Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

3 N AS Research on World Agricultural Economy
) . " - 0
RANTABG DY OF SRS https://journals.nasspublishing.com/index.php/rwae
ARTICLE

The Role of Mobile Technology Adoption in Developing
Sustainable Agricultural Marketing Efficiency and Reducing
Transaction Costs Among Smallholder Farmers

Hayder M. Ali' “ , Sathiyasuntharam Velayutham ? * , Keerthi Samhitha Babu 3" , Firas Tayseer Ayasrah*" ,
Aseel Smerat >° " , Subhashree Balasubramanian’" , Asqar Absamatov®" , Sudhakar Sengan *"

1 Department of Information Technology, College of Science, University of Warith Al-Anbiyaa, Karbala 56001, Iraq

2 Department of Computer Science and Engineering, School of Computer Science and Engineering, Sharda University,
Greater Noida 201310, India

3 Department of Computer Science and Engineering, Koneru Lakshmaiah Education Foundation, Vaddeswaram 522502,
India

4 College of Education, Humanities and Science, Al Ain University, Al Ain PO. Box 112612, United Arab Emirates

5 Faculty of Educational Sciences, Al-Ahliyya Amman University, Amman 19328, Jordan

6 Centre for Research Impact and Outcome, Chitkara University, Punjab 140401, India

7 Department of Information Technology, V.S.B. College of Engineering Technical Campus, Coimbatore 642109, India
8 Department of Finance and Tourism, Termez University of Economics and Service, Termez 190100, Uzbekistan

? Department of Computer Science and Engineering, PSN College of Engineering and Technology, Tirunelveli 627152,
India

ABSTRACT

The main objective of the present study is to investigate how smallholder farmers (SF) in Thanjavur, Tamil

Nadu, India, are using mobile technology to develop sustainable access to markets for agricultural products and re-
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duce transaction costs. This research employs a mixed-methods approach (MMA) to examine the effects of mobile
payment systems, diverse technologies, and mobile devices on TC, MA, and Lol. A total of 273 farmers were sur-
veyed, of whom 137 were initial adopters and 136 did not participate at any time. A subset of 27 farmers and vital
stakeholder groups was then subjected to a complete evaluation. The experimental results of this investigation val-
idate that MTA significantly minimises TC for SF, particularly search costs (SC) (by 35.85%) and negotiation costs
(NC) (by 31.00%). The results showed a significant 83.97% increase in Lol and a 43.21% increase in MA among
farmers who implemented MTA, compared with those who did not. The experimental results presented here show
that MTA can improve MA and Lol in rural agricultural backgrounds, predominantly when challenged by environ-
mental changes. This research study highlights problems with MTA4, including limited setup and electronic data
issues, but also validates that MTA supports livestock farmers in NC and MA by enabling real-time data collection
for SA.

Keywords: Sustainable Agricultural Marketing; Smallholder Farmers; Mobile Technology Adoption; Mixed-Methods

Approach; Short Message Service; Digital Literacy

1. Introduction

The importance of recognising that smallholder
farmers (SF) are the primary focus of the majority of agri-
cultural trials intended to increase environmental sus-
tainability, yet these farmers face enormous challenges
when seeking market access (MA) and improving their
Level of Income (LoI) ™. In addition, conventional mar-
keting of agricultural products has high transaction costs
(TC) because it involves logistics and conflict resolution,
relies primarily on agricultural mediators, and has lim-
The
development of mobile technology adoption (MTA) has

ited the availability of real-time market datal?l.

opened up entirely new potentials for addressing these
problems; MTA has the probable to enhance market data
flow 3], minimise TC, and improve market use*. Farm-
ers can make better choices about when and where to
sell their crops with the help of MTA platforms, such
as electronic payment systems, mobile applications, and
short message service (SMS), which provide real-time
updates on service costs, buyer demand, and weather
forecasts®]. Agricultural mediators have been rendered
redundant by these MTAs, which allow buyers direct ac-
cess; at the same time, mobile-based payment methods
revolutionise money transfers (6.

There is considerable trust that MTA might change
SA marketing in this context, particularly for SFI”). How-
ever, there has been limited investigation into the extent
to which MTA improves MA and minimises TC, particu-

larly in locations where digital setup is not readily ac-
cessible®l. This investigation aims to determine how
MTA affects MA, TC, and Lol to enhance SA marketing
results for SF. The present study seeks to provide infor-
mation about the distinctive challenges of MTA in South
Asian markets by evaluating SF methods in Thanjavur,
Tamil Nadu, India®l.

cially support and improve innovative mobile technolo-

Research involving how to finan-

gies that optimise the Lol of SF will provide significant
advantages to policymakers, agricultural stakeholders,
and researchers studying technology 1%

In Indian academic research, the Thanjavur district
stands out for its distinctive culture, economic system,
and geographic location. The city of Thanjavur in the
Indian state of Tamil Nadu is known for its agricultural
products, including animal products, wheat, vegetables,
and rice 11,

In rural areas, where farmers face problems such
asrestricted access to marketplaces and high transporta-
tion costs, the location and environmental factors moti-
vate investigating the impact of MTA in South Asia. Than-
javur, Tamil Nadu, India, has developed its financial sec-
tor around agricultural products, providing an essential
foundation for questioning how MTA could improve MA,

cut costs, and increase Lol[Z,

Also, the entire region
continues to face challenges in its information technol-
ogy development, including limited digital learning and
limited network access in remote areas. This environ-

ment enables researchers to investigate the potential
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and challenges of MTA.

A significant challenge to agricultural production is
MTA, which is particularly challenging for SMEs, as most
of their main demands are MA at acceptable TCs. Be-
cause of agricultural mediators, low selling prices, and
a lack of expertise in MA, conventional SA marketing
systems result in agricultural producers making less in-
come on their financial investments. Additionally, there
may be fewer demands for agricultural intermediaries
if the MTA supports mobile-based communication and
transactions between buyers and farmers. This initiative
will help address these gaps. By integrating these factors,
this revolutionary approach aims to improve market
price estimation, increase transparency in agricultural
product marketing, and minimise wasted resources.

The farmers may be running tight operations with
limited resources and are thus unable to respond to mar-
ket changes; hence, it is essential for MTA3l, These
farmers must use MTA to control when and where they
sell their yield, reduce costs to improve profits, and ob-
tain essential inputs such as seeds and fertilisers 4.
Also, MTA supports insurance, which is crucial for miti-
gating risks and achieving sustainability in agricultural
innovation. The motivation for fetching in this study
stems from the recognised physical requirements that
challenge SF and the accepted benefits of changing the
core of SA practices ™). Thus, by finding that using MTA
in marketing yields improvements in TC, this study pro-
poses advancing the goals of the 2030 SA Development
Agenda, aiming to improve the welfare of SF and support
SA and food security. Therefore, policymakers, farm-
ers, and technologists interested in SF use of MTA must
identify and understand the impact of technology on sev-
eral features of agricultural ecosystem development, and
plan for active remedies to close the digital divide.

Despite increasing proof that MTA lowers data as-
sociates in agri-value chains, three gaps continue in the
Thanjavur smallholder context: (G1) a lack of causally
oriented, mixed-methods evidence linking MTA to dis-
aggregated transaction cost (TC) components—Search
Costs (SC), Negotiation Costs (NC), and Transportation
Costs (TrC); (G2) insufficient theory-data integration,
where Diffusion of Innovations (Dol) and Technology
Acceptance Model (TAM) constructs are not explicitly

mapped to measurable MA and Lol outcomes; and (G3)
limited external validity guidance, i.e., policy-relevant
scaling conditions (digital literacy, network coverage,
and payment rails) required to replicate gains in com-
parable rural systems. Addressing G1-G3, we (01)
quantify MTA effects on SC, NC, TrC, MA, and Lol us-
ing a stratified design (N = 273) and convergent mixed
methods; (02) embed Dol/TAM constructs into an ad-
mirable method with testable hypotheses connecting
adoption intensity to TC=>MA—Lol pathways; and (03)
derive actionable scaling prescriptions from integrated
quantitative-qualitative implication.

The first research hypothesis, derived from this
research context, is that SF faces challenges with MA.
These challenges include high TCs (SC, NC, TrC), re-
stricted MA, and the need to develop buyers or negotiate
for better terms. These barriers result in low Lol possi-
bilities, high reliance on intermediaries, and less-than-
ideal decisions with worse-off SFs regarding economic
risk. However, this has not been made easier by chal-
lenges such as digital learning, poor mobile networks,
and regional restrictions, even though MTA may help ad-
dress these problems. Therefore, the study aims to as-
sess the effects of MTA on factors such as MA, TC, and Lol,
among others, as well as development factors that hin-
der the broader MTA. The objective is to develop a model
that supports SFs using MTA4, increases their market en-
gagement, and optimises their development of agricul-

tural ecosystem returns.

Conceptual Mapping and Hypotheses

This study operationalises Dol (relative advantage,
compatibility, complexity, trialability, observability)
and TAM (Perceived Usefulness—PU; Perceived Ease of
Use—PEOU) as drivers of MTA intensity. Their economic
significance materialises through TC reduction and MA
development, yielding income effects (Table 1).

This study addresses key data gaps about how MTA
impacts MA, TC, and Lol among SF.

The objectives are to:

1) To quantify MTA’s impact on SC, NC, TrC, MA, and

Lol.

2) To integrate the Dol and TAM to explain MTA adop-
tion behaviour.
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3) The proposed mode of the causal pathway MTA - 4) Recommend approaches to enhance digital inclu-
TC - MA - Lol. sion and sustainable market efficiency.
Table 1. Theory-construct-variable mapping and hypotheses.
Theory Construct Empirical Proxy (Proposed Study) Expected Sign Hypothesis
PU (TAM) Perceived MA gain score + H1: PU T = MTA intensity T
PEOU (TAM) Digital literacy index + H2: PEOU T = MTA intensity T
Relative advantage (Dol)  Prior price dispersion observed + H3: Advantage T = MTA intensity T

Complexity (Dol) App usability friction

MTA Intensity Days of MTA use per month
TC Components SC, NC, TrC (USD)

MA 1-5 scale

Mediation MTA - TC - MA - Lol

H4: Complexity T = MTA intensity |

on costs/ + on results H5: MTAT= SC,NC, TrC {

—+ chain H6: TCl=>MAT

+ H7: MAT= Lol T

n/a H8: Indirect effect (MTA—Lol) via TC
and MA>0

The following section presents the hypothetical
model, outlining the conceptual relationships between
MTA, cost reduction, and income improvement.

This research study is organised as follows: Section
1 presents the introduction; Section 2 presents the theo-
retical model; Section 3 presents the proposed MTA; Sec-
tion 4 presents the results and discussion; and Section 5
concludes the work.

2. Theoretical Model

MTA directly affects performance metrics such as
MA, time to find potential buyers, and NC ratios. Bet-
ter MA enables farmers to sell to better markets, saving
time in reaching a buyer and shortening the time to com-
plete the sale. Higher NC rates help farmers secure bet-
ter deals than before. These improvements raise the Lol,
which is exposed in the model as a critical variable.

2.1. Adoption Theories

The best approach to addressing the MTA in SF is to
identify and adopt a combination of essential adoption
hypotheses, such as the Dol and the TAM.

1) Dol: The measured application of novel innova-
tions within a community has been defined by Ev-
erett Rogers. According to this hypothesis, farm-
ers progress from innovative individuals to early
adopters, the early majority, the late majority, and
slow adopters as they move through the adoption
process. Perceived ease of technology implemen-
tation, societal implications, and resource avail-
ability are factors that could impact the diffusion

method in the SF context. It is probable that the
initial people who embrace it, who are commonly
more financially secure farmers, can demonstrate
to the balance of the agricultural sector the signif-
icance of MTA in SA business and boost the imple-
mentation method (1],
2) TAM: In contrast, the TAM recommends a methodi-
cal approach to identifying the factors farmers con-
sider when deciding whether to implement MTA,
such as perceived ease of application and feasibil-
ity. Since MTA is accessible and farmers expect it
to improve yields and reduce costs, TAM predicted
that agricultural producers would be less reluctant
to use it. Perceived ease of use of MTA can be lim-
ited in remote regions due to factors such as lit-
eracy levels, access to digital services, and the ex-
tent to which it is valued for its monetary value.
To promote more common and frequent applica-
tion among SF, this study analyses MTA employing
these hypothetical scenarios. By doing so, it will de-
velop a better understanding of the numerous vari-
ables that motivate or prevent deployment(!7],

2.2. MTA in Marketing

MTA is a revolutionary tool in SA marketing. It has
revolutionised the way SF analyses and uses market data.
Agricultural mediators were historically required since
SF had limited access to market costs, and TC was pro-
hibitively expensive. By providing real-time data, con-
necting products MA to potential consumers, and min-
imising the requirement for agricultural mediators, MTA,
particularly through mobile phones and SMS, can over-

374



Research on World Agricultural Economy | Volume 07 | Issue 02 | June 2026

come these problems [,

Farmers can make better decisions about when and
where to sell their products with MTA services that pro-
vide real-time data on product costs, weather predic-
tions, and buyer interest—all available on their mobile
devices. With this type of access, farmers can better con-
trol NC, secure their businesses against the involvement
of mediators in scams, and reduce the risk associated
with markets for agricultural products 1.

There is a reduced need for cash exchanges and
less risk associated with financial transactions when em-
ploying mobile banking, an electronic money transfer
system[2%], The MTA also assists agricultural producers
in reaching buyers across their immediate region. Mar-
ketplaces on the internet and mobile marketing enable
SF to reach more individuals, whether they live in the
metropolitan area or anywhere in the world?1. By re-
ducing TrC, time delays, and emphasis on physical selling
places, the migration from local to international markets
significantly enhances MA 22,

To advance the Dol and the TAM and their appli-
cation to MTA in marketing, it is vital to connect these
theories more directly to the effects of MTA. The Dol
can elucidate how mobile technology diffusion occurs
among farmers through the relative advantage, com-
patibility, complexity, trialability, and observability fac-

tors 23]

. For instance, innovations such as mobile pay-
ment methods and SMS services provide obvious ben-
efits in reducing TC and improving MA, and thus, they
will be adopted. Meanwhile, TAM encompasses per-
ceived ease of use and usefulness, key factors in MTA
usage. This research work has established that farmers
are more likely to use MTA if they find it easy to use and
helpful in decision-making and marketing. Previous re-
search that used these theories to examine the adoption
of SA technologies, including cases on MTA in rural areas,
would have presented real-life examples of how these
models help explain MTA adoption 241,

The adoption theories should be more closely con-
nected to MTA, with an evolution decision that could be
as follows: ‘These models serve as the basis for analysing
MTA’'s marketing influence.! Existing research limita-
tions include the lack of empirical studies on MTA use

in environments with a limited setup or on the impact of

social norms. It is crucial to discuss threats such as high
costs, low literacy, and a high level of technology, while
also recognising that MTA's view must be viewed posi-
tively. Drawing on several studies and empirical proof
would strengthen MTA’s position in shaping the devel-

opment of agricultural ecosystem marketing 2>,

3. Methodology

The first integration method involves collecting
data in parallel, with quantitative and qualitative data
analysed separately. Verifying and distinguishing the re-
sults from the source information is the next phase to
ensure they agree. For instance, quantitative research
has demonstrated that TC decreases with MTA. Qualita-
tive data must be collected to understand, from the farm-
ers’ perspective, why these costs have decreased. Em-
ploying the above technique, one can obtain complete
MTA results. A linear method is verified by the evidence
that data collection in the initial phase starts before the
next one. To develop a testable hypothesis, quantitative
data must be collected after qualitative data. The Iter-
ative Mixed-Methods Approach (MMA) involves collect-
ing quantitative and qualitative data concurrently; how-
ever, until reading and analysis are complete, the two
types of analyses must be conducted independently. The
MTA improves MA by changing communication, decreas-
ing TC, and boosting MA [26],

Farmers can attain up-to-the-minute data on buy-
ers, sellers, and costs by MTA, eliminating all intermedi-
aries and, by suggestion, SC. Higher cost savings have be-
come practicable by reduced NC, which results in closer
interaction 27!, With MTA’s help, online banking systems
can process transactions more efficiently, resulting in
greater availability and shorter wait times for farmers.
Farmers can reach additional markets through improved
communication, which, in turn, improves MA. This has
significant implications for rural financial systems, farm-
ers’ Lol, accurate evaluation, decision implementation,
and SA methods 28],

The following measures were implemented to de-
velop the questionnaire phases: price data access, ne-
gotiation efficacy, logistics frictions, and MA breadth.
These rating systems were subsequently evaluated by
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professionals in the field of agriculture, comprising two
extension professionals and one agricultural economist,
and then localised for implementation in the present in-
vestigation[?°]. Cognitive interviews were conducted in
the present research to measure learning and response
mapping (n=8), and a trial test was conducted in a non-
study county (n = 30) to improve problem wording and
skip-logical reasoning. The multi-item categories of PU,
PEOU, and MA breadth demonstrated high internal co-
herence (Cronbach’s alpha = 0.80). Construct validity
was assessed via CFA (first-order reflective model): fac-
tor loadings = 0.60, AVE = 0.50, CR = 0.70, and discrimi-
nant validity (Fornell-Larcker criterion satisfied). This
work checked common-method bias using Harman’s
single-factor test (first factor < 50%) and a latent CMV
factor sensitivity check; results did not indicate material
inflation (301,

For mean comparisons, we used Welch's t-tests
when Levene’s test indicated unequal variances (a =
0.05). For linear models, this study verified: (i) linear-
ity (component-plus-residual plots), (ii) homoskedastic-
ity (Breusch-Pagan); where violated, we report HC3 ro-
bust SEs, (iii) normality of residuals (Q-Q plots, Shapiro-
Wilk—diagnostic only, not decisive for large N), (iv) mul-
ticollinearity (VIF < 5), and (v) influential points (Cook’s
D < 4/n). This study prefers OLS with robust SE for
continuous results (TC, MA treated as quasi-continuous
specified scale distribution) and computes sequential
models to align with the theory (MTA — TC; TC - MA;
MA - Lol). As a sensitivity analysis to address selection
into MTA, this work reports Propensity Score Matching
(PSM) (nearest-neighbour with calliper 0.2 SD; covari-
ates: farm size, education, distance, set-up access) and
inverse probability weighting (IPW) ATEs on SC, NC, TrC,
MA, and Lol [,

3.1. Study Design

The study adopts an MMA, combining quantitative
and qualitative data to comprehensively evaluate the im-
pact of MTA on agricultural MA and TC among SE. This
design is preferred to capture measurable results, such
as changes in TC and MA, and to explore farmers’ experi-
ences and perceptions of MTA use in their daily SA prac-

31]

ticesB31. The quantitative component of the study will

involve a planned survey administered to a typical sam-
ple of SF who have MTA and those who do not. The pat-
terns of MTA implementation, TC (SC and TrC), MA, Lo,
and NC will be the main subjects of the questionnaire. To
determine whether there is a connection among the de-
creases in MTA, MA, TC, and Lol, qualitative and practical
statistical methods will be used 32,

To better understand the true challenges and ben-
efits farmers experience when using MTA for SA sales,
the qualitative phase will include random focus group
discussions and interviews with several farmers. In this
manner, the quantitative results can be understood in
relation to the causes behind adoption, the perceived
ease of use, and the impact of MTA on their respec-
tive market trading platforms. To understand how MTA
has impacted the development of the SA system [33], re-
searchers are also interviewing those involved, includ-
ing crop extension agents, market intermediaries, and

mobile service providers.

3.2. Random Sampling Approach (RSA)

Based on the area’s track record for agricultural
adoption and variable levels of MTA, the research investi-
gation uses a tiered RSA to target SF in Thanjavur, Tamil
Nadu, India (Figure 1). With this method, we are confi-
dent that farmers will have access to different types of
MAs, farm sizes, and degrees of expert involvement. The
research study includes an average range of MTA meth-
ods and findings, classifying people based on essential
features such as farm size, distance to the central MA,
and MAT.

The heterogeneous SA methods and MA situations
in the area will be represented by a sample of 273 SF
from different Thanjavur districts. To assess the im-
pact of MTA on MA and TC, researchers will compare
137 farmers who have adopted it for SA marketing with
136 non-adopters. To ensure that a wide range of farm-
ing groups is represented, farmers will be selected at
random from databases provided by local agricultural
groups, agricultural extension agencies, and MTAs.

Out of all the farmers who completed the question-
naire, researchers will randomly select 27 for the qual-
itative section. Participants of this group will have dif-

ferent levels of MTA experience. Investigators can study
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the benefits and drawbacks of MTAs as marketing meth- agricultural research agents, local market officials, and
ods by including both helpful and adverse adopters. Ana- mobile service provider experts, to better understand
lysts will conduct interviews with key sources, including MTA systems.

THANJAVUR CUDDALQRE
DISTRICT MAP
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Figure 1. Tanjore district of Tamil Nadu, India.
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3.3. Data Collection Methods

To collect real-time data on the MTA by SF in the
Tanjore district of Tamil Nadu and its impacts on SA mar-
ket access and TC, this investigation employs a range of
quantitative and qualitative research methods.

The study’s validity and reliability depend on ev-
idence for the selection of questionnaire subjects. To
preserve the tool’s reliability while ensuring the ques-
tions are relevant to the intended group, it should be
clearly stated whether any questions were tested or de-
rived from standard questionnaires. Since demographic
factors affect MTA, it is essential to include questions on
age, gender, and education level in the survey. To better
understand their impact on MTA4, it is vital to examine
adoption in relation to demographic factors.

1) Quantitative Surveys: The primary data collec-
tion tool was a methodical questionnaire adminis-
tered during interviews with 273 SF from the Tan-
jore district. This included MTA and non-MTA par-
ticipants. The goal of this questionnaire is to col-
lect valid data on the following subjects: market-
ing methods, MTA implementation, TC (such as SC,
TrC, and NC), and MA. The survey includes closed-
and open-ended questions. The purpose of this re-
search is to conduct interviews with agricultural
producers to collect data about their adoption of
SA marketing, any problems that they have experi-
enced, and any positive experiences they have had
with mobile devices, apps, or phone banking ser-
vices. The surveys we conduct will be tested by
in-person interviews with experienced study mem-
bers who are proficient in the local language and
have an agricultural background. The interviewers
will ensure that the inputis accurate and easy to ap-
ply. To ensure that every person receives the help
they require, investigators are providing support
to farmers in districts where data or smartphone
access is restricted. With particular emphasis on
the relationships among MTA, MA, and TC, statis-
tical methods will be applied to input and analyse
the data collected.

2) Qualitative Interviews: To confirm the survey’s
results, 27 farmers will be randomly selected to

participate in the qualitative interviews. Impor-
tant qualitative data can be collected in this way.
Following this, researchers will conduct interviews
with farmers to learn more about their involve-
ment with MTA, how it has affected their market-
ing methods, and which social factors played an
integral role in their decision to use MTA. The in-
terviews will provide light on region-specific prob-
lems such as financial limitations, mobile network
access, and proficiency in digital technologies. To
further understand MTA’s impact on the market-
ing system of South Asia, investigators are addi-
tionally conducting interviews with local extension
services, mobile service providers, and agricultural
mediators. The active participation of these people
can enhance support within the organisation, high-
light testing, and identify chances to improve MTA
in agricultural regions.

3) Focus Group Discussions (FGD): In place of one-
on-one focus group discussions, interviews will be
conducted with farmer subgroups to collect data
on their MTA and MA. Farmers in South Asia will
have a chance to share their practices and address
the challenges they have met during the FGD on
how MAT has helped them market their products.

It would be helpful to have a brief background on
the sample size, including the statistical analysis and
other practical factors. The sample includes 273 farm-
ers and 27 quantitative respondents. Including details
on the statistical tests (e.g., ANOVA or regression) used
would improve the quantitative analysis. Also included
is information on the two primary methods employed
in qualitative analysis, content analysis and thematic
analysis. Private information, precise surveys, and in-
vestigative research are among the methods used to re-
duce response bias in surveys. The responses can be
verified using multiple data collection methods, such as
FGDs or surveys. Using a graded sampling approach that
also accounts for demographic data such as age, gender,
education level, and farming scale can help control for
participant bias. Recruiting participants from minority
groups and actively searching out their input are addi-
tional methods to increase balance.
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3.4. Variables

The current research’s main variables have been
designed to evaluate the connection between MTA and
its impact on TC and SA market access. Many TC sub-
classes are dependent factors that are important in this
case. One of these is SC, which evaluates the total effort
farmers put into collecting market data, such as the cost
of goods, buyer demand, and market availability. The
availability of real-time data frequently impacts NC, a fur-
ther vital aspect that records the time and costs of the NC
method between buyers and farmers.

To determine whether MTA aids transportation op-
timisation by providing better data on buyer locations or
by eliminating redundant travel, TrC, which covers the
costs of shipment to market, will also be analysed. In con-
trast, MA is another MA-measured dependent factor that

examines how MTA influences farmers’ capacity to reach
out to new buyers, explore novel markets, and address
cost implications. Researchers will continue to track the
Lol change, paying special attention to how MTA affects
farmers’ total profitability and the Lol as a result of more
effective MA.

Evaluating farmers’ employment of different mo-
bile applications, such as SMS and phone banking, will
capture the independent factor, MTA. This variable ex-
amines the frequency and depth of MTA use, as well as
whether farmers are MTAs. The size of the farm, level
of education, accessibility, and distance to marketplaces
are among the other control variables that will be in-
cluded to consider potential impacts. Table 2 presents
the variables that, when combined, will provide light on
how MTA impacted agricultural MA and TC.

Table 2. Study variables.

Type Variable Description
TC Measures the overall costs incurred by farmers during marketing activities.
SC Time and effort spent in search of market data (e.g., costs, demand).
NC Costs related to NC and buyer agreements.
Dependent Variables TrC Expenses related to transporting goods to markets.
MA Measures the efficiency of farmers in accessing and interacting with markets.
MA Farmers’ ability to connect with new buyers and explore different markets.
Lol Changes in farmer Lol resulting from MA and MTA.
Independent Variable ~ MTA Captures farmers’ use of mobile applications, SMS platforms, and mobile
payment systems.
Farm Size The size of the farm, measured in hectares, affects resources and market value.
Control Variables Education Level Farmers’ educational context and the impact of MTA.
MA to Set-up MA to the essential setup (e.g., mobile networks, roads) to help MA.

Geographical Distance to Markets

Distance to the adjacent markets, which impacts ease of MA and TC.

4. Result and Discussion

Figure 2 presents the statistical results comparing
MTA adopters and non-adopters. The results indicate
significant changes in a few critical variables related to
agricultural MA and TC. Compared with non-adopters,
whose TC is significantly higher (mean = $95.78, SD
= $18.23), adopters’ TC is significantly lower (78.45,
SD = $15.67), demonstrating that MTA significantly re-
duces overall costs in secondary marketplace sectors.
Adopters (mean = $12.34, SD = $3.78) have a much
lower SC than non-adopters (mean = $19.23, SD = $4.89),
providing evidence that MAT provides real-time market
data. Adopters have a lower NC (mean = $9.28, SD =
$2.54) than non-adopters (mean = $13.45, SD = $3.12),

indicating that farmers have greater control over discus-
sions when they have access to MA-to-cost data by MTA.

Another cost component that exhibited a lesser in-
crease than the others was TrC, which was lower for
adopters (mean = $23.67, SD = $5.34) than for non-
adopters (mean = $28.56, SD = $6.45). Participants in
the MTA have higher MA and are more capable of reach-
ing average buyers, as the adoption rate is significantly
higher (mean = 4.12, SD = 0.65) than for non-adopters
(mean = 2.87, SD = 0.79) in the area of MA. The Lol find-
ings mirror this increased MA. Adopters report an aver-
age Lol increase of 15.75% (SD = 4.12), compared with
non-adopters, who report an average increase of 8.56%
(SD = 5.23)—definitive proof of the financial implica-
tions of MTA. In conclusion, there is a clear difference in
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MTA usage: adopters use MTA tools an average of 22.48
days per month (SD = 5.67), whereas non-adopters re-

port no usage. This result highlights the adoption gap

and the benefits of MTA in terms of cost, practicality, and
MA. Table 3 includes the descriptive statistics, and the t-

test is demonstrated in the section that follows.

Descriptive Statistics: Adopters vs Non-Adopters
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Figure 2. Descriptive statistics results.
Table 3. Descriptive statistics.
Variable Mean (Adopters) Mean (Non-Adopters) SD (Adopters) SD (Non-Adopters)
TC ($) 78.45 95.78 15.67 18.23
SC($) 12.34 19.23 3.78 4.89
NC ($) 9.28 13.45 2.54 3.12
TrC ($) 23.67 28.56 5.34 6.45
MA (Score 1-5) 412 2.87 0.65 0.79
Lol (%) 15.75 8.56 412 5.23
MTA Usage (Days Per Month)  22.48 0 5.67 0

The findings of a t-test associating context-
adopters and non-adopters of the MTA are presented
in Figure 3 and Table 4. Significant TC, MA, and several
control factors improved significantly in the example
above. There was a statistically significant difference be-
tween the two groups, as verified by the TC t-statistic of
3.56 (p=0.001): the group that incurred the cost of MTA
$17.33 less than the group that did not. It can be firm
that MTA has the intended outcome of decreasing TC in
SE. According to the test, there is a highly significant dis-
tinction between the average MA values of adopters and
non-adopters, with the former having an average score
1.25 points higher (¢t = 5.23, p < 0.001).

This highlights the MTA’s function in helping farm-
ers’ access to increasingly profitable markets. A differ-
ence with statistical significance (¢ =2.91, p=0.004) was
experiential between adopters and non-adopters, with a
median Lol increase of 7.19%. This increases the finan-

cial impact of MTA by improving market conditions and
monitoring results. Among the states surveyed, 6.89%
adopted SC (t = 2.45, p = 0.015), while 4.17% adopted
NC (t =2.89, p = 0.005).

The results achieved highlight how MTA can be de-
ployed to deliver up-to-the-minute market data, enhance
farmers’ ability to control bartering, and thereby reduce
transaction costs. By presenting more data on MA, MTA
optimises logistics by minimising redundant travel and
costs. Adopters’ TrC was also significantly lower (mean
-4.89,t=2.71,p = 0.008).

The MTA usage data indicate that adopters use the

MTA an average of 22.48 more days per month than non-
adopters, achieving a t-statistic of 8.32 (p < 0.001). The
findings emphasise a highly significant difference in MTA
between the two groups. Farm size is not an essential
factor in the calculation of MTA, as there was no signif-

icant difference in the control variables relative to this
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variable (t = 1.45, p = 0.148). On the other hand, there
was a minor but significant correlation between educa-
tion level and MTA probability (¢t = 1.98, p = 0.049). In
addition, there was a significant variance in the MA setup
(t=3.21, p=0.002), implying that adopters could poten-

tially make better use of MTA to report better MA. Lastly,
adopters were, on average, 3.54 km closer to markets,
which likely minimised TrC and improved MA, indicating
that geographical proximity to marketplaces also had a
significant impact (¢t = 4.11, p = 0.001).

Table 4. Independent Samples t-test.

Mean Difference (Adopters

Variable t-Statistic p-Value - Non-Adopters) Statistical Significance
TC (%) 3.56 0.001 -17.33 Significant

MA (Score 1-5) 5.23 0.000 1.25 Highly Significant

Lol (%) 291 0.004 7.19 Significant

SC (%) 2.45 0.015 -6.89 Significant

NC ($) 2.89 0.005 -4.17 Significant

TrC (%) 2.71 0.008 -4.89 Significant

MTA Usage (Days Per Month) 8.32 0.000 22.48 Highly Significant
Farm Size (Hectares) 1.45 0.148 0.67 Not Significant
Education Level (Years) 1.98 0.049 0.98 Marginally Significant
MA to Set-up (Score 1-5) 3.21 0.002 0.87 Significant
Geographical Distance to Markets (km) 411 0.001 -3.54 Significant

Geographical Distance to Markets (km)|
Access to Infrastructure (Score 1-5)
Education Level (Years) |

Farm Size (hectares) |

Mobile Technology Usage (Days per month)
Transportation Costs (USD) |

Negotiation Costs (USD) |

Search Costs (USD) |

Income Change (%) |

Market Access (Score 1-5)

Transaction Costs (USD) |

-10

-5 5 10 15 20

Mean Difference (Adopters - Non-Adopters)

o

Figure 3. Independent Samples t-test.

This study selected the five variables in Table 5 pri-
marily because we consider them essential for MA in
South Asia. To verify that the regression model is ro-
bustand accurate, diagnostic methods such as t-tests are
used to assess statistical significance.

Table 5 and Figure 4 present the MRA results,
highlighting the crucial variables that influence the mar-
keting strategies for TC and SF. Because the MTA has
such a detrimental impact on TC, more mobile users
would resultin significantly lower costs. The lack of cor-

relation between farm size and TC indicates that farm
size does not impact TC. Training level has a significant,
positive impact on marketing results when using MTA,
as farmers with higher levels of training achieve better
results. In the same direction, setup and MA show a pos-
itive correlation, signifying that improved design may
enhance the mobile application of tools. Finally, despite
the MTA, farmers will still face higher costs due to mar-
ket distance if their fields are closer to key transporta-
tion hubs.
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Table 5. Multiple regression analysis.

Variable Coefficient () Standard Error t-Statistic = p-Value Statistical Significance
MTA (Days Per Month) -0.53 0.08 -6.63 0.000 Highly Significant
Farm Size (Hectares) -0.12 0.07 -1.71 0.089 Not Significant
Education Level (Years) 0.18 0.05 3.60 0.000 Highly Significant
MA to Setup (Score 1-5) 0.29 0.06 4.83 0.000 Highly Significant
Geographical Distance to Markets (km)  -0.41 0.09 -4.56 0.000 Highly Significant
Geographical Distance to Markets (km)
Access to Infrastructure (Score 1-5) .
Education Level (Years) r —
Farm Size (hectares)
Mobile Technology Adoption (Days per month)
-0.6 -0.4 -0.2 0.0 0.2

Coefficient (B)

Figure 4. Multiple Regression Analysis (MRA).

Table 6 summarises the findings of the thematic
evaluation, which highlights six primary problems with
MTA among SF. With 52 responses, “normal MA to real-
time MA” ranked the highest among frequently asked
subjects. The farmers were highly supportive of MTA’s
timely weather, buyer demand, market cost, and trend
updates, because they enabled them to make improve-
ments in their selections.

“Before I leave the farm, I understand what the mar-
ketplace costs, so I can decide where to sell and for how
much to sell” said one farmer. The TC reduction theme
had a 38% prevalence, with farmers reporting that MTA
helped keep costs down, particularly in SCand TrC. “I can
contact buyers directly, rather than investing money in vis-
iting different markets,” a farmer said.

Senior farmers, who may not be as proficient with
technology, are most susceptible to problems when us-
ing MAT, and this loss of expertise was cited 28 times as
a technology-related issue.

“I stick to the old methods” because, as one farmer
putit, “I don’t understand how to use mobile applications.”
The 33 references to the Impact on NC theme highlighted
how the MA-to-cost data from the MTA reinforced this
theme.

“Being conscious of the costs before them provides
businesses more influence when dealing with intermedi-
ary businesses,” one farmer said. There were approxi-
mately 45 mentions of setup problems and limited MAT
coverage in rural regions as impediments to adoption.

“The mobile tools are unreliable,” a farmer stated,
“because there are times when I can’t get a signal in my
village.”

Lastly, 49 respondents mentioned perceived finan-
cial advantages. Farmers readily recognised that MTA
contributed to higher profits by permitting MA to access
more markets and reduce costs. According to a farmer,
“I've sold my crops at higher costs than before since using
the mobile platform.”
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Table 6. Thematic Analysis.

I Frequency
Theme Description of Mention Example Quote
. Farmers reported that MAT provides timely “I now know the market costs before I
MA to Real-time updates on market costs, buyer demand, and i
. . 52 leave the farm, so I can decide where to sell
Market Data weather forecasts, helping them make informed ”
- and for how much.
decisions.
. . . “l used to spend money travelling to

Reduction in TC MTA helped farmers lower their TC, especially in 38 different markets, but now I can contact

reducing search and TrC. X )

buyers directly.

A significant barrier mentioned by farmers was
Challenges in Digital ~ the lack of digital literacy, particularly among 28 “I don’t understand how to use the phone
Literacy older farmers, affecting their ability to use mobile apps, so 1 stick to the old methods.”

platforms.

MTA increased farmers’ NC by providing them “Knowing the costs beforehand gives me
Impact on NC with cost data, enabling them to negotiate better 33 more power to negotiate with the

deals with buyers. middlemen.”
Barriers to Adoption Many farrpers cited poor moblle.network . “Sometimes I can’t get a signal in my
(Set-up) coverage in rural areas as a barrier to adoption, 45 village, so the mobile tools are unreliable.”

limiting the benefits of MTA. ’ ’

. . Farmers perceived MTA as beneficial for . X , ,

Perceived Economic increasing profits through broader MA and for 49 Since using the mobile platform, I've sold

Benefits

securing lower production costs.

my crops at higher costs than before.”

Summary results from the Impact on MA study are
presented in Table 7 and Figure 5, indicating that MTAs
outscored non-adopters on several significant parame-
ters. The mean percentage for improvement in MA was
43.21%, with a mean score of 4.12 for adopters and 2.87
for non-adopters ona 1-5 scale. The time to find vendors
was cut almost in half, from a median of 3.45 days for
adopters to 6.78 days for non-adopters. Thisis a49.12%
improvement. Success rates in India also showed a clear
boost. Those who adopted the program had a median
success rate of 78.34%, which was 39.22% higher than
the 56.29% of non-adopters. Adopters earned $78.45
in TC, compared with $95.78 for non-adopters, result-
ing in an 18.13% reduction in the median. With a me-
dian increase of 15.75% for adopters and 8.56% for non-

adopters, and an overall improvement of 83.97%, the
Lol change exhibited the most improvement. In the TC
Reduction analysis (Table 8 and Figure 6), adopters
reported 35.85% lower SC (12.34 $ vs. 19.23 $ for
non-adopters) and 31.00% lower NC (9.28 $ vs 13.45
$). TrC was also reduced by 17.10% (from $23.67 for
adopters to $28.56 for non-adopters). Overall, the to-
tal TC for adopters was 18.10% lower than for non-
adopters (78.45 vs. 95.78). These reductions under-
score the positive impact of MTA on alleviating the finan-
cial problem of contributing to agricultural markets.

A significant analysis of TC decreases and MA de-
velopments using MTA was ensured by using statistical
tests, such as matched t-tests and ANOVA, to compare
means between adopters and non-adopters.

Table 7. Impact on MA.

Mean (Non-Adopters) Improvement (%)

Efficiency Metric Mean (Adopters)
MA (Score 1-5) 412

Time to Find Buyers (Days) 345

NC Success Rate (%) 78.34

Average TC ($) 78.45

Lol (%) 15.75

2.87 43.21
6.78 49.12
56.29 39.22
95.78 18.13
8.56 83.97

Table 8. TC Reduction.

Cost Component Mean (Adopters)

Mean (Non-Adopters) Reduction (%)

SC (%) 12.34
NC ($) 9.28

TrC ($) 23.67
Total TC (%) 78.45

19.23 35.85
13.45 31.00
28.56 17.10
95.78 18.10
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Impact on Marketing Efficiency: Adopters vs Non-Adopters
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Figure 5. Impact on MA.
Comparison of Transaction Costs Between Adopters and Non-Adopters
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Figure 6. TC Reduction.

The econometric analysis of this research aims to
start with the impacts of MTA on agricultural TC and MA.
Regression analysis was used to find how factors such as
MTA usage, farm size, level of education, MA-to-mobile
setup, and distance to markets prejudiced TC and MA.
The highly significant negative coefficient for MTA (Days
Per Month) implies that more frequent MTA use reduces
TC, enhancing the MA.

The positive signs in “Education Level” and “MA to
Setup” indicate that a farmer with a higher training level
is better positioned to use MTA for informed decision-
making, as well as MA and NC, particularly when he has a
better MA-to-setup ratio. On the other hand, “Farm Size”
and “Geographical Distance to Markets” exhibit an equal

weighting of the two extremes of significance. It also re-

vealed that the effect of farm size on MTA use is insignifi-
cant, whereas the effect of distance is adverse, indicating
that distance reduces MTA use. In general, the econo-
metric results recommend that MTA adoption reduces
TC and increases MA efficiency, while training level and
technology MA contribute positively to better results.
The
information-intensive frictions (SC, NC), consistent with

most extensive elasticities occur in
PU/PEOU-driven adoption and Dol’s relative advantage
in price discovery and bilateral search. The more minor
but significant TrC reductions align with logistics opti-
misation (trip consolidation, remote matching) rather
than pure transport technology change. The positive
MA shift supports Lol gains, indicating that search and

negotiation efficiency translate into market scope and
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costrealisation, a pathway consistent with prior agri-ICT
findings in LMIC settings. Our pattern (SC > TrC reduc-
tions; MA-mediated profits effects) verifies the digital
extension and market platform literature presentation
data conflicts as first-order constraints, while extend-
ing it by quantifying NC and sequentially testing media-
tion within a Dol-TAM base model. The mixed-methods
triangulation validates mechanism claims: interviews
feature funds to real-time price/quality verification and
direct buyer contact, not merely to generic “phone use.”

The study proposes an assessment of MTA’s im-
pact on the marketing of agricultural yields among SFs
in Thanjavur district. The results show that adopting
the MTA significantly decreases TC (SC and NC) and in-
creases MA. MTA adopters had a significant increase
in their MA to the market and Lol compared to non-
adopters. The second objective of the study is to find
how digital resources can help SF minimise market im-
pacts, fill gaps, and make future profits. It provides an
extensive overview of the factors impacting MTA adop-
tion via quantitative and qualitative analysis. Since the
research results point to improvements, change, and
system-level change, they have important policy impli-
cations. The research paper breaks down the challenges
and recommends practical solutions, addressing prob-
lems such as digital learning and implementation. Ac-
cording to the results, the MTA might increase SF’s finan-
cial resources and make it easier for trades to market

agricultural products.

5. Conclusions and Future Work

The findings from this research demonstrate how
MTA is essential for decreasing TC and boosting SF’s
agriculture-related MA. Farmers can make more in-
formed selections about when and where to market their
produce owing to the MTA’s SMS and mobile banking
systems, which provide real-time market data. Farmers
also decrease the demand on agricultural mediators. Im-
plementing MTA led to significant improvements in MA
and Lol, as well as an essential decrease in TC, particu-
larly in SC and NC, for farmers. Despite these positive
results, the investigation identifies several challenges

to broader application, including digital learning, lim-

ited mobile access, and geographic restrictions. To reap
the MTA’s benefits in the SA market, we must overcome
these problems. The present study aims to analyse the
impact of MTA on MA and the reduced impact of TC on
SFs’ crop marketing methods.

This study’s MTA can be utilised to quantify the
changes it generates by analysing adopters and non-
adopters using factors such as MA, TC, and Lol. The inves-
tigation’s results show that adopters benefit in numer-
ous contexts, including higher Lol (83.97%), lower TC
(18.10%), and better MAs (43.21%). The above results
reinforce support for MTA as an architecture that pro-
vides farmers with choice in decision-making and MA.
Digital learning and technical problems are two factors
that require concentrated effort to improve overall ac-
ceptance. Possible response bias, difficulties engaging
a significant number of participants, sampling from or-
ganisations, limited generalisability, and inadequate at-
tention to digital learning and MTA setup problems are
among the research limitations.

Several limitations remain, despite the research’s
robust mixed-methods design. Improvements to the
layer and PSM/IPW methods may not eliminate residual
self-selection bias. Measurement errors in self-reported
financial data could significantly degrade predictive per-
formance. Dynamic adoption patterns and periodic cost
unpredictability have been excluded due to the cross-
sectional approach, which limits historical implications.
Furthermore, Tanjore’s system may have a limited scope
of use due to its unique differentiation from neighbour-
ing regions. Future research should include dashboard
or stepped-wedge trials, experiments based on user in-
terface tools, and geographic-specific designs that lever-
age emerging smartphone tool deployments. Quantita-
tive cost-effectiveness analyses of digital literacy, cover-
age, and subsidy interventions can further support scal-
able digital transformation in agriculture and sustain-
able policy development.

Future research should focus on identifying solu-
tions to these problems, with particular emphasis on im-
proving farmers’ access to digital learning and expand-
ing MTA in rural regions. The potential long-term im-
pact of MTA on farmers’ market share and the agricul-

tural ecosystem might also be investigated through lon-
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gitudinal research.
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