical climate marked by two distinct seasons, the dry and rainy season. The dry season occurs between November and March. The rainy season starts in April until October, Arable and permanent crops are cultivated in the different farming communities in the zone, fish and livestock of different types are also farmed in the agricultural zone. 
2.2 Data Collection
Data was collected through structured questionnaires.  A multistage and purposive sampling procedure was employed to select 240 respondents from the four LGAs. Information were solicited from respondents (tomato farmers). The socio-economic characteristics information on sex, age, educational level, household size, experience in tomato farming, membership of association, contact with extension workers, access to credit and off-farm income and farmer’s income were elicited. Farm specific information that were solicited for included tomato output, hybridized seed, pesticide used, herbicide used, type of irrigation employed, farm size, labour used, type of farming system used and fertilizer used. The researchers were assisted by trained enumerators in the collection of data.
2.3 Data Analysis
Data was analyzed utilizing descriptive statistical and econometric techniques. Descriptive statistics include means, tables, percentages, stochastic frontier production function and likert were be employed. Descriptive statistics such as means, tables, percentages, and frequencies were used to describe the socioeconomic characteristics of farmers. Stochastic frontier production function using the Cobb-Douglas production function was used to assess technical and economic efficiency. 
2.4 Model Specification
Stochastic Frontier Production Model 
The stochastic frontier production model is specified as:

where:
= output of tomato (kg) for the farmer;
= intercept term;
= parameters to be estimated;
= quantity or cost of the input used by the farmer;
= symmetric random error term assumed to be independently and identically distributed as , capturing measurement errors and random shocks such as weather;
= non-negative inefficiency term representing technical inefficiency, assumed to be independently distributed and truncated at zero.
Specifically, the empirical model for tomato production is expressed as:

where:
= quantity of seed used (kg/ha);
= cost of seed (₦);
= quantity of fertilizer used (kg/ha);
= cost of fertilizer (₦);
= quantity/cost of agrochemicals (₦ or litres);
= irrigation cost (₦);
= labour cost (₦);
.
Inefficiency Model
The inefficiency effects are modeled as a function of farmers’ socioeconomic and institutional characteristics following Gupta and Badal (2021) and Gupta et al. (2021).:
where:
= technical inefficiency effect;
= intercept;
= parameters to be estimated;
= inefficiency variables;
= random error term.
The inefficiency variables include:
Age of farmer (years);
Marital status (dummy);
Education (years of schooling);
Household size (number);
Membership of association (dummy);
Extension contact (number of visits);
Access to credit (dummy);
Monthly income (₦).
Variance Parameters
The variance parameters are defined as:
where:
= total variance;
= ratio of inefficiency variance to total variance, measuring the contribution of technical inefficiency to output variation.
Measurement of Technical Efficiency
Technical efficiency (TE) for each farmer is computed as:

where . A value closer to 1 indicates higher technical efficiency.
Likert Type Scale
four-point likert type scale was used to assess the constraints of tomato farmers.
A four-point Likert-type scale of Poor =1; Average = 2; Good = 3 and Excellent = 4 was used to ascertain their responses. 
Determination of cut-off point;
Cut-off point (x) = 
The mean of the response value which is 2.50 was taken as the cut-off point. This implies that statement with score of 2.50 and above are those that respondents agreed with.

3. results and discussion

3.1 Socioeconomic Characteristics of Tomato Farmers
The socioeconomic profile of tomato farmers in Delta State as shown in Table 1 shows that women (67.5% dominate tomato production in Delta State) meaning tomato farming is a major source of livelihood and empowerment among women in rural areas. This observation has been corroborated by Adeoye (2021), who also noted that women are significantly involved in the production and marketing of vegetables in Nigeria and thus providing significant contributions to the household nutrition and income level. The average age of 41 years implies that tomato cultivation is conducted by the economically active population, which can cope with the harsh conditions of farming, which can also be compared to the average age of 44 years mentioned by Mailumo et al. (2025) among the small-scale tomato farmers in northern Nigeria. The majority of farmers were married (66.3%), which implies that family labour is an essential factor in production decision-making and farm operations. The advanced level of education 67.5% with at least secondary education indicates a positive potential of adoption of modern farming practises, an aspect that Al-Salmi and Nadaf (2025) identified to be significantly effective in increasing technical efficiency when it comes to tomato production. The six-person household size is enough to offer the family labour in production activities, as it is in the report of Alabi et al. (2024), who indicated that the mean household size of tomato farmers in Kaduna State was seven persons.  
The percentage of those who belonged to farmers associations was about 67.5% and this means that there is increased accessibility to inputs and credit as well as extension services, which in turn lead to increased productivity and efficiency. The exposure to extension agents was however low with the farmers being visited an average of two times in a season. Such limited extension contact can restrict knowledge transfer and diffusion of technology, as Aloysius et al. (2021) emphasised the significance of the intensity of the extension service to productivity improvement. Just 35% of the farmers accessed credit, which is a significant institutional limitation reported by Alabi et al. (2023), who found that the lack of credit limited the possibilities of farmers to use better inputs and technologies. The average income of ₦221,836.77 in a monthly basis shows the economic importance of tomato farming as a lucrative activity in the region, which supports the profitability findings of Agbede et al. (2023) that tomato production was economically viable among the Nigerian smallholders. 

Table 1.	Socioeconomic Characteristics of Tomato Farmers (n = 240)

	Variable / Category
	Frequency
	Percentage (%)
	Mean / Mode

	Sex
	
	
	Mode = Female

	Male
	78
	32.5
	

	Female
	162
	67.5
	

	Age (years)
	
	
	Mean = 41 years

	21–30
	45
	18.8
	

	31–40
	87
	36.3
	

	41–50
	63
	26.3
	

	Above 50
	45
	18.8
	

	Marital Status
	
	
	Mode = Married

	Single
	42
	17.5
	

	Married
	159
	66.3
	

	Divorced
	15
	6.3
	

	Widowed
	24
	10.0
	

	Education
	
	
	Mode = Secondary

	No formal
	27
	11.3
	

	Primary
	51
	21.3
	

	Secondary
	90
	37.5
	

	Tertiary
	72
	30.0
	

	Household Size (persons)
	
	
	Mean = 6 persons

	1–4 persons
	57
	23.8
	

	5–8 persons
	138
	57.5
	

	Above 8 persons
	45
	18.7
	

	Membership of Association
	
	
	Mode = Yes

	Yes
	162
	67.5
	

	No
	78
	32.5
	

	Contact with Extension Agent (per season)
	
	
	Mean = 2 visits

	0–1 times
	93
	38.8
	

	2–3 times
	105
	43.8
	

	4 times and above
	42
	17.5
	

	Access to Credit
	
	
	Mode = No

	Yes
	84
	35.0
	

	No
	156
	65.0
	

	Monthly Income (₦)
	
	
	Mean = ₦221,836.77

	50,000 – 150,000
	69
	28.8
	

	151,000 – 250,000
	108
	45.0
	

	251,000 – 350,000
	45
	18.8
	

	Above 350,000
	18
	7.5
	



3.2 Cost and Return Analysis of Tomato Production per Hectare 
The cost and return analysis in Table 2 reveals that tomato production in the study area is a very lucrative agribusiness enterprise. The variable cost of production per hectare was N₦,406,030.83 with the total cost including depreciation being ₦2,460,358.12. The greatest portion of the production cost was made up of labour (35.05 %) showing that production of tomatoes is labour-intensive. This prevalence of labour cost is in line with the results of Amos (2022) and Al-Salmi and Nadaf (2025) who indicated that labour was the highest cost factor in vegetable production because land preparation, weeding, mulching, staking and harvesting were all done manually. The second largest cost element (23.43 %) was fertiliser itself, which shows the high concentration of inorganic fertilisers application to increase productivity. This was also echoed by Oladapo et al. (2023), who observed that fertiliser expenses added over 20 percent of overall variable expenditures in tomato cultivation among smallholder farmers. The cost of land preparation and irrigation represented also made up very big proportions (16.84 % and 8.39 % respectively) which means that availability of irrigation and mechanised land preparation are important cost drivers in tomato production, particularly in the regions where the distributions of rainfalls cannot be trusted.  
On the revenue front, the study revealed that an average yield of 7,000 kg/ha sold at ₦800/kg accrued a total revenue of ₦5,600,000/ha. This gave a gross profit margin of ₦3,193,969.17 and a net farm profit of ₦3,139,641.88, and the benefit-cost ratio (BCR) was 2.27. Therefore, an investment of N1 in the production of tomatoes will yield ₦2.27 to the farmers showing an economical viability. This observation is in line with Adewumi et al. (2024) who had mentioned that tomato cultivation is a lucrative activity among smallholder farmers in south-western Nigeria, whose net returns are positive and their BCR are favourable. Likewise, Agbede et al. (2023) have indicated that tomato production has high financial returns because of the growing demand in the urban market and favourable prices of production in the Nigerian markets. Consequently, the indices of profitability in this research highly demonstrate that tomato agricultural activity is a serious income-earning venture that has the capacity of enhancing livelihoods and triggering the economic development of rural areas in Delta State.
Table 2	Cost and Return Analysis of Tomato Production per Hectare

	Cost/Return Item
	Quantity
	Unit Cost (₦)
	Total Cost (₦)
	% of TVC

	Cost
	
	
	
	

	Tomato seed (hybrid)
	4.2 kg
	10,218.66
	42,918.37
	1.78%

	Fertilizer (NPK + Urea)
	1,350 kg
	418.42
	563,882.49
	23.43%

	Agro-chemicals / Pesticides
	28.5 litres
	3,241.11
	92,371.44
	3.84%

	Irrigation water/energy cost
	
	
	201,927.83
	8.39%

	Land preparation (tractor, ridging)
	
	
	405,126.92
	16.84%

	Labour (land prep, weeding, spraying, harvest)
	210 man-days
	4,015.38
	843,229.77
	35.05%

	Transportation of produce
	14 trips
	10,845.75
	151,840.53
	6.31%

	Miscellaneous operating costs
	
	
	105,732.48
	4.39%

	Total Variable Cost (TVC)
	
	
	2,406,030.83
	100%

	Depreciation on farm tools & equipment
	
	
	54,327.29
	

	Total Cost (TC)
	
	
	2,460,358.12
	

	Revenue
	
	
	
	

	Average yield
	
	
	7,000 kg/ha
	

	Selling Price
	
	
	₦800/kg
	

	Total Revenue (TR)
	
	
	₦5,600,000.00
	

	Profitability Indicators
	
	
	
	

	Gross Margin (TR – TVC)
	
	
	₦3,193,969.17
	

	Net Farm Income (TR – TC)
	
	
	₦3,139,641.88
	

	Benefit Cost Ratio (TR / TC)
	
	
	2.27
	

	Rate of Return (NFI / TC)
	
	
	127%
	



3.3 Technical Efficiency Analysis Result 
3.3.1 Maximum Likelihood Estimates of the Stochastic Frontier Production Function for Tomato Farmers 
The stochastic frontier production functional estimates in Table 3a below reveal that a number of input variables had statistically significant effect on tomato production in the region under investigation. The quantity of seeds, the price of seeds and the quantity of fertiliser were all positively and significantly significant at the 1 % level, meaning that an increase in the use of enhanced seed and fertiliser would increase the yield among tomato farmers. This observation is also in line with the observation of Adewuyi et. al. (2024) who indicated that high seed quality and fertiliser application significantly increase the vegetable production in Oyo State. Similarly, the expenditures in fertiliser applications and agrochemicals, irrigation and land preparation were all positive and significant implying that the more an individual spends on these essential inputs the greater the output. This is in line with findings of Al-Salmi and Nadaf (2025) who have cited water management, use of fertilisers and preparation of land as major contributors of efficiency in tomato production in the north of Nigeria. Agrochemical quantity had a positive but statistically insignificant coefficient, suggesting that despite the application of pesticides, their impact on output might not be high, which could be caused by either under-application, low chemical efficacy, or delayed application- a phenomenon that also resonates with the findings of Mbah and Onu (2023) that farmers in southern Nigeria may not fully use high-quality agrochemicals because of the cost.
The value of the estimated return to scale (RTS) equals 0.905 which means that the returns to scale are decreasing; therefore, the proportional change in all inputs will yield a less proportional change in output. As a result, tomato farmers in the study area seem to be at a Stage II of the production function whereby inputs are utilised productively and indiscriminate augmentation fails to provide the same increase in output. The result corresponds with the findings of Amos (2022) and Agbede et al. (2023), who conducted similar studies of vegetable production. The statistical significance of the expenditure in labour, irrigation, and land preparation supports the fact that in tomato production, the labour and resource requirements are high, hence, the farmers will be better off if efficiency is increased, as opposed to increasing the inputs. In line with this, there is likelihood of increased productivity in the study area through optimisation of input combinations and modern production practises.

Table 3a	Maximum Likelihood Estimates of the Stochastic Frontier Production Function for Tomato Farmers
	Variable
	Coefficient
	Std. Error
	t-ratio
	p-value

	Constant
	2.341
	0.182
	12.863
	0.000***

	Quantity of seed used (kg/ha)
	0.124
	0.041
	3.024
	0.003***

	Cost of seed (₦)
	0.079
	0.037
	2.135
	0.034**

	Quantity of fertilizer used (kg/ha)
	0.188
	0.045
	4.178
	0.000***

	Cost of fertilizer (₦)
	0.092
	0.031
	2.968
	0.004***

	Agro-chemicals/pesticides used (litres/ha)
	0.054
	0.028
	1.929
	0.056

	Cost of agro-chemical (₦)
	0.047
	0.022
	2.136
	0.034**

	Irrigation cost (₦)
	0.081
	0.036
	2.250
	0.026**

	Land preparation cost (₦)
	0.101
	0.029
	3.483
	0.001***

	Cost of labour (₦)
	0.139
	0.040
	3.475
	0.001***

	Return to Scale (Σβᵢ)
	0.905
	
	
	


*** = 1% significance, ** = 5%
3.3.2 Inefficiency Model Estimates
The outcomes of the inefficiency model presented in Table 3b show the variables that have a profound impact on the occurrence of technical inefficiency among tomato farmers in the study area. Age has a positive and significant coefficient of 5 per cent level which shows that older farmers are relatively technically inefficient compared to their younger counterparts. This implies that young farmers are more prone to embrace the use of modern technologies and better farming methods. This observation is similar to that of Mbaha and Onu (2023) who have indicated that the productivity of older farmers in tomato farming is lower because of the unwillingness to adopt innovation. Household size also has a positive and significant coefficient and this may be because, with increased household size, there is increased inefficiency, which may be related to increased dependency ratios and diversion of farm income to household in addition to non-farm expenditures. This agrees with the findings of Adewumi et. al (2024) who saw large household size as a limiting factor to efficiency due to an increase in consumption pressure compared to production investment.
On the other hand, the marital status, education, membership in an association, extension contact, access to credit, and monthly income all show negative and significant coefficients; this shows that these factors decrease technical inefficiency. That is, married farmers, educated farmers, farmers in farmer associations, farmers who have access to extension services and credit are more likely to be technically efficient. Such results support the research of Al-Salmi and Nadaf (2025) and Aloysius et al. (2021) who discovered that education and cooperative membership can increase efficiency in vegetable production through information access and shared use of resources. The accessibility to credit also reduces inefficiency by a large margin meaning that the availability of finances would allow farmers to acquire the required inputs at the right time and in the right quantity. This corresponds with Agbede et al. (2023), who highlighted the centrality of credit towards enhancing the productivity of the smallholder and the efficiency of resource utilisation. The inefficiency model thus shows that the improvement of education, facilitating membership participation, extending delivery, and credit access are important strategies in curbing the inefficiency and increasing productivity among tomato farmers.

Table 3b: Inefficiency Model Estimates
	Variable (Zᵢ)
	Coefficient
	Std. Error
	t-ratio
	p-value

	Constant
	0.914
	0.272
	3.360
	0.001***

	Age of farmer (years)
	0.026
	0.012
	2.167
	0.032**

	Marital status (1=Married, 0=Otherwise)
	-0.054
	0.026
	-2.077
	0.039**

	Education (years of schooling)
	-0.081
	0.023
	-3.522
	0.001***

	Household size (no. of persons)
	0.045
	0.019
	2.368
	0.020**

	Membership of association (1=Yes, 0=No)
	-0.067
	0.030
	-2.233
	0.028**

	Extension contact (no. of times)
	-0.039
	0.015
	-2.600
	0.011**

	Access to credit (1=Yes, 0=No)
	-0.082
	0.035
	-2.343
	0.021**

	Monthly income (₦)
	-0.000012
	0.000004
	-3.000
	0.004***


*** = 1% significance, ** = 5%
3.3.3 Variance Parameters 
The results of Table 3c show that the variance parameter estimates are positive and statistically significant at the 1% level and that the sigma-squared (σ²) value is positive, which proves the model specification is correct. The gamma (γ) value of 0.836 is also significant at the 1% level, indicating that 83.6% of the total change in the tomato output among farmers is not due to random noise but is due to technical inefficiency. That is, the effects of inefficiency are dominant in the determination of the output levels meaning that increased efficiency of the farmers would have a significant positive impact on productivity (Shaikh & Maurya, 2023). Adewumi et al. (2024) and Agbede et al. (2023) have reported similar high γ values in earlier studies of vegetables, which proves that inefficiency factors represent significant output variation contributors among smallholder farmers. The value of log-likelihood and likelihood ratio (LR) test also support the relevance of the stochastic frontier model used in the current research, which indicates that the effect of inefficiency is actually there and plays a crucial role to explain differences in the output among farmers.
Table 3c Variance Parameters
	Parameter
	Coefficient
	Std. Error
	t-ratio

	Sigma-squared (σ²)
	0.142
	0.021
	6.76***

	Gamma (γ)
	0.836
	0.054
	15.48***

	Log-likelihood function
	-42.137
	
	

	LR Test of one-sided error
	17.42
	
	


*** = 1% significance
3.3.4 Distribution of Technical Efficiency Scores 
The average technical efficiency in the sample of Table 3d indicates that the mean technical efficiency is 0.83 (83%), meaning that tomato farmers are at or near the frontier but still had a 17 percent improvement potential by using the available resources and technologies more efficiently. Half of the farmers (52.8 %) obtained high levels of technical efficiency with the range 0.81-1.00, and only 3.6 % obtained very low efficiency with the range 0.21-0.40. This pattern of distribution means that the tomato farmers in the study area are quite efficient, which is consistent with the results of Aloysius et al. (2021), who found high levels of efficiency in tomato farmers who used enhanced agronomic measures. However, the fact that farmers fall into lower efficiency groups implies that there are some consistent differences in management quality, input usage and knowledge use (Shaikh & Maurya, 2023; Türkten & Ceyhan, 2023). Based on this, the policies that reinforce the capacity building, the increase of access to inputs and the improvement of the extension services might further drive the farmers deeper in the frontier, thus increasing global productivity and profitability of tomatoes production.
[bookmark: _Hlk216528026]Table 3d	Distribution of Technical Efficiency Scores
	Efficiency Class (%)
	Frequency
	Percentage (%)

	0.21 – 0.40
	4
	3.6

	0.41 – 0.60
	12
	10.9

	0.61 – 0.80
	36
	32.7

	0.81 – 1.00
	58
	52.8

	Total
	110
	100

	Mean Technical Efficiency
	0.83 (83%)
	



3.4 Constraints Affecting Tomato Farmers
The constraint analysis in Table 4 shows that pest and disease pressure (mean = 3.46), lack of irrigation facilities (mean = 3.33), middlemen interference (mean = 3.54), lack of storage facilities (mean = 3.19), climate change (mean = 2.92) and high labour demands (mean = 2.85) are the key challenges facing tomato farmers in Delta State. This implies that the technical and environmental factors have a significant limitation impact on tomato production especially concerning disease control and water resources distribution which subsequently has a negative impact on yield and quality. This finding is consistent with the finding of Adewumi et al. (2024) who stated that pest and disease infestation and poor access to irrigation were key limiting factors among tomato growers in Oyo State. Similarly, Al-Salmi and Nadaf (2025) have noted that inadequate storage facilities and deficiency of efficient value-addition facilities are some of the leading causes of losses and price volatility in the production of tomatoes in Nigeria. The relatively high average response to the middlemen interference helps emphasises that informal market actors are the most dominant and that they are the ones that affect the price in the farmgate and reduce the bargaining power of farmers.  
On the other hand, issues like limited extension services (mean = 2.41), market instability (mean = 2.48), bad market infrastructure (mean = 2.38), and poor processing facilities (mean = 2.31) were not seen to be that serious. This perception can result out of the dependence of the farmers on peer-to-peer information channels and experience over formal extension systems. The observation is in line with Mbaha and Onu (2023), who reported that in southern Nigeria, most vegetable farmers do not often have frequent visits of extension officers but still implement practical knowledge to keep production going. The relatively less stringent nature of market-infrastructure limitations could be explained by the availability of roads and domestic markets where tomatoes are bought and sold. However, the specified significant limitations support the importance of increasing the input supply, strengthening the irrigation assistance, and building the contemporary storage and processing facilities as the essential measures in the efficiency of tomato production and reducing the after-harvest losses in the research jurisdiction.
Table 4	Constraints to Tomato Production in Delta State
	Constraint
	Mean
	Std. Dev.
	Remark

	Pest and Disease Pressure
	3.46
	0.842
	Agree 

	Limited Access to Quality Inputs
	2.61
	0.912
	Agree 

	Inadequate Irrigation Facilities
	3.33
	0.787
	Agree 

	Post-Harvest Losses
	2.73
	0.866
	Agree 

	Climate Change Impact
	2.92
	0.794
	Agree 

	Limited Extension Services
	2.41
	0.921
	Disagree 

	High Labour Demands
	2.85
	0.756
	Agree 

	Market Instability
	2.48
	0.934
	Disagree 

	Land Tenure Issues
	2.57
	0.969
	Agree 

	Seasonality
	3.05
	0.815
	Agree 

	Inadequate Storage Facilities
	3.19
	0.802
	Agree 

	Poor Road Network
	2.52
	0.901
	Agree 

	Poor Market Infrastructure
	2.38
	0.945
	Disagree 

	Inadequate Processing Facility
	2.31
	1.012
	Disagree 

	Interference of Middlemen
	3.54
	0.734
	Agree 

	Unfavourable Government Policy
	2.69
	0.881
	Agree 

	Poor Access to Credit
	3.11
	0.830
	Agree 


Cut-off point = 2.50
4. Conclusion and Recommendations

This study compared economic performance and technical efficiency of tomato production of smallholder farmers in the study region. As illustrated in the analysis, tomato production is an important agribusiness practise, which earns income, and employment to most rural households especially the women in the active age group. The paper also reveal that farmers work under various socio-economic conditions which determine their production behaviour, efficiency and decision-making processes. Additionally, tomato farming requires substantial inputs and labour and farmers majorly depend on self-funding and informal systems to maintain their operations. The existence of constant production restraints still discourages the potential of farmers to exploit profit, as well as output potential fully. Based on this, the issue of further efficient management of resources, better access to technology, and more support by institutions will allow enhancing the results of tomato production and farmers living in the region. Based on the findings of the study, the following specific recommendations were made:
i. Since tomato production was found to be profitable, government and private investors should increase investment in tomato value chain development, particularly input provision and irrigation infrastructure, to expand production scale and improve farmers’ income.
ii. It was also found that education, extension contact, and membership of association were effective in reducing technical inefficiency; hence, Agricultural Development Programmes (ADPs) and NGOs need to enhance the rate of extension visit, form cooperative groups, and develop capacity of farmers with training on good agricultural practises, post-harvest handling, and effective use of inputs.
iii. It was also determined that access to credit greatly lowered the inefficiency; as a result, micro-finance banks, commercial banks and government intervention schemes (e.g., BOA, NIRSAL-MFB) should package tomato-specific credit packages with flexible collateral to enhance access to working capital by the farmers.
iv. Increased inefficiency was observed to be linked to the household size and age; therefore, the extension agents should encourage labour-saving technologies like mechanised land preparation, better irrigation methods (drip, sprinklers), and combined pest management to reduce labour demands, particularly to the ageing farmers.
v. Since the major challenges include constraints like pest and disease pressure, poor storage facilities, seasonality and interference by middlemen, the agro-input companies and the private agribusiness firms should increase the supply of quality agro-chemicals, and the government and the investors need to organise the modern storage, processing and collection centres so that losses incurred after the harvest and the power of the middlemen can be reduced.
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