Market Access, Technology Adoption, and Income Performance of Agro-Processing Enterprises in Cross River State, Nigeria
ABSTRACT
This study examined market access, technology adoption, and income performance of agro processing enterprises in Cross River State, Nigeria. A sample of 301 agro-processors was selected using Yamane’s (1967) formula at a 5% margin of error. Descriptive statistics, a Market Access Index (MAI), Generalized Linear Model, multiple regression, and binary logistic regression were employed for analysis. The results showed that cassava processing (30.2%) was the dominant enterprise type, with a mean age of 47 years and mean monthly income of ₦165,000. The computed MAI of 0.650 indicated a moderate level of market access, education, cooperative membership, extension services, digital technology adoption, and e-commerce usage significantly influenced market access. Market access had a positive and significant effect on income. Digital technology adoption significantly increased the likelihood of high market access. The study recommended strengthening digital infrastructure and expanding technology adoption to enhance market integration and income growth.
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INTRODUCTION 
Agro-processing enterprises play a critical role in agricultural transformation, rural industrialization, and economic development in developing countries such as Nigeria. By converting raw agricultural products into value-added goods, agro-processing enhances product shelf life, reduces post-harvest losses, increases farmers’ income, generates employment opportunities, and strengthens food security. The sector also promotes industrial growth by linking agriculture with manufacturing and marketing systems (Abdullahi et al., 2021). In Nigeria, agroprocessing enterprises constitute a major component of the agricultural value chain and contribute significantly to poverty reduction, income generation, and economic diversification through efficient utilization of local raw materials and improved market competitiveness (Okwudili et al., 2020). The promotion of agro-processing has therefore been identified as a viable strategy for reducing rural–urban migration, improving local technology, and enhancing food availability.
Market access remains a fundamental factor influencing the performance, sustainability, and profitability of agro-processing enterprises. Efficient market access facilitates the movement of processed agricultural products from producers to consumers, enhances value chain integration, and improves enterprise income. It also provides incentives for innovation, investment, and technology adoption among agro-processors. However, market access is often constrained by several structural, institutional, and infrastructural challenges, including poor transportation networks, limited market information, high transaction costs, and inadequate storage facilities (Ezeudu & Obimbua, 2024). These challenges limit the ability of agro-processors to participate effectively in competitive markets and reduce their capacity to maximize profits and expand operations.
Empirical evidence suggests that marketing activities such as transportation, storage, grading, and distribution significantly influence agricultural productivity, food security, and income generation. For instance, Nwanmuoh et al. (2024) reported that agricultural marketing activities had significant impacts on food availability, accessibility, and stability in Nigeria, highlighting the importance of efficient market systems in improving household welfare. Similarly, Mukaila et al. (2022) found that market access positively influenced the profitability of melon processing enterprises, emphasizing the importance of accessible and conducive markets in enhancing enterprise performance. In addition, Maiwashe-Tagwi (2023) identified factors such as training, funding access, household labour, and cooperative participation as significant determinants of market access among agricultural cooperatives, suggesting that socio-economic and institutional variables shape market participation outcomes.
Technology adoption also plays a crucial role in improving market access and enterprise performance in agro-processing activities. Technological innovations enhance production efficiency, product quality, and competitiveness in domestic and international markets. Ibrahim et al. (2023) emphasized that access to technology improves productivity and reduces production costs along the agricultural value chain, thereby strengthening market participation among value chain actors. Furthermore, Elikwu et al. (2024) demonstrated that knowledge creation, integration, and application significantly enhanced capacity utilization among agro-processing firms, indicating the importance of technological and entrepreneurial capabilities in enterprise growth and market engagement.
Despite the recognized importance of agro-processing and market access, agro-processing enterprises in Nigeria continue to face multiple challenges that hinder their optimal performance. Institutional inefficiencies, weak policy implementation, and limited access to financial and technological resources constrain the growth of agro-based enterprises (Janet, 2024). In addition, Ugwu (2024) identified institutional gaps, weak regulatory enforcement, and limited technical capacity as major constraints affecting agro-food market participation and export performance in Nigeria. Rural infrastructure deficiencies, including poor road networks and inadequate processing facilities, further restrict market access and livelihood outcomes among agricultural actors (Owigho et al., 2023). These constraints reduce the competitiveness of agro-processing enterprises and limit their contribution to economic development.
Cross River State, located in the South-South region of Nigeria, possesses significant agricultural potential due to its favourable climate, fertile soils, and diverse agricultural production systems. The state is characterized by numerous agro-processing activities involving cassava, oil palm, rice, cocoa, and other agricultural commodities. Despite these opportunities, agro-processing enterprises in the state face considerable challenges related to market accessibility, technology adoption, and income generation. Many agro-processors operate at small or medium scales with limited access to market information, financial services, modern technologies, and efficient distribution channels. These challenges often result in low productivity, reduced profitability, and limited participation in competitive markets.
Although previous studies have examined rural market access, agricultural marketing, and agroprocessing enterprise performance in Nigeria, limited empirical attention has been given to the determinants of market access and its effects on income levels among agro-processing enterprises in Cross River State. Existing studies have largely focused on farmers, value chains, or general agricultural marketing activities rather than agro-processing enterprises specifically. Furthermore, there is insufficient empirical evidence on the role of technology adoption in enhancing market access and the barriers faced by agro-processors in accessing markets within the study area. This knowledge gap necessitates an empirical investigation into the market access, technology adoption, and income performance of agro-processing enterprises in Cross River State, Nigeria. The specific objectives of the study are to:
i. identify the agro-processing enterprises in the study area;
ii. determine the level of market access among agro-processing enterprises in the study area: iii.	elicit the determinants of market access by agro-processors;
iv. assess the effect of market access on income levels of agro-processing enterprises.
v. determine the effect of technology adoption on market access for agro-processing enterprises;
vi. identify the major barriers to market access for agro-processing enterprises in the study area.
METHODOLOGY
Study Area
The study was conducted in Cross River State, located in the South-South geopolitical zone of Nigeria. Cross River State lies approximately between latitudes 4°28′N and 6°55′N and longitudes 7°50′E and 9°28′E. The state is bordered by Cameroon to the east, Benue State to the north, Ebonyi State and Abia State to the west, Akwa Ibom State to the south-west, and the Atlantic Ocean to the south. The state covers a land area of approximately 20,156 km² and is characterized by a humid tropical climate with annual rainfall ranging between 2,000 mm and 3,500 mm and average temperatures of 24°C to 30°C. Agriculture constitutes a major economic activity in the state, with production of crops such as cassava, oil palm, rice, cocoa, plantain, and fisheries products. Cross River State also hosts numerous agro-processing enterprises involved in cassava processing, palm oil refining, rice milling, and fish processing. The favourable agro-ecological conditions and abundance of agricultural raw materials make the state suitable for agro-processing activities. However, agro-processing enterprises in the state face challenges related to market access, infrastructure, technology adoption, and distribution networks, making it appropriate for investigating market access and enterprise performance.
Population of the Study
The population of the study comprised all registered agro-processing enterprises operating in Cross River State. These enterprises include small- and medium-scale processors engaged in cassava processing, palm oil production, fish processing, rice milling, and other value addition activities. According to data obtained from the Small and Medium Enterprises Development Agency of Nigeria (SMEDAN, 2023) and the Corporate Affairs Commission (CAC, 2024), the total number of registered agro-processing enterprises in Cross River State was 1,210.
Sampling Technique and Sample Size
A multi-stage sampling technique was employed to select agro-processing enterprises for the study. In the first stage, Cross River State was purposively selected due to its prominence in agroprocessing activities within the South-South region. In the second stage, two Local Government Areas (LGAs) with high concentrations of agro-processing enterprises were randomly selected from the state. In the third stage, systematic random sampling was used to select agro-processing enterprises from business directories within the selected LGAs. The sample size was determined using Yamane’s (1967) formula:
N
n=2 ……………………….(1)where:
1+N(e )
n = sample size
N = population size (1,210) e = margin of error (0.05) n=[image: ]=301Thus, a total of 301 agro-processing enterprises were selected for the 
study. 
Method of Data Collection
Primary data were collected using a structured questionnaire administered to selected agroprocessing enterprises. The questionnaire captured information on socioeconomic characteristics, market access indicators, enterprise characteristics, technology adoption, and barriers to market access. The survey data were complemented with key informant interviews (KIIs) conducted with officials of agricultural cooperatives, market associations, and regulatory agencies within the state.
Validity and Reliability of Instruments
Content validity of the research instrument was ensured through expert review by specialists in agricultural economics who assessed the relevance and adequacy of the questionnaire items. Face validity was established through pre-testing of the instrument among 10 agro-processors in a nonselected Local Government Area in Cross River State to ensure clarity and relevance. The reliability of the instrument was determined using Cronbach’s Alpha test of internal consistency. A reliability coefficient of 0.82 was obtained, exceeding the recommended threshold of 0.70, indicating that the instrument was reliable.
Measurement of Variables
Socioeconomic Characteristics
Socioeconomic variables included age (years), gender (male = 1, female = 0), marital status (single = 1, married = 2, separated = 3, widow/widower = 4), education (years of schooling), household size (number of persons), number of employees (persons), business experience (years), cooperative membership (yes = 1, no = 0), income (₦), frequency of extension contact (number of visits per month), and market conduct (free entry = 1, restricted entry = 0).
Major Barriers to Market Access
Barriers to market access were measured using a 4-point Likert scale coded as Strongly Disagree (1), Disagree (2), Agree (3), and Strongly Agree (4). A mean score of 2.5 was used as the decision benchmark. The barriers included high transport costs, poor road conditions, inadequate storage facilities, low market demand, price fluctuations, limited credit access, and unfavourable government policies.
Method of Data Analysis and Model Specification
Objective (i): Identify the agro-processing enterprises in the study area
Descriptive statistics such as frequencies, percentages, means, and standard deviations were used.
Objective (ii): Determine the level of market access among agro-processing enterprises Descriptive statistics and a Market Access Index (MAI) were used. The index was constructed using distance to market, transport cost, number of marketing channels, time taken to reach markets, and ease of selling products.
∑W i X i
MAI=……………………….(2)Explicitly, ∑W i MAI=w1DIST +w2TCOST+w3MCHAN+w4TIME+w5EASE ……………….(3)where: w1+w2+w3+w4+w5
MAI = Market Access Index (composite index measuring level of market access; standardized score)
DIST = Distance to the nearest market (kilometres)
TCOST = Transportation cost incurred to access market (Naira, ₦)
MCHAN = Number of marketing channels available to agro-processor (count of buyers/outlets)
TIME = Time taken to reach or access market (minutes/hours)
EASE = Ease of selling products (Likert scale: 1 = very difficult to 5 = very easy) w₁–w₅ = Weights assigned to indicators derived from Likert scale responses
Objective (iii): Determine the determinants of market access
A Generalized Linear Model (GLM) was used to estimate the influence of socioeconomic and institutional factors on market access.
MA Ii=β0+β1 X1i+β2 X2i+...+β15 X15i+ei ………………….(4)where:
MAI = Market Access Index (composite index; standardized score)
X₁ = Age of agro-processor (years)
X₂ = Education level (years of formal schooling)
X₃ = Cooperative membership (dummy: 1 = member, 0 = non-member)
X₄ = Government support (dummy: 1 = received support, 0 = otherwise)
X₅ = Extension services (dummy: 1 = access, 0 = no access)
X₆ = Business experience (years of agro-processing experience)
X₇ = Road quality (Likert scale: 1 = very poor to 5 = excellent)
X₈ = Electricity access (dummy: 1 = available, 0 = not available)
X₉ = Storage facilities (dummy: 1 = available, 0 = not available)
X₁₀ = Other infrastructure availability (dummy: 1 = available, 0 = otherwise)
X₁₁ = Market conduct (dummy: 1 = free entry, 0 = restricted entry)
X₁₂ = Digital technology adoption (dummy: 1 = adopted, 0 = not adopted)
X₁₃ = E-commerce usage (dummy: 1 = uses online platforms, 0 = otherwise)
X₁₄ = Social media marketing (dummy: 1 = uses, 0 = otherwise) X₁₅ = Mobile banking usage (dummy: 1 = uses, 0 = otherwise) β₀ = Intercept
β₁–β₁₅ = Parameters to be estimated e = Random error termᵢ
Objective (iv): Assess the effect of market access on income levels A multiple linear regression model was used:
Income=β0+β1MAI+β2ESIZE+β3exp+β4 PCAP+e…………………..(5)where:
Income = Monthly income of agro-processing enterprise (Naira, ₦)
MAI = Market Access Index (composite index; standardized score)
ESIZE = Enterprise size (number of employees)
EXP = Years of agro-processing experience (years) PCAP = Processing capacity (tons of output per month) β₀ = Intercept
β₁–β₄ = Parameters to be estimated e = Error term
Objective (v): Determine the effect of technology adoption on market access
Binary logistic regression was employed. Agro-processors with MAI greater than or equal to the mean were classified as having high market access (1), otherwise low market access (0).
[image: ]P
TEC Hi+β2ECO Mi+β3SMAR Ki+β4 MBAN Ki+β5Zi+εi ……….(6)where:
i
Pi=  Probability that the ith agro-processor has high market access
High market access = 1 if MAI ≥ mean value; 0 otherwise
TECH = Digital technology adoption (dummy: 1 = adopted, 0 = not adopted)
ECOM = E-commerce usage (dummy: 1 = uses online platforms, 0 = otherwise)
SMARK = Social media marketing (dummy: 1 = uses, 0 = otherwise)
MBANK = Mobile banking usage (dummy: 1 = uses mobile banking/USSD, 0 = otherwise) Z = Vector of control variables (age in years, education in years of schooling, enterprise size measured by number of employees, and experience in years) β₀ = Intercept
β₁–β₅ = Parameters to be estimated ε = Error termᵢ
RESULTS AND DISCUSSIONS
Socioeconomic Characteristics of Agro-Processing Operators
The results in Table 1 indicate that agro-processing enterprises in Cross River State are predominantly operated by economically active adults, with 40.6% of operators aged 31–40 years and a mean age of 47 years, suggesting a relatively mature and experienced workforce. This aligns with the findings of Maiwashe-Tagwi (2023); Emaziye &Ito (2025) who reported that age significantly influences market participation decisions among agricultural enterprises. The sector is male-dominated (62.1%), though female participation (37.9%) remains substantial, reflecting patterns observed by Mukaila et al. (2022) and Shuaibu (2021), who highlighted the growing involvement of women in agro-processing activities. A large proportion of respondents were married (72.1%), indicating household responsibility and potential labour support systems, consistent with findings by Ibrahim et al. (2023). Educational attainment was moderate, with 56.1% having secondary education and 24.9% tertiary education, suggesting a reasonable level of human capital that can enhance technology adoption and business management, as emphasized by Elikwu et al. (2024). The mean household size of 5 persons and mean enterprise size of 3 employees confirm the small- to medium-scale nature of operations, similar to the observations of Abasilim et al. (2019). With a mean processing experience of 9 years and an average monthly income of ₦165,000, operators demonstrate considerable industry exposure and moderate profitability. However, cooperative membership (46.8%) and extension contact (29.6%) remain relatively low, potentially limiting access to institutional support, a concern also raised by Fatai (2023) and Ezeudu and Obimbua (2024). The predominance of free market entry (61.1%) suggests relatively open market structures, although limited institutional integration may constrain enterprise expansion and competitiveness. Table 1: Socioeconomic Characteristics of Agro-Processing O perators
	Variable
Age (years)
	Frequency
	Percent (%)

	< 30
	33
	10.9

	31 – 40
	122
	40.6

	41 – 50
	95
	31.6

	> 50
	51
	16.9

	Mean Age Gender
	
	47  years

	Male
	187
	62.1

	Female
Marital Status
	114
	37.9

	Single
	53
	17.6

	Married
	217
	72.1

	Separated/Widowed Educational Level
	31
	10.3

	No/Primary
	57
	18.9

	Secondary
	169
	56.1

	Tertiary
Household Size (persons)
	75
	24.9


[image: ]	52	17.3
163	54.2
86	28.6
	Mean Household Size
Number of Employees (persons)
	5  persons


[image: ]	77	25.6
153	50.8
71	23.6
	Mean Number of Employees
Years of Experience (years)
	3  persons


[image: ]	67	22.3
139	46.2
95	31.6
	Mean Years of Experience
Average Monthly Income (₦)
	
	9  years

	< 100,000
	69
	22.9

	100,000 – 200,000
	157
	52.2

	> 200,000
	75
	24.9

	Mean Monthly Income (₦) Cooperative Membership
	
	₦165,000

	Yes
	141
	46.8

	No
	160
	53.2


Extension Contact (per month)


	Yes
	89
	29.6

	No
Market Conduct
	212
	70.4

	Free entry
	184
	61.1

	Restricted
	117
	38.9



Distribution of Agro-Processing Enterprises by Type
As shown in Table 2, cassava processing constituted the largest share of agro-processing enterprises in the study area, accounting for 30.2% of the operators. This dominance reflects the widespread cultivation and utilization of cassava in Southern Nigeria and corroborates the findings of Abdullahi et al. (2021), who emphasized the strategic importance of cassava value addition in promoting rural industrialization and reducing post-harvest losses. Palm oil processing followed with 23.3%, further confirming the region’s comparative advantage in oil palm production and processing activities. Rice milling accounted for 15.0%, while cocoa processing represented 11.0%, indicating moderate engagement in cereal and export-oriented crop value chains, consistent with Ibrahim et al. (2023), who highlighted the role of rice value chain actors in enhancing rural income. Groundnut processing (9.6%), fruit processing (5.6%), fish processing (3.7%), and livestock processing (1.6%) recorded comparatively lower participation levels, suggesting limited diversification into protein-based and perishable product value chains. This pattern aligns with Okwudili et al. (2020), who noted that agro-processing activities in Nigeria tend to concentrate around staple crops with established market demand and lower entry barriers. Table 2 indicates that agro-processing enterprises are largely concentrated in crop-based value addition, with relatively minimal engagement in livestock and fisheries processing, pointing to potential areas for diversification and investment.
Table 2: Types of Agro-Processing Enterprises in S outh-South Nigeria
	Enterprise Type
	Frequency
	Percent (%)

	Cassava Processing
	91
	30.2

	Palm Oil Processing
	70
	23.3

	Rice Milling
	45
	15.0

	Cocoa Processing
	33
	11.0

	Groundnut Processing
	29
	9.6

	Fruit Processing
	17
	5.6

	Fish Processing
	11
	3.7

	Livestock Processing
	5
	1.6



Indicators of Market Access
As presented in Table 3, the majority of agro-processing enterprises (50.2%) were located within 5–10 km of their nearest markets, with a mean distance of 8.1 km, indicating moderate spatial accessibility. However, 21.3% operated beyond 10 km, suggesting that distance may still pose logistical challenges, consistent with the findings of Mushi (2018), who identified distance to market as a significant determinant of market access. Transport cost patterns in Table 3 show that 52.5% of operators incurred ₦1,000–₂,000 per trip, with a mean cost of ₦1,580, reflecting moderate transaction costs. This aligns with Ezeudu and Obimbua (2024), who emphasized transportation costs as a major constraint to rural market integration. Regarding marketing structure, 50.8% of operators had access to 3–4 marketing channels (mean = 3 channels), suggesting a reasonable level of market diversification, which supports the argument by Celestin (2019) that multiple market outlets enhance value chain participation. In terms of travel time, 50.8% reached markets within 30–60 minutes, with a mean time of 52 minutes, indicating manageable but potentially efficiency-reducing delays, similar to observations by Ojedokun et al. (2018) on infrastructure-related access constraints. The perceived ease of selling products was relatively high, as 59.8% rated it easy or very easy, with a mean score of 3.5, suggesting functional market operations. Furthermore, frequent market participation was evident, with 35.9% accessing markets 4–5 times weekly and 29.9% trading daily, highlighting active engagement in commercial activities. Overall, Table 3 suggests that agro-processors experience moderate market accessibility characterized by manageable distance and cost conditions, multiple marketing outlets, and frequent participation, although infrastructural and transaction cost factors may still influence efficiency and profitability.
Table 3: Descriptive Indicators of Market Access

	Market Access Indicator
Distance to Nearest Market (km)
	Frequency
	Percent (%)

	< 5 km
	86
	28.6

	5 – 10 km
	151
	50.2

	> 10 km
	64
	21.3

	Mean Distance
Transport Cost to Market (₦)
	
	8.1  km

	< 1,000
	95
	31.6

	1,000 – 2,000
	158
	52.5

	> 2,000
	48
	15.9

	Mean Transport Cost
Number of Marketing Channels
	
	₦1,580


[image: ]	88	29.2
153	50.8
60	19.9
	Mean Channels
Time to Reach Market
	
	3

	< 30 minutes
	71
	23.6

	30 – 60 minutes
	153
	50.8

	> 60 minutes
	77
	25.6

	Mean Time
Ease of Selling Products (Likert 1–5)
	
	52  minutes

	Difficult / Very Difficult (1–2)
	50
	16.6

	Easy / Very Easy (3–4)
	180
	59.8

	Extremely Easy (5)
	71
	23.6

	Mean Ease Score
Access to Markets per Week
	
	3.5

	Once
	24
	8.0

	2–3 times
	79
	26.2

	4–5 times
	108
	35.9

	Daily
	90
	29.9

	Total
	301
	100.0



Market Access Index (MAI) Distribution
As shown in Table 4, the composite Market Access Index (MAI) for agro-processing enterprises in Cross River State was 0.650, indicating a moderate level of overall market access. The index was constructed using equal weights (Wi = 0.2) assigned to five key indicators: distance to market, transport cost, number of marketing channels, time to market, and ease of selling products. Among these indicators, ease of selling products recorded the highest weighted contribution (0.140), reflecting relatively favourable market conditions in terms of product acceptability and demand. This finding is consistent with Ume (2023), who reported that stronger market orientation enhances market performance outcomes. The number of marketing channels (0.132) and distance to market (0.130) also contributed substantially to the overall MAI, suggesting that access to multiple buyers and moderate proximity to markets support enterprise integration, in line with Celestin (2019), who emphasized the importance of value chain linkages in improving market participation. Transport cost (0.122) and time to market (0.128) recorded slightly lower contributions, indicating that although transaction costs and travel time exist, they do not severely constrain access. This aligns with the observations of Ezeudu and Obimbua (2024), who identified transportation and infrastructure factors as critical but variable constraints across agro-ecological zones. The result demonstrates that while agro-processors enjoy relatively functional market conditions, improvements in logistics efficiency and cost reduction could further enhance market access and enterprise performance.
Table 4: Market Access Indicators and MAI Distribution
	Indicator
	Weight  (Wi)
	Cross  
River (Xi)
	Cross River  ( Wi×Xi )

	Distance to Market
	0.2
	0.65
	0.130

	Transport Cost
	0.2
	0.61
	0.122

	Number of Marketing Channels
	0.2
	0.66
	0.132

	Time to Market
	0.2
	0.64
	0.128

	Ease of Selling Products
	0.2
	0.70
	0.140

	Total / MAI
	1.0
	–
	0.650


Determinants of Market Access among Agro-Processing Enterprises
The Generalized Linear Model results presented in Table 5 show that several socioeconomic, institutional, and technological factors significantly influenced market access among agroprocessing enterprises in Cross River State. Age (β = 0.014, p = 0.048) and education (β = 0.029, p = 0.012) had positive and significant effects, indicating that older and more educated operators were more likely to achieve better market access, consistent with Maiwashe-Tagwi (2023), who found that age and training enhance cooperative market participation. Cooperative membership (β = 0.108, p = 0.031) and extension services (β = 0.121, p = 0.015) were also positively significant, reinforcing the importance of institutional linkages and advisory support, as emphasized by Fatai (2023) and Ezeudu & Obimbua (2024). Business experience (β = 0.020, p = 0.039) further strengthened market integration, suggesting that accumulated knowledge improves market navigation. Infrastructure-related variables such as road quality (β = 0.102, p = 0.021) and market conduct characterized by free entry (β = 0.115, p = 0.029) were significant, aligning with findings by Ojedokun et al. (2018) that infrastructure and market structure enhance access to agroindustries. Notably, digital technology adoption (β = 0.146, p = 0.010), e-commerce usage (β = 0.101, p = 0.022), and social media marketing (β = 0.087, p = 0.045) significantly improved market access, underscoring the transformative role of digital integration in value chains, as also reported by Elikwu et al. (2024). Although government support, electricity access, storage facilities, and mobile banking usage showed positive coefficients, they were not statistically significant at conventional levels. The results demonstrate that human capital, cooperative participation, infrastructure quality, and digital technology adoption are critical drivers of improved market access among agro-processing enterprises.
Table 5: Generalized Linear Model for Determinants of Market Access

	Variable
	Coefficient
	Std.  
Error
	p-value

	Intercept
	0.310
	0.208
	0.138

	Age (years)
	0.014**
	0.007
	0.048

	Education (years)
	0.029**
	0.011
	0.012

	Cooperative membership (Yes=1)
	0.108**
	0.050
	0.031

	Government support (Yes=1)
	0.089
	0.047
	0.060

	Extension services (Yes=1)
	0.121**
	0.049
	0.015

	Business experience (years)
	0.020**
	0.010
	0.039

	Road quality
	0.102**
	0.044
	0.021

	Electricity access (Yes=1)
	0.084
	0.045
	0.063

	Storage facilities (Yes=1)
	0.071
	0.040
	0.074

	Market conduct (Free=1)
	0.115**
	0.052
	0.029

	Digital technology adoption (Yes=1)
	0.146***
	0.056
	0.010

	E-commerce usage (Yes=1)
	0.101**
	0.044
	0.022

	Social media marketing (Yes=1)
	0.087**
	0.043
	0.045

	Mobile banking usage (Yes=1)
Summary statistics
Number of observations 301
Pseudo R²
Log-likelihood
	0.079
	0.041
	0.051


p-values in parentheses (), *** and ** are significant at 1% and 5% levels respectively
Effect of Market Access on Income of Agro-Processing Enterprises
The multiple regression results presented in Table 6 indicate that market access significantly enhanced the income performance of agro-processing enterprises in Cross River State. The Market Access Index (MAI) had a positive and highly significant effect on income (β = 8,300, p = 0.008), implying that an improvement in market access increased monthly income by ₦8,300 on average. This finding corroborates Ume (2023), who reported that stronger market orientation significantly improves welfare outcomes among agricultural producers, and Akande (2021), who observed that improved market integration increases output and profitability in agribusiness systems. Enterprise size also had a positive and significant influence (β = 3,380, p = 0.030), suggesting that larger enterprises benefit from economies of scale, consistent with the findings of Okwudili et al. (2020). Similarly, years of experience (β = 2,000, p = 0.039) positively affected income, indicating that accumulated managerial and operational knowledge enhances profitability, aligning with Mukaila et al. (2022). Processing capacity (β = 6,450, p = 0.014) was also positively significant, demonstrating that higher production volumes translate into increased earnings, which supports the value chain efficiency arguments of Ibrahim et al. (2023). Although the intercept was not statistically significant, the overall model showed strong explanatory power, indicating that market access and enterprise characteristics jointly explain a substantial proportion of income variation. 
The results confirm that improved market access is a key driver of income growth among agroprocessing enterprises. Emaziye O. & P.E. Okoro (2023) use the same model in the analysis marketing skill in enhancing agro processing in River state.
Table 6: Regression Results for Effect of Market Access on Income

	Variable
	Coefficient
	Std.  
Error
	p-value

	Intercept
	44,100
	28,200
	0.118

	Market Access Index (MAI)
	8,300***
	3,050
	0.008

	Enterprise size (No. of employees)
	3,380**
	1,560
	0.030

	Years of experience
	2,000**
	970
	0.039

	Processing capacity (Tons/month)
Summary statistics
R²
Adjusted R²
Observations 301
	6,450**
	2,580
	0.014


p-values in parentheses (), *** and ** are significant at 1% and 5% levels respectively
Effect of Digital Technology Adoption on Market Access
The binary logistic regression results presented in Table 7 reveal that digital technology adoption significantly increased the likelihood of achieving high market access among agro-processing enterprises. Digital technology adoption (β = 1.410, p = 0.007) had a positive and highly significant effect, indicating that enterprises adopting digital tools were substantially more likely to experience improved market access. This finding supports Elikwu et al. (2024), who reported that knowledge integration and technological capabilities significantly enhance enterprise capacity utilization and competitiveness. Similarly, e-commerce usage (β = 1.105, p = 0.018) positively influenced market access, demonstrating the importance of online platforms in expanding customer reach and reducing market barriers, consistent with the value chain integration arguments of Celestin (2019). Social media marketing (β = 0.970, p = 0.038) and mobile banking usage (β = 0.860, p = 0.045) were also positive and statistically significant, suggesting that digital financial services and online promotion strengthen transactional efficiency and market connectivity, aligning with Nwele and Ngene (2020), who emphasized the role of digital technology in improving agricultural value chain management. Although the intercept was not statistically significant, the model exhibited strong explanatory power (Pseudo R² = 0.630), indicating that digital adoption variables explain a substantial proportion of variation in market access status. Table 7 confirms that digital transformation plays a critical role in enhancing market integration among agro-processing enterprises. Emaziye &Oroka (2024) stated that effective strategies can help businesses overcome barriers to adoption and fully leverage the benefits of new technologies.
Table 7: Effect of Digital Technology Adoption on Market Access (Binary Logistic Regression)

	Variable
	Coefficient
	Std. Error
	p-value

	Intercept
	-0.495
	0.346
	0.155

	Digital technology adoption (TECH)
	1.410***
	0.523
	0.007

	E-commerce usage (ECOM)
	1.105**
	0.469
	0.018

	Social media marketing (SMARK)
	0.970**
	0.467
	0.038

	Mobile banking usage (MBANK)
	0.860**
	0.430
	0.045


Summary statistics
Observations
301 
Pseudo R²
0.630 

Log-likelihood
-113.97 

p-values in parentheses (), *** and ** are significant at 1% and 5% levels respectively
Perceived Barriers to Market Access
The results in Table 8 reveal that not all structural constraints were perceived as major barriers to market access among agro-processing enterprises. Based on the decision rule (mean ≥ 2.50 = agreed), low local demand (Mean = 2.70) and unfavourable government policies (Mean = 2.65) were identified as significant constraints, while price fluctuation (Mean = 2.50) was marginally considered a barrier. These findings suggest that market-side and policy-related challenges exert greater pressure on agro-processors than physical infrastructure factors. This aligns with Ugwu (2024), who emphasized that policy inefficiencies and regulatory bottlenecks undermine agro-food market performance. In contrast, high transport costs (Mean = 2.40), poor road conditions (Mean = 2.30), limited storage facilities (Mean = 2.15), limited access to credit (Mean = 2.10), lack of market information (Mean = 2.40), and middlemen exploitation (Mean = 2.35) were generally not perceived as major barriers. This contrasts with the findings of Emaziye et al., (2022); Ezeudu & Obimbua (2024) and Ojedokun et al. (2018), who identified lack of moltivation, transportation and infrastructure as significant impediments in other contexts. The relatively lower concern for credit constraints also differs from Abasilim et al. (2019), who reported credit accessibility as a major limitation among processors. The results indicate that demand instability and policy-related factors constitute the most pressing barriers to market access in the study area, while infrastructural and financial constraints appear less binding within this context.
Table 8: Barriers to Market Access

Barrier	Mean	Std. Dev.	Remark
High transport costs limit my market access	      2.40      0.65	   Disagree
[image: ]
CONCLUSION AND RECOMMENDATIONS
The study established that agro-processing in the state is largely dominated by small- and mediumscale operators with moderate educational background, considerable business experience, and varying levels of cooperative participation and extension contact. The enterprises operate within a market environment characterized by moderate accessibility in terms of distance, transportation costs, marketing channels, and frequency of market participation. The findings generally indicate that market access plays a strategic role in enhancing enterprise performance and income generation among agro-processors. Socioeconomic characteristics, institutional support systems, infrastructure quality, and digital technology adoption significantly shape the level of market access. Furthermore, technology-driven marketing approaches were found to strengthen integration into profitable market systems. Although some structural constraints persist, the agroprocessing sector in Cross River State demonstrates strong potential for improved productivity, income growth, and rural economic transformation when supported by appropriate institutional and policy frameworks. Based on the findings of the study, the following recommendations are proposed:
i. Government should strengthen rural infrastructure development, particularly road rehabilitation and electricity supply, to improve physical market connectivity and reduce transaction costs. Additionally, policies that promote agro-processing clusters and structured market systems should be enhanced.
ii. Extension services should be intensified and expanded to agro-processing enterprises, focusing on business management, quality control, value addition, and digital marketing skills. Improved extension contact will enhance market integration and enterprise efficiency.
iii. Microfinance banks, commercial banks, and development finance institutions should design tailored credit schemes for agro-processors, especially small-scale operators, to support expansion and investment in modern processing technologies.
iv. Agro-processors should be encouraged to join and actively participate in cooperatives to enhance collective bargaining power, information sharing, and access to structured markets.
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Poor road conditions mcrease selling costs 230 0.60 Disagree
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