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ABSTRACT

The decline in rice availability due to repeated crop failures has occurred recurrently
in Indonesia. Arrowroot (Maranta arundinacea) tubers, which are rich in
carbohydrates and gluten-free, have the potential to serve as an alternative to rice
or as a complementary ingredient in rice-based products, thereby contributing to the
enhancement of sustainable national food security. This study aimed to evaluate the
sustainability of arrowroot farming in Kulon Progo Regency, Yogyakarta, one of
Indonesia’s key arrowroot-producing regions. Research was conducted from July to
November 2023 using a mixed-method approach that combined quantitative surveys
of 62 farmers and five key informant interviews involving one representative from the
Kulon Progo Regency Agriculture Office, two representatives from the Sub-district
Agricultural Extension Centers, and two representatives of the arrowroot cultivation
and processing farmer groups. Sustainability status was assessed using Multi-
Dimensional Scaling (MDS) through a modified Rapid Appraisal Technique
Arrowroot (RAP-ARR), which considered four dimensions: environmental, economic,
social and technological. The findings revealed that the overall sustainability status
of arrowroot farming is currently categorized as “less sustainable.” Several key
attributes were identified as critical points for improvement. In the environmental
dimension, major challenges include pest and disease control, water conservation,
and soil condition. The economic dimension requires strengthening farming
experience and enhancing the government’s role in supporting export opportunities.
Socially, the effectiveness of development policies, the presence of marketing
institutions, and farmer responsiveness to technology adoption remain weak.
Meanwhile, in the technological dimension, cultivation methods and the use of
organic fertilizers require significant attention. These results highlight that although
arrowroot has promising potential as a non-rice carbohydrate source, realizing its
role in strengthening food security depends on multi-dimensional improvements.
Targeted interventions across environmental management, farmer capacity building,
institutional support, and technological innovation are essential for enhancing the
sustainability of arrowroot farming. Strengthening these dimensions could position
arrowroot not only as a viable alternative to rice but also as a strategic commaodity in
Indonesia’s sustainability-based food industry development.
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INTRODUCTION

Climate change due to increased environmental degradation, greenhouse gas
(GHG) emissions, and global warming has already resulted in declining global crop
yields and food availability [1]. By 2050, climate change will reduce agricultural
productivity (by 2% to 15%) and increase food prices (by 1.3% to 56%) worldwide
[2]. By 2030, climate change is also expected to reduce food production in South
Asia for rice, wheat and cereal grains by 4%, 11% and 7%, respectively. Further
impacts of these productivity declines are expected to pressure food prices and
security. Prices of rice, wheat and other grains are expected to increase much faster,
by 10%, 25% and 45%, respectively [3].

Various food crops, especially rice, are the staple food for almost half of the world's
population [4]. In fact, in Indonesia, rice is the staple food for most people [5-6]. The
declining rice availability due to crop failure, as in early 2024, has happened
repeatedly in Indonesia [7]. As a result, rice prices have soared. This shortage of
food supply, particularly rice, has occurred in recent years. On the one hand, this
phenomenon not only requires the government to strive for the availability of rice,
but also allows non-rice food sources to emerge as a substitute for rice or just a
companion to processed rice food. Some foods that can be a substitute for rice or a
companion to processed rice are corn, cassava and tubers such as arrowroot
[8,9,10]. Arrowroot (Maranta arundinacea) is one of the tubers that can be processed
into flour with high carbohydrate content [11]. The nutritional content and chemical
properties of arrowroot flour are similar to wheat flour, which is easily digested, with
digestibility reaching 90%, but does not contain gluten [12]. Although at present, the
proportion of consumption is still very low, the characteristics of arrowroot tubers
allow it to become an alternative to rice and a companion to processed rice and
functional foods [13,14].

To date, farmers have not cultivated arrowroot properly and optimally. Although it
can contribute to farmers' income, most arrowroot plants are only planted in the fields
or yards without significant maintenance [10]. Based on such potential and
opportunities, this study examines the sustainable dimensions of arrowroot tuber
farming in Kulon Progo Regency, one of the arrowroot-producing regions in
Yogyakarta Special Region.

MATERIALS AND METHODS

Research location and Time

This research was conducted in Kulon Progo Regency, Yogyakarta Special Region
Province of Indonesia. Kulon Progo Regency is one of the two districts that produce
arrowroot plants. In Kulon Progo Regency, arrowroot is mainly cultivated in two
villages, namely Hargorejo Village in Kokap District and Sendangsari Village in
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Pengasih District (Figure 1). The research was conducted from July to November
2023.

Research Design

This study employed a mixed-methods approach, combining quantitative and
qualitative methods. The qualitative research involved key informants acting as
experts and was conducted using a one focus group discussion (FGD) technique to
determine the sustainability dimensions and attributes assessed, as well as to
formulate sustainability strategies for arrowroot farming. The number of experts
considered sufficient to achieve a high level of precision ranged from three to seven
individuals, provided that these experts possessed a deep understanding of the
object of study and the research location [15,16].

Population and Sampling

The population of arrowroot farmers has not been well documented; therefore, its
exact size is unknown. Consequently, the sample size was determined using the
Lemeshow formula, with a Z value of 1.96, a P value of 20%, and a margin of error
(d) of 0.1 [17].

z2xPx(1-P)

n= 42

_ (1.96)?x0.2x (1—0.2)
n= (0.1)2

_ 0614
"= 001

n=6147 =~ 62

Thus, the total sample of this study consisted of 62 arrowroot farmers selected using
snowball sampling. Meanwhile, the qualitative study involved five key informants
[15,16]. The five informants consisted of one representative from the Kulon Progo
Regency Agriculture Service, two representatives from the Sub-district Agricultural
Extension Center (one from each research sub-district), and two representatives
from the Starch Cultivation and Processing Farmer Group (one from each sub-
district). The information collected focused on sustainability-related attributes across
environmental, economic, social and technological dimensions, including farming
practices, institutional support, technology adoption, marketing conditions, and
constraints in arrowroot farming development. Data were collected through direct
observation, interviews, literature review, documentation and FGD [18].
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Figure 1: Map of Kulon Progo Regency, Yogyakarta Special Region of
Indonesia

Data analysis

This study employed a multidisciplinary rapid appraisal method, namely
Multidimensional Scaling (MDS) analysis. The purpose of using MDS analysis was
to assess the sustainability status of each dimension in order to identify imbalances
among dimensions. The software technique commonly used for this approach is
Rapid Appraisal for Fisheries (RAPFISH), which is applied to determine measurable
indicators. In RAPFISH, sustainability is quantitatively described by a set of criteria
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defined through numerical analysis using a set of scored attributes [19]. In this study,
the determination of the criteria refers to the identification of sustainability
dimensions and their attributes. In this process, the role of informants was crucial,
therefore, these criteria were established through the FGD technique. The principles
of RAPFISH analysis include: (1) a rapid assessment method to evaluate the
sustainability status of an object based on a number of attributes, (2) attributes can
be redefined or replaced according to the availability of information, (3) a multi-
criteria decision-making method based on a MDS approach, and (4) the use of
ordination techniques to determine sustainability status [20,21].

In this study on the sustainability analysis of arrowroot farming, the software
technique used was a modification of RAPFISH into a Rapid Appraisal technique for
arrowroot development, referred to as Rapid Appraisal Arrowroot (RAP-ARR)
[22,23].

This research used four sustainability dimensions, namely environmental, economic,
social, and technological, with the attributes of each dimension determined through
modifications based on previous research findings and field conditions identified
during the FGD, as presented in Table 1. Each attribute of each dimension was
measured based on scores that refer to related references and expert input [18,23].
Then, the sustainability status of arrowroot farming was determined based on the
sustainability index with categories as presented in Table 2. Meanwhile, the
improvement of sustainability status is seen from the key factors (attributes) of the
root mean square from the highest to half of the value of each sustainability
dimension [18,24,25]. Meanwhile, improvements in sustainability status were
evaluated based on key factors or attributes identified from the root mean square
values, ranked from the highest down to half of the value of each sustainability
dimension, derived from leverage analysis [22,23,26].

RESULTS AND DISCUSSION

Multidimensional sustainability

The qualitative data obtained from key informants and the FGD were used to identify
sustainability attributes and contextual factors influencing arrowroot farming. The
discussion involved representatives from the Agriculture Office, agricultural
extension centers, and farmer groups. The information collected included cultivation
practices, pest and disease management, institutional support, marketing
conditions, technology adoption, and constraints faced by farmers in developing
arrowroot farming. These qualitative insights were subsequently used to validate the
scoring of sustainability attributes in the multidimensional scaling (MDS) analysis.

In this study, the term “development” refers to sustainability-oriented improvement
pathways derived from leverage attributes identified through multidimensional
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scaling analysis, rather than the implementation of direct intervention programs.
Based on the sustainability index reference, the research results on the sustainability
of arrowroot cultivation development show the following for each dimension. In the
environmental dimension, as presented in Figure 2, the results of the ordination of
the sustainability of arrowroot crop development have an index of 36.14, meaning
less sustainable. Meanwhile, the R? value is 94.8%, with a stress value of 0.15. This
result shows that 94.8% of data variation can be explained by the factors included
in the multidimensional scaling (MDS) model using the modified RAPFISH approach
(RAP-ARR). Thus, judging from the R2 value and the stress value, the MDS results
of this environmental dimension show a good model to capture environmental
problems, so that the environmental dimension analysis does not require additional
attributes.
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Figure 2: Sustainability in terms of the environmental dimension

The results of the ordination of the sustainability of arrowroot plant development in
the economic dimension have an index of 42.98, meaning it is less sustainable.

These results indicate that 94.9% of data variation can be explained by the MDS
model using the modified RAPFISH approach (RAP-ARR). Based on the R* and
stress values, the MDS ordination for the economic dimension demonstrates good
model performance in capturing economic sustainability conditions, indicating that
no additional attributes are required (Figure 3).
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Figure 3: Sustainability in terms of the Economic dimension

In the social dimension, as presented in Figure 4, the results of the ordination of the
sustainability of arrowroot plant development have an index of 48.27, which means
it has a less sustainable status. At the same time, the R2 value is 94.9%, with a stress
value of 0.14. This result shows that 94.9% of data variation can be explained by the
factors included in the model. Thus, judging from the R? value and the stress value,
the results of this social dimension MDS show a good model to capture social
problems so that the analysis of the social dimension does not require additional

attributes.
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Figure 4: Sustainability in terms of social dimension
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In contrast to the other three dimensions, in the technology dimension, as presented

in Figure 5, the results of the ordination of the sustainability of arrowroot plant

development have an index of 13.70, which means it has an unsustainable status.
Meanwhile, the R2 value is 95.5%, with a stress value of 0.13. This result indicates
that 95.5% of the data variation can be explained by the factors included in the
model. Thus, judging from the R2 value and the stress value, the results of this
technology dimension MDS show a good model to capture technological problems,
so that the technology dimension analysis does not require additional attributes.
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Figure 5: Sustainability in terms of the Technology dimension

Furthermore, with the three dimensions whose sustainability status is less
sustainable and the technology dimension whose status is not sustainable, the
overall sustainability status becomes less sustainable, with a sustainability index of
36.15 (see Table 3).

From the results of the difference between the sustainability index values and the
Monte Carlo values presented in Table 3, the environmental, economic, and social
dimensions have a less sustainable status because the difference between the two
sustainability index values is less than 1. Meanwhile, the technology dimension is
concluded to be unsustainable because the difference is more than 1.

Sensitivity analysis

According to the results, the development of arrowroot plants in Kulon Progo
Regency is less sustainable. Thus, efforts to improve the sustainability status are
needed to raise the sustainability status of each dimension from unsustainable to
sustainable. Improvement efforts can be made by increasing the value/index of each
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dimension's attribute that has great potential as a strategic approach to guide
development toward greater sustainability [18,24,25].

In the environment dimension (Figure 2b. leverage), if three priorities are taken, the
first one is the attribute of the impact of pests and diseases (average value 11.35),
the second is water conservation (8.49), and the third is land conditions (8.45). The
main pests that attack arrowroot plants are Scarabaeidae larvae, rats and leaf-rolling
caterpillars (Colopodes atheus). Meanwhile, the primary diseases that attack
arrowroot plants are leaf burn (Rosellinia atheus) and leaf rot (Pelliularian
filomentosa) [27]. Pest and disease attacks have a significant effect on reducing
production yields. Therefore, managing the possibility of pest and disease attacks
needs to be done as much as possible, especially by taking precautions to protect
arrowroot plants from pests and diseases and simultaneously reduce the cost of
handling them.

Similarly, water conservation management is vital as arrowroot plants require moist
soil. Arrowroot plants live in moist moorlands and forests [28-30]. Furthermore,
attributes of land conditions are also linked to water conservation. If water
conservation management is good, the expectation that land conditions are well
managed is higher. In addition, arrowroot plants can grow well under shade. For this
reason, arrowroot land can be optimally utilized by planting soft-rooted shade plants
such as papaya and banana or perennials such as rubber, rambutan and teak trees
[27].

In the economic dimension, as listed in Figure 3 (3b. leverage), the two attributes
that contribute most are farming experience and the role of the government in
exports, respectively. The experience attribute plays a significant role because, with
much experience, farmers have learned through direct practice, so they understand
the ins and outs of arrowroot farming practices, which will have an impact on
increasing production or at least being able to maintain existing achievements.
Although the average education of farmers is still low, farmers with long experience
can produce high production levels [31,32]. Further, another attribute that could be
improved is the role of the government in exporting. This is closely related to the
potential of arrowroot as a substitute for wheat flour and functional food [12], which
makes it of high economic value and an export opportunity. However, until this study
was conducted, the government's role in facilitating exports from arrowroot tuber
processors had not been done much. Therefore, the government's facilitation role
for processed arrowroot products is highly expected.

In the social dimension, based on the results of the leverage analysis listed in Figure
4 (b), it can be seen that three attributes contribute significantly. The first is
development policy, the second is marketing institutions, and the third is farmers'
response to technology. The development policy attribute plays the most significant
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role because the development policy can determine whether a commodity can
develop well. Even so, the reality in the field shows that differences in development
results also depend on the role of the farmer group [33]. In the arrowroot farmer
group in Kulon Progo Regency, the group leader motivates farmers to process their
arrowroot crops into starch and package them so that they look marketable and
attract potential consumers. This result is related to the second attribute that
contributes significantly, namely marketing institutions. The Arrowroot farmers
market their products through farmer groups to reach a broader market. These
findings are consistent with Diyahya et al. [34] that the role of marketing institutions
is vital for farmer satisfaction level in marketing their farm products. In addition,
farmers' response to technology is the third attribute that contributes to the social
dimension. At the time of the research, conditions in the field showed that arrowroot
farming cultivation technology was still very simple. Even though arrowroot farming
in Kulon Progo has contributed much to their household income, farmers still depend
more on the growth and maintenance of farms in a makeshift manner [10]. Therefore,
if farmers' response to technology can be improved, the contribution of arrowroot
farming to their welfare will also increase.

Furthermore, in the technology dimension, based on the results of the leverage
analysis listed in Figure 5 (b), only two attributes contribute significantly. The first
attribute is cultivation technology, and the second is organic fertilizer. It has been
argued that, based on conditions in the field, arrowroot cultivation technology is still
very simple or inadequate. For example, soil fertilization is often not done; if it is
done, it is only limited to utilizing the remaining fertilizer from other plants. Soil
fertilization practices for each crop must be improved because technology plays an
important role in increasing the success of farming efforts [35]. In line with these
conditions, another attribute that can be improved is organic fertilizer. Improving the
use of organic fertilizer can be pursued by utilizing the potential objects around the
farmer's environment. Farmers can make organic fertilizer independently from their
livestock or compost from the waste of cultivated plants. This needs to be done
because organic fertilizer plays a role in improving the soil's physical, chemical and
biological fertility, as well as making the use of inorganic fertilizer more efficient
[36,37,38]. By increasing the use of organic fertilizers in arrowroot cultivation,
production is expected to increase while supporting environmental sustainability and
increasing farmers' income and welfare.

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT

The analysis of arrowroot development in Kulon Progo Regency of Indonesia, as a
raw material for a sustainability-based food processing industry, assessed through
four sustainability dimensions, namely environmental, economic, social and
technological dimensions, indicates that its current status is less sustainable.
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Improving sustainability requires strategic interventions across all dimensions. In the
environmental dimension, improvements are needed to reduce the impacts of pests
and diseases through better management practices, as well as to enhance water
conservation and land conditions by applying shading crops. In the economic
dimension, improvements should focus on strengthening farming experience
through mentoring by more experienced farmers and enhancing the government’s
role in export development, including export market exploration through agricultural
exporter networks and improvements in product quality and production continuity. In
the social dimension, improvement strategies should address development policies
and marketing institutions by formulating a clear development roadmap in
collaboration with universities and relevant institutions. Meanwhile, in the
technological dimension, improvements are required in cultivation technology and
the use of organic fertilizers, which can be achieved through training on tuber crop
cultivation technologies and the production and application of organic fertilizers
based on local resource potential.
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Table 1: Dimensions and indicators/attributes of the sustainability dimension

Dimension Attribute

Environment | Land conservation, Water conservation, Land condition, Pest and disease impact,
Pest and disease frequency Climate condition

Economy Farming cost, Income, Harvest price, Role of government for export, Role of
processing industry, Farming experience, Farmer's age, Availability of capital,
Availability of labour, Land tenure

Social Good Agricultural Practises, Farmer response to technology, Development policies,
Marketing institutions, Farmer groups, Access to capital, Land conversion, District-
level associations

Technology | Water availability, Land elevation, Availability of tubers in the growing season, Use
of tubers, Productivities, Post-harvest management, Marketing management,
Labour planning, Capital management, Digital marketing technology, Post-harvest
technology, Cultivation technology, Seeding technology, Role of research
institutions, Use of organic fertilizer; Diversification, Agroforestry

Source: Modified from [18, 24, 25, 37] based on the results of focus group discussions with key
persons

Table 2: Sustainability status index

Score Index Status

0-25 Unsustainable
<25-<50 Less sustainable
<50-<75 Moderately sustainable
<75-<100 Sustainable

Source: [18, 24, 29]
Table 3: Sustainability status

Dimension Index Sustainability Monte Difference between index
(ordination) | Status Carlo and Monte Carlo

Environment 36.14 Less sustainable 36.57 043

Economy 42.98 Less sustainable 42.88 0.10

Social 48.27 Less sustainable 48.17 0.10

Technology 13.70 Not sustainable 20.07 6.37
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