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South Kalimantan has great resource potential for the beef cattle business as an effort to reduce
dependence on imported beef in Indonesia. This study aims to analyze environmental,
economic, social and technological resources to build and recommend a sustainable beef cattle
business model on dry land in South Kalimantan. The research used Partial Least Squares
Structural Equation Modelling (PLS-SEM) and Cross-Impact Matrix Multiplication Applied
to Classification (MICMAC) analysis on a survey of 110 respondents, which includes
interviews and focus group discussions. PLS-SEM assesses the impact of environmental,
economic, social, and technological factors, finding they contribute 40.1% to business
sustainability and 48.4% to income. MICMAC identifies critical variables for sustainability,
highlighting housing technology, disease and feed, and communication with extension agents
as pivotal. The study suggests policies addressing these factors, emphasizing their importance
in enhancing farmers' abilities and business sustainability. Capital, waste utilization,
reproductive technology, and communication with research institutions are identified as
regulatory variables crucial for sustaining the beef cattle business. This is important because
housing technology, disease and influence on livestock productivity, and communication with
extension workers are important to improve farmers' ability to carry out their business so that
it is sustainable. These findings provide a foundation for informed policy formulation to
develop a robust and sustainable beef cattle industry in South Kalimantan, reducing
dependence on imported beef.

1. INTRODUCTION

Developing a sustainable beef cattle business model for
smallholder farms in South Kalimantan's drylands is vital for
local communities' economic well-being and the ecologically
sensitive region's environmental conservation. Smallholders
can enhance their cattle farming operations by adopting
sustainable practices such as rotational grazing, improved
forage management, and responsible water resource utilization
while reducing their ecological footprint. Moreover, this
model can bolster food security, empower local farmers, and
mitigate deforestation pressures, making it an essential step
coexistence between
agriculture and the unique ecosystems of South Kalimantan's

toward achieving a harmonious

drylands. The world population is increasing, so it must be
balanced with food availability. It is difficult to separate the
availability of meat from initiatives to increase production
to satisfy the demand for protein-rich foods.

Along with global climate change, a beef production system
is needed to pay attention to environmental aspects, reduce
pollution, and ensure long-term food security [1]. Several
studies on the sustainability of the beef cattle industry have
been conducted. Nalefo [2] reported that beef cattle business
institutions are one of the factors that weaken business
continuity. Government attention must be enhanced
for farmers' economic institutions to perform properly. Farmer
group institutional development is an essential kind of
improvement for business sustainability.
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The increase in beef cattle population growth of 2.75% [3]
per year has not been able to release Indonesia from
dependence on imports to meet national beef needs. The cause
of dependence on imported beef is an imbalance between beef
production and consumption levels. The characteristics of
development, incomplete policies, constrained financing
schemes, limited grazing land and function conversion, scarce
breeding sources, ineffective management and development
patterns, low prices and market certainty, and poor
coordination are some of the issues that become challenges in
the development of beef cattle [4]. Marginal land may provide
additional grazing opportunities for livestock. Besides that,
farmers can utilize these areas to reduce feed costs by allowing
their animals to graze on less productive land, which can help
increase their income by reducing the need for expensive
supplementary feeds [5]. According to Yusuf [6], the main
problem faced in raising beef cattle in Sulawesi is that,
technically, the scale of maintenance is small, and the
maintenance system is extensive primarily, with limited
cultivation techniques. Non-technical problems include cattle
theft and slaughter of pregnant cows. These two problems
significantly hinder the development of livestock populations
and their sustainability.

Therefore, a breakthrough is needed in optimizing resource
management to accelerate the increase in national beef
production.

Human wellness, security of the livestock, land use, area
covered by land, water use, emission of greenhouse gases,
water pollution, issues with the N/P cycle, biological losses,
and carbon sequestration are a few factors that may be used in
assessing a sustainable beef cattle production system. The
results showed that the extensive cattle farming system is
unsustainable because it causes land degradation. In contrast,
the semi-intensive silvopastoral system is a sustainable
livestock system because it uses feed from well-managed
pastures and plants with no economic value as feed [7].

da Silva Cardoso et al. [8] claimed that pasture management,
provision of livestock supplementation, environmental
resources, and socio-economic intensification of pasture might
be a source of sustainability for the beef cattle industry.
Intensification of pastures with Brachiaria is an alternative for
reducing greenhouse gases and increasing environmental,
social, and economic benefits, but at an increased cost. Using
by-products as livestock supplements is essential in
intensifying sustainable livestock farming. By-product
supplementation for grazing livestock can increase body
weight gain and reduce competition for feed resources with
humans.

Most farmers in Indonesia carry out agricultural business in
the form of mixed or integrated farming by cultivating food
crops, plantations, and fisheries and cultivating crops
simultaneously on one or more plots of land under their control
[9]. Most beef cattle businesses in South Kalimantan are still
subsistence, but farming is a source of family income and
savings [10]. To support efforts to achieve beef self-
sufficiency in South Kalimantan, a sustainable beef cattle
business model is needed that aligns with the 2030 SDGs. The
interaction between resources and variables is very significant
for the sustainability of the beef cattle business. Interactions
between SDG variables can be observed using qualitative and
quantitative approaches [11-13]. Sustainable Development
Goals (SDGs) are an international development compliance
that seeks to preserve the community's prosperity, social unity,
environmental quality, and inclusive growth, as well as to
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establish governance that can raise living standards for future
generations [14].

Developing a sustainable beef cattle business model for
smallholder farms in South Kalimantan's drylands faces
several significant challenges. Firstly, these dryland areas
often experience water scarcity, making it difficult to ensure
an adequate and consistent water supply for cattle.
Additionally, smallholders may lack access to modern farming
techniques, infrastructure, and financial resources, hindering
their ability to implement sustainable practices effectively.
Furthermore, expanding cattle farming in the region could lead
to increased land-use competition, potentially encroaching on
natural habitats and exacerbating deforestation, which is
already a critical issue in South Kalimantan. Balancing this
endeavor's economic and environmental aspects poses a
complex challenge, requiring comprehensive planning and
community engagement to address these potential issues and
ensure the beef cattle's sustainability.

The sustainable business model for beef cattle has the
potential to improve farmers' incomes and communities
related to the beef cattle industry and support animal food
independence policies by minimizing the negative impact on
environmental degradation. It is hoped that the findings of this
research can become reference and recommendations for
policy makers in developing sustainable beef cattle business
models.

2. METHODS
2.1 Location and research stage

The study was performed in Tanah Laut District, South
Kalimantan Province, Indonesia. Tanah Laut is located
between 114°3020” - 115°23'31" E and 3°30'33" - 4°11'38" S
(Figure 1). The research location was chosen purposively
considering that this area is the beef cattle business base, with
a population reaching 50% of the cattle population in South
Kalimantan [15]. Most of Tanah Laut's dryland is used for
growing food crops, horticulture, plantations, and animal
husbandry. Most Tanah Laut farmers have beef cattle that are
managed independently or in groups to support agricultural
businesses and sources of income [16]. There are 148,026
cows in South Kalimantan, with a potential productive female
of 51,647 heads [17].

INDONESIA

-

SOUTH
KALIMANTAN

RESEARCH SITE..

Figure 1. Map of the research site



Tanah Laut Regency, South Kalimantan, is one of
Indonesia's beef cattle development centers, reaching 50% of
the province's total population [15]. South Kalimantan's
demand for beef is rising in line with the region's rising
population and per capita consumption. The average beef
consumption in South Kalimantan 2020 was 1.57
kg/capita/year. The demand for beef is predict to rise 7,254
tons in 2025 [15]. To meet the demand for beef, South
Kalimantan must import live cattle from outside the cross-
island area and frozen beef or buffalo from Jakarta. South
Kalimantan brings in around 5,000 head of cattle per month,
mainly from West Nusa Tenggara, East Nusa Tenggara, South
Sulawesi and East Java [18].

Meanwhile, South Kalimantan has great resource potential
for developing beef cattle. Potential ecological land in South
Kalimantan covering an area of 2,252,235 ha is land for
developing food crops and plantation commodities that can be
integrated with animal husbandry. The latest information from
the Head of the South Kalimantan Agriculture and Plantation
Service in developing the agricultural sector, South
Kalimantan is targeting self-sufficiency in beef and becoming
a national livestock barn in 2026 with the concept of
sustainable plantations through the integration of the
livestock-oil palm program [17].

The research was conducted in three stages, namely: 1) the
first stage was a survey to collect respondent data; 2) the
second stage, namely the focus group discussion (FGD) to
confirm the outcomes of the PLS-SEM analysis with
conditions in the field; and 3) the third stage is filling out the
MICMAC questionnaire by stakeholders.

2.2 Collection of data, dimensions, and variables

Survey and FGD approaches were used in this study.
Primary and secondary data compose the information that has
been collected. Primary information about the characteristics
of the participants was gathered using questionnaire-assisted
farmer interviews and variables from the dimensions of
environmental, economic, social, and technological resources
were obtained through FGDs. Secondary data include beef
cattle population data, beef consumption levels, and the
number of artificial insemination (Al) sourced from the South
Kalimantan Central Statistics Agency or related agencies.

Determination of respondents with specific considerations
(purposive), namely 110 breeders who own or cultivate beef
cattle. Interviews were conducted using a questionnaire with a
Likert scale, namely: 5 = strongly agree; 4 = agree; 3 = not
sure; 2 = disagree and 1 = strongly disagree. The collection of
questionnaire topics includes environmental dimensions (6
questions), economic (4 questions), social (6 questions),

technology (5 questions), business sustainability dimensions
(6 questions), and farmer income dimensions (8 questions).
FGD participants include experts, stakeholders (government),
extension workers, research institutions, academics, and
agricultural practitioners. FGD was used to identify the factors
in each dimension that contribute to the growth of the beef
cattle industry. Dimensions are grouped into exogenous and
endogenous dimensions, consisting of several variables.
Variables are composed of questions on each dimension in the
questionnaire. The exogenous dimension (X) is an
independent dimension, which includes X; = environmental
dimension (6 wvariables), X, = economic dimension (4
variables), X3 = social dimension (6 variables), and X4 =
technological dimension (5 variables). While the endogenous
dimension (Y) consists of intervening and bound dimensions.
The endogenous dimensions include Y | = sustainability of the
beef cattle business (6 variables) and Y, = farmer income and
intervention (8). Variables from exogenous and endogenous
dimensions are presented in detail in Tables 1 and 2.

The environmental dimension is a farming activity focused
on the efficient use of resources to minimize harmful impacts
on the environment such as the utilization of livestock and
agricultural waste, control of flies and odors from livestock
waste, the use of organic fertilizers, and the availability of
pastures for animal feed sources. The economic dimension is
an economic activity focused on agricultural capital,
employment, and business partners that are mutually
beneficial and do not cause negative impacts on the
environment. The social dimension is a farming activity that
focuses on the relationship between farmers and external
parties in the long term, such as with government institutions,
extension institutions, research institutions, financial
institutions, farmer groups and their members, as well as
cooperation with other farmer groups. The technology
dimension is a farming activity focused on applying
technological innovations for the efficiency and sustainability
of farming, such as breeding technology, feed management,
reproduction, and others. Environmental, economic, social,
and technological dimensions were chosen to determine
aspects that engage the future viability of the cattle industry
based on constraints on beef cattle development in the dry land
of South Kalimantan by integrating the use of resources
efficiently without damaging the environment with economic
aspects and social conditions, accompanied by the application
of technology, it is expected to provide benefits for
sustainability beef cattle business and farmers income.

Respondent characteristic data were analyzed quantitatively
by calculating the average and percentage of each character
and descriptive assessment of quality to clarify the actual
condition of farmers in the field.

Table 1. Exogenous dimension variables

X1 (Environmental) X2 (Economy)

X3 (Social) X4 (Technology)

Xu=Utilisation of agricultural waste
Xiz2=Utilisation of livestock waste
Xas=Fly pollution
X1a=Smell pollution
Xis=Availability of pasture
Xis=Soil fertility due to the use of
organic fertilizers

government

the group

X21=Credit from the bank
Xao=Livestock assistance from the Xsz=Communication with research

X23=Business capital loan from

Xa4=Total working capital

Xzi=Communication with the service
Xz2=Communication with extension
agencies Xa1=Seed technology

Xa2=Feed technology

institutes Xaz=Reproductive technology
Xzs=Communication with financial ~ Xss=Disease management
institutions technology

Xss=Cooperation with groups and
their members
Xss=Cooperation with other groups

Xas=Cage technology
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Table 2. Endogenous dimension variables

Y1 (Sustainability of Beef Cattle Business)

Y2 (Farmers Income)

Y11=Business scale
Y12=0Occurrence of fatal disease attacks
Y13=Adult cow death
Y14=Forage availability
Y1s=Number of cattle sold per year
Y1s=Number of calves born per year

Y21=Livestock income contribution/year
Y22=Primary income
Y23=Nonfarm income

Y24=Side income from non-agriculture
Y2s=Net income/year
Y26=Family health status
Y27=Family nutritional status
Y2s=Residential house ownership

2.3 Sustainable beef cattle business model

Multi-Dimensional Scaling (MDS), Life Cycle Assessment
(LCA), Sustainability Assessment of Food and Agriculture
Systems (FAO SAFA), and Partial Least Squares Structural
Equation Modeling (PLS-SEM) are a few techniques that can
be used to examine sustainability. Without imposing
distributional assumptions on the data, researchers can use the
PLS-SEM method to evaluate the complexity of models with
multiple constructs, dimensions, variables, and structural
paths. This method is suitable for predictive purposes when the
theoretical basis of measurement models is still relatively new
[19]. The PLS-SEM technique is well recognized and applied
in many different fields, including human resource
management, hospitality, tourism and travel, accounting and
information systems [20-22]. Recently, the PLS-SEM method
was adopted in banking and finance [23]. PLS-SEM can
analyze data that cannot meet the assumption of data normality
or has little research data. This method is recommended if
there are limited samples while the complex model is built.

To implement the partial least squares structural equation
modeling (PLS-SEM) technique, SmartPLS Version 3.3.2
software was utilized. The PLS-SEM approach is stable and
may be used to any data type. The PLS-SEM method is used
to test 1) the influence of environmental, economic, social, and
technological dimensions on the sustainability of the beef
cattle business and 2) the influence of environmental,
economic, social, and technological dimensions as well as the

sustainability of the beef cattle business on the farmer's income.

2.4 The influence of environmental, economic, social, and
technological dimensions

The measurement model, weighting scheme, and structural
model are the three parts of the PLS-SEM approach. The outer
and inner models in PLS-SEM refer to the structural model.
Whereas the inner model explains the connection between
dimensions and variables, the outer model explains the
relationship between dimensions and variables. Each
variable's relationship to the latent constructs in the inner
model is examined by the outer model. Factor weight is taken
from the loading value in the relationship between variables
and reflective constructs. The variable that has the most
significant loading factor explains that the strongest latent
construct forms the variable. Variables with loading factors >
0.50 indicate that these variables are valid for measuring latent
constructs.

Discriminant validity and Heterotrait-Monotrait Ratio
(HTMT) were used to evaluate the outer model. The HTMT
ratio is a metric that supports discriminant validity. The
HTMT results reveal discriminant validity. The corresponding
model has an HTMT ratio below 1.0 [24]. HTTP value < 1.0
indicates good model reliability.
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The validity test measures the accuracy of each question on
each dimension in the questionnaire. Convergent reliability
and discriminant validity are two types of validity assessment.
Convergent reliability and validity is a testing model that
correlates component scores with construct scores to produce
factor-loading values. A correlation value greater than 0.7
indicates a strong loading factor value. Nonetheless, a loading
factor of 0.5-0.6 is considered acceptable in studies that are in
the scale development stage [25]. Validity testing is
determining how well a developed instrument is at measuring
research. The higher the value of the instrument, the better it
expresses the research question [26]. To assess validity, you
must examine the connection between factors such as
Discriminant Validity and Average Variance Extracted
(AVE), with an anticipated AVE value greater than 0.5 [26].
The loading factor value for each construct indicator shows the
results of validation testing using the SmartPLS 3.2.2 program.
The Loading Factor value must be greater than 0.5 to satisfy
convergent validity; if the Loading Factor value is less than
0.5, the construct must be removed from the analysis. These
are the conditions that can be utilized to evaluate validity [27].

According to Hair Jr et al. [28], for preliminary assessment,
a loading factor of 0.3 is regarded adequate, a loading factor
of 0.4 is considered superior, and a loading factor more than
0.5 is typically considered significant. Discriminant validity is
a test model that assesses variables based on the variable's
cross-loading value with its construct value. Each construct's
discriminant validity was assessed by comparing the
correlation value between the construct and the other
components with the square root of its average variance extract
(AVE) value [27]. The AVE value, which is used to calculate
the amount of variance of a build component derived from
variables, is adjusted for the error rate. The more the manifest
variable's variation or variety, the larger the manifest variable's
representation to the hidden construct. The optimal AVE value
is greater than 0.5 [29].

A reliability test is used to calculate the questionnaire as a
variable. A questionnaire is said to be reliable if there is
consistency in the answers from the respondents to the
questions asked [27]. In this study, a reliability test was carried
out using basic statistics to show the correlation between
Cronbach Alpha (CA) variables. A construct or variable is
dependable if the indicator value that measures the variable
has a high composite reliability score. Composite reliability
(CR) is a collection of indicators that predicts a variable with
excellent composite reliability based on CR and CA values
greater than 0.7 [25].

2.5 The hypothesis of a sustainable beef cattle farming
business model

The hypothetical model is a structural model that explains
the six-dimensional linkages built on two equations from two



endogenous dimensions: beef cattle business sustainability
and farmer income. A structural model test (inside model or
structural model) is used to assess the degree of impact
between latent variables. Evaluation of the structural model
based on the value of R-square (R?), F-square, and estimated
path coefficients. The description of R-square, Q-square, F-
square, and path coefficient estimation is as follows:

* R-square shows how much of the variability in
endogenous factors can be explained by exogenous variables.
The impact of environmental, economic, social, and
technological aspects on the sustainability of the beef cattle
model and farmers' income increases with increasing R? value
in the sustainable beef cow farming business model. The
substantial impact of particular independent latent variables on
the latent dependent variable may be assessed using changes
in R? [30]. R? scores for high, medium, and weak criteria are
0.67,0.33, and 0.19 [25].

* The model's goodness of fit is determined using the F-
square. The latent variable predictor impact is interpreted as
weak, moderate, and substantial at the structural level by the
F-square values of 0.02, 0.15, and 0.35 [27]. The greater the
value of F-square, the greater the impact of each exogenous
variable, such as environmental, economy, social, and
technology, towards the sustainability of the beef cattle
farming model and farmers’ income. The linkage of exogenous
variables toward endogenous variables with lower coefficients
of F-square can be excluded from the model.

* Q-square assesses the quality of the model's observed
values and parameter estimations. When the model's Q-square
value is less than zero, it suggests that the model has no
predictive relevance, but a Q-square number larger than zero
suggests that the model has predictive significance [31]. In
other words, if the value is > 0, it indicates that those
exogenous variables such as environmental, economy, social,
and technology are suitable as explanatory variables to predict
the sustainability of beef cattle farming and farmers’ income.

* Using an iterative approach, path coefficient estimation
is used to determine the importance of the effect between
variables based on parameter coefficient values, t-statistical
significance values, and p-values [25]. The sign or direction in
the path has to be in accordance with the hypothesized theory,
which, in this study, environmental, economy, social, and
technological aspects have a positive effect on the
sustainability of beef cattle farming and farmers’ income.

Model dependability was evaluated using the Standardized
Root Mean Square Residual (SRMR) and the Normed Fit
Index (NFI). SRMR is the average value of all standardized
residues ranging from 0 to 1. Models with excellent fit have
SRMR values less than 0.08 while models with poor fit have
SRMR values more than 0.10.

2.6 Key variables in achieving beef cattle business
sustainability

MICMAC analysis is a direct classification analysis of a
dimensional system where the relationships between these
dimensions are identified and assessed by experts or
stakeholders through FGD. MICMAC analysis was used to
identify important variables and analyze the relationships
between these variables in the sustainability of beef cattle in
Tanah Laut. MICMAC is one of the structural analysis
methods and is often used to identify key factors. Its advantage
is that it can update previously qualitative data to quantitative
through matrix properties and can be used for sustainability
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analysis in both sectoral and regional contexts [32, 33].
MICMAC analysis has an advantage over other structural
methodologies in that it can be used to organize and rank the
strategic variables in a system. Greater confidence and trust in
the problems posed and diverse assumptions will result from
understanding the relationship between variables and the
analysis's findings [34]. Although MICMAC analysis can
investigate several variables simultaneously, it cannot provide
an overall priority score for each variable [35]. The success of
the analysis results from MICMAC is primarily determined by
the selection of experts as data sources and the accuracy of the
references in identifying variables that are thought to influence
the success of the sustainability performance of beef cattle.

Meanwhile, the key success variables of a sustainable
business model can be identified using MICMAC analysis.
MICMAC analysis is a direct classification analysis of the
dimensional system where the relationships between these
dimensions are identified and assessed by experts or
stakeholders through FGDs. MICMAC analysis provides the
benefit of being able to analyze significant dimensions by
grouping them into influence and dependent dimensions,
either directly through the direct influence matrix (MDI) or
indirectly through the direct and indirect influence matrix
(MDII). MICMAC analysis can provide forecasting output
from priority dimensions which are very useful for policy
makers to calculate and anticipate possible changes that may
occur in the preparation of sustainable agricultural business
models [36].

Cross-Impact Multiplication of Matrix to determine the
important variables in each variable and examine the
relationships between them for the sustainability of the beef
cattle industry, Applied to Classification (MICMAC) analysis
is utilized. MICMAC analysis classifies the dimensions into
four quadrants: quadrant 1 = influence variable; quadrant 2 =
relay variable; quadrant 3 = dependency variable; and
quadrant 4 = independent variable [33, 37]. Delgado-Serrano
et al. [38] added a one-dimensional regulator in the middle of
the four quadrants (Figure 2). The explanation of each
quadrant in Figure 2 is summarized in Table 3 to facilitate
understanding.

Influence

Relay/Stake
variables

Influence/
Input variables

Regulatory
variable

Independent
variables

Dependency
variables

Dependence

Figure 2. Classification of dimensions based on the level of

influence and dependence in a sustainable business model
Source: Delgado-Serrano et al. [38]

Each quadrant has its importance and implications in
strategic planning and decision-making. Factors in the
influence quadrant have both strong influence and dependency
on other factors in the system. Thus, these factors play an



important role and have cascading effects on other elements in
the system. Factors in the relay quadrant have a high influence
(they influence other factors significantly) but are not
significantly influenced by other factors in return. These
factors act as intermediaries or facilitators within the system.
Other factors influence factors in the dependency quadrant but
have low influence themselves. Recognizing dependent
factors is essential for identifying areas where external support
or intervention might be necessary to maintain stability or
enhance performance. At the same time, factors in the
independent quadrant have low influence and are not
significantly influenced by other factors. These factors operate
relatively independently within the system; however, they still
play arole.

The results of the PLS-SEM analysis for variables with
factor loading values > 0.7 are used as variables in the
MICMAC analysis after confirmation with stakeholders via a
questionnaire. MICMAC analysis using LIPSOR EPITA
MICMAC software. The analysis has four data levels: 0 = no
relationship; 1 = weak relationship; 2 = moderate relationship;

3 = strong relationship. The direct connection between
variables in MICMAC was analyzed through a cross-impact
matrix (CIM). Key variables are categorized based on
influence, dependency, and direct links between variables in a
map that illustrates CIM processes. The assessment's findings
classified the relationships between the factors into three
categories of influence: prospective, indirect, and direct effect.
When one variable influences another directly, bypassing
other factors, this is known as direct influence. Indirect impact
arises when one variable influences another, and another
variable influences another. The potential for influence occurs
when the influence of one variable conflicts with other
variables. Meanwhile, if one variable does not directly affect
other variables, it is stated that it has no effect. The parameter
estimation process requires stability up to 100%, so the
software adjusts the appropriate number of iterations so that
the strength of the estimation results reaches an optimal value.
In this analysis, three iterations were carried out, and the
outcomes of the parameter estimation iterations are presented
in Table 4.

Table 3. Categories, roles, and implications of variables in the MICMAC system

Quadrant Variable Roles and Implications
Highly influential variable with little dependency. The crucial variable acts as a critical system. The influence of other
Influence - : . - - :
variables on this variable is not transmitted in the system.
Variables have a significant impact on other dimensions yet are strongly dependent on them. Any modification to this
Convey - - o N -
variable has serious ramifications for the system's other variables.
Dependenc Variables with a minor impact yet a high reliance. Changes in the influence and relay factors have a large impact on this
P y variable. Changes in one variable are influenced by changes in the influence and relay variables.
Autonomous Variables are not much influenced by changes in the system but are determined more by variables from outside the
Group system. Independent variables have a low potential to produce change.
Regulation Variables that have moderate levels of influence and dependency on other variables act as levers.

Source: Fauzi [33].

Table 4. Parameter estimation iterations in a sustainable business model

Stability
Repetition Influence (%) Dependency (%)
1 90 96
2 98 100

Source: Fauzi [33].

3. RESULT AND DISCUSSION
3.1 Characteristics of respondents

Rice is the primary commodity cultivated by the respondent
farmers. Generally, farmers grow rice to meet family
consumption needs, and if there is excess, it will be sold to
meet non-food needs. Other commodities cultivated besides
rice are peanuts, soybeans, corn, rubber, palm oil, and beef
cattle. The pattern of farming carried out by farmers consists
of various commodities in Tanah Laut. There are six dominant
patterns of farmer farming: rice, rice - rubber, rice - rubber -
soybean, rice - soy, rice - soybeans - peanuts, and rice - corn.
These patterns indicate that farmers have engaged in
diversified, integrated farming other than cattle.

The beef cattle business in Indonesia generally still relies on
an agricultural system that only relies on family labor. Besides
the lack of information, training and economic resources are
the two primary nodes that affect business continuity. The
government provides information and training and promotes
sustainable development [39]. Using new digital technology
and sustainable supply chain management while preserving
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the welfare of people, the environment, and livestock is
another strategy for developing a sustainable beef cattle
business. Business continuity analysis needs to look at social,
economic, and environmental problems from a technical and
scientific perspective [40].

Most respondents (79.66%) are aged 26-50, and the
remaining 20.34% are over 50. The survey results show that
the respondents’ farming experience varies greatly.
Approximately 38.98% of respondents had 11-20 years of
farming experience, 37.29% had 1-10 years of agriculture
expertise, and 23.73% had 21-30 years of agriculture expertise.
Most of the respondents' ownership of land assets is in the
broad range of 1-2 ha (66.10%), 27.12% have a land area of 3-
6 ha, and only 6.78% have a land area of more than 6 ha. In
addition, when viewed from land use, most respondents
(89.83%) utilized 1-3 ha of land, and only 10.17% used 3-6 ha
of land. Most of the respondent's family members (61.02%)
are 2-4 people. The number of cattle owned by breeders at the
study site was mainly between 2-4 heads/head of the family
for breeding and fattening cattle. Details of the characteristics
of the respondents are presented in Table 5.



Table 5. Characteristics of respondents in Tanah Laut District, South Kalimantan, Indonesia

Characteristics of Respondents

Percentage (%)

By age (years)
a. 26-50 79.66
b. >50 20.34
Beef farming experience (years)

a. 1-10 37.29

b. 11-20 38.98

c.21-30 23.73

Land area (ha)

a. 1-2 66.10

b.>2-6 27.12

c.>6 6.78

Number of family members (people)

a.<2 10.17

b. 2-4 61.02

c.4 28.81

Total ownership of cattle in the breeding business (heads)

a.2 40.68

b.3-4 50.85

c.>4 8.47

Total ownership of cattle in the fattening business (head)

a.o0 35.59

b.2 32.20

c. 34 30.51

d. >4 1.69

The large number of farmers in their productive age shows
that young people still like farming. The productive age group
can produce and carry out valuable activities [41] and have the
potential to develop themselves and expand their farming
business. Young farmers are more productive and have a good
influence on the agricultural sector because they have the
motivation to build and develop businesses. Additionally, they
are risk-takers, receptive to new ideas, and willing to utilize
loan money to build companies that promote sustainable
agriculture [42]. In addition, young farmers can take part in
meetings to address food security and global warming
compared to older farmers [43].

Meanwhile, age and education affect the ability of farmers
to implement innovations [44]. Age is one of the crucial
characteristics of farmers because it relates to experience,
work ability, and psychological maturity. Gong et al. [45]
reported that the age and education of the head of a farming
family in China contributed to greater technical efficiency in
crop production, as Otampi et al. [46] stated that the influence
of age in making decisions to develop a business determines
the success of a beef cattle farming.

The experience of farmers in conducting farming is one of
the capitals for the development and success of the next
business. The long experience of farmers is capital to do better
business. The land is the principal capital farmers own in
running a business because agricultural business is a land-
based activity. Farmers who have high performance will use
their land to increase income. Land ownership in the research
location is significant because it is located in a large area with
a small population. The availability of land area that can be
cultivated is a substantial asset for business development.

The number of family members at the farm level is now
decreasing, which will affect the availability of farm labor in
the future. The number of livestock ownership is still low
because beef cattle are still done as a side business.
Additionally, the availability of family laborers has an impact
on the quantity of cattle that farmers grow. The ability to keep
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livestock is limited, particularly in terms of providing feed,
and labor availability decreases with the number of family
members. The scale of livestock businesses owned by breeders
in the study locations is the same as in Yogyakarta [47] and
South Sulawesi [48].

Respondents generally have the capital to support the
sustainability of the beef cattle farming on dryland. Most of
the respondents are young and productive, have long
experience in farming, have large areas of land to work on, are
supported by family labor, and have livestock to continue to
develop as a source of income and food production.

3.2 The influence of environmental, economic, social, and
technological dimensions

The analysis's findings indicate that, out of the 35 variables
on the exogenous and endogenous dimensions, there are seven
variables with a loading factor validity < 0.50 from the
environmental, social, business continuity, and income
dimensions, namely, utilization of agricultural waste (X1 =
0.060); cooperation with groups and their members (X 35 =
0.230); incidence of fatal disease attacks (Y12 =-0.238); adult
cow mortality (Y3=-0.215); primary income (Y22 =-0.001);
family health status (Y2¢= 0.174); and home ownership (Y23=
0.146). The results of the outer model analysis of 35
exogenous and endogenous dimensional variables for the
development of beef cattle are presented in Figure 3. As a
comparison, the results of the outer model analysis after
eliminating the seven variables are shown in Figure 4.

Variables with a loading factor value less than 0.5 are not
included in the model since the variables utilized have a
loading factor value greater than 0.5. The analysis results show
that CR > 0.7 means the variables are declared reliable. All
constructs have CA values > 0.6 and even > 0.7, so all
construct variables are reliable. Variables from exogenous and
endogenous dimensions with a validity loading factor > 0.50
are illustrated in Table 6.
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Figure 3. Initial external model in a sustainable beef cattle
business model for smallholder livestock on dryland

Figure 4. Outer model after evaluating the sustainable beef
cattle business model for community livestock on dryland

Table 6. Construct validity and reliability of 28 exogenous and endogenous sustainable beef cattle business dimensions

Dimensions/Variables IF AVE CR CA

Environment 0.502 0.834 0.758

Xa2 (Utilisation of animal manure) 0.706

Xas (Flying pollution) 0.756

X14 (Odor pollution) 0.634

Xis (Pastoral availability) 0.786

Xae (Soil fertility) 0.649
Economy 0.525 0.815 0.700

X1 (Credit from a bank) 0.745

X22 (Revolving assistance/livestock from the government) 0.686

X3 (Business loan from a group) 0.743

X4 (total working capital) 0.722
Social 0.529 0.847 0.773

X3z1 (Communication with local government) 0.840

Xs2 (Communication with extension services) 0.783

X33 (communication with research institutions) 0.709

X34 (Communication with financial institutions) 0.604

X3 (Collaboration with other groups) 0.676
Technology 0.512 0.840 0.765

Xa1 (Breeding technology) 0.654

Xa2 (Feeding technology) 0.722

Xa3 (Reproductive technology) 0.743

Xaa (Disease technology) 0.720

Xas (Housing technology) 0.735
Sustainability of beef cattle business 0.513 0.806 0.677

Y11 (Number of livestock owned) 0.670

Y14 (Availability of forage) 0.597

Y1s (Number of cattle sold/year) 0.848

Y16 (Number of calves born/year) 0.727
Revenue performance 0.511 0.839 0.760

Y21 (Livestock income/year) 0.651

Y23 (Income from other farming) 0.724

Y24 (Non-farm income) 0.706

Y25 (Net income/year) 0.765

Y27 (Nutritional status of the family) 0.723

Primary Data (processed); LF - Loading factor; AVE - Average variance extracted; CR - Composite reliability; CA - Cronbach alpha.

External model analysis shows that all constructs are valid
based on HTMT calculations with < 1.0. The findings
demonstrated that each construct's discriminant validity value
was greater than the correlation coefficient of the other

constructs. All correlation coefficient values are smaller than
the AVE root value, so the developed construct has good
discriminant validity. Discriminant validity values and HTMT
are presented in Table 7.



Table 7. The results of the discriminant validity test and construct reliability
Size X1 X2 X3 Xa Y1 Y2

Environment (X1) (0.709) 0.383 0.458 0.389 0.338 0.502
Economy (X2) 0.301 (0.724) 0.718 0.714 0.827 0.799
Social (X3) 0.355 0.535 (0.727) 0.518 0.590 0.450
Technology (Xa) 0.297 0.543 0.391 (0.715) 0.657 0.651
Sustainability (Y1) 0.229 0.588 0.423 0.490 (0.716) 0.765
Income (Y2) 0.408 0.593 0.355 0.515 0.551 (0.715)

Primary Data (processed); Numbers in parentheses indicate discriminant validity values calculated from the average extracted roots (AVE); Values above the
diagonal indicate HTMT values; The number under the diagonal.

An essential part of the farming industry is the agricultural
subsector, so agricultural development is a priority for the
government because it makes a real contribution to the
economy, improves the quality of human resources, and
positively impacts farmers and government [49]. The
development of a beef cattle business is a source of income
and family savings, especially in rural areas, a source of
animal protein for the community, a source of fertilizer and
energy, and an attribute of social status [50], with the concept
of sustainable development goals (SDGs) that encourage
economic, social and environmental development.

The utilization of livestock waste, fly pollution, and pasture
availability is variables from the environmental dimension that
affect the sustainability of the beef cattle business.
Environmental pollution affects the sustainability of the beef
cattle business. It is known that beef cattle is a land-based
business. The cattle livestock business requires large amounts
of forage, so land is needed to cultivate forage crops as a feed
source and land for grazing. Cow dung, feces, and urine that
are not utilized will cause odors, flies, and germs that pollute
the environment and surrounding settlements. Livestock
manure is one of the primary sources of pollution from the
agricultural sector and threatens the environment and human
health. If the farmer ignores this, the surrounding community
will reject the livestock business or stay away from the initial
location. This condition must be addressed by good livestock
farming, business management that pays attention to livestock
and human health, and an environment that is clean from
pollution. Sustainable livestock waste management is an
effective way to overcome the problem of environmental
pollution due to livestock manure [51]. Livestock manure can
be used as an ingredient for making organic fertilizer. Organic
fertilizers can increase soil fertility, crop productivity, reduce
carbon footprints, and be environmentally friendly,
economical, and sustainable [52-54].

The economic dimension has variables that impact the
sustainability of the beef cattle farming, namely the
availability of credit from banks, livestock assistance from the
government, business capital loans from groups, and the
amount of business capital. Sources of money to run
agricultural businesses come from various sources, namely
self-sufficiency, loans, and government assistance. Generally,
limited capital is one of the problems faced by farmers. The
relatively small scale of the livestock farming is due to the
limited money owned by the breeders. Only 8.47% of farmers
who have more than four cows run a breeding business, and
1.69% are engaged in fattening. The government must
facilitate this condition so that farmers can access capital
quickly. Ease of access to capital is one of the sustainable
agricultural solutions because it provides increased income for
farming households. Ease of money is a factor that influences
the sustainability of farm businesses from an economic
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perspective, especially in underdeveloped areas [55]. Efforts
to develop the beef cattle business in Indonesia are focused on
increasing the agricultural business sector from upstream to
downstream through the People's Business Credit (KUR)
program, namely low-interest capital financing (7%) and a
maximum grace period of 3 years [56]. This program is
expected to encourage increased production, technology
adoption, income, and welfare of farmers. Beef cattle farmers
in East Java use additional credit financing through programs
and non-programs to expand the business scale and increase
feed quality [57]. Farmers also obtain capital loans from
farmer group cooperatives. Agricultural cooperatives in Nepal
have played an essential role in providing financial assistance
to farmers to purchase inputs and facilities for marketing
inputs and outputs, protecting members from big businesses
and intermediaries, and creating harmony among members
[58].

Variables that affect the sustainability of the beef cattle
business from the social dimension are communication with
government agencies, extension institutions, research
institutions, relationships with financial institutions, and
cooperation with other farmer groups. Farmers must be able to
communicate with government agencies because they are
always in direct contact with relevant agencies in accepting
and implementing government programs. Agricultural
development must be supported by good farming institutions
and good communication between parties, both the
government, the private sector, and farmers. Changes in
farmer behavior take a long time, so ongoing counseling and
assistance are needed. An extension for agriculture is a tool
that links farmers to information sources and looks for
technological solutions to difficulties to increase production
[59]. Research institutions whose duties and functions are to
produce and disseminate technological innovations and
extension institutions are a source of information for farmers.
Small farmers face many challenges in accessing proper and
adequate financial services [60], so farmers must be able to
communicate with financial institutions as providers of capital
to get easy access to capital for sustainable business
development. Cooperation between farmer groups in running
farming is necessary for a farming business institution.
Collaboration between farmer groups in sharing information
and jointly developing knowledge helps optimize agricultural
systems. Cooperation between farmers and institutions and
customers lowers the cost of production, processing, and
distribution infrastructure. The availability of cooperative
programs that support innovation and processes will benefit
farmers [61].

Breeding technology, feed, reproduction, disease control,
and housing are variables in the technological dimension that
affect the sustainability of the beef cattle business. Increasing
livestock population and productivity can be achieved with the



support of technology. The technological dimension factors
affecting the beef cattle business's sustainability are feed
technology, reproduction, and maintenance management [62].
Accessing good genetic material to produce the next
generation of breeding stock is critical for livestock production
systems' medium to long-term success [63]. A sustained
breeding program requires the development and application of
tropically suited breeds. Restoring and supervising breeding
institutions is the first stage in developing a sustainable
breeding system to supply adequate breed stocks (government,
commercial corporations, and smallholders) [64].

Good cattle breeds will produce optimal production if given
feed that supports optimal livestock growth and development.
Feed is the main factor that influences the success of a
livestock business. The common problem farmers face is the
high feed price, mainly additional feed (concentrate) and
limited forage during the dry season. Complete feed
technology based on local ingredients can be a suitable
alternative to meet animal feed needs and is the best solution
for increasing livestock productivity [65]. Complete feed is a
feed formulation technology that contains all feed ingredients
from forage concentrates in one homogeneous mixture and is
given to livestock without adding fresh forage. Feed
formulations are easily duplicated in every livestock center by
utilizing the potential of local feed ingredients using a simple
and environmentally friendly mixing machine to save on feed
costs. Complete feeds can also be made from agro-industrial
by-products, crop residues, and unconventional feeds to
minimize feed costs [65]. Using agro-industrial derivatives as
animal nutrition can be an opportunity to reduce the
environmental impact of the food production chain [66].

In conventional production systems, the productivity of
Aceh cattle is influenced by reproductive management [67].
The application of reproductive biotechnology to increase
reproductive potential is an important innovation that can meet
specific reproductive needs and goals with animal welfare in
mind for sustainable livestock production in tropical
environments [68]. Livestock health is one of the variables
affecting the beef cattle business's sustainability. The impact
of climate change and the threat of disease are closely linked
to the rise of the cattle industry. Government leadership is
needed in the role of public and private partnerships in
pharmaceutical and biological products, as well as ensuring
the constructive engagement of all parties involved in the
livestock business [69], particularly in disease monitoring,
prevention, and control.

The sustainability of the beef cattle industry, the availability
of fodder, the annual sales volume of cattle, and the annual
birth rate of calves are all impacted by the size of the firm. The
sustainability of the beef cattle business can be measured from
the profit earned. Farmers with an ever-increasing number of
livestock show that farmers benefit from the business they
manage. Business follows the law of economies of scale: the
larger the scale of the business, the more efficient it is at using
the factors of production, which means that with fewer input
costs, more profit can be generated up to a point when
additional inputs are required, resulting in a decrease in output.
The increased business scale must also be balanced with
increased efficiency through technology [70]. One of the
efforts to increase business scale is to use technology to
produce more than one product to get added value [71].

Availability of quantity and quality of forage can be
obtained from planting various types of forage and utilization
of agricultural waste. Most farmers are also food crop farmers,
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especially rice and corn. Rice and corn plant waste have the
potential to be used as feed. Rice straw fulfills the
requirements as a feed source. It can meet the feed needs of
beef cattle in North Penajam Paser, Kutai Kartanegara, and
Berau Regencies regarding quantity, quality, and
sustainability [72]. Traditional farmers generally store
agricultural waste as the main animal feed during the dry
season, so they must pay attention to the quality and
formulation of the mixture of agricultural waste [73]. Straw
fermented with urea in piles or bales has excellent potential as
animal feed, contributes to feed baskets, and avoids
environmental problems due to straw burning in Punjab, India
[74]. Because it is an inexpensive investment with greater
storage capacity, supplementing beef cattle with rice straw and
protein salts during the last third of gestation may increase
productivity and gross margins [75]. Corn silage has the
potential to be used as the main feed for beef cattle because it
has an average daily gain (ADG) of 808 g compared to
conventional feed. A mixture of maize hay and rice straw
resulted in nutritional value, intake, and increased body weight
comparable to conventional feed in Malaysia [76]. High ADG
achievement in fattening beef cattle must be supported by
efficient feeding to determine business sustainability.

Since the primary source of revenue for beef cattle is the
revenues from sales, the sustainability of the beef cattle
business will be determined by the annual number of livestock
sold. The beef cattle breeding population at the farmer level
has increased from raising and buying cattle. High fertilization
and birth rates will determine the number of offspring
produced. The success of the calf livestock program has an
impact on increasing farmers' income.

Revenue performance is influenced by annual cattle sales
income, other livestock income, non-farm income, annual net
income, and family nutritional status. Household income is the
total income received by all family members. Farm household
income is derived from on-farm, off-farm, and non-farm
sources [77]. The beef cattle business can increase breeders'
income and indirectly fulfill the food needs of meat origin
[78]. Increasing farmer income will improve the family status,
including clothing, food, housing, and education. Variables on
the dimensions of farmer income that greatly influence the
sustainability of the beef cattle business are the contribution of
beef cattle income per year, other farming income, non-
farming income, net income per year, and family nutritional
status.

Other research reported [79] that aspects of sustainable
development are seen from the aspects of culture, technology,
institutions, infrastructure, law, and scientific progress.
Furthermore, according to Budi et al. [80], sustainable beef
cattle fattening can be achieved by applying feed technology,
land suitability, and capital access strategies. This is supported
by Rohaeni et al. [81] stated that technological innovation,
capital, markets and marketing, institutions, and increased
human resources are needed to develop beef Ccattle
agribusiness. The influence of farmers' resources on access to
finance, technology, and physical resources impacts the
sustainability of agricultural businesses [39, 56, 82].

3.3 The hypothesis of a sustainable beef cattle farming
business model

The results of the analysis of the inner hypothesis model of
the linkages between environmental, economic, social, and
technological dimensions and farmer income mediated by the



sustainability of the beef cattle business are presented in
Figure 5.
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Figure 5. The inner sustainable beef cattle business model
for community livestock on dryland

The linkage analysis results between the four exogenous
dimensions and two endogenous dimensions show three
linkages with a coefficient value of f 2 <0.02, namely the
influence of the environmental and social dimensions on the
sustainability of the beef cattle business. (X; — Y;and X3 —
Y1) and the effect of social impacts on farmers' income (X3 —
Y>). These three paths can be omitted in the hypothetical
model because they have a low R? change. The coefficient
value 2 of the effect of exogenous dimensions on endogenous
dimensions is presented in Table 8.

Table 8. The results of the calculation of the coefficients of
f2 dimensional associations

Dimension Association 2
X1— Y1 0.000
X2 — Y1 0.154
X3 — Y1 0.016
Xs— Y1 0.057
X1— Y2 0.085
X2 — Y2 0.097
Xs— Y2 0.007
Xs— Y2 0.040
Yi— Y2 0.078

Primary Data (processed); 2 - effect size.

The NFI value is 0.551 or > 0.50, so the model proposed in
this study has an SRMR value of 0.095 or between 0.08-0.10.
These results indicate that the model has a very good marginal
fit status. SRMR and NFI values are presented in Table 9.

Table 9. Model fit test results using SRMR and NFI

Poor Fit Measurement
Limits
More than 0.10
Less than 0.50

Limits of Good Fit
Measurement

Less than 0.08
More than 0.50

Index Statistics

SRMR 0.095
NFIls 0.551

The internal model analysis results show that each
exogenous dimension's contribution to the sustainability of the
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beef cattle business is 40.1%. As a comparison, the
contribution to farmers' income is 48.4%. The path coefficient
of the contribution of the exogenous dimension is proven to be
significant for the sustainability of the beef cattle business for
the economic dimension (b = 0.401; t =4.081; p = 0.000) and
technology (b = 0.225; t = 2.165 ; p = 0.031), as well as
significant for farmer income for environmental dimensions (b
=0.227;t=2.987; p=0.003), economic (b =0.315; t =2.868;
p = 0.004) and technology (b = 0.178; t = 1.981; p = 0.048).
Likewise, the path coefficient of the beef cattle business
sustainability dimension significantly affects farmer income (b
=0.257; t = 2.804; p = 0.005). The results of the coefficient
test for the inner model are presented in Table 10.

Table 10. The results of the inner path coefficient test of the

model
Dimension Association b SE t p
Endogenous Dimensions:
Sustainability, R>=40.1%
X1—Y1 -0.0020.1140.016 "0.987
Xo—Y1 0.401 0.098 4,081* 0.000
X3—Y1 0.122 0.1041.168 "50.244
X4—Y1 0.225 0.104 2,165* 0.031

Endogenous Dimensions:
Income, R%=48.4%

X1—Y2 0.227 0.076 2,987* 0.003
Xo—Ya2_ 0.315 0.110 2,868* 0.004
Xz—Y2 -0.0720.0950.764 " 0.445
X4—Y2_ 0.178 0.090 1,981* 0.048
Y1—Y2 0.257 0.092 2,804* 0.005

Noted: * - important; ns - insignificant; R 2- path determination coefficient;
b - original sample; SE - standard error; t - statistical value; p - the
probability of error.

The hypothetical model explains the influence of
environmental, economic, social, and technological
dimensions on farmers' income, which is mediated by the
sustainability of the beef cattle business. Spitka et al. [83]
stated that achieving higher economic goals would result in a
trade-off with environmental degradation. However, this
condition does not apply to agriculture because the economic
and environmental dimensions support each other. This study's
results differ from that of Setiadi et al. [84] in that the
significant social dimension has a positive effect. In contrast,
the economic and environmental dimensions significantly
harm the sustainability of the beef cattle business.

On the technological dimension, the variables of breed,
feed, reproduction, livestock health, and housing influence the
sustainability of the beef cattle business. These dimensions
indicate that changes in technological variables will affect the
sustainability of the beef cattle business. Technology is
necessary to develop sustainable beef cattle farming [85]. For
example, the cowshed system technology is an important
element of agriculture because it influences sustainable
production [86]. If changes occur, the environmental,
economic, and technological dimensions will greatly affect
farmers' income. Salendu et al. [85] stated that developing beef
cattle increases farmers' income and must be supported by
increased productivity and quality while considering
environmental sustainability. This is supported by the opinion
of Liu et al. [87] that Although revenues are always regarded
as an important aspect of legislation, they should not be
regarded as the only or most significant criterion for obtaining
a sustainable outlook. Other factors such as environmental and



social are other important factors. The results of the study
reported by Kapa et al. [88] stated that the most sensitive
attribute affecting the development of beef cattle is the number
of cattle traded. Based on this research, it is necessary to
prioritize policies to improve business continuity in
controlling the beef cattle trading system by improving
maintenance management.

Technology, communication with agencies, and capital are
included in the study for its role in the livestock business.
Examples of these technologies include making feed with
optimal nutritional content, livestock breeds from superior
genetics, and appropriate cage management in terms of
system, type, size, and equipment. Another sample is vaccines,
which control livestock diseases. Reproductive technology,
including artificial insemination (Al), could speed up and
increase reproductive and seed quality success. Thus, these
technologies can increase efficiency in the amount, time, and
cost of inputs and give better quality output. Improving quality
results and reducing costs increased sales value, directly
increasing profits, so the business keeps running. This result is
in line with the research of Morozov and Rasskazov [89],
which stated that technology increased the competitiveness
and profitability of livestock businesses.

Communication is important to convey the obstacles
experienced to get a quick and appropriate solution to prevent
the business from stopping. Solutions to problems and
obstacles in the field can be implemented in various programs,
including research and technology  dissemination.
Communication also provides access to technological
information, which helps increase the efficiency of livestock
farming. Meanwhile, capital is primarily needed to finance the
facilities and the technology implemented, ultimately
increasing production so that the business does not stop and
roll over the capital for the next farming business.

Before being analyzed, all variables have the potential to
influence the dependent variable based on the references.
However, the result shows that some variables included in the
autonomous category have a low effect on the dependent
variable. However, those variables were included in the
analysis but not in the recommendation. Priority in
recommendations is based on a hierarchy of analysis results
where the autonomous category is not prioritized for
implementation.

3.4 Key variables in achieving beef cattle business
sustainability

PLS-SEM analysis produces 13 variables from four
dimensions, namely: environment (3 variables), economy (3
variables), social (3 variables), and technology (4 variables),
with a factor loading value of > 0.7 which was then analyzed
using MICMAC (Table 11). The direct relationship between
the 13 variables is presented in a map that categorizes the key
variables according to influence and dependency and the direct
relationship between variables. The direct
influence/dependence map, as shown in Figure 6, provides a
snapshot of the current interplay among the variables within
the sustainable beef cattle business model for smallholder
farms on dryland. The absence of variables in the Influence
quadrant shows that within the current model, no variables
exert a dominant influence over others. This could indicate
that influences are more distributed or that key influential
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factors are external and not included within the model. This
condition implies that the decision-makers do not need to
closely monitor these aspects since there are no dominant
variables that may have high influence and are critical for
strategic planning for sustainable beef development since they
can have no cascading effect on other system elements.

The variables within the relay quadrant are pivotal as
intermediaries or facilitators within the model, possessing
significant but low dependence. The technological variables
within this quadrant, consisting of cattle shed technology, feed
technology, and disease technology, underscore the necessity
of improving farm practices to enhance productivity and
animal health standards. Furthermore, communication with
extension agencies and contact with related agencies
empbhasizes the role of collaborative efforts for improving the
impact of technological advancements and ensuring resilient
farming practices.

Fly pollution is the only variable included in the
dependency quadrant. This indicates that fly pollution is a
responsive variable influenced by the prevailing conditions
and practices on the farms. Therefore, it acts as an indicator of
environmental management effectiveness for evaluating
animal health and sanitation. Variables in the regulation
quadrant possess the power to govern the model despite their
lower levels of influence and dependence. In the regulation
quadrant, each dimension has one key variable: utilization of
livestock waste from the environmental dimension, livestock
business capital from the economic dimension,
communication with research institutions from the social
dimension, and reproductive technology from the technology
dimension. Livestock business capital indicates the need for
financial management and the capacity to invest in sustainable
practices. The utilization of livestock waste from the
environmental dimension reflects the adoption of circular
economy principles, turning waste into a resource and thus
reducing environmental impact. Communication with research
institutions indicates the sector's responsiveness to innovation
and technology. In contrast, reproductive technology
highlights the role of genetic improvements in ensuring the
sustainability of cattle populations in dry land.

Table 12 shows the findings of the direct map analysis of
MICMAC influence/dependence. Variables consist of
agricultural capital, livestock credit, and availability of pasture,
which are included within the autonomy quadrant (Table 12),
neither strong influence nor dependence within the model.
This suggests that the autonomy quadrant variable's role is
relatively independent of other factors. Nevertheless, their
presence is vital for the resilience of the business model.

The output of the MICMAC analysis on direct status refers
to existing conditions, while indirect status refers to forecasts
or future conditions. Figure 7 shows the findings of the indirect
map analysis. The indirect influence/dependence map (Figure
7) refers to potential future dynamics within the model based
on the current direct relationships and projected trends. It is
crucial for strategic planning and risk management. The
indirect map shows similar patterns to the direct map,
indicating the resilience of these relationships over time.
Overall, there is no sharp difference between the direct and
indirect maps. Both maps provide a comprehensive view for
decision-makers to address existing conditions and adapt for
future developments within the sustainable beef cattle business
model for smallholder farms on dryland.



Table 11. Variables used in the MICMAC analysis

Resource No. Variable Abbreviation
Environment 1 The utilisation of livestock waste use waste
2 Flying pollution fly pollut
3 Availability of pasture Meadow
Economy 4 Livestock credit an_credit
5 Agricultural capital F capital
6 Livestock business capital Capital
Social 7 Communication with related agencies C_office
8 Communication with extension agencies extension
9 Communication with research institutes C_reset
Technology 10 Feed technology Feed tech
11 Reproductive technology Repro_tech
12 Disease technology T disease
13 Cattle shed technology C tech

Table 12. Results of MICMAC analysis on a sustainable beef cattle business model for smallholder farms on dryland

Quadrant NO. Variable
Influence (me) -
Relay (11) 1 Cattle shed technology
2 Feed technology
3 Disease technology
4 Communication with extension agencies
5 Communication with related agencies
Dependency (I, I, 1) 6 Flying pollution
autonomous (1V) 7 Agricultural capital
8 Livestock credit
9 Availability of pasture
Regulation 10 Livestock business capital
11 Utilisation of livestock waste
12 Communication with research institutes
13 Reproductive technology
Direct influence/dependence map Indirect influence/dependence map
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Figure 7. Indirect influence/dependence map of the
sustainable beef cattle business model for smallholder farms
on dryland

Figure 6. Direct influence/dependence map of the
sustainable beef cattle business model for smallholder farms
on dryland
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The application of technology is needed to support the beef
cattle business to be more advanced and developing [64, 90].
In this study, housing technology, feed, and disease
management significantly affect the sustainability of the beef
cattle business. This is consistent with the fact that farmers
need guidance and assistance in applying technology from
extension workers and related agencies. Coaching and
mentoring can be done through counseling, training, and
technical guidance in implementing beef cattle business
development programs [91, 92].

Fly contamination is a dependent variable that has little
effect on the sustainability of the beef cattle business. Still, its
existence is very dependent on the management of agricultural
waste management and environmental sanitation. Beef cow
manure can be a breeding ground for flies, which can be a
source of disease. For example, the management of feed,
cages, and waste is poorly controlled. This will cause physical
environmental pollution and the smell of livestock manure,
which causes the arrival of flies. This opinion is supported by
Hinkle et al. [93] that flies and odors are a source of
environmental pollution due to the agricultural business if not
managed properly. Prevention efforts must be carried out by
maintaining the cage's cleanliness, using probiotics in feed to
reduce odors, processing livestock manure into organic
fertilizer or using it as a source of energy (biogas), and
eradicating flies. Using feed with good synchronization
between protein degradation and organic material degradation
can reduce pollution produced from livestock waste, both from
urine and feces [94].

The variables of farming capital, availability of grazing land,
and livestock credit are independent variables that have a low
potential to affect the sustainability of the beef cattle business.
Fauzi [33] stated that the autonomous variable group is
excluded because it will not stop a system from working or not
utilizing the system. Farmers will continue to run their
businesses if there is capital because it is their main livelihood.
Farmers will seek solutions if they do not have business capital
by borrowing from groups or individuals. The availability of
grazing land is unnecessary if livestock are reared semi-
intensive or intensively. Sources of forage can be obtained
from superior grass or local grass planted on vacant land that
has not been utilized. Farmers already have sires as capital that
can produce calves to raise, so livestock credit is considered
less important unless the farmer wants a bigger business. For
the beef cattle business to be more robust and advanced, the
government must facilitate breeders in increasing capital, such
as bank loans [90].

Variables included in the regulatory category that act as
levers for the sustainability of the beef cattle business are
livestock business capital, livestock waste utilisation,
reproductive technology, and communication with research
institutions. The variables of agricultural prosperity, utilisation
of livestock waste, reproductive technology, and contact with
research institutions moderate the sustainability of the beef
cattle business and are dependent on other variables. Capital is
an important factor in doing business. Agricultural prosperity
needs to be considered in the sustainability of the beef cattle
farming business so that the availability of capital must be
accessible to farmers [80].

Livestock can be used as a source of food, a source of
employment, a source of the rural economy, savings, a source
of electricity and organic fertilizer [95, 96]. However, animal
husbandry also produces waste that can disturb the
environment and hinder development if not appropriately
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managed [97, 98]. Therefore, effective technology is needed
in raising livestock and managing livestock waste so that it
does not become a source of environmental pollution. The
process of production, transportation, and utilization of feed
plays an important role in global food security and greenhouse
gas emissions. Replacing animal feed with non-consumable
biomass is a potential strategy to reduce forage competition
and environmental impact [99].

Using fresh manure as fertilizer for crop cultivation as
animal feed, directly or as a by-product of further processing,
is the best way to recycle nutrients. Manure must be managed
appropriately to avoid environmental impact. Manure
management through composting can produce a more portable
material that contains available and balanced nutrients for
plant needs and is less susceptible to environmental losses.
Organic fertilizers from livestock manure can increase soil
fertility by increasing the soil nutrient content needed by
plants. Hernandez et al. [100] stated that organic fertilizers
from animals or plants are a source of soil nutrients that are
very helpful in supporting sustainable agriculture.

Housing technology, disease, feed technology, and
communication with extension workers and related agencies
are important variables that must be considered in the beef
cattle business because they greatly affect other variables.
Guidance, mentoring, training, and technical guidance through
animal trainers and paramedics facilitated by the relevant
agencies are needed to increase breeders' capacity and update
technology. Even counseling and mentoring for farmers are
activities attached to affiliated institutions for business
continuity. Furthermore, the regulatory dimensions that act as
levers for the sustainability of the beef cattle business are
farming capital, utilization of livestock waste, reproductive
technology, and communication with research institutions.

The characteristics of the respondents in the research
locations support the critical factors for the sustainability of
the beef cattle business. The availability of increasingly
narrow pastures is handled by utilizing agricultural waste for
animal feed and organic fertilizer and planting forage in yards,
rice fields, or other vacant lands. The government supports
these efforts by providing forage seeds, installation buildings,
and organic fertilizer processing unit equipment for farmer
groups. Alternative use of marginal land as land for planting
forage or for livestock pasture is one solution to increase the
income of beef cattle farmers because it can reduce feed costs.
On the other hand, grazed livestock manure can become
organic fertilizer so that it can increase the layer and fertility
of the soil [5, 51].

Based on research reported by Rohaeni and Subhan [101],
farmers in South Kalimantan have generally applied
technology to beef cattle through semi-intensive/intensive
rearing by providing cages, quantity and quality of feed,
vaccination to prevent disease, and artificial insemination
(AI). The success of Al increases as indicated by the mother
getting pregnant quickly and being healthy; the quality of the
calf being born healthy [101].

3.5 Advantages and limitations of the model

The advantage of this model is that the sustainability of the
beef cattle business is supported by environmental, economic,
social, and technological resources following the actual
conditions in the field. This model can be applied to all
agroecosystems supporting SDGs 2030. However, this model
also has drawbacks because it does not include the dimensions



of human resources and digital access or internet use. These
two dimensions are important factors in supporting the
sustainability of the beef cattle business in the current and
future digital era.

A limitation of the model in this research is that it does not
include the dimensions of human resources and digital access
into the model. This is considered because human resource
capabilities have been indirectly included in social variables,
including communication and networking abilities. Apart
from that, human resources are discussed separately based on
the characteristics of the respondents, including age,
experience, education, land ownership, and scale of livestock
business. It is impossible to separate the contribution of
several resources, particularly livestock human resources,
from the sustainability and growth of livestock business. The
quality of a farmer's cattle influences their ability to get to
resources. The stronger livestock farmers' access to resources,
the bigger their chances for establishing livestock farming.
Resources supporting livestock businesses include financial,
technological, and physical resources. Another limitation of
this research is that it does not include digital access, so this
can be a suggestion for future research by considering digital
access, which is currently very commonly used by farmers.

The beef cattle business model will be sustainable by paying
attention to environmental, economic, social, and
technological resource variables so farmers' income and
welfare can be optimal. This must be supported by government
policies (central and regional) and other stakeholders (private
sector, banking, farmers, and others) who synergize with each
other in technical and non-technical matters through
assistance, training, counseling, and helping to overcome the
problems farmers face.

4. CONCLUSIONS

Environmental, economic, social, and technological
resources affect the sustainability of the beef cattle farming
and the farmer's income. The four dimensions of these
resources are highly compatible with the sustainability of the
beef cattle business, with a contribution of 40.1%, while the
contribution to income is 48.4%. The aspects of economic
resources and technology have a considerable impact on the
sustainability of the beef cattle farming. In contrast,
environmental, economic, and technological resources
significantly affect farmers' incomes. The sustainability of the
beef cattle business significantly affects the farmer's income.

Thirteen variables in the beef cattle business model affect
business sustainability, namely utilization of livestock waste,
odor pollution, availability of grazing land, livestock business
credit, livestock business capital, communication with
agencies, communication with counseling, contact with
research  institutions, feed technology, technology
reproduction, disease technology, and housing technology.

Regulatory and relay variables are needed to realize a
sustainable beef cattle business. Regulatory variables are
livestock capital, utilization of livestock waste, reproductive
technology, and communication with research institutions.
Relay variables that strongly influence other variables and
high dependency are housing technology, disease technology,
feed technology, and contact with extension agents and related
agencies.

Developing a sustainable beef cattle business requires
guidance from related agencies and assistance from extension
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agents in managing feed, cages, and diseases. Efficient
enclosure systems can inhibit grazing land degradation due to
extensive rearing. Good housing technology can prevent and
control infectious diseases. Management of livestock manure
into organic fertilizer and energy sources can reduce odor
pollution, flies, and the effect of greenhouse gases.
Reproductive technology must support housing systems to
increase productivity. The application of technology at the
breeder level in a sustainable beef cattle business must always
follow technological advances and developments in every
aspect through good communication with research
institutions, extension workers, and related agencies.

The sustainable beef cattle business model in South
Kalimantan potential supports efforts to accomplish SDGs
2030 beef cattle company institutional governance. This
program's carrying out is projected to be able to combine
agricultural and rural sector development initiatives more
generally in terms of poverty alleviation, employment
creation, national growth, and natural resource protection.

To be able to adopt and implement innovations that
continue to develop, it is recommended that farmers actively
seek out innovations either through electronic media,
attending seminars and technical training, or communicating
directly with extension workers and livestock technical
officers. On the other hand, extension institutions and agencies
in charge of animal husbandry and animal health functions
also always update innovations that continue to develop by
applying the research and extension linkage (REL) principle
with research institutes and universities.

Based on the results of this research, looking at a model for
sustainable beef cattle development is recommended by
considering climate change, which is viewed comprehensively
from various variables.
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FGD
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focus group discussions
partial least squares structural
modelling

equation
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MDS
%
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FAO SAFA
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AVE
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SRMR
NFI
MDI

MDII

CIM
ADG

cross impact matrix
applied to classification
multidimensional scalling
percent

sustainable development goals
sustainability assessment of food and
agriculture systems

life cycle assessment
heterotrait-monotrait ratio

average variance extract

cronbach alpha

composite reliability

standardized root mean square residual
normed fit index

direct influence matrix

indirectly through the direct and indirect
influence matrix

cross-impact matrix

average daily gain

multiplication
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RapDuck

S
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SOR

RZ

Y

X

Quadrant I
Quadrant I
Quadrant 111
Quadrant IV

directorate general of livestock
animal health services.
centre bureau statistic

focus group discussion

dry harvested grain

human resources

rapid appraisal for fisheries
rapid appraisal for duck
stress value

root mean square

structured query reporter
coefficient of determination
influences

dependencies

influence variables

relay variables

depending variables
excluded variables
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