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This study aimed to calculate a sustainability index of duck farming. Data was collected
through a questionnaire by a scientific judgment of expert researchers in duck farming. Data
were grouped using the multidimensional scaling (MDS and MICMAC and analyzed using)
comprising social, economic, ecological, technological, and human resources dimensions with
a total of 38 attributes in Rapfish software. The sustainability index was calculated as 44.13%,
which indicates that farming has a less sustainable category with consideration of some
leverage factors. These findings indicate that the high feed price, fluctuations in the price of
duck products, diseases, and an extensive maintenance system warrant further attention to
improve sustainability. MICMAC's analysis showed that the intensity of counseling,
knowledge of livestock health, and livestock waste management are the main driving variables
and prerequisites in determining the sustainability of a duck business. The prospective analysis
identified several strategies to improve sustainability that can be carried out, including
increasing the capacity of human resources through training/counseling/comparative studies,
increasing the capacity of existing institutions, and advocating and socializing intensive duck

business cultivation.

1. INTRODUCTION

The duck farming industry significantly contributes to
providing animal protein sources in Indonesia [1]. Ducks have
long been known as producers of food sources of protein, such
as meat and eggs. Ducks have several advantages, including a
relatively high tolerance for various diseases, finding food
well even in wet places, and living in groups [2]. The highest
population of ducks in Indonesia is in West Java Province, at
9,770,338 heads [3]. One of the sources that contribute to the
provision of animal protein in Indonesia is duck farming. The
largest duck population is found in West Java Province, where
Indramayu Regency has the highest duck population, around
27.9% [4]. However, because the pattern of the duck farming
system needs to pay attention to environmental and
technological aspects, it is feared that egg and meat production
will not be optimal.

The pattern of rearing ducks in Indramayu is about 90%
extensive through shepherds in rice fields moving around
following the rice harvest location [5-8]. Extensive livestock
rearing has several obstacles that cause the production of eggs
and meat to be less than optimal. The egg production will not
be optimal due to stress as the effect of moving from one place
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to the others [9]; ducks are susceptible to exposure to
hazardous materials from agricultural activities [9, 10]; the
threat of reduced availability of fallow paddy fields due to the
increase in intensive rice cultivation, so that the distance
between harvesting and planting becomes shorter. On the other
hand, the results of intensive duck-rearing studies showed an
increase in the weight of the duck, duck egg production, egg
weight, thickness of the egg skin, and the colour of the yolk
[6].

According to Widiyaningrum et al. [11] that the
maintenance system affects duck production, namely egg
production in semi-intensive maintenance is 12.3% higher
than extensive. However, the rearing system does not affect
duck eggs' average weight, fertility, or hatchability. Another
study related to the duck-rearing system was reported by
Shoimah et al. [12] that intensively raised ducks produce better
egg quality than those raised semi-intensively and extensively.
Another study reported by Abo Ghanima et al. [13] found that
intensive duck-rearing systems equipped with yards and pools
for swimming ducks can increase growth and feed conversion
rates, in addition to reducing meat fat and serum, cholesterol,
and triacylglycerol, and increase immunity in meat ducks.

Under these circumstances, duck farmers in Indramayu
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need to understand the value of the duck farming sustainability
index. What factors influence it? Additionally, what
recommendations can be made to increase the efficiency of
duck farming? Based on the above description regarding an
extensive maintenance system, it is necessary to make changes
in the future through the introduction of technology. The
introduction of technology aims to improve productivity, and
the role of duck farming for the community is a must,
including in Indramayu as one of Indonesia's potential duck
production centres.

Sustainable agriculture is defined as an agricultural business
that can meet human needs in the present and future by
maintaining environmental quality, conserving natural
resources, and being oriented towards technological and
institutional changes [14]. The concept of sustainable
agriculture is based on the triangle of sustainable development
presented by Munasinghe from the World Bank, namely,
action-oriented toward three dimensions of sustainability,
including the economic, social, and ecological dimensions
[15]. Furthermore, other studies add several dimensions, such
as technology, institutions, and human resources [8, 16-20].

The novelty of this study is to determine the sustainability
index of duck farming with the MDS approach followed by the
MICMAC approach to identify factors that affect
sustainability and get priority for handling. Furthermore,
recommendations for improving the duck business system
were obtained by considering 6 dimensions: environment,
human resources, social, economic, technological, and
institutional. This is intended for sustainable duck farming to
support food security.

This research aimed to determine the sustainability status of
the duck farming system, identify attributes that influence the
sustainability of duck farming, and recommend determining
variables as critical points in the development of intensive
duck farming in a sustainable manner in Indramayu, one of the
duck centres in Indonesia.

2. MATERIALS AND METHODS
2.1 Location and data collection

The study was conducted from April to December 2021 in
Sliyeg District, Indramayu Regency, West Java Province; the
research location is shown in Figure 1. Data collection was
carried out through a Focus Group Discussion (FGD) and
filling out questionnaires to eleven experts, consisting of
Livestock Service Staff, Researchers, Extension Workers,
Agricultural Economic Institutions, and business actors. The
qualifications of the experts involved in filling out the
questionnaire are those who have at least 5 years experience in
duck farming management. The FGD was conducted to
identify the existing conditions of business actors and support
for duck farming resources at the research site as material for
preparing dimensions and sustainability attributes. It is known
that there are six dimensions, including environment/ecology,
economics, socio-culture, technology, institutions, and human
resources (HR). The number of attributes used in this study
was 38.

2.2 Research stage

The study was conducted from April to December 2021 in
Sliyeg District, Indramayu Regency, West Java Province; the
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location of the study is shown in Figure 1. The stages of
research include:

Baseline survey information mining was carried out by
RRA (Rapid Rural Appraisal), which was attended by
administrators of 'livestock groups, farmer groups, the
Association of farmer groups, the Chairman of KTNA
Indramayu, ranchers/farmers, and village officials.
Baseline survey to identify potential existing conditions,
opportunities, and problems faced by duck farmers, duck
business actors, and support for natural resources and duck
farms in Indramayu, as well as decide on research locations
in Sliyeg District.

Identify dimensions and attributes that affect the
sustainability of duck farming through literature studies
and discussions with researchers and extension workers.
Primary data collection through Focus Group Discussion
(FGD) and a questionnaire filled out to eleven experts from
the Livestock Office, Researchers, Extension Workers,
Agricultural Economic Institutions, and duck business
actors. Experts qualify to have at least 5 years of
experience in duck farm management. The results of
previous literature studies guide the preparation of
dimensions and attributes of duck business sustainability,
so it is agreed that there are six dimensions:
environmental/ecological,  economic,  socio-cultural,
technological, institutional, and human resources (HR).
The number of attributes used is 38 attributes.

Secondary data collection and field observations were
conducted from April — December 2021.

2.3 Data analysis

The process of data collection from eleven experts through
FGD was administered. The FGD by filling out questionnaires
was conducted to identify the existing conditions of business
actors and support for duck farming resources at the study site
as material for preparing dimensions and sustainability
attributes. Furthermore, these dimensions and leverage
attributes are then outlined in a questionnaire with answer
choices using a likert scale. Leverage attribute is a variable
from several dimensions that has a strong influence on the
sustainability of an object of research. The questionnaire used
four dimensions with several attributes, and the expert
respondents answered the questions in the questionnaire with
ascore of 0, 1, and 2 for bad, moderate, and good. In addition,
MDS analysis was used to process and evaluate the data. MDS
is a statistical analysis tool that describes patterns of closeness
in the form of similarity or resemblance. MDS can transform
consumer judgments of similarity or preference (e.g.,
preference for a store or brand) into distances represented in a
multidimensional space [21]. Rapid appraisal for fisheries
(Rapfish) software was used to conduct an MDS analysis [22].

Rapfish is a quick technique for evaluating the sustainability
status of fisheries in a particular locus in a multidimensional
manner [23, 24]. In this study, Rapfish adjusted to the object
of research to be Rapduck. The value of sustainability status
and leverage attributes of the introduction of intensive duck
farming technology in Sliyeg District through RapDuckwhich
is a modification of Rapfish. Analysis has several steps
according to Kavanagh and Pitcher [25] and Pitcher and
Preikshot [26], namely a) selection of attributes for the
assessment of sustainability status and leveraged attributes of
the introduction of intensive duck rearing technology that refer
to good intensive duck farming benchmarks; b) assessing



attributes on an ordinal scale referring to each dimension
sustainability criteria, c) compile an index of sustainability
status and leverage attributes of duck farming technology
introduction. Furthermore, the analysis results will show a) the
status or index of each dimension in introducing intensive
duck farming and b) the leverage/sensitive attribute, which is
an attribute that affects the sustainability status of intensive
duck farming technology introduction.

The position of the sustainability status point will be
described in two dimensions, namely vertical and horizontal
ordinates, and represented by a flat line. The lousy extreme has
an index value of 0%, and the excellent extreme has an index
value of 100%. The scale of value in the sustainability status
index of intensive duck-rearing technology ranges between 0-
100%. The interval of sustainability status is divided into four
categories, namely <25 poor sustainability status, 25<X<50
poor sustainability status, 50<X<75 sufficient sustainability
status and 75<X<100 good sustainability status [27].

The sustainability status ordination is an overview of the
sustainability status of each dimension, referring to the score
of each attribute. The index value point on the axis (x) reflects
the sustainability status of intensive duck farming technology,
and the ordinate (y) shows the variation in scores on each
attribute studied. It will supplement the ordination analysis by
testing the normalization of the model's (stress value (S) and
coefficient of determination (R?). If the $<0.25% value and R?
are close to 1, then the model is rated good. The value of S-
stress and the coefficient of determination (R?) also determine
the need to add attributes and simultaneously reflect the
accuracy of the dimensions studied with the actual state [23].
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Figure 1. Site location at Sliyeg sub-district Indramayu
Regency, West Java, Indonesia

Furthermore, leverage analysis is used to determine
attributes sensitive to sustainability. This analysis aims to
select the attributes that have the highest role in each
dimension as leverage factors that affect the value of
sustainability. The most sensitive indicators are indicated by
the highest Root Mean Square (RMS) values [26]. Meanwhile,
Monte Carlo Analysis helps examine: a) the Influence of
attribute scoring errors, b) the Influence of variations in
scoring due to differences in opinions or assessments by
researchers, and c) the stability of the MDS analysis process
that is repeated, d) data entry errors or the presence of missing
data, and e) the high-stress value of MDS analysis results. If
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the difference between the MDS and Monte Carlo calculation
results is less than one, then the system under study is excellent
or corresponds to actual conditions [25, 26]. The MDS
ordination will be represented by a circle with variable values
(index quantity), references, and anchors (limit value). The x-
axis for Good has a maximum value of 100, and Bad has a
minimum value of 0, while the y-axis for up is half the top
attribute score (50), and down is half the minimum attribute
score (-50).

Once sensitive attributes are known in RapDuck analysis,
the next step is to group and determine the hierarchy of
strategic variables using the MICMAC analysis (Cross Impact
Matrix Multiplication Applied to Classification). This analysis
is helpful for policy-making and avoids irrelevant variables
resulting in failures [28].

Further analysis of sensitive variables using MICMAC will
result in a) ldentification of the main variables that are
influential (affecting) and dependent (influenced) that are
essential to the system, b) Decrypting the relationship between
variables in the group of influences (YY) and dependencies (X)
and the relevance of these variables in explaining a system, ¢)
Determining the key variables that affect, d) Disclosing the
chain of the effect of the system [29, 30]. These variables will
later be grouped into four quadrants based on dependence and
Influence.

In the MICMAC analysis, there are four quadrants, where
Quadrant | is an input or driving variable with a strong
influence characteristic (Figure 2). Quadrant Il is a key,
control, or relay variable with a strong influence and
dependence. Quadrant 111 is the region of the output variable,
characterised by high interdependence but has little Influence
[30]. Quadrant 1V is an "excluded variable” or independent
variable marked by minimal influences and dependencies. The
variables in this Quadrant will be removed directly from the
system because it will not stop its work [28].

3. RESULT AND DISCUSSION
3.1 Determining of sustainability dimension and attributes

FGD with stakeholders is carried out to identify the
dimensions and attributes to be carried out in this study. Based
on the results of the FGD, 6 dimensions were obtained to be
studied, namely ecological, economic, social, technological,
institutional, and human resource dimensions, along with 38
attributes. All dimensions and attributes used have the
potential to support or hinder the implementation of intensive
duck cultivation technology.

Information collection starts with how the existing livestock
farming system includes the types of feed used and the
availability of paddy fields and other feed resources.
Indramayu has considerable potential in the availability of
feed ingredients for livestock because as a rice farming area
that produces bran and groats. In addition, Indramayu is also a
coastal area rich in animal protein sources such as fish, shrimp,
and snails. The widely available feed ingredients are bran,
dried rice, and fresh fish. Although Indramayu is a food barn,
the rice bran produced already has a contract between the mill
and the buyer.

Paddy fields in Tugu Village cover an area of 603 ha with a
Planting Index of 2 times/year, the number of rice milling units
is seven pieces, and rice production is 7.8 tons/ha. The scale
of the rice business carried out by farmers in Tugu Village is



between 0.14-20 ha/household with an average of 0.35 ha; the
rice varieties cultivated are Ciherang and Mekongga. The yield
obtained in the Wet season is 1 ton of dry harvested grain
(DHG), while in the Dry season, it is 0.85 tons of DHG. From
this rice field area, grain is produced as much as 4,703.4
tons/season or 9,406.8 tons/year. With a duck population in
Tugu Village of 8,500 heads, it is assumed that consumption
of 50 g/head/day, 155,125 tons of bran is needed/year, or
excess bran production. The duck commodities cultivated are
generally Rambon and Peking types with an average business
scale of 20-50 heads/household.

The rearing of ducks is still largely traditional, grazed in rice
fields after the rice harvest. This maintenance method is
important as employment for people with limited ability and
capital. In addition, the rice 300 planting index (PI) program,
which increases the frequency of rice planting from twice (PI
rice 200) to three times rice (PI rice 300) per year, will also
affect duck grazing patterns.

The mutual advantage of PI 300 rice fields is that they can
reduce pests and diseases of rice plants. Ducks that prey on
grasshoppers, snails, caterpillars, javelins, and leathoppers can
directly control plant disease pests. In addition, the integration
of rice and ducks, according to Li et al. [31], can improve land
quality, which improves crop productivity so that farmers'
income increases. The duck egg production of the shepherding
system in the PI 300 rice field is more fluctuating than the
intensive and semi-intensive system (a small part of which is
done by farmers) due to the influence of duck movement and
feed availability in the fields.

When viewed from an economic dimension, information
collection is focused on how far the development of the
number of ownerships of duck farming businesses and their
contribution to the community's economy, including access to
sales and distribution of business profits. It was agreed that
seven attributes would be used to analyse its sustainability
status in this economic dimension. As for the cultural aspect,
it is focused on the dynamics of breeders and the breeder's
communication with the surrounding environment, including
with fellow breeders and local governments.

Meanwhile, from the dimension of technology, information
on opportunities and technological needs will be explored, and
what technology will be applied at the location of the activity.
Based on the identification of problems for the duck farming
business, it is known that the main issues in raising ducks are
the high price of feed, fluctuations in the price of duck
products, and duck diseases. Feed used by farmers is generally
purchased and imported from outside the region because of the
unavailability of technology for the manufacture of feed
ingredients using feed ingredients available at the location.
This causes the price of feed to be more expensive. Ducks are
livestock that are sensitive to aflatoxins, while food
contamination by aflatoxins is difficult to avoid, this can cause
large economic losses due to ducks being poisoned by
aflatoxins. Research reported by Sumantri et al. [32]
conducted in South Kalimantan, it was observed that duck feed
samples contained aflatoxins exceeding the SNI limit (20 ppb),
except for sago stems (2 ppb). The high prevalence of aflatoxin
contamination in duck products requires efforts to reduce
aflatoxin contamination in feed in duck farming centers [32].

For the institutional dimension, the focus is on agreeing on
what institutions need to exist. As for the HR, the size is more
towards the capacity of existing breeders and the conditions
required. As explained above, the total number of attributes
used to conduct sustainability analysis was 38 (Table 1).
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Table 1. Dimensions and attributes result of the FGD

Attributes
The level of paddy land use
The system of rearing ducks
Types of animal feed
The distance between the location of the
duck farm and the residential area
The intensity of the smell of manure
Utilization of livestock waste for organic
fertilizer
The incidence of outbreaks of dangerous
livestock diseases
Changes in the scale of livestock
ownership
The contribution of the duck business to
the family's income
Business feasibility
Where to sell livestock,
Input-output market access
Profit sharing of duck livestock business
Marketing reach
Communication relationships with other
farmer groups
Communication relationship with the
extension officer
Communication relationship with
livestock health workers
Communication relations with livestock
traders
Communication relationship with the
Livestock Service officer
Livestock farming business pattern
The use of vitamins, drugs, and probiotics
for spurring livestock growth
Technological knowledge of seedling
selection
Knowledge of livestock health
The use of feed technology
The use of livestock waste treatment
technology
The use of processing technology for the
livestock products
Mastery of ration technology
The activeness of farmer organizations
Institutional input-output means of
production
Implementation of training
Intensity of counselling
Sources of technological information
The role of the existence of technical
implementation units for counselling
Auvailability of human resources for
farming workers in the family
Education level
Business experience
Technology mastery skills
Working age group

Dimensions No.
Ecological

dimensions

1
2
3
4
5
6

7

Economic
dimensions

P N O~ w N

Cultural
dimensions

N

Technological
dimensions

g 0N

Institutional
dimensions

o bW N RPN O

Human
resource
dimensions

aabh winNn e

3.2 Rap-duck analysis results

Based on the results of RapDuck's analysis, the
sustainability status of intensive duck farming for all six
Dimensions of Research has an index value of 44.13%, with a
less sustainable category. The results of the sustainability
status analysis for five dimensions (ecology, socio-culture,
technology, institutions, and human resources) were less
sustainable, and one entirely sustainable measurement, namely
the economic dimension (Table 2). These research results are



similar to those reported by Rohaeni et al. [8] that duck
farming businesses integrated with rice in swampland have a
rice and duck farming sustainability index of 47.54%, which
is less sustainable, with the social dimension being in a fairly
sustainable status, while other dimensions are less sustainable.
However, other research reported by Vipriyanti et al. [33] that
the integration of rice and ducks is one innovation that can
increase the efficiency and sustainability of land use in rice

fields. This integration shows an increase in rice production
and tends to use fewer input factors. This shows that the
sustainability of a farming business will be different for each
condition and place.

The following is presented in Figures 2-7, the results of the
analysis of determining leverage from the environmental,
economical, social-cultural, technological, institutional and
human resources dimension.

Table 2. Sustainability value and model feasibility in duck research activities, Indramayu

Sustainability Value Status Statistics Model Feasibility
No. Dimensions Determination
MDS  Monte Carlo Stress value (S) (R?)
1 Ecological 43.71 43.39 Less 0.14 94.77 Good
2 Economical 70.15 68.22 Fair 0.13 94.76 Good
3 Social-cultural 37.82 37.67 Less 0.16 93.89 Good
4 Technological 43.62 43.62 Less 0.17 93.42 Good
5 Institutional 31.17 31.90 Less 0.15 94.54 Good
6  Human resources 42.54 42.64 Less 0.17 93.38 Good
Average 44.13 Less
disease incidence _ 3.10 feed preparation technology -0.36
use of waste for fertiizer [N 2.0° estock processing techooiosy [T - -:
odor intensity [N 1.73 waste wsetment ecnoioes [ -
2 Distance from settlements NN 4.50 H cestecmics |
E g feed technology 2.68
feedtype ) 7.23 P— =
rerenenee e R o ,—d &
rice field use [N 1.25 of drugs and prob 2.20
t——— B
1.00 200 3.00 400 500 600 7.00 8.00 T T
0.00 1.00 2.00 3.00 4.00 5.00
Root Mean Square Change (%) oot Mean Square Changs (%))
Figure 2. Leverage of ecological attributes Figure 5. Leverage of technological attributes
marketing reach the role of extension agencies
profit sharing technology information resources
market access input output 10.01
- counseling intensity
é where to sell ducks g
b = training implementation
feasibility
institutional input output means of
contributian to income production
ownership scale farmer organization activities
000 280 oo oo seo 1000 1700 os0 os0 100 150 200
Root Mean Square Change (%) Root Mean Squars Changs (%))
Figure 3. Leverage of economical attributes Figure 6. Leverage of institutional attributes
cultivation busineaa pattern 3.70 ‘working age group | 3.66
communication with related departements 0.92 Lechnology skils I:I 033
g communication with livestock traders :| 0.12 é sosmess e 1 e
z o with I E |:|
2 rommumcatm:e\?::)::\éfstuck medical :I 035 4
B P
communication with extension 1.16 1
ava\lahll\trv;;:;:;:ls\vhuman l:l 130
communication with other groups | 3.71 v v
. ] : 0.00 L.00 2.00 3.00 4.00
0.00 1.00 2.00 3.00 4.00 Rect Meon Square change ()

Root Mean Square Change (%)

Figure 4. Leverage of social-cultural attributes
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Figure 7. Leverage of human resource attributes



RapDuck analysis is also supported by model
feasibility analysis, namely by using a normalisation test,
referring to the amount of stress value (S) and coefficient
of determination (R?). The calculation results show that
the S and R? for all dimensions are in the range of Stress
(S) values of 0.13-0.17 and the value of the coefficient
of determination (R?) 93-94. Because in the rules of
feasibility analysis, a good model is to have an S value <
0.25 and R? close to 1, the model (variables/attributes)
used in this study is good or reflects the purpose of the
study.

Furthermore, based on the results of the leverage analysis
carried out on each dimension. The results of the leverage
analysis are known to have 20 sensitive attributes with a high
RMS value which means that these attributes affect the
sustainability of the duck business. A recapitulation of
attributes that are sensitive to the sustainability of duck
farming is shown in Table 3. These attributes that influence
sustainability should get attention and priority to improve.

Table 3. Attributes determine the sustainability
implementation of intensive duck farming technology

. . . Leverage
Dimensions Attributes (% RMS)
Ecology 1. Feed type 7.23
2. Distance from settlements 4.50
Economic 3. Market access input 10.01
output
4. A place to sell ducks and
- 6.69
their products
5. Business feasibility 6.18
6. Marketing reach 5.87
7. Profit sharing 5.08
Social-culture 8 Communlcatl?n with 3.71
other farmers’ group
9. Business pattern 3.70
Technology 10. Waste treatment 447
technology
11. Product processing 3.92
technology
12. Animal health knowledge 2.74
13. Knowledge of feed
2.68
technology
14. Knowledge_of breed 260
selection
Institutional 15. Institutional |nput-o_utput 154
means of production
16. Farmers ms_tltutlonal 144
activity
17. Extension Intensity 1.39
18. Sources of technological
. . 1.14
information
19. Impleme_zn_tatlon of 1.03
training
Human .
reSOUTCes 20. Working age group 3.66

From the ecological dimension, feed is one of the essential
factors in business sustainability because feed affects product
ability. Quality feed with a sufficient amount will be able to
produce good products for livestock. In addition, cheap feed is
also needed; therefore, feed demands should be in quality,
quantity, and price. The costs incurred for feed are between
60-70% of production costs [33], so feed technology must be
mastered by farmers to support the sustainability of the duck
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business. In addition, the distance between the location of
farms and settlements is the second attribute that affects
business sustainability in terms of ecological dimensions. If
the distance between the location of the farm and the
settlement is far away, this is fine with residents’
environmental health. The farm’s location integrated with the
settlement can disturb in the form of odors, noise, and flies
[34].

Judging from the ecological dimension, feed is one of the
important factors in business continuity because feed affects
the ability of products. A quality feed with sufficient quantities
will be able to produce good products for livestock. In addition,
cheap feed is also needed; Therefore, the demand for feed
should be in quality, quantity, and price. The costs incurred for
feed are between 60-70% of production costs [33, 35], so
farmers must master feed technology to support the
sustainability of the duck business.

Although the economic dimension is in a fairly sustainable
status with an index of 70.15%, five attributes affect the
sustainability of the economic dimension (Table 3). The input-
output market is very influential and serves as a place to
provide livestock production facilities and market the products
produced. This is in accordance with Grafton et al. [36] that
synergistic cooperation between input and output markets is
one of the factors needed for sustainable farming.

Added that markets have significance in agri-food systems
to achieve sustainable development; this is demonstrated in the
2030 Agenda for Sustainable Development [37]. Markets
influence food security and determine producers' access to
markets and consumers' access to food [38]. This attribute
must be considered because the marketing system is one of the
problems smallholder farmers face [39]. Regarding marketing,
farmers prefer a multi-channel approach, whereas specialty
farmers and agricultural diversification focus on one specific
channel [40].

Farm feasibility, market reach, and profit sharing are other
attributes of the economic dimension that influence
sustainability. Farming that provides benefits and feasibility
will be cultivated continuously and sustainably [41],
increasing business scale and market reach. A business that
benefits various business actors will also be carried out; for
example, duck farming produces seeds, meat, and eggs. The
farm will be sustainable if market demand is high with a wide
reach. In addition, other business branches will emerge,
including providing feed, processing livestock products, and
marketing in various commercial channels, ranging from
traders, collectors, wholesalers, small traders, and others.
Meanwhile, research reported by Hashem et al. [42] states that
what affects the sustainability of livestock businesses during
the pandemic are social distancing (30.0%), labour shortage
(17.7%), maintaining precision farm management (14.8%),
product marketing (14.2%), access to production inputs
(7.2%), and others (16.1%).

Attributes of the socio-cultural dimension that affect the
sustainability of duck farming are communication with other
farmers' groups and business patterns. Communication and
establishing good relationships with various parties, according
to Prihtanti [43] and Hashem et al. [42], can support the
sustainability of farming. Farming generally experiences ups
and downs related to seasons, prices, production, and disease
attacks. Good efforts are focused on production efficiency,
cost reduction, and appropriate economies of scale, according
to Barth et al. [44], one alternative to building a sustainable
business is to develop innovative solutions, such as combining



technological and social possibilities, to create new business
opportunities.

There are 6 attributes of the technological dimension that
affect business sustainability (Table 3). Regarding
technological dimensions, livestock waste generated in cages

is a problem faced in the development of the livestock business.

Livestock waste produced, if not appropriately managed, will
disturb the environment. Due to the presence of greenhouse
gases created by animal waste, which are currently a problem
for the world, will impact global warming [45, 46]. Still, on
the contrary, if managed, it will get added value in the form of
the availability of organic fertilizers and have a selling value
and provide profits and reduce expenses for the purchase of
chemical fertilizers, increases production, helps maintain
public health and environmental cleanliness so that it can
support sustainable development [47-50].

Calculating odor levels in livestock barns using
computational fluid dynamics (CFD) revealed that the odor
dispersion distance at 1 OU m™ ranged from 78.9 to 1,488.1
m. The odor dispersion ranged from 147.8 to 1,488.1 m when
an exhaust fan on the sidewall was used, depending on the
simulated environmental conditions. On the other hand, the
roof chimney fan ranges from 78.1 to 900.6 m. At 0.5 m s
wind speed, the average odor dispersion distance was 511.3 m,
computed as 247.4 mat 1.5 ms?tand 195.6 mat 2.5 ms™. The
distance of dispersion of scents issued from the cage decreases
as wind speed increases; the larger the wind speed, the greater
the width of the horizontal dispersion (left and right) of the
outflow. When the wind speed surrounding the coop increases,
the distribution of scents in a horizontal direction decreases.
Wind directions (north, east, south, and west) had average
dispersion distances of 369.0, 197.8, 470.5, and 235.1 m,
respectively [51].

Organic fertilizers are useful for increasing food production
and soil fertility and minimising environmental damage [52].
In addition, using organic fertilizers will reduce the effects of
groundwater contamination and can help in the bioremediation
of soil contaminated with pesticides and hydrocarbons [53].
Farmers generally have not treated livestock waste because
they need to learn how to process it. Therefore, it is essential
to introduce waste treatment technology through training on
processing livestock waste into fertilizer. However, efforts to
treat livestock waste must pay attention to the characteristics
of farmers, the features of livestock waste management
innovations, and environmental conditions [54, 55].

The technological attributes of product processing have a
significant influence on sustainable livestock enterprises.
Changes in the price of duck meat, eggs, and other by-products
are responsible for this. The processing of duck products is
also expected to improve their quality and competitiveness to
overcome the low quality and competitiveness of egg and duck
meat products produced [56]. However, the required
technology for processing livestock products is quite simple so
people can process directly with the equipment available on a
household scale [57]. According to Biswas et al. [58], the
demand for processed duck food will increase steadily over the
next few years, reaching a value of roughly $11.23 billion. It
is a perfect example of the importance and potential of duck
farming in the agricultural sector. The development and
diversification of duck products are expected to increase
consumption levels.

Another attribute of the technological dimension that has a
vital role in sustainability is feed technology. Ducks raised
semi-intensively or intensively face problems, one of which is
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feed due to the high price of feed and its availability which
depends on the season. Utilizing local feed ingredients is the
right solution to maintain egg production in quantity and
quality. Feed costs incurred are between 60-70% of the total
cost of production [59, 60]. One solution to overcome this is
to introduce feed preparation independently by farmers from
local feed ingredients [61, 62].

Furthermore, livestock health is another attribute of the
technological dimension that plays a significant role in
sustainability. According to Gebze et al. [63], disease
prevention is one of the factors that must be considered so that
ducks are healthy and their productivity increases. The
livestock of ducks is inseparable from the attack of the disease;
therefore, the breeder needs to know the type of disease that is
essential, especially the means of its prevention and treatment.
According to Syamsuryadi et al. [62], the handling of livestock
health is generally not scheduled, causing deaths, especially
during the winter season.

The results of the effectiveness test of the bivalent
inactivated vaccine of HSN1 subtypes HSN1 clade 2.1.3 and
232 in duck groups in Sliyeg and Anjatan villages
(Indramayu) by Indriani et al. [64], showed a fairly good
response (average Al H5SN1 antibody titer 5-6 log2), 4 weeks
after booster vaccination (the average Al antibody titer is good,
namely; 7-8 log2), and was able to protect against exposure to
the AT H5N1 virus circulating in the field. While at the time of
pre-vaccination is negative (0 log2) and cannot protect against
exposure to the Al HSN1 virus.

Aflatoxin contamination of feed and poultry products
greatly affects the health of livestock. The test results on feed
samples and duck feed ingredients collected at farms and
poultry shops or traditional markets in Indramayu Regency
showed aflatoxin contamination in all samples tested, where
39.3% exceeded the maximum limit. The highest
concentrations of aflatoxin were found in mixed feed (52.2
ppb) and dry rice (46.2 ppb) samples [32].

The selection of seeds is also one of the essential attributes
and plays a role from the technological dimension to the
sustainability of the duck business. Quality seeds guarantee
production and business sustainability if balanced with good
feed and management. Gebze et al. [63] advise carrying out a
selection and a cross between several types of ducks to get
good seedlings. The quality and quantity of superior duck
breeds, among other things, are determined by the nature of
reproductive efficiency. In the process of reproduction, the
condition of the brood significantly affects the successful
reproduction and the offspring’s health [65, 66].

The results of the leverage analysis are known attributes that
affect business sustainability from the institutional dimension
consisting of institutional inputs, farmers' institutional
activities, extension intensity, sources of information,
technology, and implementation of training—influential
institutional attributes in accordance with the results of
previous research. According to Genovese et al. [67] that
strong and good institutions or in this case livestock groups are
very influential and support sustainable agricultural
development. This condition is in line with the results of this
research in that livestock groups are a lever for developing
duck livestock. His group has a very important and strategic
role, especially in improving the bargaining power status of
farmers with various parties. In addition, around 60% of
farmers in Tugu Village actively participate in activities
carried out by farmer groups, especially rice plants. Through
technical guidance and technology display, institutional



assistance in Tugu Village, Sliyeg District, effectively
improves farmers' knowledge, attitudes, and skills. Technical
guidance, accompanied by practice, is more effective in
improving the knowledge and skills of duck breeders. The
perception of duck breeders towards all introduced
technologies is classified as medium category (accepted and
has the potential to be applied and developed). Information
technology and media development are recommended to
connect farmers with the sources of information needed to
increase yields and profits and reduce risk to farming
communities and the environment [68].

Implementing the sustainable agriculture model will be
realized by efficiently functioning institutions [69]. Farmers
can go far to buy to save time and costs. The activeness of
farmer organizations can affect the sustainability of the duck
livestock business because an active organization shows the
existence of activities and the amount of information obtained.
The extension institution is the closest institution to farmers.
The higher the intensity of counselling, the better the
sustainability of the duck business. More sources of
information that reach farmers accompanied by training will
increase their knowledge and skill.

The results of Schut et al. [70] research show that economic
and institutional factors are the obstacles faced to the
intensification of agricultural systems sustainably. It is a result
of the underwhelming performance of institutions like policies
and markets, the availability of insufficient financial resources,
and the ineffective interaction and cooperation amongst
stakeholders. In terms of institutional dimensions, input-
output institutions are needed in carrying out an effort to
facilitate livestock business activities. The implementation of
the sustainable agriculture model will be realised by efficiently
functioning institutions [69]. Farmers can go far to buy to save
time and costs. The activeness of farmer organisations can
affect the sustainability of the duck livestock business because
an active organisation shows the existence of activities and the
amount of information obtained. The extension institution is
the closest institution to farmers. The higher the intensity of
counselling, the better the sustainability of the duck business.
More sources of information that reach farmers accompanied
by training will increase their knowledge and skills.

Meanwhile, conditions on the ground show that the
intensity of counselling for the livestock sub-sector is
considered very low, which needs to be improved soon.
Counselling today is more focused on food crop commodities
but not ducks. Farmers need to be fostered and accompanied
because technology is developing faster; if the current
technical information is not conveyed, it will interfere with the
sustainability of the duck business. The material that must
deliver in counselling is livestock health and waste treatment.
It has been stated in the previous discussion that knowledge
about livestock health is considered necessary so that farmers
know the prevention of diseases and their handling. This
finding is similar to Mustapit et al. [71], who found that one
goal of the agricultural extension system is to give farmers
more access to resources that will help them become more
capable. Generally, agricultural extension activities have been
ignored by government counselling with a personal, group,
and mass approach. Furthermore, strengthening the
agricultural extension system is one way to realise sustainable
agriculture. Synchronise stakeholders from agricultural
extension and build strong institutions to disseminate
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innovation, knowledge, and experience to farmers quickly,
precisely, effectively, and efficiently.

Based on the analysis results, duck farming in production
centers must be improved from the economic and five other
dimensions, namely environmental, social, technological,
institutional, and human resources. Duck farming can be
improved in sustainability status if it pays attention to and
improves the dimensions and attributes that affect the
sustainability of the duck business. Improvement of the
maintenance system from the shepherding system (extensive)
to semi or intensive maintenance is the best recommendation
to generate sustainable efforts given some of the problems and
barriers faced, including increasingly limited agricultural land,
fewer natural food sources, the influence of pesticides on
health, and duck production.

The results of this study are supported by Hutahaean et al.
[72] that duck farming in production centres can develop and
be sustainable if supported by government support.
Government support can be focused on institutional
strengthening, technology development through training, and
counselling on technological innovation in intensive duck
farming businesses.

3.3 Results of the MICMAC analysis

Based on 19 attributes that affect the sustainability of
intensive duck introduction, it was agreed by expert
respondents that the MICMAC Advanced analysis carried out
only 19 attributes. Attributes of the working age group are not
included in the Advanced analysis (Table 3) as they do not
affect the field or the existing conditions. Based on MICMAC
analysis, there are three attributes in Quadrant I (=influence
variables), three attributes in Quadrant Il (=relay variables),
five attributes in Quadrant IV (=excluded variables), and one
attribute in Quadrant 111 (=depending variables). Quadrants |
and Il greatly influence the sustainability of intensive duck
technology introduction, while quadrants 11 and IV have little
or little effect. The quadrants and their attributes as shown in
Figure 8.

Attributes in Quadrant | are determinant attributes: critical
attributes with a strong direct influence and a very low degree
of dependence on other attributes. The attributes in Quadrant |
are the intensity of counselling, knowledge of livestock health,
and processing of livestock waste. Furthermore, the attributes
contained in quadrant 11 are sensitive and are very unstable in
the sustainability of intensive duck farming. There are ten
attributes in Quadrant 11, namely: type of feed, feed technology,
cultivation patterns, implementation of training, the feasibility
of agriculture, activeness of farmer organisations, institutional
input-output, information technology systems, selection of
seeds, and communication with other duck owners or farmer’s
groups.

Quadrant Il is an output attribute characterised by a
minimal influence but a very high dependence on the
influential variables. The attributes in this Quadrant are input-
output market access. Market access is essential regarding the
availability of inputs and marketing of output products,
namely livestock products. In comparison, the attributes in
quadrant 1V are processing livestock products, marketing
range, profit sharing, distance from settlements, and places of
sale of ducks and their products.
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Figure 8. Direct influence/independence attributes for
sustainability introduction technology in intensive duck
farming in Indramayu Regency

Based on MICMAC'S analysis, the attributes in Quadrant |
are the intensity of counselling, knowledge of livestock health,
and processing of livestock waste. These three factors are the
main driving variables and are prerequisites in determining the
sustainability of the duck business in Indramayu Regency.
Counselling is an essential factor in encouraging business
sustainability because farmers mostly do duck farming
business only based on hereditary habits. Extension workers
play a role in mentoring and fostering technological
innovations that can be carried out intensively because they
are officers at the forefront of dealing directly with breeders.
This is supported by research by Dhehibi et al. [73] that
technology transfer carried out by extension workers is
essential for farmers to adopt the technology. Farmers should
know about livestock health; at least they know if the livestock
is sick and recognizes its features. This must be followed by
efforts to prevent the transmission of the disease to other
healthy livestock and immediately treat or can be consulted
with health workers. The attributes of livestock waste
treatment are a determining factor in the sustainability of the
livestock business in Indramayu. This can be explained by the
fact that a large livestock population will produce much
livestock waste. Livestock waste that is not handled correctly
can pollute the environment, while this waste, if appropriately
managed, provides significant benefits, including improving
the quality of the land.

Furthermore, the results of the MICMAC analysis show that
the attributes contained in quadrant Il are sensitive and very
unstable in the sustainability of the intensive duck business. If
there is an intervention in the attributes in Quadrant 11, it will
affect the sustainability of the duck business. The attributes in
Quadrant 11 are feed type, feed technology, cultivation patterns,
training implementation, farm feasibility, active farmer
organizations,  input-output institutions, technological
information  systems, selection of seedlings, and
communication with other breeders/farmers’ groups. |If
farmers make changes or improvements to these attributes, the
sustainability of the duck business is expected to increase. For
example, the type of feed used is quality ingredients by paying
attention to the quantity, price, and availability. This must be

supported by better feed technology, cultivation or livestock
rearing system, and the selection of quality livestock seeds.
This effort can be made by providing intensive
training/counselling supported by increasing the role of farmer
institutions and information/communication systems.

The analysis results found that the attributes in Quadrant 111
are output attributes characterized by minimal influences but
very high dependence on influential variables. Attributes in
this Quadrant are sensitive if there is a change in the variables
in quadrants | and 11 [28], namely: input-output market access.
Market access is essential regarding the availability of inputs
and marketing of output products, namely livestock products.
Meanwhile, quadrant IV describes excluding variables
characterised by their small Influence and dependence on
dominant attributes because they will not stop the work of a
system or utilise the system itself. The attributes in quadrant
IV are processing livestock products, marketing range, profit
sharing, distance from settlements, points of sale of ducks, and
their products.

4. CONCLUSIONS

The intensive introduction of duck farming technology in
Sliyeg District could have been more sustainable, particularly
for the five dimensions: ecology, sociocultural, institutional,
technological, and human resources. It was only the economic
dimension that was in a reasonably sustainable condition. The
development of intensive duck farming needs attention to 20
attributes that have a significant effect. Three attributes have
been obtained that act as the main driving variables and
become prerequisites in determining the sustainability of the
duck business in the Indramayu Regency. Furthermore, ten
sensitive attributes need to be encouraged because they will
affect the overall sustainability of the duck business. Strategies
to improve the sustainability of the introduction of intensive
livestock technology that can carry out include increasing the
capacity of human resources through the implementation of
training/counselling/ comparative studies, increasing the
capacity of existing institutions, providing assistance,
coaching, and strengthening institutions, advocating and
socialising intensive duck business cultivation to increase the
productivity of livestock products, as well as providing
socialisation and introduction of intensive duck business
cultivation technology.
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MDS

%

cross impact matrix multiplication applied
to classification
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percent



DGLHA

CBS
FGD
DHG

HR
Rapfish
RapDuck
S

directorate general of livestock and animal
health services.

centre bureau statistic

focus group discussion

dry harvested grain

human resources

rapid appraisal for fisheries

rapid appraisal for duck

stress value
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RMS

SQR

R2

Y

X

Quadrant I
Quadrant Il
Quadrant 111
Quadrant IV

root mean square
structured query reporter
coefficient of determination
influences

dependencies

influence variables

relay variables

depending variables
excluded variables





