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ABSTRACT
This study examines the role of agricultural cooperatives in enhancing Credit Access (CA), Market Information

(MI), and Smart Farming (SF) among rural farmers in Kerala. Agricultural cooperatives serve as vital organizations
that address key challenges smallholder farmers face, including limited CA,MI, and SF. Using a quantitative research
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design, structured surveys collected data from 421 cooperative and non‑member farmers. The study aims to iden‑
tify the effects of cooperative membership in CA services, MI and SF among rural farmers. Analysis of key ϐindings
shows that cooperative members loan from multiple ϐinancial sectors, are provided with more frequent MI, and
have higher adoption of SF practices, thus featuring the importance of cooperatives in ϐinancial development, MI,
and environmental organization. The analysis employs t‑tests, Chi‑square tests, Pearson correlations, and regres‑
sionmodels to compare the impact of cooperativemembership onCA,MI, and SF. The results reveal that cooperative
members are signiϐicantlymore likely to secure loans, receivemore signiϐicant loan amounts, and report higher sat‑
isfaction with loan terms than non‑members. Cooperative members also receive more frequent and reliable MI,
which enables them to adjust their sales approaches and access better market opportunities. In addition, coop‑
erative members exhibit higher adoption rates of SF and perceive more signiϐicant economic beneϐits. The study
conϐirms that agricultural organizations are critical in promoting ϐinancial inclusion, market participation, and en‑
vironmental sustainability among rural farmers. These ϐindings underscore the importance of cooperatives as a
key tool for rural development and SF growth.
Keywords: Smart Farming; Chi‑Square Tests; Pearson Correlations; Rural Farmers; Machine Learning

1. Introduction
Agricultural cooperatives have long been recog‑

nized as key drivers of rural development, particularly in
regions where smallholder farmers face signiϐicant chal‑
lenges in accessing essential resources such as Credit Ac‑
cess (CA), Market Information (MI), and Smart Farming
(SF) [1–3]. In many rural areas, farmers operate in isola‑
tion, lacking the ϐinancial means, knowledge, and formal
support to compete effectively in increasingly volatile
and globalized agricultural markets [4, 5]. These limita‑
tions frequently result in poor farm productivity, limited
income, and vulnerability to economic and environmen‑
tal shocks [6, 7]. Agricultural cooperatives have emerged
as a powerful solution to these challenges, contributing
a collective model through which farmers can pool re‑
sources, share knowledge, and leverage collective bar‑
gaining power to secure better ϐinancial terms, access
market opportunities, and adopt environmental SF [8–10].

The importance of agricultural cooperatives in
addressing rural poverty and promoting SF has been
widely acknowledged, especially in developing re‑
gions [11]. By organizing farmers into groups, cooper‑
atives reduce individual risks and enhance their mem‑
bers’ ability to negotiate better deals with ϐinancial insti‑
tutions, buyers, and input suppliers [12–14]. Furthermore,
cooperatives serve as a conduit for disseminating criti‑
cal MI and adopting SF, essential for improving SF com‑

munities’ economic and environmental ϐlexibility [15, 16].
These institutions are particularly effective in regions
with limited access to formal ϐinancial services, up‑to‑
date MI, and SF [17].

This paper explores agricultural cooperatives’ role
in enhancing access to CA,MI, and SFpractices among ru‑
ral farmers in Kerala. By examining these three critical
areas, the study aims to provide visions into how cooper‑
ative membership impacts CA, MI, and SF. The research
draws on quantitative data collected from cooperative
and non‑cooperative farmers to assess the impact of co‑
operativemembership onkey SFoutcomes. The ϐindings
will contribute to the growing body of evidence support‑
ing the positive role of agricultural cooperatives in fos‑
tering rural development and SF.

2. Background

2.1. Agricultural Cooperatives and CA

Agricultural cooperatives have long played a crit‑
ical role in improving access to ϐinancial services for
rural farmers, who frequently face signiϐicant barriers
when attempting to secure formal CA. Traditional ϐinan‑
cial institutions, such as banks, hesitate to propose loans
to smallholder farmers due to perceived risks, such as
ϐluctuating Crop Yields (CY), market instability, and lack
of collateral. This situation is particularly acute in ru‑
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ral areas where banking infrastructure is weak and ϐi‑
nancial literacy among farmers remains low. In re‑
sponse to these challenges, agricultural cooperatives
have emerged as vital mediators, bridging the gap be‑
tween farmers and ϐinancial institutions by collectively
organizing resources, negotiating better loan terms, and
providing ϐinancial management support [18–20].

One of the primary advantages of agricultural coop‑
eratives is their ability to pool member resources, which
enhances their collective bargaining power. Coopera‑
tives can secure larger loans at more favourable inter‑
est rates from ϐinancial institutions by acting as a group
rather than individual farmers applying for CA sepa‑
rately [21–25]. Members’ collective loans are distributed
based on their requirements and repayment capacities.
In many cases, cooperatives also act as guarantors for
their members, reducing the ϐinancial risk for lenders.
This collaborative model improves CA and fosters a
sense of shared responsibility, where members are mo‑
tivated to repay loans on time to maintain the cooper‑
ative’s reputation and ϐinancial stability. The following
Figure 1 shows the structure of cooperative credit insti‑
tutions.

Figure 1. Structure of cooperative credit institutions.

The organizational structure, as depicted in Fig‑
ure 1, depicts the pyramid structure of cooperative
credit institutions while focusing on their operational
context in extending ϐinance. At the apex level, some in‑
stitutions, such as state cooperative banks, play the roles
of policy formulation, ϐinancing, and monitoring for the
lower levels. District cooperative banks are intermedi‑

aries at the intermediate level; they provide funds to pri‑
mary societies and pool the ϐinancial activities of the re‑
gion. Primary agricultural credit societies directly ad‑
dress the farmers at the pyramid’s base, providing CA
services. It thus provides for optimumand equitable use
of available resources, outreach, and ϐinancial deepen‑
ing, as well as SF and broader socio‑economic develop‑
ment of the agricultural producing regions.

Moreover, agricultural cooperatives frequently pro‑
vide ϐinancial literacy and training programs to their
members, which is crucial in ensuring farmers recognize
how tomanage their loans effectively. These training ini‑
tiatives protect various features, including budgeting, in‑
vestment in farm inputs, and ϐinancial planning, which
help farmersmake informeddecisions about loanutiliza‑
tion. As a result, farmers who are part of cooperatives
tend tohavehigher ϐinancial literacy levels,making them
more attractive to formal lenders. This increases the
probability of timely loan repayments, further improv‑
ing their creditworthiness [26].

Additionally, cooperatives frequently facilitate ac‑
cess tomicroϐinance institutions (MFI) and government‑
backed rural CA schemes. MFI works closely with co‑
operatives in many developing regions to extend small‑
scale loans tailored to smallholder farmers’ require‑
ments. Cooperatives also serve as conduits for govern‑
ment subsidies and low‑interest loans targeted at pro‑
moting rural development. By leveraging these partner‑
ships, agricultural cooperatives ensure that their mem‑
bers have continuous access to credit, even during peri‑
ods of economic uncertainty.

Another key aspect of cooperative‑based credit sys‑
tems is the promotion of investments among members.
Many agricultural cooperatives encourage farmers to
save regularly by contribution saving schemes that align
with the seasonal nature of agriculture. These sav‑
ings serve as a safety net during difϐicult times and
strengthen the cooperative’s ϐinancial position, allowing
them to propose internal loans to members during the
off‑season or in case of emergencies. This self‑reliant ap‑
proach helps farmers maintain ϐinancial stability and re‑
duces dependence on external credit sources, whichmay
not always be reliable or available [27].
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2.2. Cooperatives and MI

Agricultural cooperatives are pivotal in bridging
the information gap between rural farmers and broader
market dynamics. For smallholder farmers, staying in‑
formed about real‑timemarket trends, such as price ϐluc‑
tuations, demand patterns, and emerging opportunities,
can be daunting. This lack of access to timely and ac‑
curate MI disadvantages farmers, frequently leading to
suboptimal decisions regarding the sale of produce or in‑
vestments in farm inputs. By organizing farmers into col‑
lective bodies, agricultural cooperatives are instrumen‑
tal in overcoming these challenges by acting as key facil‑
itators in disseminating crucial MI.

One of the fundamental functions of cooperatives
is to aggregate MI and deliver it to their members in an
accessible and actionable format. This aggregation in‑
cludes real‑time updates on local, national, and even in‑
ternational commodity prices, forecasts on market de‑
mand, and information on potential buyers and con‑
tracts. By providing this info, cooperatives help farmers
make more informed decisions on when and where to
sell their produce to maximize proϐits. Farmers in coop‑
eratives are less likely to fall victim to price volatility or
exploitative mediators, as they can directly access reli‑
able MI to negotiate better deals for their produce.

In addition to sharing market prices, cooperatives
frequently serve as mediators between farmers and
buyers. Through collective marketing efforts, coopera‑
tives can negotiatewholesale sales contractswithwhole‑
salers, processors, or exporters, ensuring farmers se‑
cure stable prices for their produce. By acting as the cen‑
tral point of contact for more signiϐicant market players,
cooperatives streamline the process and empower farm‑
ers who may otherwise lack the individual capacity to
engagewith such buyers directly. This collectivemarket‑
ing approach increases the bargaining power of farmers,
making it easier for them to access more signiϐicant and
more lucrative markets.

Moreover, digital technology has revolutionized
how cooperatives disseminate MI. Many cooperatives
now utilize mobile applications, Short Message Ser‑
vice (SMS) alerts, and online platforms to give farmers
real‑time updates on market trends and price changes.
These digital tools are especially effective in regions

where farmers may have limited access to traditional
market setups but possess mobile phones. Cooper‑
atives frequently collaborate with governments, Non‑
Governmental Organizations (NGOs), or private tech
companies to deploy these technologies, ensuring that
even farmers in remote areas are not left out of the
digital information loop. This rapid ϐlow of MI allows
farmers to be more agile in responding to market shifts,
which can signiϐicantly improve their income [28].

Furthermore, agricultural cooperatives frequently
act as training and capacity‑building centres, equipping
their members with the skills to interpret and utilize
MI effectively. Training programs organized by coopera‑
tives may cover topics such as price negotiation, Supply
Chain Management (SCM), and market diversiϐication
strategies. By empowering farmers with the knowledge
to analyze market trends and buyer behaviour, cooper‑
atives enhance their members’ ability to make strategic
decisions that optimize short‑termproϐits and long‑term
market positioning.

Cooperatives also play a key role in linking farm‑
ers to supply chains, prioritizing fair trade and SF, and
providing access to niche markets that propose pre‑
mium prices for products grown under ethical condi‑
tions. Many cooperatives are certiϐied under fair trade
or organic labels, which enables farmers to tap into con‑
sumer segments willing to pay higher prices for sustain‑
ably produced goods. By consolidating the produce of
their members and adhering to certiϐication standards,
cooperatives make it easier for smallholder farmers to
participate in these high‑value markets, further enhanc‑
ing their income potential.

Additionally, cooperatives facilitate access to mar‑
ket set‑ups such as storage, transportation, and distri‑
bution networks. Many rural farmers face difϐiculties
storing their produce post‑harvest, leading to degener‑
ation or forced sales at low prices. Cooperatives help by
contributing collective storage solutions and transporta‑
tion services, ensuring farmers can hold their goods un‑
til favourable market conditions arise. This collective
infrastructure reduces post‑harvest losses and allows
farmers to take advantage of higher market prices when
demand spikes [29].
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2.3. SF through Cooperatives

Agricultural cooperatives are at the forefront of
promoting SF among rural farmers. As environmental
concerns such as soil degradation, water shortage, and
climate change increasingly affect SF productivity, adopt‑
ing SF has become essential for long‑term farm viability.
Cooperatives are vital in facilitating the transition to SF
by pooling resources, providing education and training,
and enabling access to technologies that support SF.

One of the primary methods cooperatives boost SF
is through collective education and knowledge‑sharing
initiatives. By organizing workshops, training sessions,
and ϐield demonstrations, cooperatives expose their
members to various SF, such as crop rotation, Organic
Farming (OF), Integrated Pest Management (IPM), and
conservation agriculture. These practices help farmers
reduce reliance on synthetic fertilizers and pesticides,
improve soil health, and enhance biodiversity. Coop‑
eratives also promote using locally available and natu‑
ral inputs, reducing costs andminimizing environmental
harm. Through regularmeetings and peer‑to‑peer learn‑
ing, cooperatives create an environment where farmers
can exchange ideas and experiences, making adopting
newmethods across the community easier.

Access to eco‑friendly technologies is another area
where cooperatives are instrumental in advancing SF.
For many smallholder farmers, the initial investment
required to adopt SF, such as drip irrigation, solar‑
powered machinery, or OF, can be too costly. Cooper‑
atives, by leveraging their collective buying power, en‑
able farmers to purchase these technologies at reduced
prices or through shared ownership models. For exam‑
ple, cooperatives may invest in a communal irrigation
system or solar‑powered cold storage facility that can
be used by all members, ensuring that even the small‑
est farms can beneϐit frommodern SF. By reducing costs
and risks, cooperativesmake it feasible formore farmers
to engage in SF practices that would otherwise be out of
reach.

Cooperatives also facilitate access to ϐinancial re‑
sources and subsidies to promote SF. Many govern‑
ments and international organizations propose grants,
low‑interest loans, or subsidies to farmers who adopt
environmentally friendly practices, but accessing these

funds can be challenging for individual farmers due to
bureaucratic hurdles and lack of awareness. Coopera‑
tives act as intermediaries, navigating these processes
on behalf of their members and ensuring that funds are
distributed fairly and efϐiciently. By organizing farmers
into a cooperative structure, these organizations are bet‑
ter positioned to meet eligibility norms for SF contribu‑
tions, allowing a more signiϐicant number of farmers to
beneϐit from government and donor support for green
practices.

In addition to ϐinancial support, cooperatives play a
crucial role in advocating for sustainable policies at the
local and national levels. Many cooperatives actively en‑
gage in policy discussions, pushing for reforms that favor
smallholder farmers and incentivising SF. By participat‑
ing in farmer unions or forming alliances with NGOs, co‑
operatives amplify the voice of rural farmers in decision‑
making processes related to land use, water manage‑
ment, and environmental conservation. This advocacy
ensures that rural farming communities receive the in‑
stitutional support needed to make SF more viable and
proϐitable.

Another key contribution of cooperatives to SF is
thepromotionof certiϐication schemes, such asOFor fair
trade certiϐication. Many cooperatives assist their mem‑
bers in obtaining certiϐication for SF products, which al‑
lows them to access premium markets that prioritize
eco‑friendly practices. These certiϐications frequently
come with strict guidelines on chemical usage, labor
practices, and environmental organization, encouraging
farmers to maintain high SF standards. By collectively
organizing the certiϐication process, cooperatives lower
the individual burden of compliance while opening up
new market opportunities that propose higher ϐinan‑
cial returns. The cooperative model also allows small‑
scale farmers to meet the production volumes required
for certiϐication, making it easier to compete in interna‑
tional markets.

Moreover, cooperatives frequently emphasize the
importance of sustainable water management, which is
crucial in regions prone to droughts or water shortages.
By promoting efϐicient irrigation techniques like drip or
sprinkler systems, cooperatives help farmers reducewa‑
ter usage and minimize waste. Cooperatives may also

658



Research onWorld Agricultural Economy | Volume 06 | Issue 01 | March 2025

facilitate the adoption of rainwater harvesting systems
or the restoration of traditional water bodies, ensuring
farmers have access to water resources throughout the
growing season. These practices contribute to environ‑
mental conservation, increased farm productivity, and
resilience against climate variability.

Lastly, cooperatives foster long‑term SF by promot‑
ing a sense of community ownership and responsibility
for the environment. In many cases, SF requires collec‑
tive action, such as maintaining shared resources like
grazing lands, forests, or water sources. Cooperatives
provide the organizational structure for farmers towork
together on these initiatives, ensuring that resources are
managed SF for the entire community’s beneϐit. This col‑
laborative approach to resource management helps pro‑
tect the local environmentwhile securing the incomes of
future generations [30–35].

3. Methodology

3.1. Conceptual Framework and Hypothe‑
sis

The conceptual framework for this study is built
around the core functions of agricultural cooperatives
and their inϐluence on enhancing access to CA, MI, and
SF among rural farmers. Agricultural cooperatives are
collective organizations that bridge gaps in CA, MI, and
SF, particularly for smallholder farmers. The framework
assumes that cooperatives are key facilitators by pooling
resources, providing training, and presenting access to
otherwise inaccessible services to individual farmers.
The model identiϔies three primary areas where coopera‑
tives exert inϔluence:

1. Access to CA: Cooperatives act as intermediaries
between ϐinancial institutions and farmers, im‑
proving farmers’ ability to obtain CA through col‑
lective bargaining and shared ϐinancial resources.
This is hypothesized to lead to higher rates of CA
availability and better loan terms for cooperative
members.

2. MI: Through organized communication channels
and collective marketing efforts, cooperatives are
posited to enhance farmers’ access to real‑timeMI.
This improves farmers’ ability to make informed

decisions about pricing, timing of sales, and input
investments.

3. SF Practices: Cooperatives promote SF by provid‑
ing access to eco‑friendly technologies and prac‑
tices, ϐinancial incentives for adopting these prac‑
tices, and training programs to enhance environ‑
mental organization.

The study tests the following hypotheses to evalu‑
ate the impact of cooperativemembership on rural farm‑
ers:

• H1: Membership in agricultural cooperatives pos‑
itively and signiϐicantly affects farmers’ CA, re‑
ϐlected in increased loan acquisition and favorable
borrowing terms.

• H2: Membership in agricultural cooperatives pos‑
itively inϐluences the availability and use of MI,
leading to better decision‑making regarding MI
and cost approaches.

• H3: Membership in agricultural cooperatives
leads to greater adoption of SF, as evidenced by
higher implementation rates of eco‑friendly SF
compared to non‑cooperative members.

This conceptual framework and set of hypothe‑
ses guide the quantitative analysis, with data collected
from rural farmers in Kerala used to assess the valid‑
ity of these assumptions. Statistical tests will determine
whether cooperative membership signiϐicantly impacts
CA, MI, and SF results, providing insights into the coop‑
erative model’s effectiveness in rural development.

3.2. Study Design

This study employs a quantitative research design
to evaluate the impact of agricultural cooperatives on ru‑
ral farmers’ access to CA, MI, and SF in Kerala. The re‑
search adopts a cross‑sectional survey method, where
datawas collected at a single point in time froma sample
of rural farmers. The study targets members of agricul‑
tural cooperatives and non‑members to draw compar‑
isons and assess the impact of cooperative membership
on the key variables.

The primary datawas collected through structured
questionnaires designed tomeasure farmers’ CA, the fre‑
quency and relevance of MI received, and the extent to
which SF has been adopted. These variables were oper‑
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ationalized into quantiϐiable indicators, allowing for sta‑
tistical analysis. The survey also includes demographic
and socio‑economic factors, such as farm size, income,
and education level, to control for external impacts on
the study results.

The study samplewasdrawn fromdifferent regions
of Kerala, ensuring a representative mix of cooperative
members and non‑members across several agricultural
sectors. A Stratiϐied Random Sampling (SRS) was em‑
ployed to capture differences in cooperative participa‑
tion, farm size, and geographic diversity, ensuring the
robustness of the results. The quantitative design of the
study allows for objective measurement and compari‑
son, aiming to provide empirical evidence on the role of
cooperatives in enhancing CA, MI propagation, and SF in
rural farming communities.

3.3. Study Region and Sampling

The studywas conducted inKerala,whichhas a rich
history of agricultural cooperatives playing a crucial role
in rural development. Kerala’s diverse agricultural land‑
scape, ranging from highlands to lowland plains, pro‑
vides an ideal setting for assessing how cooperatives
impact several features of SF, such as CA, MI, and SF.
The region’s cooperative solid movement, coupled with
the presence of a collection of smallholder and medium‑
scale farmers, proposes valuable visions for the function‑
ing of cooperatives in different agricultural contexts.

Of the 1500 farm households selected, 421 partic‑
ipants were selected based on the ability to get a repre‑
sentative sample to measure variability within the farm‑
ing people of Kerala. This study employed the SRS to en‑
sure that each of the following factors was considered
in proportion to the population: Cooperative member‑
ship, geographical location, and farmsize. This approach
helped the researchers have an adequate diverse sample
that captures the heterogeneity of the agriculture space
in Kerala to compare the groups and generalize the ϐind‑
ings. The selected sample size provides reasonable sta‑
tistical power to assess cooperative inϐluence on farm‑
ers’ ϐinancial and operational performance.

The SRS employed for this study involved select‑
ing 421 participants, comprising members of agricul‑
tural cooperatives and non‑members. A stratiϐied ran‑

dom sampling method was used to ensure a represen‑
tative sample of farmers across different geographic lo‑
cations and farming sectors within Kerala. Stratiϐica‑
tion was based on cooperative membership status, ge‑
ographic region (highland, midland, and coastal areas),
and farm size (small, medium, and large‑scale farms).
This approach included diverse perspectives and expe‑
riences, enabling a comparative analysis of cooperative
and non‑cooperative farmers.

The sample distributionwas designed to collect the
variation in cooperative participation, ensuring that ac‑
tive cooperative members and non‑members were ade‑
quately represented. This allows formeaningful compar‑
isons between the two groups regarding CA, exposure to
MI, and SF. The sample size of 421was deemed sufϐicient
for the statistical analysis and generalizability of the ϐind‑
ings within the broader context of Kerala’s agricultural
sector.

3.4. Survey Questionnaire

The survey questionnaire was meticulously struc‑
tured to align with the hypotheses and gather relevant
data for the quantitative analysis. Each question was
carefully crafted to measure speciϐic variables related to
cooperative membership and its inϐluence on farmers’
CA, MI, and SF. For CA, the questionnaire includes ques‑
tions that assesswhether farmers have attained loans re‑
cently, the sources of these loans (whether from cooper‑
atives, commercial banks, or informal sources), the size
of the loans, and the interest rates applied. This set of
questions is designed to evaluate Hypothesis H1, which
explores how membership in agricultural cooperatives
positively impacts farmers’ ability to secure CA and the
terms under which they receive ϐinancial support.

In the MI section, Tables 1 and 2 questions fo‑
cus on how frequently farmers receive updates on mar‑
ket trends, price ϐluctuations, and demand from various
sources, including cooperatives. These questions aim to
test Hypothesis H2, which proposes that cooperatives
signiϐicantly improve farmers’ access to timely and rel‑
evant MI, enabling them to make better decisions about
when and where to sell their produce. For adopting SF,
the questionnaire includes items that examine the ex‑
tent to which farmers implement eco‑friendly methods
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such as OF, crop rotation, andwater conservation. These
questions are directly linked to Hypothesis H3, which
posits that cooperatives play a vital role in promoting
SF practices by present education, resources, and incen‑
tives.

The questionnaire was validated using several key
metrics to ensure reliability and internal consistency.
The Cronbach’s Alpha score for the Likert scale items

was 0.85, indicating good internal consistency, meaning
that the questions align well with one another and reli‑
ably measure the same constructs, such as access to CA,
MI, and SF. The Item‑Total Correlation ranged between
0.45 and 0.70, showing that individual items contribute
meaningfully to the overall scale, with no weak or irrele‑
vant questions.

Table 1. Questionnaire.
Question No. Question Type Hypothesis

1 Have you obtained a loan for SF purposes in the last two years? Yes/No H1
2 What was the source of the loan? (Cooperative Bank, Commercial Bank,

Informal Source, Other) Open‑Ended (Value) H1

3 How satisϐied are you with the loan terms provided by your
cooperative? Likert (1‑5) H1

4 Cooperative membership has improved my ability to secure ϐinancial
resources for farming. Likert (1‑5) H1

5 Have you ever been denied a loan by your cooperative? Yes/No H1
6 How frequently do you receive market price updates from your

cooperative? Likert (1‑5: Never‑Always) H2
7 How do you usually receive MI? (e.g., meetings, SMS, newsletters) Open‑Ended (Value) H2
8 The MI provided by the cooperative has helped me improve my sales

approach. Likert (1‑5) H2
9 How useful do you ϐind the MI provided by your cooperative? Likert (1‑5) H2
10 Have you participated in cooperative‑organized MI sessions in the last

year? Yes/No H2
11 I have adopted SF due to training or guidance frommy cooperative. Likert (1‑5) H3
12 What speciϐic SF have you adopted? Open‑Ended (Value) H3
13 The cooperative provides adequate training on SF methods Likert (1‑5) H3
14 How frequently do you implement SF introduced by the cooperative? Likert (1‑5: Never‑Always) H3
15 Has your cooperative presented ϐinancial support speciϐically for SF? Yes/No H3
16 I have observed economic beneϐits from using SF promoted by the

cooperative. Likert (1‑5) H3

17 How likely are you to continue or expand your use of SF in the future
due to cooperative support? Likert (1‑5) H3

18 Do you plan to expand your SF practices in the coming year? Yes/No H3
19 Has adopting SF practices impacted your farm’s productivity or

proϐitability? Yes/No H3

20 Cooperative membership has signiϐicantly improved my overall farm
management. Likert (1‑5) H1/H2/H3

Table 2. Validation Metrics for the Questionnaire.
Metric Description Score Interpretation

Cronbach’s Alpha Measures internal consistency of Likert scale items across
sections (CA, MI, SF). 0.85 Good internal consistency

Item‑Total
Correlation

Correlation between each question and the total score to check
how well each item ϐits the overall scale. 0.45–0.70 Acceptable to strong

correlation per item
Test‑Retest
Reliability

Measures the stability of responses over time by administering
the same questionnaire twice. 0.80 Good reliability (stable

responses)
Inter‑Item
Correlation

Examines the correlation between individual items to ensure
they measure the same construct. 0.40–0.60 Moderate, acceptable

correlation between items
Content Validity
Index (CVI)

Measures the relevance of each question to the overall
construct based on expert review. 0.90 High content validity

Construct Validity Assesses how well the questions measure the theoretical
construct (e.g., CA or SF). 0.88 Strong construct validity
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To assess the stability of the responses over time, a
Test‑Retest Reliability score of 0.80 was achieved, sug‑
gesting that the questionnaire produces consistent re‑
sults when administered on multiple occasions. The
Inter‑Item Correlation values, ranging from 0.40 to 0.60,
indicate that the questions are moderately related, en‑
suring they measure the same constructs without being
redundant. Based on an expert review, the CVI was 0.90,
reϐlecting high content validity and agreement on the rel‑
evance of each question. Finally, a CVI of 0.88 demon‑
strates that the questionnaire effectively measures the
intended theoretical constructs, conϐirming its robust‑
ness as a data collection tool.

3.5. Analysis Techniques

The data collected from the survey is analyzed us‑
ing descriptive and inferential statistical techniques to
assess the impact of agricultural cooperatives on access
to CA, MI, and SF. The analysis compares cooperative
members and non‑members across the three key vari‑
ables.

A. Descriptive Statistics
Initially, basic descriptive statistics such as mean,

median, standard deviation, and frequency distributions
will be considered for each variable. This will provide an
overview of the characteristics of the sample, including
loan sizes, market update frequency, and SF practices’
adoption rates. Descriptive statistics will also help to
summarize the general trends and patterns observed in
the data.

B. T‑tests and Chi‑Square Tests
To compare the differences between cooperative

members and non‑members, independent t‑tests will be
employed for continuous variables such as loan size and
frequency of market updates. For categorical variables
like “adoption of SF” (Yes/No), Chi‑square tests will be
used to determine if the two groups have statistically sig‑
niϐicant differences.

For example, the t‑test will follow the equation:

t =
X1 −X2√

S2
1

n1
+

S2
2

n2

(1)

whereX1 andX2 are themeans of the two groups (coop‑
erative members and non‑members), and S2

1 and S2
2 are

their respective variances, with n1 and n2 representing
the sample sizes.

C. Regression Analysis
To assess the impact of cooperativemembership on

the three key results of CA, MI, and SF, Linear Regression
(LR) models will be applied for continuous dependent
variables. In contrast, logistic regressionwill be used for
binary outcomes, such as adopting SF (Yes/No). The re‑
gression models will control for farm size, income, and
education level variables. The general formof the LRwill
be:

Y = β0 + β1X1 + β2X2 + · · ·+ βnXn+ ∈ (2)

where Y represents the dependent variable (e.g., CA),
X1, X2, . . . , Xn represent independent variables (e.g.,
cooperative membership, farm size), β1, β2, . . . , βn are
the coefϐicients, and ∈ is the error term.

D. Correlation Analysis:
Pearson correlation will be used to analyze the re‑

lationships between continuous variables, such as loan
size and farm productivity. The correlation coefϐicient
‘r’ will show how strongly these variables are related.

For example, the equation for Pearson correlation
is:

r =

∑  
(
Xi −X

) (
Yi − Y

)√∑  
(
Xi −X

)2 ∑  
(
Yi − Y

)2 (3)

where Xi and Yi represent the data points for two con‑
tinuous variables, andX and Y are their means.

E. Statistical Signiϐicance
The level of statistical signiϐicance will be set at

p < 0.05. Results will be interpreted based on whether
theP−value falls below this threshold, indicating signif‑
icant differences or relationships between cooperative
members and non‑members regarding the outcomes
measured.

Correlation and regression are two statisticalmeth‑
ods which bear similar relationships but are used for
different purposes. Whereas regression analyses ϐind
the nature of the relationship between two or more vari‑
ables, correlation proposes a simple index of the mag‑
nitude and direction of an LR and permits an evalua‑
tion of whether two variables are positively or nega‑
tively related. Pearson’s correlation coefϐicient is most
frequently employed in exploratory analysis to ϐind out
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if there is any correlation before the construction of
a regression equation. The correlation helps to check
assumptions for regression, like checking for multi‑
collinearity, which, if not dealt with, can complicate the
conclusion of a regression. It is also used in the feature
selection steps to show the best independent variables
for the dependent variable. Also, correlation may con‑
ϐirm the stability of relations across data sets or time, as
needed for the validity of a model before the regression
analysis. The correlation analysis is still helpful for ini‑
tial data examination, choosing variables of interest, and
preparing data for regression most of the time.

4. Result Analysis
Thus, this study’s target population is based on

farmers who are not part of the agricultural coopera‑
tives and those who are part of the cooperatives. In this
method, the author guarantees a comparative perspec‑
tive on the effects of cooperative membership on ϐinan‑
cial knowledge, CA, and SF. People joining cooperatives
make business decisions since they are part of a collec‑
tive that beneϐits fromcooperation; they receive training,
and thus, they are the best to give feedback on how effec‑
tive cooperatives are. Those non‑members are also se‑
lected to compare market access and ϐinancial status re‑
sults. The cross‑sectional nature of the respondents and
the consideration of demographic and geographic fac‑
tors guarantee the coverage of the cooperative impact on
different types of SF. Focusing on smallholder farmers,
especially those in rural areas, shows the problems and
possibilities of this group. The study limits its sample to
those directly engaging in the agricultural sector to guar‑
antee that the results are helpful for policymakers and
other participants interested in enhancing cooperation‑
based arrangements and rural development. From Ta‑
ble 3 SRS aligns with the study’s aim of assessing how
cooperatives provide solutions to organized and market
vulnerabilities towards SF.

The demographic and socio‑economic proϐile of the
421 participants provide essential context for under‑
standing the characteristics of farmers in the study. The
participants have an average age of 43.82 years (SD =
11.27), indicating that most farmers are middle‑aged. A

closer look at the age distribution shows that 28.50% of
participants are between the ages of 41 and 50, making
this the most represented age group, followed by those
aged 31–40 years (25.65%) and 51–60 years (21.62%).
Only 17.34% are younger than 30 years, and 6.89% are
older than 60, suggesting that a signiϐicant portion of
farmers are in their primeworking years, with relatively
fewer younger or older individuals engaged in SF.

In terms of gender, the sample is predominantly
male, with 65.08% Male and 34.92% Female. This in‑
dicates a gender imbalance, which is common in many
agricultural contextswheremen frequently dominate SF
roles while women may play supportive or secondary
roles in certain regions. The participants’ education
levels reveal a broad distribution of formal education,
with33.97%having completed secondary education, the
largest educational group. Additionally, 30.87% have
achieved higher education, indicating that a consider‑
able portion of the population has access to more ad‑
vanced learning. However, 25.18% of participants have
only primary education, and 9.98% have no formal ed‑
ucation, highlighting a substantial variation in educa‑
tional background that could impact farm management
practices and decision‑making.

The average farm size is 2.13 hectares (SD = 1.74),
but the distribution shows that most participants have
relatively small farms, with 38.48% of farms falling in
the 1–2 hectare range and 22.09% operating on less
than 1 hectare. Larger farms, over 4 hectares, are less
common, representing only 13.55% of the sample. This
reϐlects an SF landscape where smallholder agriculture
dominates, which could impact the types of SF practices
and ϐinancial needs of these farmers. In terms of annual
farm income, the average income is 164,732.48 local cur‑
rency units (SD=68,501.92), with incomes ranging from
45,892 to 299,526. A considerable portion of the sam‑
ple (32.54%) earns between 100,001 and 150,000 units
annually, while 24.47% earn less than 100,000 units,
indicating economic diversity. Farmers with higher in‑
comes, over 200,001 units, represent 21.14%of the sam‑
ple. This income distribution highlights the variability
in economic capacity among the farmers, with implica‑
tions for their access to CA, SF, and investment in farm
improvements.
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Table 3. Descriptive Analysis – Demographic and Socio‑Economic Proϐile & Cooperative Membership.

Variable N Mean Standard
Deviation (SD) Min Max Frequency

Distribution (%)

Age (years) 421 43.82 11.27 22 68
< 30 years: 17.34%
31–40 years: 25.65%
41–50 years: 28.50%
51–60 years: 21.62%
> 60 years: 6.89%

Gender 421 ‑ ‑ ‑ ‑ Male: 65.08%
Female: 34.92%

Education Level 421 ‑ ‑ ‑ ‑

No Formal Education: 9.98%
Primary Education: 25.18%
Secondary Education: 33.97%
Higher Education: 30.87%

Farm Size (hectares) 421 2.13 1.74 0.30 8.56
< 1 hectare: 22.09%
1–2 hectares: 38.48%
2–4 hectares: 25.89%
> 4 hectares: 13.55%

Annual Farm Income (local currency) 421 164,732.48 68,501.92 45,892 299,526

< 100,000: 24.47%
100,001–150,000: 32.54%
150,001–200,000: 21.85%
> 200,001: 21.14%

Cooperative Membership 421 ‑ ‑ ‑ ‑
Cooperative Members: 61.33%
Non‑Members: 38.67%

Finally, the analysis of cooperative membership
shows that the majority of participants (61.33%) are
members of agricultural cooperatives, while 38.67% are
non‑members. This distribution provides a solid basis
for comparing the impact of cooperativemembership on
various factors, such as access to CA, MI, and SF. The sub‑
stantial representation of cooperative members in the
study reϐlects the importance of cooperatives in the agri‑
cultural sector and sets the stage for an in‑depth analysis
of their role in enhancing SF outcomes.

4.1. Analysis of CA (H1)

As shown in Table 4, the analysis of loan access re‑
veals a signiϐicant difference between cooperative mem‑
bers and non‑members. A substantial 72.09% of co‑
operative members obtained loans in the past 2 years,
compared to only 45.40% of non‑members. This differ‑
ence is statistically signiϐicant, with a p‑value < 0.001,
indicating that cooperative membership positively in‑
ϐluences farmers’ ability to secure loans. Regarding
mean loan size, cooperative members received an av‑
erage loan of 137,892.61 local currency units, whereas
non‑members received a signiϐicantly smaller average
loan of 98,541.73. The t‑value of 5.39 and p‑value <

0.001 further conϐirm that cooperativemembers receive
larger loans, highlighting the ϐinancial rewards of coop‑
erative membership. The standard deviation for loan
size is higher among cooperative members (43,915.23)
compared to non‑members (30,748.96), reϐlectingmore
signiϐicant variability in loan amounts received by coop‑
erative members. This could indicate that cooperative
members can access a broader range of loan sizes, po‑
tentially due to collective bargaining power or better ϐi‑
nancial support through the cooperative system.

Regarding satisfaction with loan terms, the distri‑
bution of responses reveals that cooperative members
are generallymore satisϐied than non‑members. As illus‑
trated in Table 5, only 5.81% of cooperative members
report being “Very Dissatisϐied” with their loan terms,
compared to 15.34% of non‑members. The most signif‑
icant proportion of cooperative members (40.70%) re‑
ported being “Satisϐied”with their loan terms, compared
to only 25.15% of non‑members. A signiϐicant differ‑
ence is also seen in the “Very Satisϐied”, with 15.89% of
cooperative members expressing high satisfaction com‑
pared to 8.28% of non‑members. The Chi‑Square value
of 18.34 and p‑value < 0.001 conϐirm that the difference
in satisfaction levels between cooperative members and
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Table 4. Loan Access Comparison (H1).

Variable Cooperative Members
(N = 258) Non‑Members (N = 163) t‑Value p‑Value

Percentage Obtained Loans 72.09% (186/258) 45.40% (74/163) ‑ < 0.001 **
Mean Loan Size (local currency) 137,892.61 98,541.73 5.39 < 0.001 **
Standard Deviation (Loan Size) 43,915.23 30,748.96 ‑ ‑

Minimum Loan Size 56,382 32,562 ‑ ‑
Maximum Loan Size 244,196 174,536 ‑ ‑

Table 5. Satisfaction with Loan Terms (H1) – Likert Scale Comparison.

Satisfaction with Loan Terms Cooperative Members (%) Non‑Members (%)

1 (Very Dissatisϐied) 5.81% 15.34%
2 (Dissatisϐied) 12.79% 20.86%
3 (Neutral) 24.81% 30.67%
4 (Satisϐied) 40.70% 25.15%

5 (Very Satisϐied) 15.89% 8.28%
Chi‑Square Value 18.34 ‑

p‑value <0.001 ‑

non‑members is statistically signiϐicant, with coopera‑
tive members reporting higher satisfaction.

As summarized in Table 6, the multiple LR anal‑
ysis shows that cooperative membership positively im‑
pacts loan size, with cooperative members receiving
41,382.14 more in loans on average than non‑members
(p < 0.001). The model also accounts for other factors,
such as farm size and annual income. For every addi‑
tional hectare of farm size, the loan size increases by

9,254.36 units (p < 0.001), and for every unit increase
in annual income, the loan size increases by 0.39 units
(p < 0.001). The model explains approximately 47.2%
of the variance in loan size, indicating that cooperative
membership, farm size, and income are essential deter‑
minants of loan access. This further supports the notion
that cooperative membership is crucial in improving ru‑
ral farmers’ CA.

Table 6. Multiple LR Analysis – Impact of Cooperative Membership, Farm Size, and Income on Loan Size (H1).

Variable Coefϐicient (β) Standard Error t‑Value p‑Value

Constant 56,532.81 10,715.32 5.28 <0.001 **
Cooperative Membership 41,382.14 6,954.17 5.95 <0.001 **
Farm Size (hectares) 9,254.36 2,547.58 3.63 <0.001 **

Annual Income 0.39 0.04 9.88 <0.001 **
R‑squared 0.472 ‑ ‑ ‑

4.2. Analysis of MI (H2)

As shown in Table 7, the frequency of MI up‑
dates is signiϐicantly higher among cooperative mem‑
bers than non‑members. On a 5‑point Likert scale, co‑
operative members reported a mean score of 4.21, indi‑
cating they frequently receive market updates, whereas
non‑members had amuch lowermean score of 3.12. The
t‑value of 8.43 and p‑value < 0.001 conϐirm this differ‑
ence is statistically signiϐicant. The standard deviation

was slightly lower for cooperative members (0.76) com‑
pared to non‑members (0.94), indicating more consis‑
tent responses among cooperative members regarding
the frequency of updates they receive.

Regarding MI sources, Table 8 shows that 67.83%
of cooperative members primarily rely on cooperative
networks for MI, while only 11.96% of non‑members
use this source. On the other hand, non‑members
rely more on private buyers (34.36%) and digital plat‑
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forms (26.07%) forMI. Many non‑members also depend
on government agencies (27.61%), compared to only
9.30% of cooperative members. These results suggest
that cooperative members beneϐit signiϐicantly from in‑

ternal cooperative communication, while non‑members
are more reliant on external and possibly less reliable
sources of MI.

Table 7. Frequency of MI Updates (H2) – Likert Scale Comparison.

Frequency of MI Updates Cooperative Members
(N = 258) Non‑Members (N = 163) t‑Value p‑Value

Mean Score (Likert Scale 1–5) 4.21 3.12 8.43 < 0.001 **
Standard Deviation 0.76 0.94 ‑ ‑

Table 8. Sources of MI – Breakdown by Source (H2).

Source of MI Cooperative Members (%) Non‑Members (%)

Cooperative Networks 67.83% 11.96%
Private Buyers 12.79% 34.36%

Government Agencies 9.30% 27.61%
Digital Platforms (e.g., SMS, apps) 10.08% 26.07%

As shown in Table 9, cooperative members are
more likely to change their sales approaches based on
MI, with 58.14% reporting such changes compared to
only 31.29% of non‑members. The Chi‑Square value
of 24.72 and p‑value < 0.001 indicate this difference

is statistically signiϐicant. This proposes that the MI
provided by cooperatives reaches their members more
frequently and inϐluences decision‑making and strategy
changes, resulting in bettermarket outcomes for cooper‑
ative members.

Table 9. Impact of MI on Sales Strategy (H2) – Chi‑Square Test.

Change in Sales Strategy
Based on MI

Cooperative Members
(%) Non‑Members (%) Chi‑Square Value p‑Value

Yes 58.14% 31.29% 24.72 < 0.001 **
No 41.86% 68.71% ‑ ‑

The logistic regression analysis inTable 10 demon‑
strates the signiϐicant impact of cooperative member‑
ship on the probability of using MI. Cooperative mem‑
bers are 4.16 times more likely to use MI than non‑
members (p < 0.001), controlling for other factors like
farm size, income, and education. Additionally, larger
farm sizes slightly increase the probability of using MI
(Odds Ratio = 1.39, p = 0.043), while higher annual in‑
come (Odds Ratio = 1.01, p < 0.001) and education levels
(Odds Ratio = 1.53, p = 0.008) are also signiϐicant posi‑
tive predictors. The pseudo‑R‑squared value of 0.278 in‑
dicates that themodel explains around27.8%of the vari‑
ance in the likelihood of using MI, highlighting the crit‑
ical role of cooperative membership and demographic

factors in shaping how farmers access and utilize MI.

4.3. Analysis of SF (H3)

As shown in Table 11, cooperative members are
signiϐicantly more likely to adopt SF than non‑members.
A substantial 69.77% of cooperative members have
adopted SF practices, whereas only 42.94% of non‑
members have. The Chi‑Square value of 27.56 and p‑
value<0.001 indicate that this difference is statistically
signiϐicant, highlighting cooperatives’ role in promoting
environmentally friendly SF among their members.

Regarding the types of SF adopted,Table 12 shows
that cooperative members are likelier to implement var‑
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Table 10. Logistic Regression – Probability of Using MI Based on Cooperative Membership and Demographic Factors (H2).

Variable Odds Ratio (Exp β) Standard Error z‑value p‑value

Cooperative Membership 4.16 0.82 6.21 <0.001 **
Farm Size (hectares) 1.39 0.24 2.02 0.043 *

Annual Income 1.01 0.002 3.98 <0.001 **
Education Level 1.53 0.34 2.67 0.008 **

Constant 0.48 0.11 ‑3.49 <0.001 **
Pseudo R‑squared 0.278 ‑ ‑ ‑

Table 11. Adoption of SF Practices – Chi‑Square Test (H3).

Adoption of SF Practices Cooperative Members (%) Non‑Members (%) Chi‑Square Value p‑value

Yes 69.77% 42.94% 27.56 < 0.001 **
No 30.23% 57.06% ‑ ‑

ious SFs than non‑members. For example, 36.82% of
cooperative members practice OF, compared to 18.40%
of non‑members. Similarly, cooperative members en‑
gage in crop rotation (51.55%) and water conserva‑
tion (43.02%) at signiϐicantly higher rates than non‑
members, who adopt these SF at 28.22% and 23.93%.

Practices such as renewable energy and IPM are more
prevalent among cooperative members. These results
suggest that cooperatives encourage adopting SF and di‑
versify the range of practices their members can imple‑
ment.

Table 12. Types of SF Practices Adopted by Cooperative Members vs. Non‑Members (H3).

Type of SF Cooperative Members (%) Non‑Members (%)

OF 36.82% 18.40%
Crop Rotation 51.55% 28.22%

Water Conservation 43.02% 23.93%
Use of Renewable Energy in Farming 21.71% 10.43%

IPM 30.62% 14.72%

Table 13 compares the perceived economic ben‑
eϐits of adopting SF as measured on a 5‑point Likert
scale. Cooperative members reported a mean score of
4.12, indicating substantial perceived economic beneϐits,
whereas non‑members reported a lower mean score of
3.45. The t‑value of 6.78 and p‑value < 0.001 demon‑
strate that this difference is statistically signiϐicant. The
standard deviation for cooperative members (0.86) is
lower than for non‑members (1.07), indicating more
consistency in cooperative members’ responses regard‑
ing the economic beneϐits of adopting SF. This ϐind‑
ing suggests cooperative members adopt SF more fre‑
quently and perceive greater economic returns.

The logistic regression analysis inTable 14 further
conϐirms the signiϐicant impact of cooperative member‑
ship on the probability of adopting SF. Cooperativemem‑

bers are 3.67 times more likely to adopt SF than non‑
members (p < 0.001), controlling for farm size, income,
and education level. Larger farms are also more likely
to adopt SF (Odds Ratio = 1.43, p = 0.033), and higher
annual income signiϐicantly increases the probability of
adopting SF (Odds Ratio = 1.02, p < 0.001). Additionally,
education plays a key role, with more educated farmers
being 1.56 times more probable to adopt SF practices (p
= 0.004). The model explains 30.9% of the variance in
adopting SF, as indicated by the pseudo‑R‑squared value
0.309.

4.4. Correlation Analysis

As shown inTable15, the correlationbetween loan
size and farmproductivity is positive and statistically sig‑
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Table 13. Economic Beneϐits of SF Practices – Likert Scale Comparison (H3).

Perceived Economic
Beneϐits of SF Cooperative Members (N = 258) Non‑Members (N = 163) t‑Value p‑Value

Mean Score (Likert Scale 1–5) 4.12 3.45 6.78 < 0.001 **
Standard Deviation 0.86 1.07 ‑ ‑

Table 14. Logistic Regression – Impact of Cooperative Membership on the Adoption of SF Practices (H3).

Variable Odds Ratio (Exp β) Standard Error z‑Value p‑Value

Cooperative Membership 3.67 0.78 5.34 <0.001 **
Farm Size (hectares) 1.43 0.27 2.14 0.033 *

Annual Income 1.02 0.003 5.12 <0.001 **
Education Level 1.56 0.36 2.89 0.004 **

Constant 0.52 0.13 −3.14 0.002 **
Pseudo R‑squared 0.309 ‑ ‑ ‑

niϐicant. The correlation coefϐicient (r = 0.43) indicates a
moderate positive relationship between the size of loans
farmers receive and SF productivity, measured as kilo‑
grams of yield per hectare. This suggests that farmers
can increase their productivity by securing larger loans.
The p‑value < 0.001 conϐirms that this relationship is sta‑
tistically signiϐicant, implying that access to larger loans
may facilitate investment in inputs like fertilizers, better

seeds, or technology, leading to higher productivity. The
mean loan size is 123,654.78 local currency units, with
a standard deviation of 39,876.12, reϐlecting some vari‑
ability in loan amounts across the sample. Farm produc‑
tivity has a mean of 2,487.62 kg/hectare, indicating di‑
verse productivity levels, possibly inϐluenced by factors
such as farm size, crop type, and the effectiveness of loan
utilization.

Table 15. Correlation between Loan Size and Farm Productivity.

Variable Mean Standard Deviation Correlation Coefϐicient (r) p‑Value

Loan Size (local currency) 123,654.78 39,876.12 0.43 < 0.001 **
Farm Productivity

(kg/hectare) 2,487.62 597.89 ‑ ‑

Similarly, Table 16 shows the correlation be‑
tween the adoption of SF and farm income, revealing
a moderate‑to‑strong positive relationship. The corre‑
lation coefϐicient (r = 0.49) proposes that farmers who
adopt SF practices tend to have higher farm incomes.
The p‑value < 0.001 conϐirms that this relationship is
statistically signiϐicant, meaning that adopting practices
such as OF, water conservation, and crop rotation is
linked to improved economic performance for farmers.
This may be due to increased crop yields, cost savings
from resource efϐiciency, and access to premium mar‑
kets that reward environmental SF. The mean farm in‑
come for the sample is 164,732.48 local currency units,
with a standard deviation of 68,501.92, showing a wide
range of income levels, which could be inϐluenced by the

degree of SF adoption and market conditions.

4.5. Hypothesis Testing

As shown in Table 17, statistical signiϐicance was
tested across various analyses using t‑tests, Chi‑square
tests, and regression models, with the threshold for sig‑
niϐicance set at p<0.05. In every analysis, the p‑values
were well below this threshold, conϐirming the statis‑
tical signiϐicance of the results. For example, compar‑
ing loan access between cooperative members and non‑
members yielded a p‑value < 0.001, indicating a signiϐi‑
cant difference in the probability of obtaining loans. Sim‑
ilarly, the mean loan size for cooperative members was
signiϐicantly higher than non‑members (p < 0.001), rein‑
forcing the idea that cooperative membership positively

668



Research onWorld Agricultural Economy | Volume 06 | Issue 01 | March 2025

Table 16. Correlation between Adoption of SF and Farm Income.

Variable Mean Standard Deviation Correlation Coefϐicient (r) p‑Value

Adoption of SF Practices (0 = No, 1 = Yes) 0.57 ‑ 0.49 <0.001 **
Farm Income (local currency) 164,732.48 68,501.92 ‑ ‑

Table 17. Summary of P‑values from Different Analyses.

Analysis Test Type p‑Value Signiϐicance (p < 0.05)

Loan Access Comparison t‑test < 0.001 ** Signiϐicant
Mean Loan Size (Cooperative Members vs. Non‑Members) t‑test < 0.001 ** Signiϐicant

Satisfaction with Loan Terms Chi‑square test < 0.001 ** Signiϐicant
Frequency of MI Updates t‑test < 0.001 ** Signiϐicant

Impact of MI on Sales Approach Chi‑square test < 0.001 ** Signiϐicant
Adoption of SF Chi‑square test < 0.001 ** Signiϐicant

Economic Beneϐits of SF t‑test < 0.001 ** Signiϐicant
Correlation: Loan Size and Farm Productivity Pearson correlation < 0.001 ** Signiϐicant

Correlation: SF and Farm Income Pearson correlation < 0.001 ** Signiϐicant
Regression: Impact of Cooperative Membership on Loan Size Multiple regression < 0.001 ** Signiϐicant

Regression: Likelihood of Using MI Logistic regression < 0.001 ** Signiϐicant
Regression: Adoption of SF Logistic regression < 0.001 ** Signiϐicant

**mean value

impacts ϐinancial access.
In analyzing MI access, the frequency of updates

and their impact on sales strategy signiϐicantly differed
between cooperative members and non‑members, with
p‑values<0.001. Likewise, adopting SF was signiϐicantly
more prevalent among cooperativemembers, with a Chi‑
square value and p‑value that further emphasized the
strong relationship between cooperative membership
and environmental SF.

As summarized in Table 18, the results from the
numerous statistical testswere used to validate or refute
the study’s three main hypotheses:

• H1: Impact of Cooperatives on CA: Cooperative
members were signiϐicantly more likely to obtain
loans, receive larger loans, and express greater
satisfaction with loan terms than non‑members.
The results from the t‑tests, Chi‑square tests,
and regressionmodels all yielded p‑values<0.001,
leading to the conclusion that H1 is validated.

• H2: Impact of Cooperatives on MI Access: Co‑
operative members received MI more frequently
and were likelier to use this information to adjust
their sales strategies. The analyses showed statis‑
tically signiϐicant differences in the frequency and
impact ofMI, with p‑values<0.001, supporting the
conclusion that H2 is validated.

• H3: Impact of cooperatives on adopting SF:

Cooperative members were likelier to adopt
SF and reported more signiϐicant perceived eco‑
nomic beneϐits from these practices. The Chi‑
square and regression analyses conϐirmed the sig‑
niϐicant relationship between cooperative mem‑
bership and adopting SF practices, with p‑values
< 0.001, validating H3.

5. Conclusion and FutureWork
This study highlights the signiϐicant role that agri‑

cultural cooperatives play in enhancing rural farmers’ ac‑
cess to CA, MI, and SF. The ϐindings demonstrate that
cooperative membership gives farmers a distinct advan‑
tage, enabling them to secure larger loans with more
favorable terms, access critical MI, and adopt environ‑
mentally friendly SF. By pooling resources and collec‑
tive bargaining power, cooperatives bridge the gap be‑
tween smallholder farmers and formal ϐinancial institu‑
tions, improving CA and fostering ϐinancial resilience.
The study highlights cooperatives’ pivotal role in mar‑
ket participation, as members receive more frequent
and reliable MI, allowing them to make informed de‑
cisions about pricing and sales approaches. This ac‑
cess to real‑time MI empowers cooperative members
to navigate market volatility more effectively than non‑
members. Furthermore, cooperatives actively promote
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Table 18. Hypothesis Testing Summary.
Hypothesis Test Type Key Findings Statistical Test Results Conclusion

H1: Impact of Cooperatives
on CA

T‑test,
Chi‑square,
Regression

Cooperative members are more
likely to obtain loans, receive
larger loans, and show higher
satisfaction with loan terms.

Loan Access (t‑test): p < 0.001
Mean Loan Size (t‑test): p < 0.001
Satisfaction (Chi‑Square): p < 0.001
Loan Size (Regression): p < 0.001

H1 Validated

H2: Impact of cooperatives
on MI access

T‑test,
Chi‑square,
Regression

Cooperative members receive MI
more frequently and are likelier
to use it to change their sales

strategy.

Frequency of Info (t‑test): p < 0.001
Sales Strategy (Chi‑square): p < 0.001
MI Use (Regression): p < 0.001

H2 Validated

H3: Impact of cooperatives
on the adoption of SF

Chi‑square,
Regression

Cooperative members are likelier
to adopt SF and perceive more
signiϐicant economic beneϐits.

SF (Chi‑square): p < 0.001
SF (Regression): p < 0.001

H3 Validated

the adoption of SF through training, collective resources,
and ϐinancial support, leading to better environmental
stewardship and higher economic returns for farmers
engaged in eco‑friendly practices.

The study ϐinds that agricultural cooperatives are
essential in improving smallholder farmers’ ϐinancial lit‑
eracy and CA levels. Members are provided with appro‑
priate training inBudgeting, Investment& ϐinancial plan‑
ning, thus enhancing creditworthiness & reliability re‑
garding repayments. Cooperatives also act as gateways
throughwhichmembers attain CA frommicroϐinance in‑
stitutions and government‑sponsored rural credit facil‑
ities where credit is always available. Through MI and
making pooled purchases, cooperatives assist farmers
with better market amenities and achievable costs. The
cooperatives support SF by providing inputs, training,
and distribution of SF and supporting smallholder farm‑
ers in accessing subsidies and certiϐications for high‑
value markets. These initiatives taken together enhance
the ϐinancial position and market standing of farmers.

These ϐindings suggest that policymakers and de‑
velopment agencies should continue to support and
strengthen agricultural cooperatives as part of broader
strategies to enhance rural agricultural productivity, sus‑
tainability, and resilience in the face of economic and en‑
vironmental challenges.
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