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ABSTRACT

Rice farming is very important to provide food for the population in the country. The increased rice
productivity in Indonesia has been done since 1968 through the green revolution program. However, this
program has brought the negative impacts for the physical environment which contributes to decreased
productivity. Therefore, the effort to sustain the agricultural development should be taken by the
government by applying sustainable agricultural technologies. The purpose of this study is to describe the
implementation sustainable agricultural technologies, particularly on rice farming in Bali Province,
Indonesia. The results of study pointed out that the sustainable agricultural technologies in rice farming
could be done by implementing SRI, organic farming, and integrated pest management. These have an
important role to ensure the increased productivity of rice. Besides, these could also support the economic
activities in the upstream to the downstream sectors. It is recommended to government and other
stakeholders to consider ecological and environmental aspects in the application of new agricultural
technologies.
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1. INTRODUCTION
Agricultural sector has significant role in

the  economic  development  within
developing countries (Oguzor, 2012; Salako
and Lawrence, 2015). It has functions to
provide food for the population, produce
raw materials for the industry, and consume
the industrial products and others. Most of
the population has still consumed rice due
to as a staple food. Therefore, the
availability of rice must be secured in order
to ensure the national stability. Increased

production is more contributed by increased
productivity compared to harvested area.
Optimization of rice productivity in paddy
fields is one of the opportunities to increase
national grain production.

One of the agricultural commodities
that has become a central issue in
agricultural development in Indonesia is
rice. The efforts to increase production and
productivity of paddy fields in Indonesia
were begun in 1968 by implementing
agricultural modernization through an
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intensification program based on
technology and is known as the green
revolution. Today, modern agriculture has
been known for its various successes, such
as being able to provide food for a rapidly
increasing population. But on the other
hand, this success statement poses
significant problems to the environment,
namely  soil  erosion, deforestation,
underground water contamination, decline
in population of particulrar animals
(Zilberman, et., al., 1997).

In agricultural modernization, there is
a change in farm management from
traditional to more advanced agriculture
with the use of new technologies.
Modernization can be interpreted as a
transformation that is change.
Modernization in agriculture in Indonesia is
marked by fundamental changes in
agricultural patterns, from traditional ways
to more advanced ways. These changes
include several things, including in the
management of land, the use of superior
seeds, the use of inorganic fertilizers and
pesticides, the use of agricultural production
facilities, and harvest time management.
Realizing modern agriculture can be done
by mobilizing more resources to develop
modern agriculture, which is oriented
towards agribusiness, including agro-
industry.Meanwhile, Sumaryanto (2009)
revealed that in increasing the availability
of food production there were still various
obstacles, namely: (i) the growth of
harvested area was very limited due to the
rate of expansion of new agricultural land
was very low and the conversion of

agricultural land to non-agriculture was
difficult to control; (ii) degradation of water
resources and irrigation performance as well
as decreasing physical and chemical fertility
levels of agricultural land. In addition, it has
found the presence of symptoms of
stagnation in the rice productivity growth
because over intensification of agriculture
that does not pay attention to the principles
of sustainable agriculture (high cropping
intensity, monoculture, excessive inorganic
fertilizer doses, very less / without using
fertilizer organic). Another impact of green
revolution is the production instability due
to pests and diseases and climate stress and
decreased productivity due to degradation
of land resources and water and
environmental degradation (Las et al, 2006;
in Praptono, 2010).

By looking at the contribution of rice
planting in irrigated fields, efforts are
needed to maintain the productivity of
irrigated land so that it can produce
sustainably by applying appropriate
agricultural technology. Bali province
should consider ensuring the sustainability
of agricultural development since the
tourism development has increased. This
might bring about the problems and
challenges for the government and farmers.
This study aims to describe the
implementation  sustainable agricultural
technologies, particularly on rice farming in
Bali Province, Indonesia.
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2. SUSTAINABLE
AGRICULTURAL
TECHNOLOGIES

In this study, the sustainable
agricultural technologies are those which
have been introduced and applied at the
farmer level in the connection with realizing
sustainable agricultural development in Bali
Province, Indonesia. The nature of
sustainable agriculture development is
commonly should include: Q)
environmentally feasible; (ii) productive;
(iii) economically feasible; (iv) culturally
acceptable and desirable, and (v) technically
can be carried out by farmers. In the study,
the technologies implemented are: SRI
(System of Rice Intensification); organic
farming and integrated pest control
management.

2.1. System of Rice Intensification

System of Rice Intensification (SRI)
is a technique of rice cultivation that is able
to increase rice productivity by changing
the management of plants, soil, water and
nutrients, proven to have succeeded in
increasing rice productivity by 50% even in
some places reaching more than 100%
(Richardson, 2010; Chapagain, et al.
2011). Demonstration plots have been
conducted by the provincial government
within three regencies in Bali (Regencies of
Tabanan, Karangasem and Buleleng).
Farmers were interested in the application
of SRI method, particularly in using seed,
irrigation water and fertilizers. According to
farmers, this method is simpler than the
conventional method, and the vyield is

higher, too. Comparing to other researches
and studies within other countries, this
method could increase the rice productivity
in Madagascar, it is from 2 tons/ha become
more than 8 ton/ha, even some reach 20
tons/ha. Application of SRI might be solved
the irrigation water fulfillment on rice
farming.

The SRI method yields at least twice
the vyield compared to the methods
commonly used by farmers. In Indonesia
alone the first SRI pattern / technique trial
was carried out by the Agricultural
Research and Development Institute in
Sukamandi, West Java in the dry season of
1999 with a yield of 6.2 tons / ha and in the
rainy season of 1999/2000 producing an
average of 8.2 rice ton/ha. SRI has also
been implemented in several districts in
Java, Sumatra, Bali, West Nusa Tenggara
and East Nusa Tenggara which are mostly
promoted by Non-Governmental
Organizations (NGOs). The SRI method
implemented in Bali has been used organic
fertilizer, more efficient irrigation water.
Therefore, this method could make better
management of soil, plants and water based
on environmentally friendly rules. With the
increase in prices of chemical fertilizers and
pesticides and the deterioration of the
resource environment due to the continuous
use of chemical fertilizers, it has
encouraged farmers in several places to
practice the System of Rice Intensification
(SRI) method.

In general, in the concept of SRI
make the crops are treated as living
organisms as they should, not treated like
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machines that can be manipulated. All
potential rice crops are developed by
providing conditions that are suitable for
their growth. This is because SRI applies
the concept of synergy, where all
components of SRI technology interact
positively and mutually support so that the
overall results are more than the sum of
each part. Some studies also shown that
there are several important components in
the application of SRI, namely: (i) seedlings
are moved in the field (transplantation)
earlier (young seedlings); (ii) seedlings are
planted one stem per planting hole; (iii)
wide planting distance; (iv) soil conditions
remain moist but not flooded (intermittent
irrigation); (v) use of fertilizers from
organic matter and local micro-organisms;
and (vi) simple weeding.

The most basic thing in SRI
cultivation is to apply intermittent irrigation
which means that the dry wet cycle depends
on land conditions, soil types and water
availability. During the period of planting
the land was not flooded but was messed up
(wet but not flooded). This method can save
water 46%. In addition, lack of water also
prevents damage to plant roots. The higher
the water the less dissolved oxygen, the
impact is the plant roots are not able to bind
oxygen so that the root tissue is damaged. In
addition, if stagnant water causes natural
enemies of rice pests cannot live while rice
pests can live and can bring new rice pests
that come from aquatic
environments. Besides ~ saving ~ water,
intensive cultivation also saves the use of
seedlings, because only one planting hole is

planted. In intensification, young seedlings
were used 7 days after seedling and
consisted of two leaves. The use of young
seedlings has a positive impact because it is
more adaptable and not easily stressed; this
is because roots have not been long so
planting does not need to be too deep
enough 1-2 cm from the soil surface. To
produce high quality young seeds, farmers
prepare since sowing. The population in the
50 g /m2 nursery is intended to quickly
grow large seeds, because there is no
nutrient competition, so the seeds are ready
for planting at the age of 7-10
days. Transplanting the young seedlings can
reduce shocks and increase the ability of
plants to produce stems and roots during
vegetative growth.

2.2. Organic farming

As an alternative to sustainable
agriculture, organic farming aims to
increase sustainable crop production by
improving soil fertility through the use of
natural resources (Eyhorn, et al, 2018;
Kennvidy, 2011; Singh, et al, 2017;
Mendoza, 2004). Organic farming is an
attempt to return to nature, limiting the use
of inorganic fertilizers and other chemicals
(Karyani et al, 2019; Surekha, et al,
2010). Therefore, the principles of ecology
of organic agriculture are (i) to improve soil
fertility by managing organic matter, adding
organic fertilizer and increasing soil
biological life; (ii) to optimize the
availability and balance of nutrient cycles
through nitrogen fixation, addition and
cycle of fertilizers from outside the farm;

Journal Homepage:
http://ejournal.undwi.ac.id/index.php/jsds

Copyright © 2019 Dwijendra University.
All right reserved.


https://sciprofiles.com/profile/author/ODVsZWlkeXVhUWpRYStISUlwS0xjamdQWVF5dC9NRjNsK0xCVHlEa0NtYz0=

Journal of Sustainable Development Science

Vol. 1, No. 1, December 2019, pp. 18-26
e-ISSN: 2715-9140

22

(iii) to manage water use and micro-climatic
agriculture to limit crop loss due to climatic
influences such as heat flow, air and water;
and (iv) to control of plant pests through
preventive and safe efforts. Organic farming
and natural agriculture are two agricultural
systems that glorify nature, and restore the
function of nature to grow, maintain and
maintain plant fertility. This should be the
key to the sustainability of the agricultural
cultivation system (Lubis, 2009; Linawati,
2011).

In this study, the organic farming has
been done by some farmers’ group or
subaks as a traditional irrigation system
(Sedana et al., 2014; Roth and Sedana,
2015; Sedana and Astawa, 2017).
According to the government officials at the
provincial level, the application of organic
farming has been done within several
subaks’ areas in the entire regencies (9
regencies). Kinds of organic farming
implemented are using organic materials for
fertilizers and pesticides (bio pesticides).
The agricultural extension worker provided
extension and training concerning the
meaning of organic farming, benefits of
organic farming, methods of organic
farming, including making organic fertilizer
and bio-pesticide.

Farmers were interested in the
extension and training activities due to the
interesting learning process, benefits of
subject matters and efficient cost for having
organic farming. They had learned on the
rice field as a demonstration plot for
training. During the training, farmers
applied organic farming, particularly in

using fertilizers and bio-pesticides. They
were directly invited to practice what they
have learnt in the class. The main purposes
of this training were to enhance farmers’
knowledge, strengthen their capacities and
increase farmers’ skill related to organic
farming.

2.3. Integrated Pest Management

The concept of integrated pest
management (IPM) is a thought or method
of pest control approach that is in principle
different from conventional pest control
concepts that are highly dependent on the
use of pesticides. The concept of IPM arises
and develops all over the world due to
human awareness of the dangers of
increasing use of pesticides for the welfare
of society and the environment/ecology
(Dara, et al, 2019; Peterson, et al 2018).
Integrated pest management or integrated
pest control is an new approach to integrate
various types of pest control methods which
is addressed to reduce the pest population to
the below level of economic damage
(Rezaei, et al, 2019).

Global awareness of the importance
of environmental quality as part of the
fulfillment of the well-being of life has
urged the need for a fundamental change in
the use of hazardous chemicals such as
pesticide (Larkin, 2008).If the use of
pesticides must be reduced, the problem that
then arises and is faced by farmers is how to
use pesticides can be reduced but the loss of
yield or loss due to pests can be
avoided. The concept of IPM is an
appropriate alternative to answer the
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dilemma, because IPM aims to limit the use
of pesticides as little as possible but the
target quality and quantity of agricultural
production can still be achieved. IPM is a
wise pest control approach using methods
that guarantee it will provide satisfying
results in economic, ecological and social
terms (Pretty and Bharucha. 2015).

In this study, the IPM was firstly
introduced by the government official from
the Agriculture Service at the Provincial
level. Aside from to reduce and control the
pests, this IPM is expected to produce the
healthy  agricultural ~ products.  The
consumers, especially in Denpasar city and
other international tourism destinations
have good awareness to the organic and
healthy food. At the beginning, there was a
positive response from the farmers and
consumers as happening in other countries
which is needed free of pesticides residue.
Extension and training activities on
integrated pest management have been
conducted with the farmers groups under
the subak system. Subak has a strict rule for
the members to follow the government
programs with the social sanctions and
stopping irrigation water subject to a
member who break the rule. One of the
techniques implemented by the government
is having the plot demonstration for
demonstrating the IMP to the farmers. They
could directly see; practice; learn the
application of IMP after getting learning
process in the class.

The forms of IPM applied by the
farmers are crop rotation, less chemical
fertilizers and pesticides uses, having bio-

pesticides, and using the natural predators.
Crop rotation is very important to
discontinue the pest cycle on the rice field.
The farmers under the subak system follow
the cropping patterns defined by subak. It
should be rice-rice/secondary  crops-
secondary crops or rice-secondary crops-
rice/secondary crops, or rice-secondary
crops-secondary crops. This is dependent on
the availability of irrigation water at the
weir and pest attack. During rainy season,
all farmers in the study sites planted rice
crop with particular  varieties. The
government official (agricultural extension
worker) gave information about the variety
which would be planted. There might be a
potential pest attack during the planting
season. Therefore, the farmers would follow
the recommendation from the government
relating to the variety of rice crop.

Less chemical fertilizers and
pesticides uses were trained and
demonstrated on the plot demonstration.
The extension worker firstly gave
knowledge about the organic and inorganic
or chemical materials for the fertilizers and
pesticides, the advantage and disadvantage
of organic and inorganic or chemical
fertilizers and pesticides, and the methods
or techniques of their application. During
the training, the farmers were fully involved
in order that they could have good
knowledge, attitude and skills toward
application of organic fertilizers and
pesticides. Besides, the farmers were also
trained in the making process of organic
fertilizers and bio-pesticides. The extension
worker had a priority to use the local
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materials for fertilizers and pesticides. At
the farmer level, the implementation of IPM
is fully based on the principles of
sustainable  agricultural  development.
Management of pest control should also
consider technical, ecological, economic,
political and socio-cultural aspects. This
means that the practice of pest control
should not reduce the carrying capacity and
environmental sustainability.

The government and farmers
expected that IPM application could provide
higher agricultural productivity, decrease
pest populations and the damage or
economically loss, and increase farmers'
income. In other words, the IPM is aimed at
eradicating and eliminating pests as much
as possible so that the program to increase
crop production is not disturbed. Therefore,
the introduction and application of
integrated pest management could have a
positive impact on the behavior of farmers
in the use of pesticides for their rice
farming.

3. CONCLUSION

Sustainable agricultural technologies
in rice farming, such as SRI, organic
farming, integrated pest management have a
significant role in increasing the
productivity of rice cultivated by farmers.
This new technology could also contribute
to the development of businesses or
activities in the upstream to the downstream
sectors. Sustainable agriculture is successful
resource management for agricultural
businesses to help changing human needs
while maintaining or improving the quality

of the environment and conserving natural
resources. Agricultural ~ technology  in
environmentally friendly rice farming to
support the realization of sustainable
agricultural  development includes the
planting of SRI technique rice, organic
farming and Integrated Pest Management.

In an effort to realize sustainable
agriculture and provide benefits for future
generations, all stakeholders such as the
government, non-government institutions
including farmers should always pay
attention to ecological and environmental
aspects in applying new technologies to
their farms. Some technologies that are
environmentally friendly and still provide
relatively high productivity with long-term
dimensions are the use of SRI technology,
organic fertilizers and integrated pest
control. In order to achieve this
recommendation  technology, extension
agents need to understand agricultural
management both in technical, economic,
ecological and environmental aspects as
well as farmer institutions so that
integration occurs in the implementation of
agricultural activities that are sustainable or
sustainable.
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