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ABSTRACT
The National Agriculture Market (e-NAM) was introduced to strengthen agricultural marketing by improving transparency, price discovery and market access for farmers. This study examined farmers’ socio-economic characteristics and the benefits they perceive from e-NAM in Meerut district of Uttar Pradesh, an early adopter of the platform. A descriptive–analytical design was used and 80 farmers were selected through multi-stage sampling from two e-NAM mandis. Primary data were collected through a pre-tested interview schedule. A socio-economic status (SES) index was constructed using z-score normalisation of education, landholding and farm income. Analytical tools included chi-square tests, Pearson and Spearman correlations and exploratory factor analysis. Results show that most respondents belonged to medium SES households with moderate education and small to medium landholdings. Economic benefits were the most widely experienced outcomes: 71.25% were satisfied with prices received and 82.5% reported higher profitability through e-NAM. Record keeping was rated positively, though infrastructural facilities such as storage, drinking water and trolleys remained inadequate. Education and landholding were significantly associated with key benefits and factor analysis identified three underlying benefit dimensions: economic gains, market services and infrastructure. The findings indicate that while e-NAM enhances transparency and market returns, complementary improvements in mandi infrastructure and inclusive capacity-building are essential for equitable participation.
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1. INTRODUCTION
Agricultural marketing forms a critical pillar of India’s rural economy, shaping how produce moves from the farm to final consumers and determining whether farmers receive fair and timely returns for their efforts. Although agricultural production has expanded considerably over the past decades, farmers’ incomes have not grown at the same pace. A wide body of research identifies structural gaps, weak market linkages, limited transparency, infrastructural bottlenecks, dominance of intermediaries and persistent price volatility as key constraints that prevent farmers from realising remunerative prices (Balkrishna et al., 2022). Together, these factors erode farmers’ bargaining power and reduce their share in the value chain. As noted by Meena and Singh (2018), while the APMC system originally served to protect farmers through regulated auctions and standardized procedures, over time it became encumbered by procedural delays, restrictive licensing and entrenched trader networks that hindered competitive trading.
Historically, regulated mandis played an important role in standardising weights, grading and auction practices in the post-independence period. However, excessive regulation and the mandate in many states requiring farmers to sell only within designated APMC markets gradually restricted their access to alternative buyers. This limited competition and enabled cartels to influence market behaviour, often resulting in unfavourable price discovery for farmers. Chatterjee and Kapur (2016) documented how poor spatial integration across markets resulted in substantial price differences for identical commodities, indicating inefficiencies in the traditional marketing system. Similarly, Birthal et al. (2017) highlighted how fragmented supply chains, inadequate infrastructure and layers of intermediation reduce farmers’ share of high-value commodity markets. Such evidence underscored the need for policy reforms that ease market barriers, improve transparency and allow farmers access to a more competitive and integrated marketing environment. Reform efforts began with the Model APMC Act (2003), which sought to expand private market participation, encourage contract farming and facilitate direct marketing channels. Later, the APLM Act (2017) introduced provisions for unified market licensing, electronic trading and inter-state integration. However, the pace of reform implementation varied widely across states due to institutional inertia, conflicting interests within APMC structures and limited administrative capacities. The persistence of fragmented markets and logistical constraints ultimately signalled the need for a digitally enabled reform capable of transcending state-level limitations.
At the same time, India was witnessing remarkable growth in digital infrastructure. Programmes such as Digital India expanded mobile connectivity, improved broadband penetration and accelerated the adoption of digital payment systems in rural areas. The widespread use of smartphones, UPI platforms, Aadhaar-enabled verification and online banking created the technological environment necessary for digital transformation in agricultural marketing. Against this backdrop, the Government of India launched the Electronic National Agriculture Market (e-NAM) on 14 April 2016. Implemented by the Small Farmers’ Agribusiness Consortium (SFAC), e-NAM aims to link APMC markets across the country into a single electronic trading platform. Its objective is to reduce market fragmentation, encourage inter-market competition, integrate real-time price discovery and streamline payment mechanisms (Sekhar & Bhatt, 2018). From an initial 21 markets, e-NAM has rapidly expanded. More than 1,389 mandis across 23 states and four union territories are now integrated (Nimbrayan et al., 2024). Recent updates from the Ministry of Agriculture indicate that 1,522 mandis are connected to the platform (2025), making e-NAM the largest digital agricultural market network globally. The platform incorporates several innovative features electronic bidding, quality-based assaying, unified trader licensing, online gate entry, digital weighing, real-time information services and warehouse-based trading using electronic Negotiable Warehouse Receipts. Evidence indicates that these innovations promote competitive bidding, reduce intermediary dominance and enhance price transparency (Singh, 2021). A growing body of empirical work highlights the tangible benefits of e-NAM. Saini et al. (2023) reported that electronic bidding and ICT integration improved competition and transparency across markets. Samantaray and Farhan (2023) observed that e-NAM strengthened farmers’ decision-making capabilities by improving access to real-time information. Studies from Haryana, Rajasthan and Punjab confirm enhanced price realisation, better payment efficiency and reduced market manipulation (Swain et al., 2022; Kaur & Kaur, 2020; Nimbrayan et al., 2024). Furthermore, Chand (2017) emphasised that digital market integration plays a central role in the strategy for doubling farmers’ income. AERC Delhi’s evaluation (Sekhar & Bhatt, 2018) likewise found that e-NAM lowered transaction costs and improved transparency in price discovery. More recently, Ravi Kumar et al. (2024) demonstrated measurable increases in price realisation for cash crops under e-NAM mandis in Andhra Pradesh, reinforcing the platform’s economic potential.
Despite these achievements, challenges persist. Benefits tend to be skewed towards farmers with higher education, better digital skills and larger landholdings (Singh & Sharma, 2019). Small and marginal farmers frequently face barriers such as inadequate smartphone access, poor internet connectivity and continued dependence on intermediaries for credit and transportation. Infrastructure gaps, including insufficiency of assaying equipment, storage facilities and mandi-level digital readiness, remain major obstacles (Sharma & Meena, 2021). These constraints lead to uneven adoption across states and socio-economic groups. Uttar Pradesh, with 162 e-NAM mandis (Ministry of Agriculture & Farmers Welfare, 2025), is one of India’s leading agricultural states. Meerut district, with its diverse cropping systems sugarcane, wheat, vegetables and floriculture, presents favourable opportunities for farmers to benefit from digital market linkages. Yet farmers continue to encounter persistent barriers, including high input costs, limited storage, inadequate extension outreach and low awareness regarding digital trading options (NABARD, 2021; Meena et al., 2022). Given this context, understanding the socio-economic profile of e-NAM users in Meerut becomes essential. Examining their awareness, adoption behaviour and perceived benefits helps identify the inclusiveness of the platform and the extent to which it bridges existing market gaps. Insights derived from such analysis can assist policymakers and extension agencies in tailoring interventions aimed at strengthening digital literacy, improving infrastructure and ensuring equitable participation. Ultimately, a clearer understanding of these dynamics will support efforts to modernise agricultural marketing, enhance transparency and increase farmers’ incomes through a more integrated and efficient digital market ecosystem (FAO, 2020).
2. METHODOLOGY
The study was conducted in the Meerut district of Uttar Pradesh, a major agricultural hub and an early adopter of the National Agriculture Market (e-NAM). The district was selected purposefully because its APMC mandis differ in their level of digitalisation, allowing an assessment of both farmers’ socio-economic conditions and the benefits experienced under e-NAM. Data were collected during 2021–2022, when mandi operations had stabilised after COVID-19, ensuring accurate recall from respondents.
A descriptive–analytical research design was employed to profile e-NAM users and examine their perceived benefits. A multi-stage sampling technique was used. In the first stage, two mandis with more than one year of e-NAM operations and consistent arrivals were purposively selected. In the second stage, 80 farmers were chosen through simple random sampling from official e-NAM registries. Only farmers who had used the platform at least once in the preceding twelve months were included. Primary data were collected using a pre-tested structured interview schedule covering socio-demographic features, economic attributes, use of e-NAM services and perceived benefits. Pre-testing ensured clarity and sequencing of items. Face-to-face interviews were conducted either in farmers’ homes or mandi premises after obtaining consent and assuring confidentiality.

2.1 Construction of the Socio-Economic Status (SES) Index
To examine economic differentiation among e-NAM users, a composite Socio-Economic Status (SES) Index was constructed using three core variables: 1. Education level of the farmer. 2. Size of operational landholding (hectares); 3. Annual farm income (₹). Each variable was first normalised using z-score standardisation to ensure comparability across different units of measurement. The SES score for each respondent was generated by summing the three standardised values.

The index was then categorised into three levels Low, Medium and High based on score ranges that reflected the natural distribution of the sample. This index was later used to test statistical associations with perceived benefits of e-NAM.
Table 1. Measurement of variables used in the study
	Variable
	Definition / Measurement
	Scale / Coding

	Age
	Age of respondent in completed years
	Continuous

	Gender
	Biological sex of respondent
	Male = 1, Female = 0

	Education
	Highest completed level of formal education
	0 = Illiterate, 1 = Primary, 2 = Middle, 3 = High school, 4 = Intermediate, 5 = Graduate, 6 = Postgraduate

	Caste
	Social category as reported by farmer
	General / OBC / SC–ST

	Family size
	Total number of family members sharing the same kitchen
	Continuous

	Occupation
	Main livelihood activity
	Farming / Farming + Labour / Other

	Landholding size
	Total operational land (owned + leased)
	Marginal <1 ha, Small 1–2 ha, Medium 2–4 ha, Large >4 ha

	Annual farm income
	Income from farm activities (self-reported)
	<₹50k, ₹50–100k, ₹100–200k, >₹200k

	Socio-economic Status (SES)
	Composite index based on education, income and landholding; values standardized and summed
	SES score: Low / Medium / High

	Awareness of e-NAM
	Whether the farmer has heard about e-NAM
	Yes = 1, No = 0

	Use of e-NAM platform
	Whether the farmer ever used e-NAM for sale
	Yes = 1, No = 0

	Dependent variable: Perceived Benefits of e-NAM
	Benefits were measured using seven dichotomous items (Yes/No) covering: (a) price satisfaction, (b) income gain, (c) record keeping, (d) cleanliness, (e) safe drinking water, (f) canteen facility, (g) trolley availability. Each benefit = 1 if present.
	Score range: 0–7 (binary additive index)



2.2 Measurement of Perceived Benefits
To capture farmers’ experience with e-NAM services, a set of seven benefit indicators was used. These included satisfaction with price, improvement in profitability, ease of record keeping, cleanliness of mandi premises, availability of storage facilities, satisfaction with drinking water/canteen services and availability of trolleys for commodity movement. Responses were recorded as Yes/No, making the indicators binary in nature. Before conducting factor analysis, internal consistency of this scale was assessed: , indicating very good reliability. KMO Measure = 0.78, confirming sampling adequacy. Bartlett’s Test of Sphericity was highly significant, indicating that the correlation matrix was suitable for factor extraction. Because the items were binary, correlations were treated accordingly during the analysis to ensure interpretational accuracy.
2.3 Analytical tools and statistical tests
Data were analysed in IBM SPSS. A combination of inferential techniques was used to test associations, direction and strength of relationships between socio-economic variables and perceived benefits.
2.4 Chi-square test of independence
Pearson’s chi-square () test was applied to examine associations between categorical socio-economic variables (education, caste, landholding category, occupation) and binary benefit indicators (Yes/No). The test statistic is computed as:

where  are the observed and expected frequencies in cell . Degrees of freedom () equal . When any expected cell frequency was <5, categories were merged to satisfy test assumptions or Fisher’s exact test was used for 2×2 tables. Statistical significance was assessed via the p-value; results with  were treated as statistically significant and  as highly significant. For significant chi-square results, effect size was reported using Phi (for 2×2 tables) or Cramer’s V (for larger tables):

where  is sample size and  is the smaller of the number of rows or columns. This provides a measure of association strength (small/medium/large).
2.5 Correlation analysis.
Associations between continuous or ordinal variables (SES score, landholding in hectares, annual income and overall benefit score) were quantified using Pearson’s correlation coefficient  when both variables approximated normal distribution:
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Significance of  was tested using a two-tailed t test and corresponding p-value. Where variables were non-normal or ordinal, Spearman’s rank correlation coefficient () was computed using ranked data;  was interpreted similarly to Pearson’s . Correlation magnitude was interpreted as: || < 0.20 negligible, 0.20–0.39 weak, 0.40–0.59 moderate, 0.60–0.79 strong, ≥ 0.80 very strong. All correlations reported with the coefficient and p-value (e.g., 
2.6 Factor Analysis 
Factor analysis was employed to examine whether the different benefit indicators reported by farmers represented broader underlying dimensions rather than functioning independently. This method was suitable because e-NAM provides multiple economic and service-related advantages that farmers perceive in interconnected ways. Before extraction, the suitability of the dataset was confirmed through the KMO measure and Bartlett’s Test of Sphericity, both indicating strong correlations among variables. Principal Axis Factoring was used, as it aims to uncover latent constructs rather than merely reduce data. The analysis followed the standard factor model.

where the loadings  reflect the contribution of each factor and  represents item-specific variance. Varimax rotation was applied to achieve a clearer and more interpretable factor structure. Factors with eigenvalues greater than one were retained and items loading above 0.50 were considered meaningful contributors. This approach enabled the study to identify coherent themes, primarily economic gains, service quality and infrastructure from the benefit indicators, offering a clearer understanding of how farmers evaluate e-NAM.
3. RESULTS
3.1 Socio-economic status of farmers associated with e-NAM
Table 2 presents the socio-economic features of the farmers using e-NAM. The sample was largely composed of economically active individuals, with 62.5% falling in the 31 to 60-year range. Educational attainment was moderate to high for a rural setting, nearly 69% had completed high school or intermediate education and one in five held a university degree. Caste distribution showed dominance of OBC households (47.5%), followed by General (30%) and SC/ST (22.5%). More than half of the households were medium-sized (51.25%), indicating adequate labour availability. Landholding distribution shows that marginal, small and medium farmers constituted over 90% of the sample, with an average operational holding of 1.94 ha. Nearly half the respondents (47.5%) belonged to the high-income group (₹1–2 lakhs annually). The SES index reflects this diversity: 20% were classified as low SES, 47.5% medium and 32.5% high. These SES variations align with differences in education, land and income and help explain variation in benefits experienced through e-NAM.



Table 2. Socio-economic characteristics and SES categories of respondents 
	Characteristic
	Category
	Number & (%)

	Age group
	<30 years
	14 (17.5)

	
	31–45 years
	28 (35.0)

	
	46–60 years
	22 (27.5)

	
	>60 years
	16 (20.0)

	Education
	Illiterate
	3 (3.75)

	
	Primary
	7 (8.75)

	
	Middle
	11 (13.75)

	
	High school
	25 (31.25)

	
	Intermediate
	18 (22.5)

	
	Graduation
	12 (15.0)

	
	Postgraduate & above
	4 (5.0)

	Caste
	General
	24 (30.0)

	
	OBC
	38 (47.5)

	
	SC/ST
	18 (22.5)

	Family size
	Small (<4)
	23 (28.75)

	
	Medium (5–7)
	41 (51.25)

	
	Large (>7)
	16 (20.0)

	Occupation
	Farming only
	43 (53.75)

	
	Farming + allied
	18 (22.5)

	
	Farming + business
	14 (17.5)

	
	Farming + service
	5 (6.25)

	Landholding
	Marginal (<1 ha)
	23 (28.75)

	
	Small (1–2 ha)
	26 (32.5)

	
	Medium (2–4 ha)
	25 (31.25)

	
	Large (>4 ha)
	6 (7.5)

	Annual income
	<₹50,000
	11 (13.75)

	
	₹50,000–1,00,000
	19 (23.75)

	
	₹1,00,000–2,00,000
	38 (47.5)

	
	>₹2,00,000
	12 (15.0)

	Socio-economic status (SES)
	Low (<40)
	16 (20.0)

	
	Medium (41–80)
	38 (47.5)

	
	High (81–120)
	26 (32.5)




3.2 Benefits Perceived by Farmers through e-NAM
Farmers reported a strong set of economic benefits from e-NAM (Table 3). Price satisfaction was high (71.25%) and 82.5% felt that e-NAM sales were more profitable than those conducted through traditional market channels. Record keeping was widely appreciated (92.5%), suggesting clear improvements in transparency. Service-related benefits were uneven. While cleanliness was viewed favourably by 68.75% of respondents, access to storage, drinking water, canteen services and trolleys was limited. Only 37.5% reported adequate storage facilities and just 25% were satisfied with drinking water and canteen amenities. These results indicate that while e-NAM strengthened economic opportunities, mandi infrastructure remains weak.
Table 3. Distribution of Respondents According to the Benefits Received Through e-NAM 
	Benefit Dimension
	Indicators
	Benefited (%)
	Not Benefited (%)

	Economic Benefits
	Price satisfaction
	71.25
	28.75

	
	Higher profitability than other mandis
	82.50
	17.50

	Service Quality
	Record-keeping accuracy
	92.50
	7.50

	
	Market cleanliness
	68.75
	31.25

	Infrastructure
	Storage facility availability
	37.50
	62.50

	
	Drinking water & canteen facilities
	25.00
	75.00

	
	Availability of trolleys
	43.75
	56.25



3.3 Associations between socio-economic traits and perceived benefits
Results of chi-square tests revealed important socio-economic patterns. Education was significantly associated with price satisfaction (χ² = 9.62, p = 0.022), indicating that better-educated farmers navigated e-NAM processes more effectively. Landholding size showed a significant association with perceived profitability (χ² = 11.48, p = 0.009); larger farmers reported greater monetary gains, likely due to higher marketed surplus.
Other associations such as age with price satisfaction and family size with record maintenance were not statistically significant. Effect sizes (Phi/Cramer’s V) indicated modest but meaningful relationships.







Table 4. Chi-square Tests of Association between Socio-economic Variables and Benefits 
	Variable
	Outcome Tested
	Test Statistic
	p-value
	Inference

	Age group
	Price satisfaction
	χ² = 4.27
	0.234
	NS

	Education
	Price satisfaction
	χ² = 9.62
	0.022
	Significant

	Family size
	Record maintenance
	χ² = 3.65
	0.162
	NS

	Landholding size
	Profitability
	χ² = 11.48
	0.009
	Significant

	Age
	Benefits score
	r = –0.12
	NS
	NS

	Education
	Benefits score
	r = 0.29
	0.041
	Positive

	Landholding
	Benefits score
	r = 0.41
	0.003
	Strong positive

	Annual income
	Benefits score
	r = 0.38
	0.012
	Positive

	SES Index
	Benefits score
	r = 0.33
	0.024
	Positive


3.4 Correlations with the overall benefit score
Positive correlations were observed between the benefit score and key socio-economic variables. Landholding showed a moderate correlation (r = 0.41, p = 0.003), followed by annual income (r = 0.38, p = 0.012) and SES index (r = 0.33, p = 0.024). Education also demonstrated a positive though weaker link (r = 0.29, p = 0.041). Age had a small, non-significant negative correlation (r = −0.12), suggesting older farmers perceived slightly fewer benefits from e-NAM.
3.5 Factor Analysis of Perceived Benefits:
Factor analysis revealed a clear three-factor solution explaining 79.4% of the total variance. The first factor, Economic Benefits, accounted for 36.2% of the variance and had strong loadings for price satisfaction, profitability and record keeping. The second factor, Market Services, included cleanliness and drinking water/canteen facilities (24.5%). The third factor, Infrastructure, consisted of storage facilities and trolley availability (18.7%).
This multidimensional structure suggests that farmers judge e-NAM not only by income gains but also by the quality-of-service delivery and physical infrastructure at mandis.
Table 5. Factor Analysis of Perceived Benefits of e-NAM 
	Factor Loadings
	Loading Range
	Variance Explained (%)
	Factor Name

	Price satisfaction, Profitability, Record maintenance
	0.76–0.82
	36.2
	Economic Benefits

	Cleanliness, Drinking water/canteen
	0.78–0.81
	24.5
	Market Services

	Storage facility, Trolleys
	0.79–0.83
	18.7
	Infrastructure



4. DISCUSSION
This study highlights that farmers in the Meerut district who interact with the market have experienced improved changes. Earlier, farmers had to deal with irregular payments, uncertain pricing and middlemen. Presently, as a result of e-NAM, farmers express trust in trading since this assures price transparency, open bidding and timely payments. In the determination of benefits, socio-economic factors play a key role. The majority of respondents who were adaptable to new practices were middle-aged. Education is found as a key component because the respondents with a high level of education found better at understanding bids, auction processes and bargaining. It is also found that results were affected by landholding size, as it is evident that large farmers earn more profits as a result of higher transaction volumes. Some previous studies by Kaur and Kaur (2020) and Singh and Sharma (2019) supported these results which found that socioeconomic characteristics had a direct influence on the adoption of digital platforms and their effects as well. Based on this finding, it is also revealed that benefits to the farmers are not fairly distributed because marginal, less educated and old farmers are involved less due to their digital skill and awareness. Verma and Singh (2017) also found similar issues, noting that without adequate support, poor farmers risk exclusion from digital platforms. A major challenge is identified as a lack of infrastructure. Since only 40% of respondents had access to storage and for drinking water and canteen facilities, only 25% had access. Farmers feel obliged to sell their produce immediately at a reduced price, which also limits their ability to use e-NAM to increase their negotiation leverage. Findings of Sharma et al. (2021) also supported these drawbacks; that investments in mandi infrastructure are required in addition to digital platforms in order to reach full potential.
The relationship between age and benefits indicates a slight negative trend, indicating that older farmers often struggle to adapt to digital platforms, unlike younger and middle-aged farmers who are more familiar with technology and can earn better returns. In order to assist older and less educated farmers, extension organisations must take the initiative in offering training, particularly in digital literacy. From these findings, three main policy concerns were raised: initiatives of strengthening digital literacy; ensuring inclusivity by enhancing awareness, especially for small and marginal farmers. Second, upgrading mandi infrastructure for storage, weighing and cleaning, and third, preventing socio-economic disparities. As revealed by the Exploratory Factor Analysis, farmers’ benefits clustered around three dimensions – economic gains, market services and infrastructure – which together explain how e-NAM influences farmers’ experiences. In all these factors, the most important factor is economic such as record-keeping, more income and better prices. However, some problems like inadequate mandi amenities, water and cleaning services, poor infrastructure for storage and transportation cause dissatisfaction. Even though farmers’ satisfaction, pricing and transparency are enhanced by e-NAM, but for sustainable viability, it needs better infrastructure, proactive extension services to increase efficiency and a high amount of adoption of technology by farmers.
5. CONCLUSION
The study reveals that e-NAM has contributed to greater satisfaction with prices, higher profits, improved transparency, better record management and strengthened the livelihood of farmers in Meerut district. Higher profits are achieved by middle-aged farmers, moderately educated and individuals who had better resources were more involved with e-NAM. Education and landholding size were two major socioeconomic factors. However, favourable impact is observed by income as well. But insufficient facilities, such as inadequate storage, canteens and drinking water, continue to obstruct efficient operations. To realise the full potential of e-NAM, policies should be drawn to support digital literacy, enhance service delivery and strengthen infrastructure. Extension organisations should also concentrate on enhancing the capabilities of marginal, smallholder and less educated farmers. Factor analysis indicates that the results of the study are influenced by infrastructure and services, even though economic benefits dominate.
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