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ABSTRACT

Digital agribusiness platforms are increasingly seen as a tool to enhance 
the market access of smallholder farmers, market information and 
opportunities for profitable marketing. But there is limited empirical 
evidence of their economic impacts, especially in Odisha, India. The 
present study aimed to evaluate the determinants and economic impact 
of adopting digital agribusiness-platform by the smallholder farmers from 
district of Gajapati, Ganjam and Kalahandi in Odisha. 300 farmers (150 
adopters and 150 non-adopters) were sampled for primary data collection. 
Descriptive statistics and binary logistic regression were used to describe 
patterns of platform adoption, and propensity score matching (PSM) 
was utilized to estimate the association between indicators of platform 
adoption and indicators of market access and economic performance. 
The users of digital platforms had higher number of market-information 
sources accessed (3.42 sources vs. 1.86 sources), more number of buyers 
contacted (3.74 buyers vs. 1.92 buyers) and higher price of farm-gate price 
(₹27.84 vs. ₹24.72 per kg) and lower marketing cost (₹2.86 vs. ₹3.38 per 
kg). The probability of adoption was significantly higher when considering 
education, smartphone ownership, Internet usage, access to information 
on digital markets, and FPO membership and digital agriculture training. 
The estimates show that adoption was related to increased net farm 
returns (ATT = ₹19,070 per ha), BCR (ATT = 0.33), MAI (ATT = 15.7 points) 
and price realization (ATT = ₹2.66 per kg); while the marketing cost 
decreased (ATT = −₹0.45 per kg). The results indicate the potential of digital 
agribusiness platforms for enhancing the participation in markets and 
economic performance of farms. Increasing digital capacity and literacy, 
farmer training, and digital marketing through FPOs and rural connectivity 
could be leveraged to promote inclusive digital market participation and 
support sustainable smallholder agricultural development.
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Introduction
Smallholder farmers are still very much at the heart of 

food production and rural livelihoods but are constrained 
in their farm incomes and bargaining power by limited 
access to remunerative markets, and by the lack of 
reliable buyers, timely price information and efficient 
marketing channels. There is evidence that interventions 

that enhance output-market access can boost farm 
sales, prices and farm returns, but that benefits can be 
context-specific, varying across low- and middle-income 
countries (LMICs) (Marion et al., 2024). These challenges 
are directly linked to SDG 2 (Zero Hunger) and specifically 
SDG 2.3 (Improve the productivity and incomes of small-
scale food producers by expanding access to markets 
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and resources) and also to SDG 8 (Decent Work and 
Economic Growth) and SDG 9 (Industry, Innovation and 
Infrastructure). Digital transformation can thus be a vital 
means to improve the inclusiveness and efficiency of 
agricultural markets.

The digital agribusiness platforms can help to 
overcome some of these challenges by offering market 
information, bringing together farmers and buyers, 
enabling price discovery, and reducing information and 
search costs. Despite the barriers of unequal connectivity, 
affordability and digital literacy, smallholders are adopting 
digital technologies to access agricultural information, 
market products, communicate with others, and market 
their products, as indicated by systematic evidence 
(Gumbi et al., 2023). There is also more recent evidence 
that digital marketing and extension technologies can 
enhance access to information and markets, however, lack 
of connectivity, infrastructure and digital skills are the key 
constraints to wider use (Yuan and Sun, 2024). Therefore, 
digital agribusiness should not only be considered as 
a technology intervention, but as a tool that can affect 
the marketing decision of farmers, market connection, 
economic performance etc.

In response to the challenges faced by agriculture 
markets, India has introduced the Electronic National 
Agriculture Market (e-NAM), which aims to provide 
a platform for transparent price discovery through 
competitive online trading. As on 21st January 2026, 
1.79 crore farmers and 1522 mandis were registered/
integrated under e-NAM, which will also give market 
and price information and enable quality assaying and 
electronic trading. Some recent empirical studies have 
showed that the spatial price integration was better for 
certain commodities in the e-NAM market and farmers 
transacting through e-NAM mandis secured substantial 
price realization over farmers transacting in non-e-NAM 
mandis. But the evidence is not entirely favourable, there 
are ongoing concerns of low platform share in the overall 
APMC transactions and digital divide (Das et al., 2024), 
and limited inter-state trade.

In the context of digital agricultural marketing, 
Odisha offers a welcome opportunity to explore these 
dynamics as the digital market has grown significantly 
in the state. All 66 Regulated Market Committees have 
been linked with e-NAM with 4.16 lakh farmers, 639 
FPOs and 9,873 traders registered and e-NAM trading 
has been growing significantly from 2019-20 to 2023-
24. (Government of Odisha, 2025). Such variations 
in farmers’ involvement in the electronic agricultural 
markets have been observed in previous studies 
conducted in Odisha, showing that socio-economic 
and market-related factors affect digital-market 
participation. But it is not a guarantee that individual 

smallholders will achieve better market access or 
economic returns.

There is a critical need for more research on e-NAM 
and digital agriculture. Research on awareness, adoption, 
participation and platform performance has mostly 
existed, while studies that simultaneously analyse market 
access, marketing costs, price realization and farm 
profitability among smallholders are relatively scarce. 
Furthermore, comparing adopters with non-adopters 
might be subject to systematic bias because digitally 
active farmers may not be the same in education, farm 
size, income, ownership of a smartphone, and/or their 
participation in various institutions. The present study 
thus focuses on the smallholder farmers of the Gajapati, 
Ganjam and Kalahandi districts of Odisha, with the aim 
to investigate the factors driving the adoption of digital 
agribusiness-platform and the relationship between 
adoption of the same and farmers’ market access and 
economic performance using logistic regression and 
propensity score matching. The study thus offers empirical 
evidence on whether digital agribusiness involvement is a 
factor in improving the inclusivity and economic efficiency 
of agricultural marketing among smallholders.

Materials and Methods

The study was carried out in Gajapati, Ganjam 
and Kalahandi districts of Odisha, India which were 
purposively selected as representative districts of 
agriculturally important areas, where regulated 
agricultural markets exist and where farmers are exposed 
to digital agricultural marketing. Gajapati has regulated 
markets at Paralakhemundi for commodities like cashew, 
maize and cotton and Hinjilicut and Digapahandi have 
regulated markets for various agricultural commodities 
in the Gajapati district. The choice of Kalahandi 
was based on the availability of regulated market 
network established in the area which comprises of 
Bhawanipatana, Kesinga, Junagarh and Mukhiguda, with 
cotton, maize and horticultural products being some of 
the important products of the markets. The location of 
e-NAM connected markets in these districts offered an apt 
platform to explore the adoption of digital agribusiness, 
access to markets and economic outcomes.

To select households that were participating actively 
in the commercial production and marketization of 
farming activities, a multistage sampling technique was 
used. A total sample of 300 farmers was considered, 
150 of which were digital-platform users, and 150 non-
users. Digital-platform adoption was considered as the 
regular use of any one digital agribusiness service for 
agricultural marketing, such as the e-NAM, mobile based 
market platforms, FPO mediated digital marketing, 
digital price-information services or online buyer-seller 
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network. Primary data was gathered using a structured, 
pre-tested interview schedule, which included socio-
economic characteristics, market-information sources, 
buyer contacts, marketing costs, selling prices, indicators 
of access to markets and farm-level economic returns of 
digital access and use. Market Access Index (0–100) was 
created by standardising market-information availability, 
alternative buyer access, price information, competitive 
marketing opportunities, transaction convenience 
and payment efficiency. The Marketing Decision Score 
was created based on the farmers’ capability of price 
comparison, buyer identification, channel selection and 
negotiating selling conditions.

Firstly, descriptive statistics were used to describe 
the farmer characteristics. Independent sample t-test 
were used for continuous variables and χ² tests were 
used for categorical variables to compare differences 
between adopters and non-adopters. A binary logistic 
regression model was then estimated to determine 
factors associated with digital-platform adoption. 
Age, education, operational holding, farm income, 
smartphone possession, frequency of internet use, FPO/
cooperative membership, digital-agriculture training and 
digital market-information access and distances to the 
regulated market were variables used as explanatory 
variables, whereas the dependent variable was coded 
as 1 for adopters and 0 for non-adopters. Estimated 
coefficients and standard errors are presented along with 
odds ratios. Propensity score matching (PSM) was used 
to minimize selection bias due to systematic differences 
between adopters and non-adopters. Propensity scores 
were modeled from the logistic model, and matched 
with observationally similar non-adopters using nearest-
neighbour, caliper and kernel matching methods. 
Estimates of Average Treatment Effect on the Treated 
(ATT) for market-access and economic-performance 
outcomes were derived using PSM, which is based on 

the potential-outcomes framework of Rosenbaum and 
Rubin (1983). The results were found to be the Market 
Access Index, the farm-gate price, marketing cost, net 
farm return, benefit–cost ratio, return on marketing 
expenditure, the payment realization period, and 
the price-realization index. The matching quality was 
examined using standardized mean differences, variance 
ratios and common-support diagnostics. The robustness 
of ATT was conducted by comparing estimation results 
obtained by using different matching methods. The level 
of statistical significance was 5% and 1% with all monetary 
values shown in Indian rupees (₹). Statistic software 
was used and the interpretation was done at the farm-
household level.

Results and Discussion

The results are presented to evaluate the adoption and 
economic implications of digital agribusiness platforms 
among smallholder farmers in Odisha. Table 1 shows the 
socio-economic and digital attributes of 300 smallholders 
in Odisha, 150 of them using a digital platform and 150 
who are not using digital platform. The age at which digital 
users used it (42.6 years) was lower than that of non-
users (47.8 years), education level (9.7 years schooling) 
was higher than that of non-users (6.8 years schooling), 
the size of the holding (1.18 ha) was higher than that of 
non-users (0.96 ha), and the annual farm income (₹2.41 
lakh) was higher than that of non-users (₹1.86 lakh). At 
p<0.05 or p<0.01, users showed significantly higher levels 
of ownership of the smartphones, mobile internet use, 
FPO/cooperative membership, access to formal credit, 
digital market-information, and digital-agriculture training 
than non-users. 

The correlation of the higher digital participation 
of younger and better-educated farmers aligns with the 
studies that show that education and farm resources 
and access to digital devices are a driver for farmers to 

Table 1. Socio-economic characteristics and digital agribusiness platform participation of sampled farmers in Odisha

Variable Category Digital users (n=150) Non-users (n=150) Overall (n=300) χ²/t value

Age (years) Mean ± SE 42.6 ± 0.9 47.8 ± 0.9 45.2 ± 0.6 4.08

Education (years) Mean ± SE 9.7 ± 0.4 6.8 ± 0.3 8.3 ± 0.3 5.78

Operational holding (ha) Mean ± SE 1.18 ± 0.06 0.96 ± 0.05 1.07 ± 0.04 2.76

Annual farm income (₹ lakh) Mean ± SE 2.41 ± 0.12 1.86 ± 0.10 2.14 ± 0.08 3.50

Mobile internet use Yes (%) 91.3 63.3 77.3 35.21*

Smartphone ownership Yes (%) 94.0 72.7 83.3 27.84*

Membership in FPO/cooperative Yes (%) 48.7 28.7 38.7 12.29*

Access to formal credit Yes (%) 58.7 43.3 51.0 7.06

Received agricultural market information digitally Yes (%) 82.0 36.7 59.3 61.38*

Training on digital agriculture Yes (%) 34.0 12.0 23.0 22.07*

Note: *Significant at 5%; **Significant at 1%. χ² was used for categorical variables and independent-samples t-test for continuous variables.
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use agricultural service via their smartphone (Krithi, 
Varman 2026). The findings of this study in the state of 
Odisha further support that education and age have 
a significant impact on participation in an electronic 
agriculture market (Khandagiri and Kannan, 2022). 
Findings from Bihar indicate that digital agricultural tools 
are limited by accessibility of the platform, connectivity, 
digital literacy, and the ability to interpret information, 
especially for less educated and resource-constrained 
farmers, corroborating the strong relationship between 
the use of the platform and smartphone and internet 
access. Likewise, smartphone availability and education 
are significant proxies of farmers’ digital preparedness, 
and linked to digital agricultural services (Fabregas et al., 
2019) in India.

The high participation of users in institutional 
networks, like FPOs, and in trainings on digital-agriculture 
further indicate that institutional networking and capacity 
building can help towards digital inclusion; the recent 
evidence on e-NAM adoption also highlights digital 
literacy, education and social participation as important 
factors for participation. This is especially true of Odisha, 
with all 66 RMCs being connected to e-NAM, and 4.16 
lakh farmers and 639 FPOs registering on the platform, 
resulting in significant institutionalization of digital 
agricultural marketing across the state. Hence, facilitating 
digital agribusiness in Odisha should be focused on 
platform availability along with digital-literacy training, 
facilitation through FPOs, and cost-effective connectivity 
and farmer-oriented support instead of just technology 
access. More recent studies also highlight the need for 
local training, the cost of internet and digital literacy. 
The need for local training, affordable internet and 
digital literacy are also highlighted by recent evidence to 
overcome the agricultural digital divide.

There are significant differences in market-access 
and marketing performance between digital-platform 

users and non-users that are evident in Table 2. Digital 
users reported using more market-information sources 
(3.42 vs. 1.86), had more buyers per season (3.74 vs. 
1.92) and sold a higher percentage of their produce 
competitively (61.8% vs. 43.6%) than non-users (p<0.01). 
They also earned a higher average farm-gate price 
(₹27.84 vs. ₹24.72 per kg), lower marketing costs (₹2.86 
vs. ₹3.38 per kg), had a shorter post-harvest waiting 
period (2.1 vs. 3.4 days), and a greater producer share in 
the consumer price (68.4% vs. 57.2%). Digital users then 
had significantly higher scores on both the Market Access 
Index (67.8 vs. 49.6) and on the Marketing Decision 
Scores (14.8 vs. 10.9) with all differences statistically 
significant at p < 0.01. The results presented here suggest 
that the integration of digital platforms was linked with 
greater buyers’ access, better price realization and more 
efficient marketing transactions.

Digital-platform users’ superior market performance 
relative to their non-digital counterparts can be 
attributed to the digital technologies’ capacity to lower 
farmers’ information asymmetry and increase their 
capacity to reach alternative buyers and market prices. 
Reddy and Mehjabeen (2019) found that better market 
information and electronic price discovery are among 
the key mechanisms that can strengthen agricultural 
marketing with e-NAM implementation but requires 
effective coordination of stakeholders in India. Meena 
et al. (2019) also found that digital platforms like e-NAM 
can enhance market access, transparency, and price 
realization, and minimize reliance on intermediaries. The 
higher farm-gate price among users in the present study 
is also consistent with the evidence on e-NAM, which 
revealed a positive, and statistically significant, impact 
on the wholesale price, but with the caveat that market-
information interventions do not necessarily lead to lower 
transaction costs, which calls for the need to consider 
the platform design and local implementation conditions. 

Table 2. Effect of digital agribusiness platform use on market access and marketing performance

Indicator Digital users (n=150) Non-users (n=150) Difference (%) t-value

Number of market information sources used 3.42 ± 0.12 1.86 ± 0.09 83.9 10.62*

Distance to principal buyer/market (km) 18.6 ± 1.1 24.8 ± 1.3 −25.0 3.58*

Buyers contacted per season (number) 3.74 ± 0.18 1.92 ± 0.12 94.8 8.47*

Share of produce sold through competitive channels (%) 61.8 ± 2.1 43.6 ± 1.9 41.7 6.36*

Average farm-gate selling price (₹/kg) 27.84 ± 0.61 24.72 ± 0.56 12.6 3.74*

Marketing cost (₹/kg) 2.86 ± 0.10 3.38 ± 0.12 −15.4 3.35*

Post-harvest waiting period (days) 2.1 ± 0.2 3.4 ± 0.3 −38.2 3.67*

Producer’s share in consumer price (%) 68.4 ± 1.5 57.2 ± 1.7 19.6 4.85*

Market-access index (0–100) 67.8 ± 1.4 49.6 ± 1.6 36.7 8.53*

Marketing decision score (0–20) 14.8 ± 0.3 10.9 ± 0.3 35.8 9.11*

Note: Mean ± SE. *Significant at 5%; **Significant at 1%.
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Communication and information infrastructure is also 
shown to be important by Negi et al. (2018), who have 
found that poor transportation and communication 
infrastructure limit farmers’ range of profitable marketing 
channels, and can contribute to reduced producer prices 
in India. The findings of higher competition channel 
share and producers’ share among users, respectively, 
is therefore indicative of potential gains in farmers’ 
negotiating power from the digital platforms where they 
can make themselves more visible and less dependent on 
a few local intermediaries. This is in line with the evidence 
of alternative and institutionalized marketing channels 
having the potential of lowering farmers’ exposure 
to distress selling and bettering farmers’ marketing 
outcomes in India.

Table 3 shows the binary logistic regression results 
of factors associated with adopting digital agribusiness 
platforms among the 300 sampled farmers. The model 
was statistically significant (LR χ²=118.47, p<0.01) and 
had a 78.7% correct classification accuracy, with an 
acceptable goodness of fit (Hosmer–Lemeshow p=0.449). 
Education was a significant and positive factor (OR=1.202, 
β=0.184, p<0.01), meaning that for every additional 
year of education, the odds of adoption increased by 
around 20.2%. Internet-use frequency, smartphone 
ownership and access to digital market information also 
significantly affected the likelihood of adoption (OR>1, 
p<0.01). Operational holding size (OR=1.523) and farm 
income (OR=1.374) were positive and significant at the 
5% level and age (OR=0.965) had a negative association 
with adoption, while FPO/cooperative membership 
(OR=1.978) and digital-agriculture training (OR=2.394) 
were positive and significant at the 5% level. Distance to 
regulated market was negative and significant at the 5% 
level (OR=0.972). Hence, the chances of participation in 
adoption were higher in the case of farmers who were 
better educated, more connected with digital networks, 

more involved in digital-markets institutions, and more 
exposed to digital-markets information, while older age 
and greater market distance decreased the likelihood of 
farmers participating in adoption.

Positive effect of education, ownership of smart 
phone, Internet use shows that human capital and 
digital readiness are key factors in the uptake of digital 
agribusiness. This result aligns with the studies conducted 
by smallholders in India where it was established that 
education, mobile phone ownership, farm assets, 
landholding characteristics are among the factors that 
affect adoption of digital agricultural extension services 
(Nwangwu et al., 2024). The influence of smartphone 
ownership in the current study (OR=2.494) reaffirms 
recent Indian findings that education and income along 
with access to digital devices greatly impact farmers access 
to agricultural services through smartphones (Abbas et 
al., 2024). The positive correlation of FPO membership 
and digital-agriculture training with adoption further 
suggests that institutional exposure and capacity building 
can facilitate the adoption of digital agriculture as well; 
recent evidence on e-NAM adoption reinforces education, 
digital literacy and social participation as drivers for 
participation, and recommends awareness and capacity 
building programmes. In the same way, Raghavendra 
et al. (2023) identified farm size and distance to market 
as factors that significantly affect participation in 
e-marketing and highlighted the importance of awareness 
and capacity development as strategies to raise the 
participation of farmers in e-marketing.

The negative distance-to-regulated-market 
coefficient indicates that spatial accessibility continues to 
be relevant even if digital platforms are used, which may 
relate to different physical market infrastructures, digital 
awareness, and/or distances to transactions completion 
costs. This is in line with recent studies which have found 
that distance from markets continues to be significant 

Table 3. Determinants of farmers’ adoption of digital agribusiness platforms: binary logistic regression

Explanatory variable Coefficient (β) SE Odds ratio z-value

Age (years) −0.036 0.014 0.965 −2.57

Education (years) 0.184 0.049 1.202 3.76*

Operational holding (ha) 0.421 0.186 1.523 2.26

Annual farm income (₹ lakh) 0.318 0.127 1.374 2.50

Smartphone ownership (1=yes) 0.914 0.354 2.494 2.58

Internet-use frequency (times/week) 0.126 0.041 1.134 3.07*

FPO/cooperative membership (1=yes) 0.682 0.286 1.978 2.38

Digital-agriculture training (1=yes) 0.873 0.341 2.394 2.56

Market-information access (1=yes) 0.795 0.298 2.214 2.67*

Distance to regulated market (km) −0.028 0.013 0.972 −2.15

Constant −3.914 1.026 — −3.82*
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for small farmers’ market participation in India (Paul et 
al., 2021). The negative correlation with age also implies 
a possible “digital generation effect” but must be viewed 
with caution, as age could also be influenced by education 
and familiarity with and digital literacy of the smartphone. 
The most recent study on digital innovations in 
agriculture in India also suggests that digital literacy, cost, 
connectivity, and language are key barriers, especially for 
older and less-educated farmers.

Table 4 shows the estimated impact on economic 
performance of adoption of a digital agribusiness platform 
by a farmer, after matching a farmer with a farmer in the 
control group who is observationally similar to the farmer 
in the treatment group. Adoption of digital-platforms 
increased the net farm return by 34.1% to ₹19,070/ha 
and the improvement coefficient of the benefit–cost ratio 
by 19.4% to 0.33. The price-realization index (ATT = 11.2 
points; p<0.01) was also higher and the marketing cost (ATT 
= −₹0.45/kg; p<0.01) was lower for all the adopters. The 
estimated ATT for the market-access index was 15.7 points, 
which suggests that market-access index matched adopters 
had a lot more access to agricultural markets. The positive 
impact on farm-gate price (₹2.66 per kg) and higher ROI 
on marketing expenditure also point towards increased 
economic efficiency among the digital-platform users.

The positive ATT estimates suggest that the 
involvement of digital agribusiness can bring economic 
advantages due to better market access and better price 
information, and the better ability of farmers to find 
alternative buyers. There is recent evidence from India 
that the use of digital platforms in agriculture, like e-NAM, 
can enhance market access, transparency, and market 
price realization, but the magnitude of the benefits can 
differ by commodity and market (Praneeth et al., 2023). 
The current evidence of improved price realization is 
corroborated by a Difference-in-Differences analysis 
from Andhra Pradesh, which has shown that the e-NAM 
participants in turmeric and dry chilli markets experienced 
significant price gains compared to their non-participants, 
indicating that digital trading could enhance price 
discovery and reduce information asymmetry (Venkatesh 
et al., 2021). Moreover, the results from studies 

conducted in Rajasthan revealed that adoption of e-NAM 
led to a rise in farmers’ prices or market quantity, but 
other efficiency gaps were noted as the need for further 
improvement. The low marketing cost as reported in the 
present study is significant as the problem of high search, 
negotiation and transaction cost is often faced by small 
holders and can limit access to remunerative marketing 
channels (Sharma et al., 2025). Empirical evidence from 
the recent past in Tamil Nadu also suggests that the use of 
mobile technology can help lower search and negotiation 
costs and enhance market access and livelihoods for 
smallholders.

The benefit–cost ratio and improvement in net farm 
returns also indicate that the economic value of digital 
platforms could be more than just price improvement, 
because the benefit may be a greater contribution 
to marketing efficiency. This interpretation is also 
confirmed by the recent study conducted in the East India 
demonstrating the positive linkages between utilization 
and farm income outcomes of digital agricultural services 
such as the study in Odisha. However, the size of the 
present estimates needs to be treated with caution 
as PSM controls only for observed characteristics and 
other unobserved factors like entrepreneurial ability, 
digital literacy, and motivation and pre-existing buyer 
relationships may also have an impact on the adoption 
rates and economic outcomes. This restriction highlights 
the need for matching diagnostics to be reported and, if 
feasible, an IPW or alternative specification to be carried 
out as a robustness check.

Conclusion

The study findings show that digital agribusiness 
platforms can make a significant impact on improving the 
economic performance and market access of smallholder 
farmers in Odisha. Digital-platform adopters also had 
more sources of market information they used (3.42 
vs. 1.86) and contacted more buyers (3.74 vs. 1.92), 
and had a higher percentage of competitive-channel 
sales (61.8% vs. 43.6%) than non-adopters. They also 
obtained higher farm-gate prices (₹27.84 vs. ₹24.72 per 
kg), lower marketing costs (₹2.86 vs. ₹3.38 per kg) and 

Table 4. Effect of digital agribusiness platform adoption on farm economic performance

Outcome variable Mean adopter Matched non-adopter ATT SE % effect

Market-access index (0–100) 67.8 52.1 15.7* 2.84 30.1

Farm-gate price (₹/kg) 27.84 25.18 2.66* 0.73 10.6

Marketing cost (₹/kg) 2.86 3.31 −0.45* 0.14 −13.6

Net farm return (₹/ha) 74,940 55,870 19,070* 4,820 34.1

Benefit–cost ratio 2.03 1.70 0.33* 0.09 19.4

Price realization index 72.6 61.4 11.2* 2.51 18.2
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higher producer-price shares (68.4% vs. 57.2%). Logistic 
regression also revealed that education, smart phone 
ownership, use of internet, access to information in digital 
markets, membership of FPO were associated with higher 
probability of platform adoption while age and distance 
to the regulated market had negative association. Most 
importantly, propensity score matching showed a positive 
association of digital adoption with net farm returns (ATT 
= ₹19,070 per ha), benefit–cost ratio (ATT = 0.33), market-
access index (ATT = 15.7 points) and price realization (ATT 
= ₹2.66 per kg), while marketing costs declined by ₹0.45 
per kg. Based on these findings, it is recommended that 
digital literacy, the availability of smart phones, digital 
marketing through farmer pro-orgs, and farmer training 
and strengthening rural connectivity should be enhanced 
to boost the benefits of digital agribusiness. These 
interventions can help to make agriculture better and 
more inclusive, as well as helping to achieve SDG 2, SDG 
8 and SDG 9. These estimates of the PSM, however, are 
conditional associations and should not be viewed as fully 
causal effects when there is unobserved heterogeneity.
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