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ABSTRACT

Subak is local wisdom in Bali that has been practiced for centuries in managing
irrigation water. Here we present the uniqueness of Subak to manage water
with an example of Subak Sange, Gianyar, Bali. The field activity was carried
out from April-September 2019. The research objectives were to analyze: (i)
the characteristics of local wisdom in Subak Sange, (ii) the effect of irrigation
water frequency on pest and disease outbreaks on tobacco yield, and (iii) the
efficiency of water use in chili-tobacco intercropping. We combined several
approaches to achieve the objectives, including an interview with farmer,
diversity analysis, Romijn method, and revenue cost ratio. The results showed
that the harmony of relations between farmers was bound by a belief in three
elements socio-agrarian-religious. The excessive irrigation gave more pest
and disease outbreaks, as shown in 6-irrigation frequencies. In addition, the
occurrence of rotten root outbreaks was the highest (29%). The optimal
frequency irrigation for yield of tobacco was 4-times, which produced 11.5
tons of dry chopped tobacco per hectare, and this frequency irrigation was
much more efficient water use by 79% than rice plants. Based on revenue cost
ratio analysis, the chili-tobacco intercropping with four times irrigation was
feasible. The findings indicate that management of irrigation water in Subak
Sange is promising to support food sustainability in the region.

KEYWORDS
chili-tobacco intercropping, dry chopped-tobacco, irrigation frequency, revenue cost
ratio, tobacco disease

INTRODUCTION

In Indonesia, agriculture is one of the crucial
sectors in national development. The government has
made various efforts to increase the production of
agricultural commodities. However, earlier study
suggested that farmers were more prefer to do
agriculture practices based on their own experiences
rather than introducing more advanced agricultural
technology instead (Sulaiman et al, 2018). These
practices are related to the low knowledge and
technical skill that farmers have. Other factors, such as
limited capital and socio-cultural aspects, also
contribute to the use of more advanced agricultural
technology. Most farmers still hold the believed
tradition tightly to manage agriculture. This pheno-

menon is commonly found in Bali farmers, especially
when they manage irrigation water. Their agriculture
practices to manage and regulate irrigation water are
known as Subak system. Nowadays, Subak is the most
effective farmer associations in controlling irrigation
water and remarked as a socioreligious pattern based
on Tri Hita Karana (Norken et al., 2017; Wijayanti et al.,,
2020; Yekti et al., 2017).

The essential practices at the Subak association
are mutual understanding, feeling, and having toge-
therness based on deep conviction as the basis of local
wisdom of agriculture in Bali. Local wisdom is
indigenous ideas that are wise, useful and followed by
community members. In general, local wisdom values
appear and develop through repeated experiences and
learnings that are wisely addressed. Then, local wisdom
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evolves into a belief, trust, and mutual agreement
(Sulaiman et al.,, 2018; Yekti et al, 2017). In changing
climate, plant species and cropping systems may
influence water use efficiency under the Subak system.
This study will portray climate adaptation on Subak
Sange in Gianyar, Bali related to water management
and plant species selection.

In changing climate, likely there is a tendency a
decreased water availability in the future, while water
demand continues to increase, especially in urban areas
(Florke et al. 2018). An increased water demand is
affected by population growth and human activity. In
the long run, an increased demand potentially leads to
a water conflict (Ashofteh Parisa-Sadat et al., 2017; Luo
et al., 2015; Petersen-Perlman et al,, 2017; Wu et al,
2016). Water resources may associate with environ-
mental problems leading to conflicts when the
resources are limited (Boulay et al., 2018; Tarigan et al.,
2016). Therefore, water has become an essential natural
resource for all living creatures. Specifically, in agri-
culture, water is one of the essential matters which has
a strategic function in agricultural land, especially on
paddy fields as the primary basis of national food
security.

In the agronomic context, water is an essential
component for plant growth and development (Seidel
etal, 2017; Yusara et al., 2019), as some types of plants
require large amounts of water (Lambers and Oliveira,
2019). The water content in the fresh weight of cells and
plant tissue reaches more than 80% of total weight.
Water functions for plants, among others, can be used
as nutrient solvents, constituents of protoplasm, and
raw material for photosynthesis. Lack of water in plant
tissue can decrease cell turgor, increase macro-
molecular concentrations, and affect the cell mem-
brane and chemical activity of water in plants
(Wulandari et al, 2018). On the other hand, an
adequate water will increase agricultural productivity
and food security (Kang et al.,, 2017; Quist-Jensen et al.,
2015). To support optimal growth, plants require

adequate nutrients and water throughout their span life.

Nutrients in soil are mainly obtained from fertilization
(Putra and Yuliando, 2015), while irrigation water like
Subak system will fulfill plant water requirements.

Rapid growth and an increased crop yields can
be achieved with proper irrigation (Parent et al., 2015).
The provision of water can be intended to replace water
that has been evaporated and provide additional water
needed by plants (Abdolahipour et al., 2018). Water
shortage over specific periods may lead plants to wither,
as there is not enough water to compensate water loss
through evapotranspiration. Prolonged insufficient
water will trigger plants to become stunting and
abnormal (Ilangumaran and Smith, 2017).
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The problem of water shortages also occurs in
agricultural practices using the Subak method in
Gianyar, Bali. In the Subak Sange, the farmers usually
plant chili-tobacco and rice intercropping. Practically,
they also have a similar problem with water shortage
during their agricultural practices. Therefore, proper
identification on this issue is needed to find effective
and efficient solutions related to the water shortage
problem.

The culture of intimate solidarity among Subak
farmers is tight in the management of agricultural water.
This culture is very unique, therefore many efforts have
been performed to reveal on this (e.g. Jansing et al.,
2020; Tarigan et al, 2016; Yekti et al, 2017). This
research will focus on Subak Sange, with the specific
objective to identify: (i) local wisdom of Subak Sange,
(ii) the effect of irrigation water frequency on pests and
diseases outbreaks and tobacco yields, (iii) irrigation
efficiency on rice plants with chili-tobacco inter-
cropping, and (iv) the feasibility analysis of tobacco
farming in supporting food sustainability in irrigated
farmlands.

RESEARCH METHODS

A field experiment was carried out in Subak
Sange, Ketewel Village, Sukawati District, Gianyar
Regency, Bali Province. The experiment was done from
April to September 2019.

Googh

Figure 1. The location of the study area

During the field activities, we did interviews and
limited discussions with community leaders to identify
local wisdom in Subak Sange. In addition, we
established research demonstration plots in the field.
The demonstration plots were used to obtain
information about the effect of the frequency of
irrigation water on pests, diseases, and tobacco yield
(Figure 1). We also observed data related to the
irrigation water efficiency under rice plants and chili-
tobacco intercropping from the demonstration plots.

We designed the plots following a randomized
block design. There were four treatments for the
frequency of irrigation water in chili-tobacco and rice
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intercropping. The four treatments included: (i) A1 = 3
times (day 0, 45, and 90 after planting); (ii) A2 = 4 times
(day 0, 30, 60, and 90y; (iii) A3 = 5 times (day 0, 45, 60,
75, and 90); and (iv) A4 = 6 times (day 0, 25, 40, 55, 70,
and 85). Each treatment was replicated seven times. The
cultivation of the chili-tobacco intercropping system
was implemented together with rice planting on a
Subak landscape. Planting was performed by dividing
the landscape into two areas. The first area was for chili-
tobacco intercropping, and the second one was for rice
plants. This planting condition was carried out within a
year; then, it was rotated.

The cultivation of chili-tobacco was started by
seed sowing, then clean-up the land with cutting rice
paddy. Then we continued with establishing beds with
a size of 100 cm width, 70 cm height, and spacing
between beds was 90 cm. The spacing of tobaccos was
90x90 cm, and we cultivated chili between them as
intercropped plants. The day before planting (0 days
before planting), watering is done by a lab system to
ease the cultivation process. The lab system is an
irrigation technique by flowing water into a plot of land
until the water reaches the surface of the mound, then
the incoming water is closed. The irrigation water was
adjusted according to the four treatments.

Rice planting was carried out by following
procedures of Integrated Rice Cultivation Manage-
ment (Badan Litbang Pertanian, 2007), which include: (i)
cultivation the new high yielding seed varieties, (ii) use
the 2:1 Legowo planting method (Tapin) with ticks
25x25 cm, (i) organic and inorganic fertilization where
the dose of organic fertilizer is at least 2 tons ha™', (iv)
plant the young seedlings <21 days with 1-3 seedlings
in one hole, (v) seeding is not too tight, (vi) intermittent
irrigation using a control pipe, (vii) integrated pest
control, and (viii) harvesting follows harvest criteria.

Measurement of irrigation water use for both
intercropping chili-tobacco and rice followed the
requirements of the Romijn method. Technically,
Romijn device was installed on the distribution channel
of incoming water (copper). Water entering the rice
field was through this gauge.

In the field, we observed the following para-
meters: (i) Subak local wisdom, (ii) water use in rice and
chili-tobacco fields, (iii) intensity of caterpillar attacks,
leafhoppers, aphids, rotten roots, and tobacco leaf curl
viruses, (iv) revenue of dry cut tobacco, and (v) farming
analysis of tobacco (revenue cost ratio). The farming
analysis was calculated based on the calculation of
revenue cost ratio (RCR), using data of income and
expense to do farming. The RCR value > 1 means that
farming is profitable or feasible to be executed—the
RCR value <1 means that farming suffers losses and is
not possible to be executed. Furthermore, the RCR

value = 1 indicates that it is at the breakeven point. RCR
values can be analyzed using Equation (1) (Asnidar and
Asrida, 2017):

Total income (IDR)
Total cost production (IDR)

RCR= (M

Data Analysis

Data of local wisdom, which were obtained from
interviews and discussions, were presented descript-
tively. For the quantitative data such as pest and
disease outbreaks were analyzed using variance
analysis and BNT test (0=5%). The BNT test is
commonly used to see the effect of treatment on
significant differences among observed parameters
(Gomez and Gomez, 1995).

The discharge in cross-sections entering the
paddy field was calculated based on the Romijn
method. The Romijn method is shown in Equations (2)
and (3) (Andayani et al., 2017):

1

Q=mb§ 2g5h )

Q =171mbh%? 3)

where Q is the discharge (m? s"), b is the door width
(m), h is the height of the water above the threshold
(m), g is the acceleration due to gravity (9.8 m s'), and
m is the flow coefficient.

The drainage coefficient in Equation (2) and (3)
has a value <1. If channel length (L) is three times
higher than the water level at the gate, the flow
coefficient value ranges from 0.970 to 0.980. If the
length (L) is the same as the water level, the flow
coefficient value ranges from 0.98-1.01.

RESULTS AND DISCUSSIONS

Local Wisdom of Subak and Regional
Characteristics

Subak is the local wisdom of the Balinese society
in managing water resources and water use for
agriculture. Subak culture was bound by psychological
strength/firm beliefs of the three essential elements,
namely socio-agrarian-religious. These three elements
are based on the philosophy of Tri Hita Karana. The
culture as a belief system cannot stand alone, which
depends on the harmonized relationship among
farmers, environment, and God. In general, the
utilization of irrigation water by Subak based on equity
and fairness with a system called "tektek". This system
distributes irrigation water based on an area per 100
acres, which was determined by “juru air”.

Based on the interview with Pekaseh, Subak’s
chief who controls irrigation water in Subak system, in
2019, farmers still have applied continuous irrigation
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water management that was practiced as an ancestral
heritage. This irrigation is typically for cropping
patterns of rice-rice-rice for the entire Subak region.
Due to climate variability, the water supply for irrigation
was decreased. Therefore, the decreased water supply
affected the sustainability of irrigation, leading to an
abnormal cropping pattern. Farmers experienced with
various difficulties related to water problems. This
problem has directed Subak members to adapt to the
cropping pattern. They discussed about the water
management and type of crops that could be planted.
Based on the discussion, they decided to divide the
Subak area into two cropping patterns. Half of the area
was planted with a rice-rice-rice system (ancestral
heritage), and the rest for the chili-tobacco inter-
cropping system. Another agreement was to distribute
the irrigation water every five days for chili-tobacco
intercropping, and they did not mind with the
sufficiency of water in a different area.

Subak Sange is located in Ketewel Village,
Gianyar Regency, Bali Province. The area of Subak
Sange is around 43 ha divided into two areas, namely
Tempek Gliud and Tempek Papadan. Tempek Gliud was
advised to grow the chili-tobacco intercropping system,
while the latter for rice only. This division was for a year
only; then the next year crop rotation applied for both.

The soil in Subak Sange is typically sandy loam
texture, which is suitable for agriculture, both rice and
chili-tobacco plants (BPP Sukawati, 2015). During the
dry season, Subak Sange farmers rely on the
information about rainfall (Figure 2). The average
monthly rainfall over the past seven years in Subak
Sange was shown in Figure 2. The dry period occurs in
April-October with total rainfall <120 mm/month.

Effect of Irrigation Water Frequency on Pest and
Disease Outbreaks and Tobacco Dry Yields

Based on the statistical analysis, the irrigation
water frequency on chili-tobacco intercropping system
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gave a significant effect on the pest and disease
outbreaks (a=5%), as well as the yield of dry chopped
tobacco leaves (Tables 1 and 2). Table 1 shows that the
percentage of caterpillar outbreaks, rotten roots, and
tobacco leafhopper outbreaks were significantly
different in various treatments. The highest outbreak of
tobacco leaf caterpillars was shown in the treatment of
A4 (2.74%), followed by A2 and A3 (2.36% and 2.32%),
whereas the lowest outbreak was in treatment AT
(2.22%). A similar phenomenon was found in A4
treatment, where the rotten roots outbreak was the
highest (28.71%), then followed by A3 (15.71%). The
lower outbreak rates of the rotten roots were found in
A1 and A2 treatments (<13%, Table 1). For leafhopper
outbreaks, A1 treatment had the highest outbreak
(24.87%), while A4 treatment had the lowest outbreak
(16.40%). Other treatments A2 and A3 had the
outbreaks of 18.05% and 22.94%, respectively.

Table 2 shows the significant effect of irrigation
water frequency on outbreaks of aphid and tobacco
leaf curl viruses, and dry chopped tobacco leaf yields.
The highest aphid outbreaks were shown in A4
treatment (13.65%), then followed by treatment A2
(12.04%), A1 (11.91%), and the lowest at A3 (11.31%).
Tobacco leaf curl viruses had the highest outbreak at
A4 treatment (14.18%), followed by A3 (11.59%). A2
and A1 treatments were only had outbreaks by less
than 11% each.

The treatment of irrigation water also influenced
the yield of dry chopped tobacco leaves. In A1
treatment with three times irrigation water, the yield of
dry chopped tobacco leaves was 11,181 kg ha™'. With
an increased irrigation water (6 times), the weight of dry
chopped tobacco leaves decreased by 25% (8,364 kg
ha™"). Five times irrigation water (A3) resulted in 9,591
kg ha™' of dry leaves. The result showed that four times
irrigation water (A2) was the optimal treatment with the
dry chopped tobacco leaves was the highest (11.5 ton
ha™).

Jul Aug Sep Oct Nov Dec

Figure 2. Average monthly rainfall (mm) for period 2012-2018 in BPP Sukawati, Gianyar
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The frequency of irrigation water in chili-tobacco
intercropping also had a significant effect on pest and
disease outbreaks. The dominant outbreaks were
observed in A4 treatment (six times irrigation water)
except for tobacco leafthopper outbreaks. This result
showed that more irrigation would increase the
outbreaks. Tobacco leafhopper outbreaks predomi-
nantly occurred in A1 treatment (three times irrigation
water) during the growing period of tobacco (Table 1).
The six-times irrigation water in the growing period of
chili-tobacco intercropping has caused the condition of
land more humid. The results of soil moisture
measurements supported this humidity as shown by
high moisture content (~100%), and a soil pH ranging
from 6-6.7. The high moisture is suitable for fungi

development that causes tobacco rotten root in
addition to other pests.

The use of water in chili-tobacco intercropping
showed significant differences in various treatments.
Based on Romijn calculations, water use in the chili-
tobacco intercropping area varied from 7.05 m3 sec’”
are’ (A1) to 13.18 m3 sec' are’' (A4). The more
frequency of irrigation, the area will require more water.
For the optimal treatments i.e., the A2, the required
water was 9.44 m3 sec’ are”!, which produced the
highest dry chopped tobacco leaves (11.5 ton ha™"). On
the other hand, rice monoculture required more water
about 45.17 m3 sec' are”'. This result revealed that
water use of the intercropping system with chili-
tobacco was more efficient than that of rice by 79%.

Table 1. Effect of irrigation frequency on the percentage of caterpillars, rotten roots, and tobacco

leafhopper outbreaks

Treatment Caterpillar Rotten root Tobacco leaf hopper
outbreaks (%) outbreaks (%) outbreaks (%)

A1 2.22+0.41b 11.43+3.77¢ 24.87+5.65a

A2 2.36+0.41b 12.86+4.48¢ 18.05+4.43b

A3 2.32+0.42b 15.71+5.35b 22.94+3.71a

A4 2.74+0.34a 28.71+6.07a 16.40+4.07b

Diversity 10.67 8.89 19.94

coefficient (%)

BNT 5% 0.19 0.14 3.05

Note: Numbers followed by the same letter in the same column show no significant difference
(5% BNT test), where letter a indicates the highest value.

Intermittent irrigation is an alternative approach
to maintained land on dry and wet alternately during
the growing period. This type of irrigation was applied
to rice plant from 10-day-old crops until the age of two
weeks before harvest. A special treatment with an
inundation of 3-5 cm was applied in a period of a week
before and after flowering. Intermittent irrigation can
reduce water losses without significantly reducing

grained yield. A previous study suggested that
intermittent irrigation was able to save water by 15%
and does not reduce grain yield (Nugroho et al., 2018).
Intermittent irrigation techniques accompanied by
proper crop management can increase rice productivity,
at least 30%, compared to the conventional one (Huda
et al, 2013).

Table 2. Effect of irrigation frequency on the percentage of aphids, leaf curl viruses, and dry cut

tobacco yield

Treatment Aphids attacks (%) Tobacco leaf curl Dry chopped tobacco
viruses (%) leaves (kg/ha)

A1 11.91+2.77b 10.72+3.13b 11,181+18.89b

A2 12.04+1.75b 10.94+2.39b 11,500+4.91a

A3 11.31+1.28b 11.59+0.85b 9,591+17.42c

Ad 13.65+0.98a 14.18+0.62a 8,364+29.40d

Diversity 12.82 18.08 1.80

coefficient (%)

BNT 5% 1.16 1.59 13.59

Note: Numbers followed by the same letter in the same column show no significant difference
(5% BNT test), where letter a indicates the highest value.
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Farming Analysis of Tobacco in Subak Sange

The total cost of tobacco cultivation was IDR
517.2 million for one life cycle. These costs were
allocated for production facilities, labor, and other
expenses, including ritual costs in the fields. With this
production cost, the yield of dry chopped tobacco

leaves was 11.5 tons (~IDR 920 million). The total profit
earned by farmers was about IDR 402.8 million.
Therefore, the revenue cost ratio (RCR) was 1.78, which
means that the farming of chili-tobacco intercropping
was feasible (Table 3).

Table 3. Farming analysis of tobacco (per hectare) at Subak Sange farmland

Production Facilities Vol Unit (Thoucs:::::l IDR) (M?I:?:nu;‘l;R)
Urea 7.5 ton 2 5
SP36 1 ton 2.2 2.2
Fee
Tractor 100 are 20 20
Chaff-cutter 100 are 10 10
Ridging 200 day 100 20
Seedbed 100 day 100 10
Planting 150 day 100 15
Irrigation and weeding 600 day 100 60
Banking 100 day 100 10
Pruning 400 day 100 40
Harvesting 800 day 100 80
Chopping and drying 700 day 100 70
Packing 150 day 100 15
Ground rent 100,000 100
Others 50,000 50
Total cost 517.2
Production (kg) 11.5 ton 80 920
Profit 402.8
RCR 1.78

CONCLUSION irrigation water in Subak Sange are promising to

Local wisdom of Subak Sange was an ancestral
heritage that harmonizes three aspects, namely the
socio-agrarian-religious aspects. In order to improve
the water use efficiency in the conventional Subak
system, farmers introduced the chili-tobacco inter-
cropping, which was proven to increase water use
efficiency by 79% compared to the monoculture rice
cultivation. The findings revealed that more irrigation
would increase pest and disease outbreaks on chili-
tobacco plants. Further, the optimal frequency of
irrigation water was four times during the planting
period, which resulted in 11.5 tons of dry chopped
tobacco per ha. Based on the revenue cost ratio, the
chili-tobacco intercropping with four times irrigation
was feasible. The findings indicate that management of
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support food sustainability in the region.
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