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ABSTRACT
Tidal lowlands are increasingly promoted for rice production in Indonesia in response to rising food demand

and limited availability of suitable agricultural land. However, rice farming in these environments is characterized
by unstablewater regimes, high production risk, andweakmarket integration, which often limit farmers’ transition
from subsistence to commercial production despite increased use of modern inputs. This study examines the level
and determinants of rice farming commercialization in the tidal lowlands of Sambas Regency, West Kalimantan, In‑
donesia, with explicit attention to agroecological risk. Primary data were collected through structured interviews
with 143 rice farmers operating under different tidal overϐlow conditions. Commercialization is analyzed using
multiple indicators capturing output sales, input market engagement, and cash income, and their determinants are
examined using ordinary least squares (OLS) regression. The results indicate that rice farming in the study area
is evolving toward semi‑commercial systems, marked by strong integration into input markets but limited output
commercialization and cash income. Tidal overϐlow conditions signiϐicantly shape commercialization outcomes,
highlighting the role of agroecological risk in constraining surplus generation. Larger farm size, higher education
levels, and the adoption of standard operating procedures (SOPs) are associated with stronger market participa‑
tion, while higher household consumption needs and access to credit are negatively related to output sales and
farm cash income, suggesting that credit is frequently used for consumption smoothing rather than productive in‑
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vestment. Overall, the ϐindings reveal a segmented commercialization pathway in tidal rice systems and underscore
the need for risk‑reducing water management, improved farmer capacity, and better‑targeted rural credit to sup‑
port sustainable commercialization in tidal lowland agriculture.
Keywords: Tidal Wetlands; Rice Commercialization; Farm Product Sold Ratio; Input Market Integration; Semi‑
Commercial Farming; Credit Utilization; Land Management; Technology Adoption

1. Introduction
Tidal lowlands are increasingly recognized as

strategic areas for expanding rice production, particu‑
larly in countries facing rising food demand and limited
availability of suitable agricultural land. In Indonesia,
these areas hold signiϐicant potential, yet rice farming in
tidal environments remains challenging. Periodic tidal
ϐluctuations, salinity, and nutrient variability create un‑
stable production conditions and expose farmers to high
levels of risk. These ecological constraints strongly inϐlu‑
ence farmers’ decisions regarding input use, production
intensity, and market participation [1, 2].

At the same time, growing population pressure and
food security concerns have renewed policy interest in
improving productivity and commercialization in tidal
lowlands. Commercialization, deϐined as the share of
agricultural output sold relative to that consumed by the
household, is shaped by a complex interaction of house‑
hold characteristics, farm assets, technology adoption,
and environmental conditions. Larger farm size and bet‑
ter access to physical assets generally increase farmers’
ability to generate surplus for sale, while higher house‑
hold consumption needs and risk aversion often reduce
market participation [3, 4].

Access to credit and ϐinancial services can support
commercialization by enabling investment in productive
inputs, but its impact depends largely on how credit is
used. When loans are diverted toward household con‑
sumption rather than farming activities, their contribu‑
tion to commercialization may be limited [5, 6]. Similarly,
poor market access and weak transportation infrastruc‑
ture raise transaction costs and discourage farmers from
selling larger volumes of output. In contrast, adaptive
technologies, improved farm management practices, ef‑
fective extension services, and supportive institutions
can reduce production risks and strengthen farmers’ en‑

gagement with markets [7, 8]. In tidal rice systems, how‑
ever, high production uncertainty often leads farmers
to prioritize household food security over market sales.
Understanding how ecological risk, household behav‑
ior, and institutional conditions jointly shape commer‑
cialization decisions is therefore essential for design‑
ing effective policies in these marginal farming environ‑
ments [9, 10].

This study contributes to the commercialization
literature by applying a multidimensional approach to
commercialization analysis in a high‑risk tidal wetland
rice system. Unlike most previous studies that rely on
a single output‑based indicator and assume relatively
stable agroecological conditions, this research exam‑
ines commercialization through multiple dimensions—
output sales, input market engagement, and cash
income—within an environment characterized by per‑
sistent production risk. By doing so, the study high‑
lights segmented commercialization pathways in which
increased input and labor market participation do not
necessarily translate into higher output commercializa‑
tion. This approach provides new insights into how
agroecological risk reshapes farmer behavior and chal‑
lenges conventional assumptions about linear transi‑
tions from subsistence to commercial farming.

1.1. Research Gap

Despite a large body of literature on smallholder
agricultural commercialization, empirical evidence from
tidal lowland rice systems remains limited. Most stud‑
ies focus on farming systemswith relatively stable agroe‑
cological conditions, such as irrigated or upland areas,
while the speciϐic challenges of tidal environments are
often overlooked. As a result, the role of hydrological
instability and tidal overϐlow characteristics in shaping
commercialization outcomes is not well understood.
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In addition, existing studies commonly measure
commercialization using a single indicator, usually the
proportion of output sold, without capturing its multi‑
dimensional nature. This approach fails to explain sit‑
uations where farmers intensify production through in‑
creased use of purchased inputs and labor but continue
to sell only a small share of their output. Such a mis‑
match between input intensiϐication and output com‑
mercialization is particularly relevant in high‑risk tidal
agroecosystems but has received little empirical atten‑
tion.

Furthermore, while factors such as farm size,
household consumption, credit access, technology adop‑
tion, and market access have been widely studied, their
combined effects under different tidal overϐlow condi‑
tions have rarely been examined. In particular, the role
of credit use—whether for productive investment or
household consumption—and the effectiveness of adap‑
tive technologies and institutional support in promoting
commercialization in tidal rice farming remain insufϐi‑
ciently explored.

This study addresses these gaps by applying a mul‑
tidimensional commercialization framework and explic‑
itly integrating agroecological, household, market, and
institutional factors in a high‑risk tidal lowland context.

1.2. Research Objectives

Based on the identiϐied gaps, this study aims to:

1. To examine the level of commercialization by con‑
sidering a range of interrelated factors, including
tidal land ecological conditions, household charac‑
teristics, access to assets and markets, and institu‑
tional support.

2. To identify the key drivers of commercialization
and to develop policy recommendations tailored to
local conditions.

3. To ϐind out the strategies that increase the share of
production marketed in tidal areas.

1.3. Theoretical Framework

This study is grounded in established theories of
smallholder behavior and agricultural commercializa‑

tion, while extending these frameworks to account for
the distinctive and high‑risk conditions of tidal wetland
rice systems. Conventional analyses of commercial‑
ization are primarily informed by agricultural house‑
hold models [11], transaction cost economics, and mar‑
ket participation and commercialization pathway the‑
ory [12, 13]. Together, these perspectives generally pre‑
dict that improved access to land, inputs, credit, technol‑
ogy, and markets enables farmers to generate surplus
production and increase output sales. Implicit in these
models, however, is the assumption of relatively stable
production environments, where risks are manageable
and returns tomarket participation are sufϐiciently pre‑
dictable.

Tidal wetland agriculture departs fundamentally
from these assumptions. Rice farming in tidal environ‑
ments is characterized by frequent ϐlooding, unstable
water regimes, soil acidity, and substantial yield variabil‑
ity, all of which introduce high and often covariate pro‑
duction risks. From the perspective of risk and uncer‑
tainty theory [14], farmers operating under such condi‑
tions behave rationally by prioritizing food security and
income smoothing over proϐit maximization. In this con‑
text, production decisions are closely linked to house‑
hold consumptionneeds, consistentwith thepredictions
of agricultural household models under imperfect mar‑
kets. As a result, even when farmers adopt modern in‑
puts or improved practices, often as ameans of reducing
production risk rather than expanding output, they may
deliberately limit market sales to safeguard household
food consumption.

Transaction cost economics provides further in‑
sight into why output commercialization remains lim‑
ited despite increased engagement with input markets.
In tidal wetland systems, variability in output quantity
and quality increases marketing risk and raises implicit
transaction costs associated with selling rice. Poor in‑
frastructure, reliance on intermediary traders, weak con‑
tract enforcement, and informal credit arrangements fur‑
ther discourage farmers from committing a larger share
of production to the market. These conditions rein‑
force conservative marketing behavior and are consis‑
tent with theories of imperfect markets and credit fungi‑
bility, where access to ϐinance does not necessarily trans‑
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late into productive investment or higher commercializa‑
tion outcomes.

The study also draws on commercialization path‑
way theory, which conceptualizes commercialization as
a gradual and non‑linear process rather than a uniform
transition from subsistence to market‑oriented farm‑
ing [12, 13]. In high‑risk agroecological settings such as
tidal wetlands, commercialization may occur selectively
across different dimensions. Farmers may become in‑
creasingly integrated into input and labormarkets while
remaining weakly connected to output markets. This
perspective is particularly relevant for explaining the fre‑
quently observed mismatch between high purchased in‑
put cost ratios and relatively low levels of output sales
and cash income in tidal rice systems.

Building on these theoretical foundations, the
present study applies Wharton commercialization in‑
dices within a risk‑sensitive analytical framework.
Rather than treating these indices as purely descrip‑
tive measures, the study employs them to examine how
agroecological risk, household consumption pressures,
institutional constraints, and farm management prac‑
tices jointly shape multiple dimensions of commercial‑
ization. In doing so, the analysis extends classical com‑
mercialization theory by demonstrating that, under con‑
ditions of structural production risk, increased inten‑
siϐication does not automatically lead to higher output
commercialization.

The theoretical contribution of this study lies
in showing that tidal wetland rice systems require a
modiϐied commercialization framework, one that ex‑
plicitly integrates agroecological risk, household risk‑
management behavior, and imperfect markets to accu‑
rately explain commercialization outcomes in marginal
farming environments. This integrated framework pro‑
vides a stronger conceptual basis for interpreting the em‑
pirical results and for designing policies aimed at pro‑
moting sustainable and context‑appropriate commer‑
cialization in tidal lowland agriculture.

2. Materials and Methods

This research was carried out between June and
September 2025 in Sambas Regency, West Kalimantan,

Indonesia. The study focused on rice farmers cultivat‑
ing tidal lands with different overϐlow typologies (A,
B, C, and D). A cluster random sampling approach was
used, resulting in a total of 143 farmer respondents.
Data were collected through structured interviews us‑
ing a questionnaire, complemented by direct ϐield ob‑
servations.

This study is based on primary data collected from
143 rice farmers cultivating tidal lowland areas in Sam‑
bas Regency, West Kalimantan. The respondents were
distributed across four tidal overϐlow typologies (A, B, C,
and D), representing different levels of hydrological sta‑
bility and production risk. The distribution of respon‑
dents across overϐlow types reϐlects the dominant land
typologies in the study area, ensuring representation of
varying agroecological conditions.

The study is based on cross‑sectional data and in‑
corporates both qualitative and quantitative informa‑
tion. Qualitative data capture descriptive aspects that
cannot be expressed numerically, while quantitative
data consist of measurable variables. Both primary and
secondary data sources were used in the analysis.

2.1. Analysis Method of Commercialization
Index

Commercialization is one aspect of assessing the
level of farmer market participation, which is mea‑
sured using a commercialization index. The determi‑
nation of commercialization indicators for farming is
measured using the criteria for measuring the level of
commercialization according to Miriti and Lambarraa‑
Lehnhardt [15], namely:

• Farm Product Sold Ratio (FPSR)

Measures the share of farmoutput that ismarketed.

FPSR =
Value of Farm Products Sold

Total Value of Farm Products Produced×100%

• Labor Cost Ratio (LCR)

Measures the dependence on hired labor, indicat‑
ing commercialization and market integration.

LCR =
Cost of Hired Labor

Total Labor Cost (Family + Hired Labor) ×100%
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• Purchased Input Cost Ratio (PICR)

Measures reliance on market‑purchased inputs
rather than traditional or family‑supplied inputs.

PICR =
Cost of Purchased Inputs

Total Input Cost × 100%

• Farm Cash Income Ratio (FCIR)

The Farm Cash Income Ratio (FCIR) measures the
proportion of a farm household’s total income that
comes from cash earnings from farming.

FCIR =
Cash Income from Farming
Total Household Income × 100%

The criteria for the level of farmermarket participa‑
tion from the commercialization index are divided into
four categories [15], where: if the ratio value is <25: sub‑
sistence farming; 25 ≤ x < 50: semi‑subsistence farm‑
ing; 50 ≤ x < 75: semi‑commercial farming; and ≥ 75:
commercial farming

2.2. Analysis Method of Factors Determin‑
ing Commercialization

This studywas conducted using quantitativemeth‑
ods. Quantitative methods are data analysis meth‑
ods using multiple linear regression analysis with the
STATA program, namely by analyzing the extent of the
inϐluence of independent variables on dependent vari‑
ables. To determine the factors that inϐluence com‑
mercialization, linear regression with the OLS Regres‑
sionModel (LinearModel)was used. Themathematical
model is as follows:

Yi = β0 + β1X1 + β2X2 + β3X3 + β4X4 + .......

+β10X10 + β11X11 + εi

Where: Yi = commercialization; β intercept; εi =
error term; X1 = Overϐlow type; X2 = Farm size; X3 =

Off‑farm; X4 =Market distance; X5 = Credit access; X6 =
Household consumption; X7 = Education; X8 = Experi‑
ence; X9 = SOP implementation; X10 = Extension Inten‑
sity; X11 = Risk preference.

Ordinary Least Squares (OLS) is used to identify
relationships in the context of limited cross‑sectional
data.

3. Results

3.1. Characteristics of Survey Respondents

The analysis is based on primary survey data ob‑
tained from 143 rice farmers operating in tidal lowland
areas of Sambas Regency, West Kalimantan, Indonesia.
The sample encompasses farmers across four tidal over‑
ϐlow typologies (A, B, C, and D), reϐlecting differences in
hydrological regimes, soil characteristics, and exposure
to production risk. By covering all overϐlow categories,
the study captures the ecological diversity inherent in
tidal wetland rice farming systems.

The average age of respondents was approxi‑
mately 17–72 years, indicating that rice farming in tidal
environments is predominantly managed by economi‑
cally active adults, with a signiϐicant presence ofmiddle‑
aged and older farmers. The mean farming experi‑
ence was 22 years, suggesting substantial accumulated
knowledge in coping with ϐluctuating water regimes
and soil constraints typical of tidal ecosystems. In con‑
trast, the average level of formal education was 8 years
of schooling, reϐlecting a moderate human capital en‑
dowment. Educational attainment is particularly rele‑
vant in this context, as it may inϐluence farmers’ capac‑
ity to adopt improved technologies, implement recom‑
mendedmanagement practices, and respond tomarket
signals.

Regarding farm structure, the average cultivated
rice area was 0.5 ha, conϐirming the predominance of
smallholder production systems. Landholding size var‑
ied across overϐlow typologies, with relatively larger
farms more frequently observed in areas characterized
by more stable hydrological conditions, while smaller
plots were common in higher risk zones. Such differ‑
ences in land endowment are likely to affect production
capacity, risk absorption, and surplus generation.

Rice farming constituted the primary livelihood
source for most respondents. Nevertheless, a propor‑
tion of households engaged in off‑farm activities as a
strategy to diversify income and mitigate production
risk. Access to agricultural credit was reported by 50%
of farmers. However, qualitative evidence indicates that
credit was not exclusively allocated to productive farm
investment but was also used for household consump‑
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tion smoothing, particularly during periods of yield in‑
stability or crop loss. Agricultural extension services
were available in the study area, although the frequency
and intensity of extension contact varied considerably
among respondents, potentially inϐluencing technology
adoption and farm performance.

Average annual household consumption expendi‑
ture was approximately 16,000,000 IDR, reϐlecting mod‑
est income levels and a strong orientation toward house‑
hold food security. Risk preference assessments in‑
dicate that most farmers exhibit risk‑averse behavior,
which is consistent with the high level of production un‑
certainty inherent in tidal lowland agriculture.

Overall, the sample represents small to medium‑
scale rice producers operating under heterogeneous
agroecological and institutional conditions. Variation
in demographic characteristics, asset ownership, mar‑
ket access, and risk exposure provides an essential con‑
textual foundation for interpreting the commercializa‑
tion indices and regression results. These structural and
socioeconomic attributes jointly shape farmers’ mar‑

ket participation decisions and commercialization path‑
ways in tidal wetland rice systems.

3.2. Commercialization Indexes

The commercialization indexes of rice farming on
tidal land in Sambas Regency indicate a transitional
phase from subsistence to semi‑commercial systems.
The farm product sold ratio (FPSR) ranges from 11.78%
to 48.23%, revealing that most farmers remain semi‑
subsistence, particularly those in type D overϐlow areas
who largely consume their own output (Figure 1). Pre‑
vious studies show that these farming systems are typi‑
cally marked by low levels of product sales and limited
cash income, as production is largely oriented toward
meeting household needs rather than supplying themar‑
ket [16–18]. A labor cost ratio (LCR) of 25–33% indicates
a moderate level of engagement with the labor market,
which aligns with ϐindings that semi‑commercial farms
depend mainly on family labor and employ hired work‑
ers only during peak farming periods [19, 20].

Figure 1. Distribution of Farm Commercialization Indicators across Tidal Overϐlow Types in West Kalimantan, Indonesia.

By contrast, the relatively high purchased input
cost ratio (PICR) of 55–63% points to strong engage‑
ment with input markets, driven by the adoption of
modern farming technologies—often well before full
integration into output markets occurs [21]. This mis‑
match between input use and output sales is common

in smallholder systems operating in high‑risk environ‑
ments, where market barriers, limited liquidity, and pro‑
duction uncertainty reduce farmers’ willingness to sell
produce despite using improved technologies [22]. As
a result, the low farm cash income ratio (FCIR), rang‑
ing from 6.84% to 40.19%, reϐlects constrained market
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participation and a continued emphasis on household‑
oriented production. Overall, while rice farmers in the
tidal areas of Sambas Regency are increasingly adopting
commercial inputs, their production decisions remain
largely focused on securing household food needs rather
than maximizing marketable surplus.

3.3. Factors Determining the Commercial‑
ization Index

3.3.1. Farm Product Sold Ratio (FPSR)

The regression results indicate that the model is
statistically signiϐicant (F(11,131) = 6.93; p < 0.001),

suggesting that the explanatory variables, taken to‑
gether, have a meaningful inϐluence on the farm prod‑
uct sold ratio (FPSR). Themodel accounts for 36.77%of
the variation in FPSR, while the remaining variation re‑
ϐlects factors not captured in the analysis (Table1). The
overϐlow type has a negative and statistically signiϐicant
effect on FPSR (β = −6.81; p = 0.013), indicating that
less favorable overϐlow conditions are associated with
lower levels of commercialization. In contrast, farm
size shows a positive and signiϐicant relationship with
FPSR (β= 27.96; p< 0.01), implying that farmers with
larger landholdings are linked to higher market partici‑
pation.

Table 1. Determinants of the Farm Product Sold Ratio (FPSR) in Tidal Land Rice Farming in West Kalimantan, 2025.
Parameter Coefϐicient Standard Error Z p > IzI

FPSR
Intercept 20.6224 14.8873 1.39 0.168

Overϐlow Type −6.8062*** 2.6914 −2.53 0.013
Farm size 27.9634*** 7.3489 3.81 0.000
Off farm −2.5954 6.0578 −0.43 0.669

Market distance −5.1588 3.4350 −1.50 0.136
Access to credit −17.5690*** 4.6425 −3.78 0.000

Household Consumption −1.45× 10−6*** 5.95× 10−7 −2.44 0.016
Education 2.9578*** 0.892 3.31 0.001
Experience −0.0978 0.1956 −0.50 0.618

Implementation of SOP 16.0465*** 5.2631 3.05 0.003
Intensity of extension 1.4891 5.8915 0.25 0.801

Risk preference −154.036 146.0469 −1.05 0.294
R‑squared 0.3677

Adj R‑squared 0.3146
Note: Primary data source processed; *** signiϐicantly different at level = 5%.

Access to credit shows a negative and statistically
signiϐicant relationship with FPSR (β = −17.57; p <

0.01), suggesting that credit is often not used to expand
market‑oriented production. Household consumption
expenditure also has a negative effect on FPSR (β =

−1.45× 10−6; p< 0.01), indicating that higher consump‑
tion needs reduce the share of output available for sale.
In contrast, education has a positive and signiϐicant inϐlu‑
ence on FPSR (β= 2.96; p< 0.01), implying that better‑
educated farmers tend to bemoremarket‑oriented. The
adoption of standard operating procedures (SOPs) fur‑
ther strengthens commercialization, as reϐlected by its
positive and signiϐicant effect on FPSR (β = 16.05; p <

0.01). Other factors, such as off‑farm employment, dis‑
tance to markets, farming experience, extension inten‑

sity, and risk preferences, do not show statistically sig‑
niϐicant effects on FPSR in this model.

The R‑squared value of 0.3677 indicates that ap‑
proximately 36.8%of the variation in commercialization
is explainedby the variables included in themodel, while
the remaining variation is inϐluenced by factors not cap‑
tured in the analysis. After adjusting for the number of
explanatory variables, the Adjusted R‑squared of 0.3146
shows that the model explains about 31.5% of the varia‑
tion, which is reasonable for a socio‑economic behavior
study.

Multicollinearitywas examinedusing theVariance In‑
ϐlation Factor (VIF). The results show that all independent
variables have VIF values below the commonly accepted
threshold of 5, with values ranging from 1.07 to 1.71 and a
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mean VIF of 1.21. The highest VIF values are observed for
overϐlow type and risk preference; however, these values
remain within acceptable limits and do not indicate seri‑
ous multicollinearity. Overall, the results suggest that mul‑
ticollinearity is not a concern, andall explanatory variables
can be reliably included in the regressionmodel.

3.3.2. Labor Cost Ratio (LCR)

The regression results show that only a few factors
have ameaningful inϐluence on the labor cost ratio (LCR)
in tidal rice farming (Table 2). Farm size has a positive
and statistically signiϐicant effect on LCR (β= 12.29; p<

0.01), indicating that farmers with larger landholdings
tend to allocate a greater share of their production costs
to labor. Access to credit, meanwhile, has a negative and
weakly signiϐicant effect on LCR (β = −4.09; p = 0.050),
suggesting that better access to ϐinancial resources is as‑
sociated with a lower share of labor costs.

Other factors, including overϐlow type, off‑farm
employment, distance to markets, household consump‑
tion expenditure, education, farming experience, tidal
land management practices, extension intensity, and
risk preferences, do not show a statistically signiϐicant
relationship with the labor cost ratio (LCR).

Table 2. Factors affecting the Labor Cost Ratio (LCR) on Tidal Land West Kalimantan, Indonesia in 2025.
Parameter Coefϐicient Standard Error Z p > IzI

LCR
Intercept 19.9656 6.6466 3.00 0.003

Overϐlow Type −0.1682 1.2016 −0.14 0.889
Farm size 12.2866*** 3.2810 3.74 0.000
Off farm 1.4055 2.7046 0.52 0.604

Market distance 2.1183 1.5336 1.38 0.170
Access to credit −4.0930** 2.0727 −1.97 0.050

Household Consumption −2.68× 10−7 2.65× 10−7 −1.01 0.314
Education 0.3822 0.3984 0.96 0.339
Experience 0.0213 0.0873 0.24 0.808

Implementation of SOP −1.6254 2.3498 −0.69 0.490
Intensity of extension −0.8037 2.6303 −0.31 0.760

Risk preference −60.1140 65.2045 −0.92 0.358
R‑squared 0.1575

Adj R‑squared 0.0868
Note: Primary data source processed; *** signiϐicantly different at level = 5%; ** signiϐicantly different at level = 10%.

The R‑squared value of 0.1575 indicates that about
15.8% of the variation in the dependent variable is ex‑
plained by the variables included in the model. After
adjusting for the number of explanatory variables, the
Adjusted R‑squared of 0.0868 shows that the model ex‑
plains approximately 8.7% of the variation, suggesting a
relatively limited explanatory power. This indicates that
while the included variables have some inϐluence, a large
share of the variation is driven by other factors not cap‑
tured in the model. Such results are common in socio‑
economic and behavioral studies, where outcomes are
inϐluenced by complex and context‑speciϐic factors that

are difϐicult to fully measure.

3.3.3. Purchase Input Cost Ratio (PICR)

The regression results suggest that several factors
play an important role in shaping thepurchased input cost
ratio (PICR) in tidal rice farming, which reϐlects the ex‑
tent of farmers’ engagement with input markets (Table
3). Overϐlow type shows a positive and statistically sig‑
niϐicant effect on PICR (β = 2.74; p = 0.020), indicating
that farmers operating under more stable and manage‑
able overϐlow conditions (Types C and D) tend to devote a
larger share of their production costs to purchased inputs.

Table 3. Determinants of the Purchased Input Cost Ratio (PICR) in tidal land Rice Farming, West Kalimantan, Indonesia in 2025.
Parameter Coefϐicient Standard Error Z p > IzI

PICR
Intercept 49.3085 6.4031 7.70 0.000
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Table 3. Cont.
Parameter Coefϐicient Standard Error Z p > IzI

Overϐlow Type 2.7356*** 1.1576 2.36 0.021
Farm size 8.3472*** 3.1608 2.64 0.009
Off farm 6.7235*** 2.6055 2.58 0.011

Market distance −1.9246 1.477 −1.30 0.195
Access to credit −1.7393 1.9968 −0.87 0.385

Household Consumption −1.48× 10−7 2.55× 10−7 −0.58 0.563
Education 0.0318 0.3838 0.08 0.934
Experience 0.0193 0.0841 0.23 0.819

Implementation of SOP −1.7396 2.2636 −0.77 0.444
Intensity of extension 1.6320 2.5340 0.64 0.521

Risk preference 4.3653 62.8153 0.07 0.945
R‑squared 0.1411

Adj R‑squared 0.0690
Note: Primary data source processed; *** signiϐicantly different at level = 5%.

Farm size also has a positive and statistically
signiϐicant relationship with PICR (β = 8.35; p =

0.009), indicating that farmers with larger landhold‑
ings tend to rely more heavily on purchased inputs.
Non‑agricultural income likewise shows a positive and
signiϐicant effect on PICR (β = 6.72; p = 0.011), sug‑
gesting that additional income sources help ease ϐi‑
nancial constraints and support investment in market‑
based inputs. In contrast, other factors—includingmar‑
ket distance, access to credit, household consumption
expenditure, education, farming experience, tidal land
management practices, extension intensity, and risk
preferences—do not show statistically signiϐicant ef‑
fects on PICR. An R‑squared of 0.1411 means that the
model explains around 14.1% of the variation in the
outcome variable. When the number of explanatory
variables is taken into account, the Adjusted R‑squared
drops to 0.0690, indicating that the explanatory power

of the model is fairly modest. This suggests that, al‑
though some of the included variables do contribute to
explaining the outcome, most of the variation is inϐlu‑
enced by other factors outside the model. Such a result
is not unusual in studies of farmer behavior or market
participation, where decisions are shaped by complex
conditions, unobserved risks, and local circumstances
that are difϐicult to quantify.

3.3.4. Farm Cash Income Ratio (FCIR)

The regression results show that several factors
have a signiϐicant impact on the farm cash income ra‑
tio (FCIR), which reϐlects how engaged farmers are in
output markets (Table 4). Overϐlow type has a nega‑
tive and statistically signiϐicant effect on FCIR (β = −5.36;
p = 0.011), suggesting that farmers working under less
favorable overϐlow conditions earn lower cash income
from rice sales.

Table 4. Factors affecting Farm Cash Income Ratio (FCIR) on Tidal Land West Kalimantan, Indonesia in 2025.
Parameter Coefϐicient Standard Error Z p > IzI

FCIR
Intercept 32.1065 11.5235 2.79 0.006

Overϐlow Type −5.3594*** 2.0833 −2.57 0.011
Farm size 11.2176** 5.6885 1.97 0.051
Off farm 6.4759 4.6891 1.38 0.170

Market distance −2.2820 2.6589 −0.86 0.392
Access to credit −13.3989*** 3.5936 −3.73 0.000

Household Consumption −7.53× 10−7 4.59× 10−7 −1.64 0.103
Education 1.6967*** 0.6908 2.46 0.015
Experience −0.1268 0.1514 −0.84 0.404

Implementation of SOP 14.5484*** 4.0739 3.57 0.000
Intensity of extension 0.5563 4.5604 0.12 0.903

613



Research onWorld Agricultural Economy | Volume 07 | Issue 03 | September 2026

Table 4. Cont.
Parameter Coefϐicient Standard Error Z p > IzI

Risk preference 163.3525 113.0479 1.44 0.151
R‑squared 0.3728

Adj R‑squared 0.3201
Note: Primary data source processed; *** signiϐicantly different at level = 5%.

Farm size has a positive and marginally signiϐicant
effect on FCIR (β = 11.22; p = 0.051), indicating that
farmers with larger landholdings tend to achieve higher
levels of commercialization. Access to credit, however,
shows a negative andhighly signiϐicant relationshipwith
FCIR (β = −13.40; p < 0.001), suggesting that loans are
often not directed toward market‑oriented production.
Education has a positive and signiϐicant effect on FCIR (β
= 1.70; p = 0.015), implying that better‑educated farm‑
ers are more capable of generating cash income from
rice sales.

Furthermore, adopting tidal land management
practices and standard operating procedures (SOPs)
strongly enhances FCIR (β=14.55; p<0.001), highlight‑
ing the importance of effective management and mod‑
ern practices in boosting market participation. Other
factors—such as off‑farm employment, market distance,
household consumption, farming experience, extension
intensity, and risk preferences—do not show signiϐicant
effects on FCIR. An R‑squared value of 0.3728 indicates
that the model explains about 37.3% of the variation in
thedependent variable,meaning that a substantial share
of the observed differences can be linked to the factors
included in the analysis. After adjusting for the num‑
ber of explanatory variables, the Adjusted R‑squared of
0.3201 shows that roughly 32.0% of the variation is still
explained, suggesting that the model remains reason‑
ably robust. In practical terms, this implies that the
selected variables capture many of the key inϐluences
on the outcome, while the remaining variation reϐlects
other unobserved factors and the inherent complexity of
farmers’ decisions.

4. Discussion

The results consistently demonstrate that agroe‑
cological conditions play a central role in shaping
commercialization outcomes in tidal rice farming sys‑

tems. The negative and signiϐicant effect of over‑
ϐlow type on output commercialization indicators indi‑
cates that less favorable hydro‑geomorphological con‑
ditions characterized by frequent ϐlooding, high soil
acidity, and complex water management substantially
constrain farmers’ ability to generate marketable sur‑
plus. Under these conditions, production risk is high
and yield stability is limited, encouraging farmers to
prioritize household food security over market partic‑
ipation. This behavioral response is consistent with
agricultural household theory and risk‑based decision‑
making, which predict a stronger subsistence orienta‑
tion when production uncertainty is elevated. Simi‑
lar patterns have been documented in earlier studies
showing that agroecological constraints reduce market
participation,whilemore stable environments facilitate
commercialization [12, 13, 23]. These ϐindings highlight
the importance of investments in water control infras‑
tructure, soil improvement, and adaptive technologies
to reduce risk and supportmarket‑oriented production
in tidal land systems [24–26].

Farm size emerges as a consistently positive de‑
terminant of commercialization across multiple indica‑
tors, reinforcing the central role of landholding scale
in surplus generation. Larger farms are better able to
meet household consumption needs while still produc‑
ing surplus for sale, resulting in higher farm produc‑
tion sales ratios (FPSR) and greater cash income from
rice sales (FCIR). This ϐinding aligns with both theo‑
retical expectations and empirical evidence suggesting
that larger land endowments enhance farmers’ capac‑
ity to absorb production risk and engage with output
markets [12, 27]. In contrast, the negative association be‑
tween household consumption expenditure and FPSR
reϐlects the joint determination of production and con‑
sumption decisions under imperfect markets. Higher
consumption needs reduce the share of output avail‑
able for sale, particularly in risk‑prone environments
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where households place greater emphasis on food secu‑
rity [28, 29]. Similarly, the negative effect of credit access
on FPSR and FCIR suggests that rural credit in tidal areas
is frequently used for consumption smoothing or debt
repayment rather than for productive investment. This
outcome underscores the fungibility of credit and high‑
lights institutional weaknesses inmonitoring and target‑
ing agricultural loans [30, 31].

Human capital and farm management practices
play a critical role in mediating these structural con‑
straints. The positive inϐluence of education on both
FPSR and FCIR indicates that better‑educated farmers
are more capable of managing production risk, adopt‑
ing improved technologies, and accessing market infor‑
mation, which strengthens their engagement with out‑
put markets [32]. Likewise, the signiϐicant role of stan‑
dard operating procedure (SOP) adoption and tidal land
management practices reϐlects the importance of effec‑
tive water and soil management in stabilizing yields
and improving productivity under challenging tidal con‑
ditions [33]. These results suggest that commercializa‑
tion in tidal systems depends not only on resource en‑
dowments but also on farmers’ ability to apply context‑
speciϐic knowledge and adaptive technologies.

Labor and input commercialization display dis‑
tinct but interconnected patterns. The positive rela‑
tionship between farm size and the labor cost ratio re‑
ϐlects the labor‑intensive nature of rice cultivation in
tidal environments, where acidic soils, periodic ϐlood‑
ing, and limited mechanization increase labor require‑
ments even as farm size expands. This ϐinding is con‑
sistent with previous studies documenting rising labor
use andwage expenditureswith scale in labor‑intensive
production systems [34]. The weakly signiϐicant nega‑
tive effect of credit access on labor costs suggests that ϐi‑
nancial accessmay allow partial substitution of manual
labor with labor‑saving inputs or services, such as her‑
bicides or basic mechanization. However, the limited
magnitude of this effect indicates that biophysical con‑
straints continue to restrict labor substitution in tidal
rice farming [35]. The insigniϐicance of education and
extension services in explaining labor use further sug‑
gests that labor demand is largely driven by structural
and environmental conditions rather than managerial

decisions alone [36].
Input‑market commercialization, measured by the

purchased input cost ratio (PICR), is strongly inϐluenced
by agroecological stability, farm size, and household
liquidity. More favorable overϐlow conditions reduce
production risk and increase expected returns, encour‑
aging farmers to invest in fertilizers, pesticides, im‑
proved seed varieties, and mechanization services. This
pattern is consistent with evidence showing that re‑
duced uncertainty promotes input intensiϐication and
technology adoption [37, 38]. Larger farms beneϐit from
economies of scale and rely more heavily on purchased
inputs to enhance productivity and efϐiciency, particu‑
larly in environments where labor productivity is con‑
strained [39, 40]. The positive association between non‑
farm income and PICR highlights the role of household
liquidity in enabling investment in modern inputs, es‑
pecially in marginal agricultural systems [41–43]. At the
same time, the lack of signiϐicance of market distance
and formal agricultural credit suggests that trader net‑
works and local input suppliers help reduce spatial bar‑
riers, while formal credit remains weakly linked to pro‑
ductive input use [35].

Taken together, the results reveal a segmented and
non‑linear pattern of commercialization in tidal rice
farming systems, where integration into input and la‑
bormarkets does not automatically translate into higher
output sales or cash income. This ϐinding challenges
the conventional assumption in commercialization the‑
ory that intensiϐication and market participation evolve
simultaneously and along a linear pathway. By ex‑
plicitly accounting for tidal overϐlow conditions and
multiple dimensions of commercialization, this study
demonstrates how persistent agroecological risk alters
farmer incentives, reinforces subsistence‑oriented be‑
havior, and reshapes market engagement strategies. In
doing so, the analysis extends existing commercializa‑
tion frameworks by showing that commercialization out‑
comes in marginal and risk‑prone environments can‑
not be fully explained without incorporating agroeco‑
logical risk, household consumption pressures, and in‑
stitutional constraints, thereby offering a more context‑
sensitive understanding of commercialization in tidal
wetland agriculture.
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5. Conclusions

1. The study demonstrates that agroecological con‑
ditions, particularly tidal overϐlow characteristics,
play a decisive role in shaping commercialization
outcomes in tidal wetland rice systems by increas‑
ing production risk and constraining surplus gen‑
eration.

2. Farm size consistently enhances commercializa‑
tion across output, input, and cash‑income indica‑
tors, conϐirming its role in risk absorption and sur‑
plus production, while high household consump‑
tion needs reinforce subsistence‑oriented behav‑
ior under imperfect markets.

3. Access to credit does not automatically promote
commercialization; instead, credit is frequently
used for consumption smoothing rather than pro‑
ductive investment, highlighting the importance of
credit fungibility and institutional weaknesses in
rural ϐinancial systems.

4. Human capital and effective farm management
practices, including education and the adoption
of standard operating procedures, help mitigate
agroecological constraints by improving productiv‑
ity, stabilizing yields, and strengthening farmers’
engagement with output markets.

5. The analysis reveals a segmented commercializa‑
tion pathway in which farmers are increasingly in‑
tegrated into input and labor markets, while out‑
put commercialization and cash income remain con‑
strained by agroecological risk, household food se‑
curity considerations, and institutional limitations.

6. These ϐindings challenge the conventional assump‑
tion that agricultural intensiϐication and commer‑
cialization evolve simultaneously and instead sup‑
port a multidimensional and non‑linear view of
commercialization in high‑risk environments.

7. By explicitly incorporating agroecological risk and
multiple commercialization indicators, the study
extends existing commercialization frameworks
and provides a more context‑sensitive explanation
of commercialization dynamics in tidal wetland
rice farming systems.

8. From a policy perspective, the results underscore

the need for risk‑reducing interventions—such
as improved water management, adaptive tech‑
nologies, and better‑targeted credit—rather than
strategies that focus solely on input intensiϐication
or market access.
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