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ABSTRACT

The Tukad Sabah study arceca is located on the north coast
of Bali Island, Indonesia, to the west of the district capital
of Singaraja (Tig. 1.1). The area presently supports coconuts,
with dryland under cropping, and some single-cropped-sawah
(basin irrigated rice) supplied from seasonal rivers and springs.
According to climate conditions, the study area is generally
suitable for the cultivation of a wide range of tropical crops.

The Tukad Sabah has a total basin area of 85 kmz, but the

study area only comprises 1500 hectares of it. The study area
is located in a region undergoing an extension of the original
irrigation scheme, from Umadesa weir to Tukad Grokgak (Fig. 1.2).
The basin area has an average annual flow of 5.50 cumecs and
mean annual rainfall of 1270 millimetres, of which 86 percent
falls in the six month wet season (November to April).

The main objective of this practicum 1s to develop a water
requirement plan for crop irrigation, by using water from Tukad
Sabah river. To achieve this objective, the study attempts to
estimate the design flow of Tukad Sabah river,calculate each
prospective crop's irrigation requirement, and to develop the
most beneficial cropping pattern (the cropping pattern yielding
the greatest return to the farmer) for the study area.

Since available flow discharge data are limited, long-term
records of rainfall were utilized to generate flow data. The
design flow of Tukad Sabah was derived by adjusting minimum
average monthly flows on the basis of annual rainfall, to
estimate flows with 80 nercent probability of being exceeded.

A peak design flow of 6.3% cumecs and a low flow of 1.29 cumecs
was determined (Table 3.6).

Crop irrigation requirements were calculated by summing
crop consumptive use and field loss less effective rainfall,
multiplied by efficiency factors for water use. (Tables 4.9,
4.10, and 4.11). Average water requirements for the main crop
(rice) and dryland crops were determined at about 22 mm/day and
4 mm/day, respectively.

The most beneficial cropping pattern in the study area was
determined, based on the calculation of net crop return for
six selective crops grown on open sawah and under coconuts.

In open sawah, a rice-tobacco crop rotation was shown to give
the highest economic return (628.2 thousand rupiahs/ha/annum)
followed by a rice-rice rotation {of 301.1 thousand rupiahs/

ha/annum). Under coconuts, the highest economic return was
derived from a rice-groundnut-groundnut rotation (283.0 rupiahs/
ha/annum). However, a use of cropping pattern based on rice

is recommended for the followling reasons:

- Production of tobacco, which yields the highest
economic return, is restricted by monopsonistic
marketing.

- The majority of farmers prefer to grow rice if
sufficient water is available.



- Indonesian government policy encourages production
of rice since rice must be imported to fulfill
the domestic demand.

Using the calculated data, a water requirement plan is
established for the study area by matching demand and supply
on the basis of monthly water distribution (Table 6.3). In
open sawah west of the study area, two crops of rice could
be cropped with palawija in the dry season. The main constraint
to double-cropping of rice in the dry season is the small flow
of water from Tukad Sabah during July to September. Farmers
within the study area should start land preparation for rice
earlier (ie. October) than at present, in order to allow
cultivation of a dry season rice crop before the water supply
becomes inadequate. A system of rotational irrigation should
be practised by area farmers to spread out the peak water
requirement throughout the year.
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GLOSSARY

The following acronyms are used in this report:

P35SA

LRD

HYV
BIMAS

IPEDA

IRRI

USDA

Proyek Perancangan Pengembangan Sumber-sumber Air
(Water Resources Planning and Development Project)

Land Resources Division, UK Ministry of Over-
seas Development

High Yielding Variety (rice)
Bimbingan Massal (Mass Guidance)

Turan Pembangunan Daerah (District Development
Tax) Land Tax

International Rice Research Institute, Los Banos,
Philippines

United State Department of Agriculture

The following is the administrative hierarchy within the island
(Province of Bali:

Kabupaten
Kecamatan
Desa

Banjar

regency (Buleleng)
sub-regency {(Seririt)
village (Kalisada)

sub-village (Tegallengah)

The following Indonesian words are commonly used in this report:

Subak - irrigation organization/association

Sawah - bunded fields used for irrigated rice cultivation
Padi - vice crop or rice on the stalk

Palawija - crops grown on sawah in rotation with rice

Gabah - unhusked rice grain

Gotong royong - system of self-help in maintdining irrigation

works and for community work in the fields.
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CHAPTER I

THE PROBLEM AND ITS SETTING

1. Statement of the Problem s

Agricultural production on the northern part of
Bali Island, Indonesia, is limited due to a scarcity of water
for irrigation. Unlike the southern region of the island
where water resources are abundant and agriculture is well-
developed, northern Bali is a dry area which receives minimal
rainfall from May to October. This seasonal lack of water
causes rivers to dry up, and results in a reduction in crop
yield by as much as 50 percent.

In attempting to remedy this situation, the Indonesian
government has been implementing irrigation projects on major
rivers in Northern Bali. One such project is located on the
Tukad Sabah River (Fig. 1.1).

The irrigation development of the coastal plain to
the west of Tukad Sabah River was initiated in 1965 with design
and construction of Umadesa Weir, located approximately 6.5 km
upstream of the mouth of the river (Fig. 1.2). The head
regulator of Umadesa Canal was designed to convey water to the
cast bank of the Tukad Gemgem River at a rate of 2.5 cumecs.

Large quantities of sediment enter the head regulator
causing siltation, however, which restricts the rate of water
discharge. The subsequent build-up of water in the canal can
result in flooding onto adjacent agricultural lands, which can
lead to crop damage. Flooding is thought to be partly caused

because of an incorrect design width for the canal, as it appears

very narrow in rel: ion to the width of the river.
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Inorder to prevent future flooding and to extend the

irrigated area, the capacity of Umadesa Canal needs to be
altered. The local government authority is currently pre-
paring an engineering plan for this development. The purpose
of this practicum is to determine irrigation water requirements
for the surrounding agricultural land. This information can
then be used as a basis for determining a new design capacity

for Umadesa Canal.

2. Objective
The main objective of this study is to develop an irrigation
requirement plan for agricultural land in the vicinity of Unmadesa
Canal on the Tukad Sabah River. Since the study will deal
only with the use of water for irrigation, the plan has been
designed to make water available among various combinations of
crops during one crop calendar year. Crops selected are those
that give the greatest return to the farmer. To achieve this
main objective, the following sub-objectives will also be met:
2.1 Sub-objective one
To estimate the design flow of Tukad Sabah
River in order to determine the amount of water
available for crop consumption.
2.2 Sub-objective two
To determine specific crop irrigation
requirements for each crop capable of being
grown in the study area.
2.3 Sub-objective three

To develop a cropping pattern which would



4,

maximum the return to the farmer.

Assumptions

3.

3.

1

4

Present utilization of Tukad Sabah River for

irrigation purposes will continue into
the future.

No charge for water will be imposed, as
water for irrigation purposes is free to the farmer
based on current government policy.

In planning cropping patterns, reasons
other than economic, may dictate the use
of rice instead of other crops.

The present irrigation demand will be met
first, and any remaining flow is considered
available for this irrigation developments.

Delimitations

4.

1

This study will examine the use of water
only for irrigation purposes since the flow
of Tukad Sabah River is relatively small.

This study will not develop or evaluate any
engineering plans for this river.

This study will not consider the availability
of water from ground water sources within the
basin area because of the lack of data.

Except in the conclusions, this study will not
consider any social implications of the
proposed irrigation plan.

Definition of Terms

5.

1

Consumptive use or crop requirement is the
amount of water needed for crop growth.

Irrigation requirement is the consumptive use |
minus precipitation available for Crop consump-
tion. In other words, it is the quantity

of water that must be delivered by irrigation
to the farm land in order to ensure CTrop
production.

Field loss is the amount of water lost on farm
lands and in irrigation canals due to the deep
percolation through the plough pan, seepage in
ditches and canals, leakage through and around



hcadgates and other structures, and consump-
tive use by phreatophytes (USDA, 1970, pg.49).

Effective rainfall is the amount of rainfall
which can be used by a crop (FAO, 1975, pg.18).

Irrigation efficiency is a constant or a fac-
tor which indicates operational water losses
created during delivery of water by sluicing,
breaks in conduits, and diversion or deliveries
in excess of demands.

Double mass curve is a graph used to check the
consistency or the 7reability of precipitation
records under consideration (Booy, 1975, pg. 41).

Frequency analysis is the expression of hydro-
logic data on a probabilistic basis. It is
standard practice to design on the basis of
discharge vrates of a given return period - that
is, the period in years on the average during
which a given discharge rate can be expected

to be exceeded (Gray, Donald M., 1975, pg. 12.1).

Crop calendar is the period during which a crop
is grown.

Cropping pattern is the pattern of crops grown
in a crop calendar year.

Crop budget is a financial analysis pertaining
to the amount of monetary return to a farmer
for each type of crop grown in a unit of land.

Financial price or market price is the price
at which goods are exchanged in the market, or
the current ruling price in the market.

Accounting price or shadow price is the price
which is imputed as the true marginal value of
a good or opportunity cost of a resource.

Methodology

The Data

Secondary data processed by agencies in Indonesia were

used in this study (e.g. hydrological, climatological and

agricultural records as well as background information of the

s5tudy area).




6.2 Speciflic Methodologies

The methodology employed in devoloping an irrigation
water requirement plan can be described as three major steps.

Firstly the study calculated the amount of water
available in the Tukad Sabah River to supply water for crop
consumption. To estimate the reliable flow in the Tiver,
long-term rainfall records were utilized to generate flow data.
For the purpose of design, the minimum average monthly flows
were adjusted on the basis of annual rainfall to determine
an estimate of flows having 80 percent or 90 percent probability
of being exceeded. Data required for this step include flow
discharge and rainfall records.

Secondly, in order to determine the amount of water demanded,
water requivements  for cach prospective crop which could gTow 1in
the study area were calculated. This involved a summation of
evapotranspiration and field loss, subtracting the effective
rainfall, multiplying the result by an efficiency factor for
water use (FAO, 1975, pg. 12). Evapotranspiration or crop con-
sumptive use is calculated by multiplying estimated evaporation
by crop co-efficient (Gray, 1973, pg. 3.52). Data required in
this step are rates of evaporation, percolation, precipitation,
and crop co-efficients.

Thirdly, the most beneficial cropping pattern which could
be applied in the study area was determined. In this step, net
benefit of each crop was calculated based on a crop budget
analysis. The economic return by rotation for all possible

crop combinations in a crop calendar year was determined by



using the above results. Data required in this step include
crop prices, crop yields, agricultural inputs and its prices,
farm labour, wages, crop calendar, cropping pattern, crop
areas, and land use. a

The irrigation plan for the study area was established

by matching water supply and demand on the basis of monthly

distribution.

7. The Importance of the Study
Improving irrigation inthe Tukad Sabah River Basin is
being considered by the local Public Work Office. A preliminary
engineering study has been completed, and currently an
engineering plan is being prepared by the above office. This
practicum supplements this engineering plan. It provides the
basis for:
7.1 Determination of the design discharge of the
irrigation canal and the other irrigation
structures that will be proposed in the engineering

plan.

7.2 Istimations of the land area that can be irrigated
by this irrigation project.

7.3 Efficient distribution of the irrigation water
in time over the area.

7.4 Deciding on the most beneficial cropping pattern
that could give greatest return to the farmer.




CHAPTER 11

DESCRIPTION OF STUDY AREA

xS

1. Study Area Boundaries

The Republic of Indonesia is composed of the major
islands of Sumatra, Kalimantan, Sulawesi, Java, West Trian
and thousands of smaller islands. It has a population of
135 million (1977) on a land territory totalling 1,900,000
Cxkm?. Bali Island is one of the smaller islands situated
in the tropical zone (8°S) immediately east of Java Islana.
Bali has an area of 5,560 Rmz and a population of 2.4 million
(1977),

The area for this study is a narrow coastal plain,
located in Northern Bali, bounded to the east by the Tukad
Sabah River and the small market town of Seririt, to the west
by the Tukad Grokgak River and to the south by the foothills
of the Patas Mountains. It lies within an existing irriga-
tion area, originating from Umadesa Weir of the Tukad
Sabah River which is being extended and remodelled (Fig. 1.2).

According to a proposed plan (Public Work Office, 1977y,
a low level contour canal extending from Umadesa Weir,
largely following the alignment of the existing canal to the
Tukad Gemgem will be built. Thereafter, the command area would
be divided into two parts: a gravity supply system commanded
by an extension of the main conveyor; and a pumped supply
system involving the construction of three low 1ift pump

stations located at Sumaga, Brombong and Pengulon. The total



size of the irrigated area is 1460 ha of which 1090 ha repre-
sent the total nct irrigable area. (Table 2.1).
For planning purposes cach of the systems is further

divided into irrigation units (see chapter 6.1).

2. Geomorphology

Mountains in the central part of Bali Island have -
created numerous rivers which flow to the sea in a radial

pattern. Deep valleys are formed by the swift river currents

’

until the rivers emerge onto the coastal plain.

The alluvial deposits of the study area form a gentle
planar to slightly convex slope from sea level to a height of
about 40 metres. Interspersed over this area are small
steep-sided knolls and ridges, running almost to the sea,
and bounded by the Jembrana volcanics which rise steeply to
the south. The study area is extensively dissected by
seasonal rivers and watercourses. Heavy vegetation generally
covers the banks of the rivers.

To the south, hills of volcanic origin supply soil
parent material for the coastal plain. These soils have been
formed by alluvial action and have a variety of textural pro-
files. Most soils are medium textured, but there are also
frequently bands of sand or coarser material in the subsoil.
Within 100 metres of the coast, soils are very sandy, as this
region 1s essentially a raised beach. Drainage of most soils
is poor and in the wet season is a constraint to growing

certain annual crops.




TABLE 2.1

IRRIGATED AREA AND NET TIRRIGABLE AREAS

{(HECTARES)

Irrigated Net Irrigable
Canal System Area Area
Gravity 673 499
Sumaga Pump 102 77
Brombong Pump 258 168
Pengulon Pump 427 346
TOTAL 1460 1090

SOURCE: Public Work Office

Bali.
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Mechanical analysis of these alluvial soil showed that
they have a high silt content. They are generally neutral
in reaction, have a very high cation exchange capacity, and
high levels of most plant nutrients (LRD, 1976) B

The soils of the study arca are considered suitable
for a wide range of crops but their loamy textures and the
presence of sandy or gravelly layers near the surface would
result in high rates of percolation. This could be reduced
in time,however, with deposition of silt from irrigation

water and formation of a plough pan. Percolation rate is in

the range of 16 to 24 mm/day.

Most of the area lying in the alluvial deposits is backed

by the hills of the Jembrana volcanics, and consists of lavas,

breccias, tuffs, and associated rock. Just west of the

Tukad Sabah there is an outcrop of the Asah formation (comprised

of lavas, breccias, pumiceous tuffs and calcareous crack
fillings), which accounts for soil variation in the area

{Purbo Hadiwidjojo, 1971}.

3. Hydrology

3.1 River Systems

Many water courses are found in the study area. Most
only flow in the wet season except for a few which are spring
fed. The major water sources are the Tukad Sabah and Tukad
Gemgem Rivers.

The catchment area of Tukad Sabah above the Umadesa Weir
is 82.3 kmz and the length of the river is 24 km. The Tukad

Panas is a tributary of the Tukad Sabah and the confluence
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is just downstrecam of Unadesa Weir. The catchment area of
Tukad Panas is 40.6 km2 and the length of the river is 20 km.

The Tukad Gemgem and its tributary, the Tukad Pancuran
are immediately to the west of Tukad Sabah (Fig. Z.Ej. They
generally flow year round although in the dry season flows
are small. The total catchment area is 51.6 km2 and the maxi-
mum length is 12.8 km.

3.2 River Flow

In order to record flow discharge of the Tukad Sabah
River, three gauging stations (2A, 2.B1 and 2.B2) have béén
established by P3SA (Fig. 2.1). Each station consists of
staff gauges positioned at weir structures, or at reasonably
uniform reaches of the river. Station 2.B1 is situated imme-
diately upstream of Umadesa Weir. A calibration relationship
based on flow measurements taken at regular intervals has
been established for each station.

Station 2.B2, however, was destroyed in 1976 so that
these records were not used. In March 1976, Station 2A was
also destroyed during a flood. Because the flood,changed
the shape of the river drastically near this station, further
readings showed an erratic flow pattern. Therefore, station
2.B1 was chosen as the best representative of flow in the Tukad
Sabah.

Monthly records at 2.Bl1 were available from the end of
1973 to present (Table 2.2). Staff gauge readings were

taken by a local resident at 0600, 1200 and 1800 hours.
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TUKAD SABAH MONTHLY FLOW AT UMADESA WEIR (2B1)

TABLE 2.2

FLOW (cumecs)

MONTH 1974 1975 1976 1977
January 6.65 9.00 6.60 6.85
February 6.60 6.85 7.65 7.85
March 4,21 6.30 8.40 11.30
April 3.45 6.60 5.80 7.73
May 2.16 5.80 6.60 8.10
June 2.16 5.50 6.60 5.20
July 2.41 6.30 2.16 4.75
August 2.16 2.41 1.606 5.80
September 2.16 3.96 3.20 5.00
October 2.16 3.45 5.80 5.25
November 3.45 4.75 6.05 6.60
December 3.20 6.60 5.25 5.80
SOURCE: P3SA Office, Singaraja - Bali.



An automatic stage recorder was installed at station 2B1

and weekly charts were then available in August 1977,

During the wet season, rain storms often occured in the early
afternoon, so that peak flow was reached in the evening

and would have subsided by the following morning. A hydro-
graph reading, taken during a small fldod,showed that peak
flow was reached at 2100 hours, but subsided nine hours
later. Thus, a gauge reading made at 1800 hours and another
the following morning at 0600 hours would only record a small
part of the flood run off. It is unlikely that this floéd
water could have been used for irrigation, however, since

it was of short duration and occured mainly at night. Non-
recording of these peak flows is, therefore, of little
importance for the purpose of planning this irrigation project.

The flow in the Tukad Panas is measured just upstream
of its confluence with Tukad Sabah at a permanent weir site,
but only one year of records is available.

Gauging stations have similarly been established by P3SA
on the Tukad Gemgem, but again the period of records is limited
to less than two years. For the purposes of planning, it is
assumed that flows of the Tukad Gemgem are fully utilized
for irrgation of agriculture, and therefore there is no part
of the reliable yield (base flow is less than one cumec)} that
can be injected into the canal system. This also applies to
flows in all seasonal rivers in the project area between the
Tukad Gemgem and the Tukad Grokgak. Hence the major source

of water is the Tukad Sabah. The 5 day records are plotted

in Figure 2.2.
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The existing flow diverted into the Umadesa irrigation
canal has been recorded at two staff gauge stations 2.21 and
2.22. Station 2.21 was immediately downstream of the canal
head regulator but in 1976 was moved to a position downstream

of the Kalopaksa tunnel because of sediment accretion,

3.3 Rainfall

Intermittent rainfall records totalling almost 50
years were available for two rainfall stations (Munduk
and Pupuan).on the perimeter of the catchment area. (Fié.z.lj.
There are nine other rainfall stations in the catchment area,
but their recording period are not consistent. Records
fall into three distinct periods:

(1} Those before 1940 taken during the time of
the Dutch administration.

(2)  Those from 1950 to 1972 taken by the Indonesian
Agricultural Service.

(3) After 1973 taken by the Survey Section of

P3SA Bali (Bali Water Resources Planning

Project) at Singaraja.
No records are available for the period 1941 to 1949 during
the Japanese occupation and the immediate aftermath.
In the first period, there are records for three stations
(Grokgak on the coastal plain, Pupuan and Munduk). After
1950, a further station was established at Seririt. In
1973, P3SA establihsed five new stations; Pangkung Paruk in
the Tukad Gemgem headwaters, Unggahan and Bujak in the

Tukad Pancuran headwaters, Subuk in the Tukad Sabah headwaters

and Pedawa to the east of Tukad Panas. (Fig. 2.1).




A summary of the rainfall stations including elevation and

period of records is given in Table 2.3.

Fig. 2.3 shows the mean monthly rainfall distribution
for the stations at Seririt, Munduk, and Pupuan. Méan annual
rainfall on the coastal plain 1s about half that occuring
in the headwaters area. The annual distribution distinctly
falls into a wet season (November to April) and a dry season
(May to October). Mean annual rainfall is 1270 mm of which
86 percent falls in the wet season.

Double mass plotting was carried out to assess the géneral
reliability of the rainfall data for Pupuan (Fig. 2.4). The
recorded rainfall at the stations of Grokgak, Pupuan and
Munduk were aggregated and the individual records of Munduk
and Pupuan plotted separately against the total. The records
at Pupuan were found to be the most consistent and were
assumed to represent the conditions in the Tukad Sabah head-
waters. The monthly rainfall records for Pupuan are given in

Appendix I.

4. Climatology

The climate of the study are is generally suitable for
the cultivation of a wide range of tropical crops. The climate
pattern is dominated by the division of the year into wet and
dry seasons.

4.1 Temperature

In the study area, average temperature fluctuations through-
out the year are very small (Table 2.4}. The mean daily

temperature is 27°C. Diurnal temperature differences are much



TABLE 2.3

DETAILS OF RAINFALL STATIONS

ELEVATIONS
NAME (metres) PERIQD QF RECORDS7
Seririt (Bubunan) 10 1956-1970,1971-1977
Pangkung Paruk 40 1973-1977
Unggahan 120 1973-1977
Pujak 800 1973-1977
Subuk 310 1973-1977
Pupuan 800 1921-1940,1950-1970
1571-1977

Munduk 730 1912-1940,1950-1961,

- 1971-1977
Pedawa 670 1974-1977
Grokgak 45 1929-1940,1950-1977
SOURCE: P3SA - Bali, Location of raingauge see Fig. 2.1.
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greater and are greatest during the dry season, which is typi-

cal for an equatorial situation. At no time of year would
extremes of temperature have any marked effect on th? suita-
bility of the area for most tropical crops.

4,2 Hours of sunshine

There is a range from four hours of sunshine.per day in
the wet season to more than eight hours per day during the
driest months. (Table 2.4 ; The relatively low levels of
sunshine during the main rice growing season, January to |
April, might be recflected in a comparison of the yields of
rice grown in wet and dry seasons. However, there is no
reliable data on which to base this comparison and it does
not appear to be asignificant factor in the minds of local
farmers.

4.3 Relative humidity

Relative humidity for the study area is in the range of
70 to 80 percent throughout the year (Table 2.4). It is
highest during the wettest months and lowest in the dry season.
Conditions during the wet season undoubtedly favour the inci-
dence of plant diseases, and thereby constrain satisfactory
cultivation of a number of crops susceptible to fungus diseases.

4.4 Wind velocity

Wind velocity seldom reaches speeds which would cause
serious damage to agriculture (Table 2.4). Combined with
heavy rain in the wet season wind sometimes results in lodging
of the rice crop near harvest time especially with long-

strawed, traditional varieties.



TABLE

2.4

SINGARAJA CLIMATOLOGICAL STATION, SUMMARY OF DATA
{1973 - 1977)

Temperature °c Sunshine Open Water Evaporation
MONTH
Av.wind Class A Penman

Average Maximum Minimum Av.hours Rel.Humi- speed Pan esti-

daily daily daily per day dity % km/hour mm/day mate
Jan. 27.0 29.6 24 .4 4.19 80.4 4.0 4.9 5.3
Feb. 27.0 29.6 24.2 4.69 82.0 2.8 5.2 5!1
Mar . 27.3 29.9 24.0 4.88 79.5 2.3 5.1 5.3
Apr. 27.4 30.7 23.8 7.30 77.4 3.1 5.4 5.7
May 26.8 30.8 23.5 7.00 79.2 2.0 4.8 5.2
Jun. 26.8 30.7 22.4 8.21 75.2 2.9 5.5 5.2
July 26.4 30.2 22.2 8.62 72.8 3.1 5.5 6.1
Aug. 26.8 30.5 22.1 8.80 71.1 3.7 6.2 6.1
Sept. 27.6 3l.1 23.4 7.66 72.1 3.5 6.5 6.3
Oct. 28.4 31.5 24.1 7.46 71.9 3.2 6.0 6.8
Nov. 27.9 31.1 24 .4 6.16 73.2 3.4 5.7 6.3
Dec. 27.7 30.6 24 .3 4.44 75.1 3.3 5.2 5.7
SOURCE: P3SA Singaraja Climatological Station.



4.5 Lvaporation

Table Z.4 presents data for open water evaporation rates.
The data were obtained from work done by the P3SA Bali, which
compared evaporation from Class A Pan with figures obtained
from calculations using the Penman method. The differences
between the figures are not fully explained, but are partly
attributed to experimental error and partly to the proximity
of the climatoiogical station to the sea. In the latter case,
the generally lower rates of evaporation recorded from the
Class A Pan could be due to loss of energy advecting from;the
land to the sea. Lateral energy movement might be expected
since the land would heat more rapidly than the sea during
the day, and cool more rapidly at night.

Both sources of data are based on rather short term
records but since it provides a more conservative basis on
which to estimate crop water use, the Penman figures for

evaporation will be used for this study.

5. Agricul ture

Agriculture is the dominant sector in the economy of
the study area. Of the total population, about 90% live
in a rural area, and about 80% of the total labour force
are farmers,

Because of the warm climate, a wide variety of crops
are grown throughout the year. A highly diversified
and complicated cropping pattern is also practiced.
Techniques such as relay planting and inter-cropping of

dry land farmed crops are common. Rice is the base crop,




and the others which correspond with the rice growing period
are also planted. Water is an important factor in deciding
the cropping together with the limitations in topography
and land capability. o

Terracing of steep terrain, as the result of popula-
tion pressure and land constraint, is also common. Farm
machinery is not used on terraced land, but oxen, the draft
animals on the farm, and human labour are used.

5.1 Irrigation System

Utilization of land and water resources in Bali, is very
intensive, and their use is coordinated by an irrigation
association called '"subak'". The small, terraces of rice
fields are irrigated by long subak canals. Most of the subak
systems were built long ago, but are kept in use through
careful maintenance. A system generally consists of an
intake ( undation type), a simple temporary weir (built of
bamboo and boulders, situated sufficiently upstream at a
higher elevation) and long and unlined canals which convey
water by gravity to reach land on the ridges. Diversions or
main canals are often shared by more than one subak. Subak
facilities are built and maintained by the subak members, who
share the cost and labour required in proportion to their
farm size. The Indonesian government contributes materials,
but only in the case of the Umadesa weir does it play a direct
role in operation and maintenance of the system.

During the dry season, water in the rivers is fully
utilized. Since the irrigation areas are much larger than

the assured water supply in the dry season; irrigation water




must be stored during the wet scason. During the dry season,

the scarce resource is then over-appropriated, and water alloca-

tion becomes complicated. When water is in short supply, in
flow of water to each farm is controlled by the subak officers
so that each farm gets the same volume of water according to
unit area. In the dry season and in time of water shortage,
a rotational system of irrigation is practised in most subak,
indicating that farmers are familiar with this form of
discipline.

Water service is generally efficient in a subak systém.
The government policy is to maintain the subak with necessary
assistance and support. New irrigation facilities are turned
over to subaks upon completion of construction, and new subaks
are established for new development areas. Government thus
indirectly subsidizes irrigation projects of the small land
holders.

To obtain information on the present extent of irrigation
and the type of farming practised, a survey was conducted
by P3SA Bali in 1976 of 12 subaks in the study area vicinity.
These subaks having an area of 743 ha are located between Tukad
Sabah in the east and Tukad Grokgak in the west (Table 2.5
and Fig. 2.5).

About 156 ha of these subaks fall within the study area
boundary, comprising the subaks of Pengulon (60%), Tegallengah
(100%), Banjar Munduk (88%), and Kalisada (100%).

The six subaks east of Tukad Gemgem are irrigated from
the Tukad Sabah, five of them from the Umadesa weir and canal.

They are considered to be outside the study area because
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TABLE 2.5

SUBAK AREA AND WATER SOURCE

Total Area Project

Name of Subak Water source (ha) area (ha)
Pengulon T.Biu 26 16
Tinga-tinga T.Tinga-tinga 39 2
Tukad Sumaga T.Sumaga & springs 102 -
Tegallengah T.Sumaga § springs 53 53
Banjar Munduk T. Gemgem 17 15
Kalisada T.Gemgem 70 70
Yeh Anakan T.Sabah* 81 ~
Tegal Intaran T.Sabah#* 25 -
Banyumati T.Sabah* 87 -
Ponjok Cukli T.Sabah#* 18 -
Unadesa T.Sabah#* 190 -
Karang Suwung T.Sabah 35 -

743 156

.
ot

SOURCE :

From Umadesa weir

P3SA, Subak Survey, 1976,



implementation of the project would bring no benefit to them.

However, their irrigation requirements will be met first
before water can be allocated to arecas further to the west.
These six subaks have water available for two crOpsﬂbf rice
per annum, their usual cropping pattern, but a few farms
grow tobacco instead of a second crop of rice.

All subaks west of Tukad Gemgem grow rice in the wet
season but only limited area of sawah can be irrigated for a
second rice crop. Palawija crops, mostly groundnuts, are
grown in the dry season with limited irrigation.

In all subaks surveyed, the timing of land preparation
for the rice crop is determined by the availability of a
reliable supply of water and is strictly controlled within the
subaks. In the wet season a continuous flow of water is allowed
in the canals and through the sawahs. There is no attempt to
impound water in the sawah basins and thus make use of rain-
fall. As the wet season ends and river flows decrease,
~shortages of water sometimes occur,rationing has to be imposed.

5.2 Land Use

Seven categories of land use in the study area have been
distinguished (Table 2.6 and Fig. 2.7).

About 92 percent of the study area is presently under
agricultural production, and the remaining 8 percent is
occupied by villages, roads, rivers and other non-agricultural
land classes.

Nearly 80 percent of the study area is planted with coco-

nuts, on average 120 trees per hectare. The major category
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TABLE 2.0
PRESENT LAND USE

CATEGORY Area (ha) Percent
Agricultural
Open dryland with food crops 8
Full stand coconuts with rough grazing 72 5.
Full stand coconuts with food crops 1015 70.0
Full stand coconuts with sawah rice

and palawija 56 4.0
Open sawah one crop rice/year and

palawija 138 9.0
Open sawah two crops rice/year 53

Sub-total agricultural 1342 92.0

Urban and Other Non-agricultural
Village areas, roads, rivers, etc. 118 8.0
TOTAL STUDY AREA 1460 100.0

SOURCE :

Agriculture Office



of agricultural land usc, accounting for 70 percent of the
study area, is coconuts undercropped with food crops. This
type of agriculture stretches from the western boundary of
the study area to Tegallengah in the east. Near thg‘coast,
in the western half of the study area, some of the coconut
crops are not undercropped but remain in permanent gTass
land which is used as rough grazing for cattle and buffalos.

In Tegallengah, Tinga-tinga and to a lesser extent at
Celukan Bawang and Pengulon, some land between coconut trees
has been developed as sawah. This is a recent development
and it seems likely that the above average rainfall during
the last five years has encouraged farmers to utilize
additional flows of water which exceeded requirements of estab-
lished subaks. Ilowever, much of this category of land is not
yet admitted to the subak areas, indicating that the subaks
feel that it is still too marginal to be offered benefits of
membership. A very small area, 0.5 percent, is open dry 1land.
This is mostly around Tinga-tinga.

About 12.5 percent of the study area, nearly all in the
eastern end, is under open sawah. It is located in the
subaks of Pengulon, Tinga-tinga, Tegallengah, Banjar Munduk
and Kalisada. While most of the sawah in these subaks can
only be planted with rice in the wet season (December - April),
about 53 hectares in Tegallengah and Kalisada subaks are
irrigated from the Tukad Gemgem to support a second crop of

rice in the dry season. The rest of the open sawah is planted

with palawija crops, principally groundnuts, in the dry season.




Palawija crops can gencrally be irrigated with the limited
amount of water available. In Pengulon, Tinga-tinga and
Tegallengah, two successive palawija crops may be grown.

5.3 Crops and crop calendar ”

Before discussing the present cropping pattern in the
study area, it is necessary to define the periods during
which each crop is grown. These vary according to the
situation, the cropping periods in sawah are somewhat dif-
ferent from those on dry land.

In the sawah areas (Fig. 2.7), the availability of ﬁater
determines the timing of land preparation for rice. This
process rarely starts before December, and sometimes con-
tinues into February. A period of 30 days is sufficient for
this operation, and seed beds are prepared and sown during
this time. Transplanting takes place from January to March.
The length of time till harvest depends on the type of rice
grdwn. High yielding varieties (HYV) mature in about 120
days, traditional varieties take about 140 days or longer. A
second crop of rice sometimes follows, but land preparation
must be done promptly. It is/generally not possible to plant
a second crop of rice after a June harvest, however, because

of a lack of water. The second harvest generally takes place

in October. Even if a crop can be grown or harvested later than

this, the onset of rains can upset harvesting and drying

operations.
Where it is not possible to grow a second rice crop,

palawija crops are grown. Palawija crops such as groundnuts,
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