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Abstract. Sustainable agricultural paddy’s fields determine food security and important
to social equity, social prosperity, economic development, and environmental services.
The main purpose of this research was to elaborate some perspectives on sustainability of
irrigated upland rice cultivation in Bengkulu. The study was done in Lebong Regency,
Bengkulu Province from January to April 2020. A scalable rapid appraisal
multidimensional scaling (MDS) was used to examine sustainable status following to
five dimensions of ecological, economical, socio-cultural, technological and institutional
viewpoints consisting of 30 attributes. Accuracy of MDS analysis was analysed with
goodness of fit and Monte Carlo analysis while sensitive attributes was fitted with root
mean square leverage analysis. Agricultural paddy’s fields in upland Bengkulu
moderately sustain with scale of 51.41. Land use change perception determined socio-
culture dimensions to put agriculture paddy’s field on less sustain at the scale of 47.85. A
low financial support and government facilities put institutional and policies dimension
on 45.40, the level of less sustain for cultivated rice field sustainability. Strengthening
sustainability of cultivation upland paddy’s field in Bengkulu initially should be
supported by government budgeting and facility, and endorsement sustainable
agricultural land policies.
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1. Introduction

Paddy as a staple food is a national strategic commodity in Indonesia [1] which will
consume about 95% [2] of the Indonesian population in 2020, based on an annual growth rate
of 1.34% estimated at 264 million people [3] so future rice production must be increased in
line with in population growth [4]. To meet rice demands in 2019, 54.60 million tons were
harvested from 10.68 million ha of rice fields [5]. Based on data in 2017 data, the Indonesian
population was only 262 million people with an average per capita rice consumption of
114.6-130 kg yr-1, and the required rice area was at least 14.59 million Ha [6].

The rice cultivation area in in Bengkulu tend to decrease, with cultivation area of 65,891
ha in 2018 and decreased to 64,406 ha in 2019, of which 9,444 are located in Lebong
Regency [7]. In addition, rice productivity in Bengkulu was 4.6 t ha-1, which lower than the
national rice productivities of 5.34 t ha-1. Rice productivity in Indonesia is influenced by
several factors such as land and water availability, soil physical properties, and climate
change [8], adoption of rice technology and resource efficiency by farmers is still low [9].
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Dynamic factors affecting land use change triggered environmental ecosystem instability
[10].

In one hand, the sustainability of rice production needs to be given attention along with
the increasing population; on the other hand, a lot of agricultural lands, especially paddy’s
fields were converted to non-agricultural uses [11]. Some of the most productive agricultural
lands had been converted for residential, commercial, or other purposes [12]. Land conversion
occurred in the suitable land for agriculture activities could threaten food security in Indonesia
[13]. The main constraints to the food security in the future involved decline fertile
agricultural soils, decreasing water resources, coming down trends in soil quality and
productivity, lessen of groundwater table [14]. Conversion of wetland rice fields into non-
agricultural utilizations increased social, economic, and environmental impacts [15].

The main problems in national development recently and future were agricultural
sustainability [16]. Sustainable agriculture required empowerment and engagement of all
stakeholders in the agricultural production and supply chain to enable change [17]. Sustainable
agricultural practices should be based on maintaining fertile soil sustainability through
application of a combination package of technologies, management innovations, and concrete
actions aimed at balancing socio-cultural and economic principles with environmental
considerations [18]. Moreover, without a strong and sustainable agriculture, sustainable
development was difficult to create a sustainable society [19]. Sustainable agriculture was a
determinant variable for sustainability development to propose suitable uses of natural
resources and protected environment without disturbing economic growth and applying
sustainable agriculture could promote both economic and environmental development
perspectives [20].

Concerning agriculture sustainability in Indonesia should be based on sustainability rice
production. Implementation of sustainable agriculture concepts were conducted mostly use
triangular framework of sustainability through economic, environmental, and social
dimensions [20]. In facts, social, economic, and environmental benefits to sustainable
agriculture were less understandable by most conservative communities in food production
system [21]. The triangular Concept had been criticized for not providing a logical explanation
of how these three dimensions of sustainability can grow together in a balanced way.
Achieving a balance between economic, environmental and social dimensions is hardly
possible without an institutional dimension that manages, mediates and facilitates growth [22].
The institutional dimension setted an important variable to ensure the harmonious and equal
growth with other three dimensions [23]. Furthermore, the indicators for institutional
sustainability have been introduced as far back as 1995 but these have not been widely used
and seemingly to be left out in researches on development sustainability.

As for the sustainability of agriculture in Indonesia, it should be based on sustainable rice
production. In the implementation of sustainable agriculture concepts, the triangular
framework of sustainability with its economic, environmental, and social dimensions is
usually used [20]. The fact is that the social, economic, and environmental benefits of
sustainable agriculture have been less understood by most conservative communities in the
food production system [21]. The triangular concept has been criticized for not providing a
logical explanation of how these three dimensions of sustainability can grow together in a
balanced manner. Balancing the economic, environmental, and social dimensions is almost
impossible without an institutional dimension to guide, mediate, and facilitate growth [22].
The institutional dimension represents an important variable to ensure harmonious and even
growth with the other three dimensions [23]. In addition, indicators of institutional



sustainability were introduced as early as 1995, but they are not widely used and do not seem
to be considered in research on development sustainability.

Some perspectives that usually be applied to study the sustainable development were
environmental properties, institutions and policies, economic values, and also social
conditions [24]. Strong outlook environment and momentary economic perspectives had
proposed to socicties towards more eco-view point to resource consumption therefore
technology innovation and knowledge management brought up an extra ordinary perspective
in development sustainability [25]. It cannot be denied that the role of technology is very
strategic in supporting increased agricultural cultivation for rice production [26]. To improve
measurement sustainability development [27] updated a conceptual analysis with ecological,
technological, economic, social, ethical and institutional dimensions.

Several researches have been conducted partly in terms of increasing rice production to
support rice availability, yet a comprehensive perspective on the sustainability status of rice
cultivation is still insufficient. The objective of this study is to find out the sustainability status
of rice cultivation and some sensitive attributes that disturb the sustainability rice cultivation
in Bengkulu highlands. The results of this study would provide prominent information for
relevant authorities and other stakeholders.

2. Methods

This study was conducted in the Lebong Regency (geographically, 02065° — 03060 S and
1010 — 1020 E, [28], a highland area of Bengkulu Province. The research areas included 10
(ten) villages namely Sungai Gerong, Sukau Rajo, Selebar Jaya, Talang Bunut, Garus, Sukau
Mergo, Pyang Embik, Nangai Tayau, Nangai Tayau I, and Amen with irrigated rice fields
(Figure 1) fields about 915 ha (10.39 % of rice field in Lebong District) from January to April
2020.
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Figure 1. Research location

The study used both primary and secondary data on environmental, economic,
sociocultural, technological, and political perspectives that support sustainability rice
cultivation. Fifty key informants [29] and 5 experts relevant to each dimension were
identified through purposive sampling and snowballing. Secondary data were collected on all



aspects related to this research such as action planning from government offices, government
rules and policies, the infrastructure support including road, and market access, etc.

Figure 1a. Rice growth in Lebong Figure 1b. Rice in early and harvest time

The scalable rapid assessment for multidimensional technique through multidimensional
scaling (MDS) was used to evaluate sustainability of the irrigated rice fields. This analysis
method is a modification of Rap-Assessment Techniques for Fisheries developed by the
Fisheries Center of the University of British Columbia, Canada [30], which was replicated for
rice cultivation in each dimension and in multiple dimensions [31]. Monte Carlo analysis was
used to predict the error for this method, and leverage analysis [32] used to determine leverage
of the attributes affecting the sustainable rice field cultivation.

Table 1. Index Value and Sustainability Status

Sustainability index Classification
00.00 —25.00 Bad

25.01 -50.00 Poorly

50.01 —75.00 Fairly

75.01 — 100.00 Good

3. Result and Discussion
3.1 Sustainability Status of The Paddy’s Field Cultivation

Rice field cultivation in Lebong categorized fairly sustainable with an index value 51.41.
The sustainability of the rice cultivation was contributed by ecological 50.08), economical
(62.58) dan technological (51.16) conditions while socio-cultural (47.85) and institutional and
policy (45.40) conditions suppressed to put on less sustainable status. Sustainability indices
and status were revealed in Table 2 and Figure 2.

Table 2. Sustainability Indices and Status of Rice Field Cultivation in Lebong

Dimension Sustainability index Category
Ecology 50.08 Fairly sustainable
Socio-culture 47.85 Less sustainable
Economy 62.58 Fairly sustainable
Tecnology and infrastructure 51.16 Fairly sustainable
Institutions and policies 45.40 Less sustainable
Multidimension 51.41 Fairly sustainable

The accuracy and validity of the attributes examined and the effect of variables outside
the system on the sustainability of rice field cultivation was determined with the value of S
tress, determination coefficient (R2) and the Monte Carlo indices values came from the MDS



analysis using Rap-Fish software, as revealed at Table 3. The accuracy and validity of the
attributes studied and the effects of the variables outside the system on the sustainability of
rice paddy cultivation were determined using the value of S tress, the coefficient of
determination (R2), and the values of the Monte Carlo indices from the MDS analysis using
Rap-Fish software, as shown in Table 3.
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Table 3. Sustainability Indices, Monte Carlo, Stress and Determination Coefficient

Dimensions Indices Differen  Stess R2
MDS Monte Carlo cies

Ecology 50.08 50.12 0.04 0.24 0.93
Socio-culture 47.85 47.71 0.14 0.24 0.93
Economy 62.58 62.46 0.12 0.21 0.95
Technology and infrastructure 51.16 51.17 0.01 0.24 0.93
Institution and policies 45.40 45.43 0.03 0.24 0.92
Multidimension 5141 51.38 0.07 0.23 0.93

All dimensions were valid and accurate as shown by the value of stress of 0.23 which less
than 0.25, and the value of coefficient of determination (R2) at 0.93 shows that the attributes
used in the model are able to explain valid data for the analysis of sustainable paddy framing
system in Upland Bengkulu. In addition, the MDS and Monte Carlo values, which differed
only slightly, indicated that the MDS for analysing the sustainability status of rice cultivation
in Lebong in upland Bengkulu has high accuracy.

3.2 Ecological Constraint to Sustainability

With the exception of soil productivity, almost all ecological characteristics could limit the
sustainability of rice production in these areas (Figure 3).
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Figure 3. Root mean square value of ecological attributes



Water supply from irrigation facilities at dry season, fertilizers applied, contamination by
chemical pesticides, and the highest susceptibility to plant diseases and pest infestations could
determine the sustainability cultivation of rice field. Irrigation for rice cultivation was under
pressure to provide more water when water sources dried up [33]. In addition, the demand for
irrigation water increased due to climatic change, high crop yield requirements, the cultivation
process, and farmers’ perceptions [34]. Recently, rice production failures accumulated due to
the widespread occurrence of brown plant hopper, small brown planthopper, rice hispa, rice
leaf folder, yellow stem borer and white-backed planthopper [35]. Pests determined the
stability of food security in areas where the majority of population consumed rice as a staple
food [36].

3.3 Socio-cultural Constraint to Sustainability

The highly land rent ratio between land for residential purposes and for rice cultivation
affected farmers prospects for land conversion. Villager perceptions of land use change posed
the greatest challenge to the sustainability of rice field cultivation. Population growth and
settlement expansion were the main factors affecting land use change [37]. People in rural
agricultural ecosystems who depend on agriculture lands for their daily income and
livelihoods are vulnerable to land use change because the availability and accessibility of
agricultural land were very important [38]. In addition, smallholder farmers who build their
lives on the land as their main source of production were at risk of poverty because they often
live in subordinate society have no power to influence decisions in around them.

In addition, loss of mutual cooperation, time required for rice cultivation and conflict
(Figure 4) in rice cultivation due to limited water supply are barriers to the sustainability of
rice cultivation in these areas.
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Figure 4. Root mean square value of socio-cultural attributes
3.4 Economical Constraint to Sustainability

Pests and diseases infestation of plants and lack of water supplies to rice fields both always
caused rice cultivation facing with low yields. The unsuccessful rice harvests induced farmers
leaving rice fields to look for other economic activities of their livelihood. Other constraints
such as rice production benefits, price fluctuation of products, and product market chain
(Figure 5) suppressed sustainability of rice production.
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Figure 5. Root mean square value of economical attributes



The scarcity of water resources for agriculture, limited yields compared to varieties with
high yield potential, decreasing rice yield in intensive rice cultivation systems, harvest failure
because of abiotic and biotic attachments, and increasing production costs contributed to the
slowdown of cultivation areas following rice production [39].

3.5 Technological and Infrastructure Constraint to Sustainability

Agricultural technology and infrastructure facilities were sufficient for the sustainability
of paddy cultivation, but all attributes could be determinants to decrease rice production
sustainability. Agricultural inputs, tillage and post-harvest equipment, technological
innovation and knowledge, ability to operate agricultural machinery, irrigation infrastructure
conditions (Figure 6), and paddy accessibilities were all highly sensitive to unstable rice
cultivation and production.
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Figure 6. Root mean square value of technological and infrastructure attributes

The solution to the food security shock depends on the appropriate and efficient use of
labor resources in agriculture. The labor force for agricultural activities, especially in remote
areas far from well-developed settlements, was predominantly unskilled labor engaged in
agricultural cultivation [40].

Agro-cultivation systems recently and future had to change from highly dependent on
generosity of environmental resources and ecosystems towards more technological farming
systems. The necessities for increasing productivity and agriculture intensification required
innovation technologies, mechanisation farming systems, transferring knowledge, and
improving infrastructure in agricultural development [41].

3.6 Institutional and Police Constraint to Sustainability

Financial support financials and government budgets were the most important factor in
the sustainability paddy cultivation in Lebong Regency. All attributes of the institutional and
government policies could be constraints to the sustainability of rice production. Rice
cultivation training, empowerment and extention facilities, extention personnel activities,
farmer institutions acitivities, and sustainable land use policy (Figure 7) were very sensitive to

constrain the ustainability of rice cultivation in these areas.
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Figure 7. Root mean square value of institutional and policies attributes



Government investment in agriculture and rural infrastructure was important [42].
Government financial assistance for gricultural cultivation aimed at increasing agricultural
productivity through the use of innovative technologies is more attractive to small scale
farmers [43]. The implementation of the subsidy policy for agricultural inputs stimulated
domestic agricultural production [44]. The government was expected to provide a solution that
would aim to sustainability increase rice production fruitful results for smallholder farmers.
concerned with sustainable increase in rice production that would see to small-scale rice
farmer fruitful conclusions.

4. Conclusion

Rice cultivation in the Lebong region of the Bengkulu highlands served as staple food
security, although socio-cultural and institutional policies suppressed the sustainability of the
rice cultivation. Land use change and government supports and institutions were both the main
factors that could affect rice cultivation and rice production in this area.
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