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ABSTRAC'I'

'l'he Tukad Sabah study area is located on the north coast
of Ilali IslaDiì, Indonesia, to tlìe l\'est of the district capital
of Slngaraja (Tìig. 1.11. The area presently supports coconuts,
with r1íy1aíd undér cropping, and some single--cropped-sa\¡ah
(basin irrigated rice) sup!1ied from seasonal rivers and springs '
Àccorrling tõ climate conditions, the study area is generally
suitabLe foÌ the cultivation of a rvíde range of tTopical crops '

The Tukad Sabah has a total basin area of 85 knz, but the
study area only conprises 1500 hectares of it. The stu'ly area
is 1ócated in â region undergoing an extension of- the 91igina1
irrigãiio" i.lt"*","ftot U¡radésa ieir to Tukad-Grokgak (Fig. I'2) '
The Ëasin area haÁ an avelage annual f lorv of 5'50 cumecs and
rnean annual rainfall of I270 nillinetres, of rvhich 86 percent
fa11s in the six rnonth h¡et season (November to April).

The ¡nain ob j ect ive of this practicun is to develop a l^¿ater
requirement plan for crop irrigãtion, by using water fron Tukad
Sabah river.' To achieve- thjs õbjective, the study attenpts to
ãitir.t" the design flo¡v of Tukaã Sabah river,calculate each
prospective crop'õ ircrigation requirernent, and to develop the
inost'beneficial' croppin! pattern (the cropping-pattern yielding
the greatest retuïn tô the farner) for the study area.

Since available florv discharge data are limited' long-term
records of rainfalt tvere utilized to generate flow data. The
clesign flor" of Tukacl Sabah rvas deríved by adjusting-rnininum
averãge monthly f lotvs on the basis of annual rainfall, to-
estimäte f lorvs' rr'ith 80 nercent probability of being exceeded.
A peak design florv of 6'3J cu¡necs and a lotv flow of 1'29 curnecs
waè determined (Tab I e 3.6).

Crop irrigation requirements were calculated by sunming
crop conrr]*ptIve use and field loss less effective rainfa1l,
muliiplied 'by ef f ici.ency factors for.water use. (Tables 4.9 

'4.10,'ancl 4.it). Average r''ater requirelnents for the rnain crop-
(ricå) and dryíand ..opõ tu"t" deteimined at about 22 nn/ day and
4 nn/ day, respectivelY'

The most beneficial cropping pattern in the stucly area rvas
determined, based o¡r the calculation of net crop return for
six selective crops gro\vn on open sat'ah and under coconuts.
In open sarvah, a iicè-tobacco crop rotation l{as shol{n to give
the iiiglrest eðonomic return (628.2 thousand tupiahs/ha/ annun)
follorv"ed by a rice-rj-ce rotation (of 301'1 thousand rupiahs/
ha/annun). Under coconuts, the highest econonic return was
<leiived iror u rice -groundiut-grot,ñdnut rotation (283'0 rupiahs/
ha/annum), lìotr,ever, a use of croppi-ng pattern based on rice
is reco¡nmended for the follotving reasons:

- Production of tobacco, rvhich y j-elds the highest
economic ïeturn, is restricted by nonopsonistic
marketing.

- Tlie najoïity of farmers prefer to grow rice if
suffìc ient water is av¿i1ab1e.



- Indonesian government policy encourages production
of rice since rice must be irnported to fu1fi11
the domcstic denand,

Using the calculated data, a water requiTement plan is
established for the study area by natching denancl and supply
on the basis of nonthly r\,ater distribution (Table ó.3). In
open salah r\,est of the study aÌea, t$'o crops of rice could
be cropped with palarvija in the dry season. The nain constraint
to clouble-cropping of rice in the dry season is the snall floi{
of rvater f¡om Tukad Sabah during July to September. Farrners
lvithin the study area should start land preparation fo¡ rice
earlier (ie. October) than at present, in order to a11ow
cultivation of a dry season rice crop before the h¡ater supply
becomes inadequate. A system of rotational irrigation should
be practised by area faÏrners to spread out the peak r^Iater
requirernent thloughout tlìe year.
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GLOSSARY

'l'he fol lorvi ng aclonyìns atc used j n this report:

P3SA - Proyek Perancangan Pengernbangan Sunber-sunber Air
(lVater Resourccs Planning and Development Project)

l,RD - Land Resourccs Division, UK lt'linistry of Over-
seas Development

tlYV - lligh Yielding Variety (rice)

ll I I'lAS - Bimbingan llassal (ltlass Guiclance)

IPEDA - Iuran Pembangunan Daerah (District Developrnent
Tax) Land Tax

IRRI - International Rice Research Institute, Los Banos,
Phil ipp ine s

USDA - United State Department of Agriculture

The follorving is the administrative hierarchy rvithin the island
(Province of llali:

Kabupaten - regency (Bu1e1eng)

Kecamatan - sub-regency (Seririt)

Desa - village (Kal isada)

Banj ar - sub-vil1age (Tegallengah)

The fol lorr'ing Indonesian rvords are commonly used in thís report:
Subak - irrigation organization/association

Sarr'ah - bunded fields used for irrlgated rice cultivatíon

Padi - rice crop oÌ rice on the stalk

Palarvija - crops grorvn on sarvah in rotation rvith rice

Gabah - unhusked rice grain

Gotong royong - system of self-he1p in naintaining irrigation
rvorks and for community rvork in the fields.

- IV -
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CIIAPTER I

TIIE PROBLE}{ AND ITS SETTING

1. Statenent of the Problem

Agricultural productiotl on the northern part of

Bali Island, Indonesia, is limited due to a scarcity of lvater

for irrigation. Unlike the southern region of the island

l\'here l,iater resources are abundant and agriculture is lve11-

developed, northern BaIi is a dry area rvhich receives rnini¡na1

rainfall from ìrlay to October. This seasonal lack of rvateÎ

causes rivers to dry up, and results in a reduction in crop

y1eld by as nuch as 50 Percent'

In attenptit'tg to remedy this situation, the Inclonesian

governnent has been implementing irrigation projects on najor

rivers in Northern Bali. One such project is located on the

Tukad Sabah lìiver (Fig. 1.f).

The irrigation developnent of the coastal plain to

rhe west of Tukad Sabah River I\'a s initiated in 1965 r^¿ith design

ancì construction of Umadesa l\IeiT, Iocated approxinately 6.5 kn

upstream of the rnouth of the river (Fig' 1.2). The head

regulator of llnadesa Canal t"as designed to convey \'Jater to the

east bank of the Tukad Geingern River at a rate of 2.5 cunìecs.

Large quantities of sediment enter the head regulator

causing siltation, horvever, rr'hich restricts the rate of \rater

clischarge. The subsequent build-up of ¡vater in the canal can

result in flooding onto adjacent agÌicultural lands, tvhich can

lead to crop damage. Flooding is thought to be partly caused

because of an incorrect design rvidth for the cana1, as it appears

very narror{ in rel: ion to the rvidth of the ¡iver.
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In order to prevent future flooding and to extend the
irrigated area, the capacity of Urnadesa Canal needs to be

altered. The 1oca1 government aut]ìority is currentl,y pre_

paring an engineering plan for this development. The purpose

of this practicum is to cletermine irrigation water requirenents
for the surrounding aglicultural 1and. This information can

then be used as a basis Êor deterrnining a nerv design capacity
for Umadesa Cana1.

2. 0b jcct-ivc

The main objective of this study is to develop an irrlgation
rcquir"enrent plan for agr"ictrl tural land in the viciiríty of uÌnarlesa

Canal on the I'ukad Sabah River. Since the study rvill deal
only rvith tlìe use of rvate¡ for irrigation, the plan has been

designed to make wateÌ available ainong various conbinations of
crops durine one croll calendar year. Crops selected are those
that give tÌìe greatest return to the farmer, To achieve this
main objective, the follorving sub-objectives rvi11 also be met:

2.1 Sub-objectjve onc

To estinate the clesign f 1orr, of Tukad Sabah

River in order to cleter¡nine the anìount of rvater

ava i 1ab 1e for crop consunption.

2.2 Sub-objective trvo

To determine specific crop irïigation
requirenents for each crop capable of being

grorvn in tlie study area.

2.3 Sub-objective three

To develop ¿ 6¡6¡rlting pa ttet n rvhich ¡,ou1d
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tìaxinuÌn tlìc rctuflt to tlìc farner.

Assumpt ions

3.1 Present utilization of Tukad Sabah Ríver for
irrigation purposes rvilI continue intotlìc future.

3,2 No charge for water rvill be irnposed, as'h'ater for irrigation purposes is free to the far¡nerbased on cul.rent governmènt policy.
3.3 In planning cropÞing patterns, reasonsother than econonic, rnay dictate the useof rice instead of other crops.

3.4 Tl're present irrigation demand rvi11 be inetfirst, and any remaining f lorv is consideredavailable for this irrigation developnents,

De l ini ta ti ons

4.7 This study rrri11 exanine the uce of r{ateronl)¡ for irrigation purposes since the flot{of Tukad Sabah Ri.ver is relatively smal1.

4.2 This study rr'ilI not develop or evafuate anyengineering plans for this- river.
4.3 This study rsi1l not consider the availabilityof water from ground water sources h¡ithin thêbasin area because of the lack of data.
4 .4 Except in the conclusions, this study rvi11 notconsi.der any social inplications of theproposed irrigation p1an.

5. Defini tion of Terms

5.1 ConsutÌtptive use or crop requirernent is the
anount of rvater needed for crop grorvth.

5,2 Irrigation requirenent is the consurnptive userninus pr.ecipitatiori ayailable for cròp consutnp_tion. In otl.rer lvords , it is the quaniity
of rvater that lnus t be delivered by irrigâtionto the farrn land in order to ensuie cropproduction.

5.3 Field loss is the a)¡ount of water lost on farmlands and in irrigation canals due to the deeDpercolation tìrrough the plough pan, seepa-ge iilclitches and canali, leakàge ïfrròugi, and'aiound
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hcadgatcs a¡rd othcr structures, ancl consump-
tive use by plìreatophytes (uSDA, 1970, pc.49).

5.4 Effective rainfall is the anouÌrt of rainfall
which can l¡e used by a crop (FAO, 1975, ng,-. tt) .

5.5 Irr.igation efficiency is a constant or a fac-
tor rvhích indicates operational water losses
created during delívery of r^¡ater by sluicing,
l¡reaks in conduits, and diversion or deliveiies
in exces s of demands.

5,6 Double mass cutve is a graph used to check the
consistency or the reabí1ity of precipitation
records under consideration (Booy, 1975, pg. 41)

5.7 lrrequeircy analysis is the expression of hydro-
logic data on a ¡rrobabilistic basis. It is
standard practice to design on the basis of
clischarge rates of a given return period - that
is, the period in years on tlie average during
rr,hich a given discharge rate can be èxpected-
to be exceeded (Gray, Donald Nf., 197S, pg. IZ.1)

5.8 Crop calendar is the period during rvhich a crop
is groln.

5.9 Croppì.n.9 pattern j-s the pattern of crops grorvn
In a crop calendar year.

5 .10 Clo¡r. buclget is a financial analysis pertaining
to the a ìount of monetary return to a farmer -
fot' each type of crop growtl ìn a unit of land.

5 .l1 Financial price or narket price is the price
at h'hich goocls are exchanged in the market, ortlìe current ruling price in the naïke t,

5.12 Accounting price or shadow price j.s tìre orice
rr'h j ch is ìmfr-rtcd ¿ts tlìe truè marginal r¡aiue of
a goocl ot- ol)l)ot'tutlity cost of a resource.

6. lJe thodo 1o gy

6.1 The l-¡ata

Secondary data pl.ocessed by agencies in Indonesia r,¿ere

used in this s tudv (e . g . hydrological, cl imatological and

agr"icultu'a1 records as rr'e1l as background inforrnation of the
s t.ucìy a rca) .
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6.2 Spcci f ic Mcthoiìo.Ì.ogi.cs

'l'hc ncthodology enployed in devolo¡ing an irrigation
watel re quit'cntetìt plan call be described as three rna jor steps.

Firstly the sturìy calculated the anount of rvater

available in tì.re Tukad Sabah River to supply h'ater for crop

consulnption, 'l'o estiÍìate the reliable florv in tl-re river,
long-term rainfall records rvere utí1ized to generate flow data.
For tÌÌe purpose of desigtl , the rninimum average nonthly f101{s

rvele a<ljuste<1 on the basis of annual rainfall to deternine
an estimate of florvs having 80 percent or 90 percent probability
of being exceeded. Data required for this step include flol
discharge and rainfal 1 records.

Secondly', in order to deter-nine the amount of hrateï denanded,

rvater l.equiÌerìeDts for each prospective crop rvhich could grorv in
the study al'ea t{el"e calculated. This involved a surnrnation of
evapotranspiration and field 1oss, subtracting tlìe effective
raínfal1, nultiplying the rcsult by an efficiency factor for
ì\'ater use (F40, 1975, pg. 12). Evapotranspi¡ation or crop con-

sumptive use is cal-culated by nultiplying estimated eVaporation

by crop co-efficient (cray, I973, pg. 3.S2). Data required in
tÌ.ris step are rates of evaporation, percolation, precipitation,
and crop co-efficieirts.

'l'Ìrird1y, tlìe most beiref icial cropping pattern rvhich could
be applied in the study area r{as determined. In this step, net
benefit of eacìl crop t{as calcu}ated based on a cïop budget

analysis. The econonic return by rotation for al1 possible
crop cornbinations in a cro¡r calendar year r\¡as determined by



using the abovc results.
crop pTices, crop yields,
farm labour, \\¡ages, crop

areas , altd land use.

The i rri gatíon ptan

by natching rvate r supply

dis tribution.
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Data required in this step include
agricultural inputs and its prices,

calendar, cropping pattern, cTop

for the study area lvas established
and dernand on the basis of nonthlv

7. The Inportance of the Study

Irnproving irrigatíon in t.}re Tukad Sabah River Basin iS

being consider-ed by the local public l{ork Office. A pretiminary
engineering stuciy Ìras been completed, and currently an

engineering plan is being prepared by the above office. Tliis
practicun supÌllements this engineering p1an. It provides the
basis for:

7 .I Determination of the
irrigation ca¡ta1 and
s tructures that rvill
plan.

design clischarge of the
the other irrigat j-on
be proposed in the engineering

1')

7 .3

Estiìnations of the land area that can be irrigatedby this iÌrjgatiorr ¡rro jcct.
Efficient dis tribution of the irïigation rvaterin tirne over tlÌe area.

7.4 Deciding on the nost beneficial cropping patteÌnthat could give greatest return to the farner.
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CIIAPl'ER I i
DESCRIPl'ION OII STUDY AREA

1. Study A¡ea Boundar ie s

The Republic of Indonesia is conposed of the najor
islands of Sumatra, Kalimantan, Sulalesi, Java, t{est lrian
and thousands of smaller j.slands, It has a population of
135 nillion (I977) on a land territory totalling 1,900,000
kn2 . Bali Island is one of the smaller islands situated
in the tropical zone (g"S) immediately east of Java Island.
Bali has an aïea of 5,560 kn2 and a population of 2.4 nillion
(re7 7) .

Tìre area for this study is a narrow coastal p1ain,
located in Northern Bati, bounded to tlìe east by the Tu]:a-d

Saì¡ah River a.d trre snrarr niarket town of seri¡it, to the rvest
by the Tukad Crokgak River and to the south by the foothills
of the Patas l\,fountains . I t lies rvithin an existing irriga_
tion area, originating fron Unadesa Weir of the Tukad
Sabah Rive¡ rçhich is being extended and remodelled (Fig. 1.21.

According to a proposed plan (public l{ork Office , 1,g77) ,
a lorv 1eve1 contour canal extenrling from Urnadesa lVeir,
largely follorving the alignme't of re existing canal to the
Tul<ad Gengen rr'i11 be i¡ui1t. Trrereafter, the conmand area would
be divided into trvo pårts: a gravity supply system comrnanded

by an extension of the main conveyoï; and a pumped supply
system involving the construction of three lorv lift purnp

stations located at Sunaga, Brornbong and pengulon. TIìe totaL
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size of tlìe irrigated area is 1460 ha of rr,hich 1090 lia repre-
sent tlìe total net irrigable area. (Tab1e 2.1).

For planning purposes each of tlìe systems is. further
divided j.nto irrigation units (see chapter 6.1). '

2. Ge omo rpho 1o gy

Àlountains in the centTal part of Bali Island have

created numerous rivers r'rl.rich flotv to the sea in a radial
pattern. Deep valleys are forned by the slift ¡iver curTents,

until the rivers emerge onto the coastal p1ain.

The al1uvial deposits of the study area forrn a gentle
planar to slightly convex slope from sea 1eve1 to a height of
about 40 lnetres, Interspersed over this area are snal1

steep-sided kno11s and ridges, runnj-ng alrnost to the sea,

and bounded by the Jenbrana volcanics rvhich rise steeply to
the south. 'fhe study area is extensively dissected by

seasonal rivers and rr'atercourses. Heavy vegetâtion generally
cove¡s the banks of the rivers.

To the south, hil1s of volcanic origin supply soil
parent material for the coastal p1ain. These soils have been

forned by a11uvia1 action and have a variety of textural pro-

f iles. lr'lost solls are mediun textured, but there are also

frequently bands of sand or coarser material in the subsoil.
lVithin 100 lnetres of tlie coast, soils are very sandy, as this
region is essentially a raised beach. Drainage of Tnost soils
is poor and in tÌte h'et season j.s a const¡aint to grorving

ce rtai n annual crops.
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TABLE 2.I
IRRIGATED AREA AND NET IRRIGABLE AREAS

(r-TECTARES)

Canal Sys t em
Irrigated

Area
Net Irrigable

Area

Grav i ty
Sunaga Pump

Brombong Pump

Pengulon Pump

673

102

258

427

499

77

168

s46

TOTAL 1460 I090

SOURCE: Public l{ork Office - Bali.
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Ìlechanical analysis of these alluvial soí1 shorverl that
they have a high silt content. They are generally neutral
in reaction, have a vet'y high cation exchange capacity, and

high 1eve1s of most plant nutrients (LRD, 1976)

'lhe so j.1s of the study area are considered suitable
for a rvide range of crops but their loamy textures and the

presence of sandy or gïavelly layers near the surface rvould.

result in high rates of peîcolation. This could be reduced

in time,horvever, rvith deposition of silt from irrigation 
.

wate¡ and for¡natj.on of a plough pan. percolation rate is in
tlre range of ló to 24 nn/ðay.

trlost of the area lying in the alluvial deposits is backed

by the hills of the Jernbrana volcanics, and consists of lavas,
breccias, tuffs, and associated ïock. Just rvest of the

Tukad sabah there is an outcrop of the Asah formation (cornprised

of 1avas, breccias, puniceous tuffs and calcareous crack

fillings) , rr,hicli accounts for soil va¡iation in the area

(Purbo tladírvidjojo, I9 7I) .

3. I'lydrologf

3.1 lìiver Systens

Ilany tvater courses are found i n tl.re study area, Ìlost
only f1orr, in the \{et season except for a ferv rvhicl.r are spring
fed. The najor rvater sources are the Tukad Sabah and Tukad

Gemgen Rive ¡s ,

I'he catchment area of Tukad Sabah above the Umadesa lVeir
is 82.3 k¡r2 and the length of the river is 24 kn. The Tukad

Panas is a tributary of the Tukad Sabah and the confluence
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is just dorvltstrcam of Ul¡adesa lVcir. I'lÌe catc jlment area of
I'ukacl Panas is 40.6 kn2 and the length of the river is 20 krn,

The Tukad Gemgern and its tributary, the Tukad pancur.an

are immediately to rhe r!'esr of Tukad Sabah (Fig. 2.lj. They

generally f 1ot\' year round altl-rough ìn the dTy season flows
are sma1l. 'l'he total catchnent area is Sl.6 km2 and the rnaxi-

mum length is 12.8 km.

3.2 River Florv

In order to record florv discharge of the Tukad Sabah

River, three gauging stations (2A, 2.81 and 2.82) have been

established by PSSA (Fig. 2.1). Each station consists of
staff gauges positioned at wej-r structures, oï at reasonably
uniforn reaches of the river. Station 2.Bl is situated irnme-

diately upstream of U¡nadesa l{eir. A ca1íbration relationship
based on ff orv measureTnents taken at regular intervafs has

been established for each station.
Station 2,ìì2, horvever, r,/as destroyed in l9 76 so that

these records rvere not used. ln llarch 1976, Station 2A was

also destroyed during a flood. Because the floodrchanged
the shape of the rive¡ drastically near tl-ris station, further
readiÌrgs shorved an erratic f lorv pattern. Therefore, station
2 ' ll1 \{as chosen as the best representative of florv i-¡r the Tukacl

Sabah.

Irlonthly records at Z.ll1 rvere available f¡om the end of
I973 to present (TabIe 2.2). Staff gauge readings rvere

taken by a l-ocal resident at 0600, I2O0 and lg00 hours.



FIG¡.P.1
C A TC H M-E N T AREA AND R IVER SYS TE M
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TABLE 2.2

TUKAD SA]]AII TIONTIILY FLOIV AT UTÍADESA I\'EIR (281)

FL0lV (curnecs)

ÀJONTH 7974 1975 1976 1977

Janua ry

February

Ila rc h

April
May

Jun e

July

Augus t

September

0ctober

No vemb e r
Decenbe r

6. 85

7.85

11.30

7.73

8.10

5 ,20

4.75

s.80

5.00

5.25

6.60

5.80

6.65

6. 60

4 .27

3.45

2.r6

2.76

2.4r

2.r6

2.16

2.16

3.45

3 .20

9.00

6.8s

6. 30

6.60

5.80

5. 50

6.30

1 L1

3. 96

3. 45

4.75

6.60

6.60

7.65

8.40

5. 80

6.60

6.60

2.T6

1.66

s .20

5.80

6.05

c tE

SOURCE : P3SA Office , Singaraj a Bali.
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Ân autonatic stagc recorder was installed at station 281

and rveekly char.ts tvere then available in August 1977,

During the rvet season, rain storns often occuïed in the earrv
afternoon, so that peak florv rças reached in the eveîing
and would have subsided by the follotving rnorning. A hydro_
graph reading, taken during a srna1l f1ood, shorved. that peak

f lorv was r"eached at ZIO0 hours, but subsided nine hours
later, Thus, a gauge reading rnade at 1900 hours and another
the follorr'ing norning at 0600 houls rvould only record a srna11

part of the flood run off, It is unlikely that this flood
tr¡ater could have been used for iTrigation, however, since
it r.'as of short duration and occured nainly at night, Non-

recording of these peak florvs is, tlÌerefore, of little
inpoltance for the purpose of plannì.ng this irrigation project.

l'he florv in the Tukad panas is neasu¡ed just upstream
of its confluence rvith Tukad Sabah at a peïnanent weir site
but only one year of records is available.

Gauging stations have si¡nilarly been established by p3SA

on the 'rukad Gemgem, but again re periocr of records is ri¡nited
to less than th¡o years. For tire putposes of planning, it is
assuned that flows of the Tukad Gerngern are fulIy utilized
for irrgation of agricufture, and therefore there is no part
of the reliabre yielcì (base florv is less than one cumec) that
can be j.njected itìto the canal systen. This also applies to
f lorvs in al1 seasonal rivers in the project area ì¡etrr,een the
'l'ukad Gerngem and the Tukacl Grokgak, Hence the rna jor source
of rvater is the Tukad Sabah. The S clay records are plotted
in Figure 2.2.
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'l'hc existing flow divertecl into thc Umadesa irrigation
canal has b.een recordcd at ttvo staff gauge stations Z.ZI and
2.22. Station 2.2I was inrmediately clownstrean of tlie canal
head regulator but j.n 1976 rvas moved to a position -äorvnstrearn

of the Kalopaksa tunnel because of sedirnent accretion,

3.3 Ra infa1l

Inteì'rnittent rainfall records totalling alnost S0

years r{ere available for tr\¡o rainfall stations (I'lunduk

and Pupuan) on the perirneter of the catchìnent area. (Fi;.2.1).
There are nine other rainfall stations in the catchment area,
but their recording period are not consistent. Records

fa11 into three dis tinc t periods:
(1) Those befo¡e 1940 taken during the tine of

the Dutch adnrinistration.
(2) l'l.rose fron 1950 to 1972 taken by the Indonesian

Agricultura1 Service.

(3) Âfter 1973 taken by the Survey Section of
P3SA Bali (Ba1i l{ater Resources planning
Project) at Singaraja.

No records are available for the period 1941 to 1949 during
the Japanese occupation and the im¡nediate aftermath.

In tlie first pcrio<1 , tliere are recor-ds for tliree stations
(Grokgak on tlÌe coastal plain, jruDuan and l,luncluk). After
1950, a further station rr'as established at Seririt. In

1973, !3SA establihsed five nerv stations; pangkung paruk in
the Tukad Gemgem headwaters, Unggahan and Bujak in the

Tukad Pancuran Ìreadrvaters, Subuk in the Tukad Sabah headrvate¡s

and Pedarr'a to the east of Tukad Panas. (Fig. 2.I).
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A surnnary of the rainfall stations ì.ncluding eleyation and

period of records is given in Table 2.3.

Fig. 2.3 shor+s the nean monthly rainfall distribution

for the stations at Seriïit, Munduk, and Pupuan, Mðân annual

rainfall on the coastal plain is' about half that occuring

in the headrvaters area. The annual distTibution distinctly

falls ínto a wet season (Novenber to April) and a dry season

(I'fay to october). I'lean annual rainfall is 1270 nn of h'hich

86 percent falls in the rvet season.

Double rnass plottlng was carïied out to assess the getìeïa1

reliability of the rainfall data for Pupuan (Fig. 2.a ). The

recorded rainfall at the stations of Grokgak, Pupuan and

l\'lunduk r\'ere aggregated and the individual records of Munduk

and Pupuan plotted separately against the total . The records

at Pupuan nere found to be the nost consistent and L'ere

assumed to represent the conditions in the Tukad Sabah head-

r{aters, The nonthly rainfall records for Pupuan are given in

Appendix I.

4. Climatology

The clinate of tlre study are is generally suitable for
tlìe cultiyation of a r"ide range of tropical crops. The clinate
pattern is cloninated by the division of the year into riet and

dry seasons.

4,I Tenp era ture

In the study area, average temperature fluctuations through-

out the yeal are very snall (Table 2.4). The nean daily
temperature is 27"C. Diu¡na1 temperature differences are rnuch
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TABLE 2,3

DETAILS OF RAINFALL STATIONS

ELEVAT IONS
NAIIE (met¡es) PERIgD OF RECgRDS

Serilit ( Bubunan )

Pangkung Paruk

Unggahan

Pu j ak

Subuk

Pupuan

It'lun du k

Pedarva

Grokgak

10

40

720

800

310

800

730

670

45

1950-1970 ,197r-1977

7973-1977

797 3 -197 7

L973^r977

r97 3-r977

1921-1940,1950-1970
797I-I977

1912-1940,1950-1961,
1'977-1977

197 4 -797 7

1929-1940,1950-1977

SO JIìCE: P3SA - Ba1i, Location of raingauge see lig. 2.7.



-27

s LJ M rvl.a. rt y ct tr tvt o N T H uv trt l\ I f\¡ F,A L L (m.m )

MEAN l',IONTHLY RAINFALL ( mm

seririt
1948 -197a
195cf - 1977

ANNUAL MEAN II75

mu nduk
191 P -.t9¿lO
195q- 19Ei,t
197 1 - nE,77

ANNIIAL ME AN 2 587m m

pupuan

19a1 -1E'4cJ
1€?50 -'197ø
4971 -197V

r64 3 36r

MEAN MONTHLY RAIN FALI- (mm)

445 4t2 33' 260l r39 tof 55 4B 62 127 ¿¿a 77ô,

M EAN Mo¡l T HLY RAIN FAL-[- (mm)
ANNUAL MEAN 2606mm
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greater and ¿ìre greatest during the dry season, lvhich is typi-

ca1 for an equatorial situation. At no tirne of year would

extrenes of temporature have any rnarked effect on the suita-

bility of the area for nìost tropical crops.

4.2 Hours of sunshine

There is a range from four houts of sunshine.per day in

the r,Jet season to nore than eight hours per day during the

driest nonths. (Table 2.4 I The relatively 1or'/ levels of

sunshíne during the nain rice grotving season' January to.

Apri1, migìrt be rcflected in a co:rparison of the yields of

rice glorvn irì h'et and dry seasons. Hor\'ever, tìrere i-s no

reliable data on rr'hich to base this comparison and it does

not appear to l¡e a significant factor in the minds of local
farme r s .

4.3 Relative humidity

Relatìve l-rurnidity for the study area is j,n the range of
70 to 80 Þercent throughout the year (Tab1e 2.4). It is
highest duling tlìe r,rettest months and lolvest in the clry seaso:r,

Conditions during tlìe wet seasoì1 undoubtedly favour the inci-
dence of plant diseases, and thereby constrain satisfactory
cultivation of a number of crops susceptible to fungus diseases.

4.4 lVind velocity
lVind velocity seldorrt leaches speeds rvhich rvould cause

serious damage to agriculture (Tab1e 2.4). Co¡nbined rvith

hcavy rain in the wet season ¡t'ind sometimes results in lodging

of the rice crop near Ìrarvest tine especially r!¡ith long-

strar\'ed, tr¿Lditional varielies
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TÄ]ILE 2' .4

SING/VIAJA CLIìIIATOLOG ICAI STATION, Stl¡,ß,lARY OF DATA
(t973 - 1977)

Temperature oc
Sunsh ine Open Water Evaporation

Ave rage
daily

Maximum Minimun Av,hours
daily daily per day

Av.wind Class A Penman
Rel. Humi- speed Pan esti-

d ity % knr,/hour inm/dav mate

Jan. 27 .o

Feb, 27 .O

Mar. 27 ,3

Apr. 27.4

May 26.4

Jun. 26.4

July 26.4

Aug. 26 .A

sept. 27.6

Oct. 2A -4

Nov. 27 .9

Dec. 27 -7

4. 19 80.4

4.69 82 .0

4.BB 79.5

7.30 77.4

7 .O0 79.2

a.2I 75.2

a.62 72.8

B. BO 7Ì. L

't.66 72.I

7.46 7I .9

6 ,16 73 .2

4 .44 75 .1

29,6

29.6

29 .9

30.7

30 .8

30 -7

30.2

30.5

31. r

31.5

31.1

30.6

24 .4

24 .2

24 .O

?? c

23.5

22 .4

22.2

22 .r

23 .4

24.I

2¿ ¿,

24 .3

4.0

2.4

2.3

3.1

2.O

2.9

3 -1

3.7

3.5

1t

3-3

4.9

5.2

5.1

q,4

4.4

5.5

6.2

6.5

6.0

5.7

5-2

5.1

q?

5.2

6.1

6.1

6.3

6.8

6.3

5.'l

SOURCE: P3SA Singaraja Cljjnatological Station.
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4,5 llvaìroration

Table 2.4 presents data for open rvater evaporation rates.
The data r{ere obtained from rvork clone by t}re p3sA Bali, which
compared evaporation frorn class A pan with figures ô'btaíned

from calculations using the penman method. The differences
betr,¡een the figures are not fr-r1Iy explained, but aÏe partly
attributed to experitnental eïror and partly to th.e proxinity
of the clinìatol0gical station to the sea, In the ratter case,
the generally lorr'er rates of evaporation recorded fron the
class A Pa' could be due to ross of energy advecting frorn the
land to the sea, Lateral energy movement mj.ght be expected
since the land u'ou1d heat nore rapidly than the sea during
the day, and cool more rapidly at night.

Both sources of data are based on ïather short tern
records but since it provides a tnore conservative basis on

wl.rich to estinìate crop water use, the pennan figures for
evaporation rvi11 be used for this study.

5. Agricul ture

Agriculture is tl.re domj.nant sector in the econorny of
tlìe study area. Of the total population, about 90% live
in a rural area, and about g0% of the total tabour force
a¡e fa¡me rs .

Because of the lvarm clitnate, a wide variety of crops
are grolvn throLr¡ìhout the year. A highly diversified
and cornplicated croppi.ng pattern is also practiced,
'l'echniques such as relay planting and inter_cropping of
dry land fa¡¡led ctoìls are cornmon. Rice is the base crop,
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and tlìe othet's tvlìiclì cot respond urith the rice grorving period
are also planted, lvatel is an inportant factor in deciding

the cropping together rviEh the lirnitations in topography

and land capability.

Terracing of steep terrain, as the result of popula-

tion pressure and land constraint, is also comrnon. Farm

rnachj-nery is not used on terraced 1and, but oxen, tlÌe draft
anirnals ot'L tlìe farm, and human labour are used.

5.1 Irrigation Systenr

Utilization of land and l\rater resources in Bali, is very
intensive, and their use is coordínated by an irrigation
association calIed "subak,r. The sma1I, terraces of rice
fields are irrigated by long subak canals. ¡,fost of the subak

systems rvere built long ago, but are kept in use through

careful naintenance. A systen generally consists of an

intake ( undation type), a sj.mple ter¡poraïy rvei-r (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 nore than one subak, Subak

facilities are built and maintained by the subak nembers, who

share the cost and labou¡ required in proportion to their
farn size. l'he Indoncsian government contributes naterials,
but only in the case of the Umadesa rvei¡ does it play a direct
role in operation and naintenance of tlìe systeTn.

During the dry ileason, t¡ateÌ. in the riyers is fu11y

utilized. Since the irl.igation areas are nìuch larger than

the assured rvater supply in the dry season; irrigation tvater
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nust l)e stol.ed durirng tl.re t.ret season, During the dry season,
tire scarce resource is trren over-appropr.iated, and water alroca-
tion becomes complicated. l{hen rvater is in short supply, in
florv of r{ater to each farrn is controlled by the subaÊ' officers
so that each farm gets the sane volume of rvater according to
unit area. In the dry season and in ti¡ne of h,ater shortage,
a rotationaL system of irrigation is practised in rnost subak,
indicating that farmers are familiar with this forn of
discíp1ine.

lvateï service is generatly efficient in a subak system.
The government polícy is to maintain trre subak lvith necessary
assistance and support. New irrigation facilities are turned
over to subaks upon co,'npletion of construction, and nerv subaks
are established for nerv development areas. Government thus
indirectly subsidizes irrigation projects of the srnall land
holders.

To obtain infor¡nation on the Dïesent extent of irrigation
and the type of farrning practised, a survey was conducted
by P3SA Bali in 1976 of 12 subaks in the study area vicinity.
These subaks having an area oÍ 743 rra are located betlveen Tukad
Sal¡ah in the east and Tukad Grokgak in the r{est (Table Z.s
and Fig. 2.5).

About 15ó ha of these subaks fall r\¡ithin the
boundary, cornprising the subaks of pengulon (60%)

(100%), Banjar lfunduk (88?), and Kalisada (I00%).

study area

, Tegal lengah

The six subaks east of Tukad Gemgem are irrigated frorn
the Tukad sabah, five of theïn fïon the uïnadesa rveir and. canar.
'l'hey are consicìered to be or-rtside the stucly area because



FIG. 2.5 EXISTING SIÌBAI(
SCALE:
SOURCE:

1:100,000
Publ ic IVo rk Office,
BaIi, LRD (1976)



TAULE 2.5

SUBAK AREA AND I\IATER SOURCE

Name of Sul¡ak lva ter s ou rce
Total Area Proiect

(ha) ur"á (h")

Pengulon
Tinga - t inga
Tukad Sumaga
'l'e ga l lengah
Banj ar i\lun du k

Kalisada
Yeh Anakan
Tegal Intaran
13 anyuma t i
Ponj ok Cukli
Urnaclesa

Karang Suwung

T.Biu
T.Tinga-tinga
T.Sumaga t¡ spríngs
T. Surnaga Ç springs
T. Gerngen

T. Genrgent

l.òaDan^
T.Sal¡ah*
T.Sabah*
T. Sabali*
T.Sabah*
T. Sal¡ah

¿6

39

r02
5J

I7
70

81

25

87

18

190

35

1ó

2

53

15

70

743 156

* Fron Umadesa r+eir

S0URCII : P3SA, Subak Survcy, ì 9 76.
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inplenentation of the project rvoutd bring no benefit to then.
Ilowever, their irrigation requirements rvill be net first
before h¡atet- can be allocâted to areas further to the west.
Tlrese six subaks have rvater availabre foï trvo crops"of rice
per annu¡n, their usual cropping pattern, but a felv fa¡¡ns
grorv tobacco instead of a second crop of rice.

All subaks \vest of Tukad Gengem gror\, rice in the wet
season but only linited area of sar.,ah can be irrigated for a

second rice crop. Patawija crops, mostly ground.nuts, are.

grorvn in the dry season rvith linited irrigation.
In all subaks surveyed, the tirning of Iand preparation

for the rice crop is determinecì by the availability of a

reliable supply of r{ater and is strictly controlled i{ithin the
subaks. In the *et season a continuous fl0rv of water is arl0rved
in the canals and trrrough tire sarvahs. Trrere is no attenpt to
in4round h'ater in trre sarvarr basins ancl thus make use of rain-
fa11. As the r\¡et season ends ancl river florvs d.ecrease,

shortages of rvater sometimes occur,rationing has to be imposed.
5.2 Lanci Use

Seven categoríes of 1a¡rd use in the study area have been

distinguishecl ('Iab 1e 2.6 anà ljg. 2.71.

About 92 percent of t.he study area is presently under
agricultutal production, and the ïenaining g percent is
occupled by villages, roads, rivers and other non_agricultural
1a ¡rd classes.

Nearly 80 perce¡tt of the study area is planted rvith coco_

nuts, on aver"age 120 trees per hectare. The tna jor category
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TABLE 2. ó

PRESENT LAND USE

CATEGORY Area (ha) Percent

Agricul tur al

Open dryland rvith food crops
Fu11 stand coconuts rvith rough
Full stand coconuts with food
Full stand coconuts with sarvah

and pal arvi j a
Open sawah one crop rícefyear

pal awi j a
Open sarvah thro crops ricefyear

Sub- total agricuf tural

gra z rng
crop s

and

v2

1015

56

138

53

0.5
5.0

70.0

4.0

9.0
3.5

Urban and Other Non-a r icul tural

T34 2

118

92 .0

8.0Village areas, roads, rivers, etc,

TOTAL STUDY AREA 1460 100.0

SOURCE: Agrícul ture Office



o-[ agricultuTa-t Iatìd usc, accout.tting for 70 percent of tlìe
study area, is coconuts undercropped rvith food crops. Tliis
type of agri.culture stretches fron the l,¡estern boundary of
the study area to Tegallengah in the east. Near the coast,
in the hrestern half of the study area, some of the coconut
crops are not undercropped but remain in permanent gTass

land r',hich is used as rough g'razíng foî cattle and b-uf falos.
In TegallengaÌr, Tinga-tinga and to a lesseï extent at

Celukan Barvang and Pengulon, some land betrveen coconut trees
]ras been developed as sarvah. This is a recent developrnent

and it seems likely tlìat the above average rainfall cluring
the 1a st five years has encouragecl farmers to utili ze

additional flows of water whicl'L exceeded requirements of estab-
lished subaks, llbtvever, nuch of this category of land is not
yet adnitted to the subak areas, indìcating that the subaks

feel that it is still too nar.ginal to be offered benefits of
menbership. A very sma11 area, 0,5 percent, is open dry 1and.

This is rnostly around Tinga-tinga.

About 12.5 percent of tlìe study area, nearly all in the
eastern encl , is under open sarvah. It is located in the
subaks of Pcngulon, Tinga-tinga, Tegallengah, Banjar Munduk

and Kalisada. ltrhi 1e rnost of the sarvah in tlÌese subaks can

only be planted rvith rice in the ìvet season (Decenber _ April),
about 53 Ììectares in Tegaltengah and Kalisada subaks are
irrigated from the Tukad Gengen to support a second crop of
rice in the dry season. Tìre ïest of the open sawah is planted
rvith palarr'i j a crops, principally groundnuts, in the dry season.
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l)alawi ja crops can gencralty bc irrigated r'¡ith the linited

anlount of r,/atcr availaL¡le. In Pcngulon, Tinga-tinga and

Tegallengah, two successive palar"i ja crops nay be grol\¡n.

5.3 Clops and ctop calendar

Before discussing the present cropping pattern in the

study area, it is necessary to define tlie periods dui'ing

rvhich each clop is grolvn. These vary according to the

situation, the cropping periods in sarvah are sonervhat dif-

ferent fron those on dry 1and.

In the sarvah areas (Fig. 2.7), the availability of l{ateT

determines the timlng of land preparation for rice, This

process rarely starts before Decenber, and sonetines con-

tinues into February. A period of 30 days is sufficient for

this operation, and seed beds are prepared and sotvn during

this ti ìe. Transplanting takes place fron January to I'farch.

The length of time till lìarvest depends on the type of rice

grown. tlígh yielding varieties (HYV) nature in about 120

days, traditional varieties take about 140 days or longer. A

second crop of rice sometimes follows, but Iand preparation

nìust be donc prorTìpt1y. It is genelally not possible to plant

a second crop of rice after a June harvest, hotvever, because

of a lack of h,ater. Tlre second harvest generally takes place

in bctol¡er. Even if a crop can be grown or harvested later than

this, the onset of rains can upset harvesting and drying

operations.

Ivhere it is not possible to grow a second rice crop,

palarvi ja crops are gro\{n, Palarvi j a crops such as groundnuts,
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naize, gra j.n legunes, and other foocl crops generally nature
in 100 days or less after soling. A period of 20 days is
allolved for land preparation for these crops which are planted
in the period of Ìtfay to JuIy. A second palatvija crôþ may fol_
lorv the earlier plantings, but it rvi11 get less irrigation and

its harvest period rvill extend into the i\,e t. season, production

of a second palatvija crolt is not very cotnnon in the study

A recent developnent has been the introduction of virginia
flue-cured tobacco as a dry season crop on sarvah areas. This
crop is grown under the supervisor of the Bïitish Arnerican

Tobacco (BAT) who provide capital, rvorking capital , and j.npùts

of all necessary ¡rate¡ia1s on credit, and buy the cured leaf
at the end of tÌìe season at an agreed price. lVhere Virginia
tobacco is grotvn under a BAT scìre:ne, it follows the fiTst tice
crop and is transplanted in lvlay to June. Land preparation
takes about 30 days. During this period, seed beds are pre-
parecl and sorvn. Seedlings are planted after 6 rveeks. Har-

vest j.ng of the tobacco starts in August and can extend into
Novenber.

In the dry land areas (Fig. 2.8 ), replanting of coconuts

and other annual crops such as bananas, is generally done in
January to make use of reliable ¡ainfa11 at that tine,

lvfai ze, groundnuts, cassava, and other food crops are
gror{n on most farr¡s in the coconut areas. Land preparation
and planting is done in Novenber to December, and a second.

crop is plantecl in lr,larch to April. This crop can be starôed



C OCONUTS ANO OTH ER

MAIZE

JAN FEB

w

MAR

1 ST

OTHER FOOO CROPS

APR

CROP

ST

MAY

%
cRoP

JUN

z

KEY

%
N

IST

ry

JUL

CROP

2 ND

AUG

CROP

%

2 r't D

SEP

C ROP

OCT

2 ND

NOV

CROP

DEC

¿

CROP CALENDÂRS
DRYLAND AREAS

z,
N
"7

¿
z

¿

'"<

z
z¿

SOURCE : AGRICULTURE oFF¡cE

"t<

FIG. E.E¡



earlicÌ' tha:r in sarvah areas because it does not depend to
suclì an extent on reliable rainfalI. Thus, two cropping
peliods are possible for these cïops. Cassava ì.s generalty
planted at the start of the wet season and is harveé'ted seven

to eight nonths later, Groundnuts conprise the principle
cash crop. Other crops are grorvn prirnarily for horne con_

suntption and any surplus is sold locally. yields are generally
very lor\¡, Nearly all farns rvhich grerv coconuts also grorv

some bananas, rvhich are an i)Ìportant source of food for
livestock in the dry season, Fruit production is of secondary
importance.

5.4 Cropping patterns

Fig, 2.9 and 2.10 shorv trvo generalized croppins Ðatterns
follorved in sawah and dry land coconut areas, Ìespecti1,e1y.

The total area of sarvah land is 247 ha, rvhich includes 56

ha (23 percent) of sarvah gr"orvn under coconuts. The area

having a second rice crop is 53 ha, (21 percent) and the remain_

der of the sawah land is planted in palar,,aja crops. Thus 79

percent of the sarr'ah is ltlanted under palarvi ja crops from

Þlay to November (Table 2.7 ) but only 54 percent is planted
r,;ith a second patarvì- j a crop, mostly ilaize, fïon Septenber

onl\'ards.

The present cropping patteïn for dryland areas is shotvn

in Figure 2.16 About g9 petcent of these areas are planted
with coconuts, 6 percent are used fo¡ rough grazing under co_

conuts, and tìre renai¡rder, including g ha of open land, is
planted tr{ice a year lvit}i food crops. The principle crops
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TABLE 2.7

SAIVAII AREAS, PRESENT CROPPTNG PATTERN

CROP

Cropping Period

First % ha Second Z ha Third % ha

Rice

Malze

Groundnuts

Mungbe an s

Other food crops

Tob acco

Dec-Jun 100 247 Mav-Oct 21 S3

May-Nov 4 10 Sept.Jan 27 67

I'fay-Nov 53 131

May-Nov l6 40

It{ay-Nov 4 10 Sepr-Jan 716
I'Iay-Nov 2 3

TOTAL i00 247 I00 247 34 83

S0URCE: LRD Survey, 1976, Agriculrure Office , i-g77,
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TABLE 2,8

I]RYLAND AREAS, PRESENT CROPPING PATTERN

Cropping Period

CROP First ha Second ha

lufa i ze

Groundnuts

Cassava

0ther

Rough grazin.q

Nov-Apr

Nov -Ap r

Nov - Aug

Nov-Apr

Â11 Ye ar

23 250

s7 405

L4 150

6 70

33t 36 0 Mar -Aug

37 405 Nlar-Aug

20 220

14 15 0 Mar -Aug

6 70 All Year

TOTAL I10 1205 80 875

* I'la1f first maize crop interpl anted in cassava,

SOURCE : LRD Survey, 197ó, Agriculture 0ffice , 1977.
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gror{n are groundnuts ,nraíze and cassava, the first trvo being

cropped twice (Table 2.8). Other crops which nake up

15 percent of the undercropped area include mungbeans, cow_

peas, 1ab1ab, slveet potatoes, cocoyans, and other lrág"auOtar.
Apart from cassava, the rest can be gro\vn at least twice
during the year. In addition every farn in the under

cropped area had bananas planted anong coconut tTees.

6, Socío - Econonic Factors

The total population in the study area is estinated At
alnost 21 thousand, equalry dívided be {een feinares and na1es.
Both females and males participate in the rabour force and have

the sane degree of irnportance, Eighty percent of the active
population is employed in primary activities. Coconut pro_

duction is most inportant, follorved by other land nixed far_
ming and rice cultivation, Fishing as a furl time occupation,
provides enployrnent for less than 3 percent. Distribution
of employment, by activity, is closely related to the land
use pattern. The production of line fron coral is the most

inportant secondary employment activity, followed by copra
drying, brick and tile production, and rice mi11ing. About
eight percent of the active population is in tertiary activi_
ties rvith retailing being of greatest impoÌtance, follorvòd
by government enplo)rynent, rvorking in bicycle and vehicle
repair rvorkshops, or as casual labourers.

The average far¡n size in the study area is ïelatively
sna11, Rice falnrs have been shown to average about 0.gg
hectares, and coconut farns are larger, the average farn size
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bc ing .Ì .89 lìcctalcs (l,lì0, 1970 . 'l'hcsc [arrì s izcs

ar-e units of land orvne rship and rvhe¡e the land is rented there

is often ìore than one telÌant per farm.

Tenancy systems are complex and provide tittle*iegal
security for the tenant. In practice, agreements aïe generally
long standing and there appears to be 1itt1e abuse of trust.
0n rice f ìe1d areas, tlìe systetn knorr'n as "nandu'r is nost con-

lnon, in rvhich the orvner and tenant share all costs and Teturns

equally for all crops. 0n coconut farms, the landlord pays

all costs and receives all revenue fron tììe coconut crop, and

he also pays the land tax. Replanting of coconut trees is
usually done by the tenants, for rr,hich he receives a token
payment. The tenant is responsible for all crops groln in
addition to the coconuts, and receives all the revenue fTon

them.

The irr:igation association at the vítlage 1eve1 is the

subak, rvhicìr is an econonic-based, comrnunal organization of
farmers. Thcy serve their orvn needs for diversion and. con-

veyance of irrigation r!¡ater to farms. Tl.r e subaks have a long

and succcssful history in achieving that goal. The religious
aspect of sul¡ak organization is very strong and rnembers make

contributions tor{ards various temple cerenonies connected rvith
the rice crop. The¡' ¿1ro contribute their labour on a

"gotong royong" (mutual Ìrelp) basis for naintenance and Tepåir
of canals ancl other irrigation infrastructure.
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CIIAPl']iR I I I

ËSTI}fÂTI]D DESIGN ¡LOI\'

The purpose of this chapter is to estinate the-¿mount

of r{ater available for ctop consumption rr,ithin the study

area, The availability of water at the intake gate to the

irrigation systen can then be related to the total denand

for water by various crops at various stages of growing.

In order to estinate the quantity of ivater available,
analysis lvas carried as fol1oll¡s:

- Rainfal l data analysis

- River florv data analysis
- Correlation analysis of rainfall and river flors

The potential or expected rvater availability rvill be calculated
based on the four year river f1orr, data for Tukad Sabah River,
Tliese data .t.'i11 be correlated rvith the available long teïn
rainfall data at Pupuan, Since the \{ater for il:ïigation nust
be a dependable f lorv, it is necessary to estirnate the nininun
florv. An 80? probability is usually used for this puïpose

based on a frequency analysis (NEDECO, I973 q Bailey, 7g73).

I . Ra infall Ânalysis

To establish a frequency analysis, the annual rainfall
recorcled at Pupuan over 46 years h¡as ranked in descending oîder
of rnagnitude. The probability and ïeturn period ivere calculated
using lVei bu1 itlethod (Booy, 197S) . This method could be

formulated as:
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TABI,E 3 . ]
ANNUAL RAINFALL .AT PUPUAN BETIVEEN Ig21 .Lg77

(JAN._DEC.)

Ra in fa 11
(nm)

Cumul a t ive
Probability

(e")

4659
3687
3595
3590
34 81
3548
s213
3199
317 0
3133
3031
2942
2930
2863
2833
282 4
2818
28 09
2682
2655
2650
2648
2 527
248I
247 0
24 49
2439
2406
2392
2338
2338
))'l'1

227I
224 4
2r36
2r26
2100
2065
2028
1963
194 4
193 6
1928
Ì899
\ 837
1016

2 .I3
4.26
6 .38
8.5r

10.64
72.77
14.89
17 .02
19.15
'r1 10

23 .40
25.s3
27 .66
29.79
31 .9r
34 .04
36 .77
28 .30
40.43
42 .56
44. 68
46.81
48 .94
51 .05
53 .19
EC ?t

57 .45
59.57
67.70
63.83
6s.96
68 .09
70.2I
72.34
7 4 .47
76.60
78.72
80.8 5
82.98
85.11
87.23
89. 36
91.49
93.61
95.74
97.87

SOU}ICE: Appendix I.
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n to calculate probability, rt,ÌÌere n is
:+ x 100? the ranking number and n is the nurnbern+1 ot yea rs ,

The r-esult of catculations is shorvn in Table j,1. The data,
plotted on 1og probabí1ity paper, are shorçn in fig. I.f , Basèd

on these results, the design estimate in rvhich there is a 20

percent probability of a lorver total annual rainfall occurinq
is selected as 2080 nn. The probability of rainfalt in the

years for whicl-L run off records are available rvas deterrnined

from Fig. 3.1 and is presented in Table 3.2. This table rvill
be used to examine the col-relatio¡r bettveen rainfall and run off
as discussed in sectioÌl 3.3.

TABLE 3,2

ANNUAL RAINFALL PROBABILITY

Frobability
(percentageJ Year

Annual Ra infa 11
(n i 11iTne tre s )

l3
77

20

23

29

50

80

91

1975

797 7

1 in 5 high
r97 6

nean 197 4 /197 7

nedian
I in 5 lorv

197 4

3348

3199

3155

3031

287I
2505

2080

1928

SOURCE: Based on Table 3.I and Figure 3.1
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2. River Fl otv Anatysis
Florv duration records of Tukacl Sabah (2,1ì1) and Urnadesa

Canal (2,2I/Z.ZZ) r^/eÌe plotted for S_clay and aonthly records
and the results are shotvn in Table 3.3.

TABLE 3 .3

FLOW DUMTION

Flow (cunecs )

Station Probability(%) 5 day MonthLy

2.87

2.2r/2.22

80

90

80

90

2.75
z .r6
1.30
r .20

2.75
2.r6
r.25
L15

The difference bett\,een the mean 5_day flows and the mean

rnonthly flotr,s are sma11, The surplus florvs available,
neglecting annual distril¡ution in the 4 years of record
availability, rvould be about 1.45 cumecs at g0 percent
probability assurning that the florv to the existing Unadesa

irrigators would be nìaintained. Since the ¡ecord. period is
so short, horvever, this minimum florv could not be guaranteed
and should not be used for planning purposes. Also the minimurn
f lorr' occurs in August, and the guaranteed flor\¡s throughout
the remaining nonths of the year are required for agiicultural
planning.

3. Co¡¡elation Betrveen Rainfall 6 River Flolv

In order to inrprove the estiTnate of reliable f lorv in
the Tukad sabah, available long tern rainfalr recorcls could be
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uti.l i.zccl to gcncratc .rlr.ow data. 1'hc .f:1ows ¡ecor<1ecl at station
2.lì1 at unra<lcsa lrleir duri'g 1974 to r977 coul<ì be correlated to
rainfall recorded at pupuan during the sarne period. A nonthly
comparison and annual correlation are sholrn in Fig,'j.q anð,

Fig. 3.5 respectively. From these figures, it appears that
there is no simple correLation betleen rainfall and recoriled
f lor,¡s , Moreover, tìre period of record is far too srna11 for a

correl ati on analys is.
Frorn purely statistical cor¡elation of nonthly riverflorv

and nonthty rainfal1, a correfation coefficient of 0.67 was

derived ' Although this cor¡e1ati.on coefficient is relatively
high, based upon the nature of the pÌoblen in a hydrological
sense, correlating nonthly flor{s I{ith the rainfall in the sarne

nonth is not advisable since rive¡flotv is dependent not only
on the ¡ainfa11 in tlìat ronth but also on the rainfalr in the
preceding months, rainfall intensity, storn duration and. rnore

importantly the antecedent soil moisture of the basin (Darre11

R. l{eynan 1975, p. 37).

A simplified ¡elationship rvas therefore adopted in whích
the minimum )¡ontÌì1y fforvs recordecl fron Ig74 tó 1977 lvere

adjusted on the basis of annual rainfa11.
4. Estinated Design Ilorv

Annual ¡ainfa11 in I9Z4 rvas 1,92g ¡ni11imetres, i+hereas

tìre mean annual rainfall for 1974 to \977 was 2,g7g nillinetres.
To d e t e rrn i ne fl)nthly florvs for trre design estilnate of a¡nua1 rainfall of 2,0g0
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nìir1inìetres, the :ninirnun monthly fl0ws are increased by a fractional
incrcncnt o f 0. 1 6 r92B - 2090 of the difference( ---" = 0.16)

1928 - 2878
betrveen the minimum and nean rno'thly frorss shorvn in'îabre i.4.

A similar process lvas carried out for Tukad. panas, as

slro'n in Table i-s The annuat rainfalr in r977 rvas 3199 nirri-
netres, Hence to deter ine the nonthly flor*s for the design
estinìate of annual rainfall of 20g0 nirlimetres the nean nonthly
florvs in 1977 Nere multiplied by a fractíon of 0.65 to get the
dcsign nonthly florvs .20g0 ^ .-.t3-rg-g = u.osj .

TIie requiretnents of the downstrean irrigators supplied

from Puluran tr,eiT of Tukad pa¡ras ìrave been asceïtained by
averaging tlìe stre arn f 1or,' neasurenents nrade by p3sA over four
years (1974 to I977) (Tab1e 3. S) .

'l'he requirenìents of clo\r,nstrean irrigators can be supplied
duri'g part of the yea.r, f¡om the 'r'ukad panas, as its conflu_
ence is situated just dorvnst¡earn of the Urnadesa ¡vei¡ diversion.
Tukad Panas caÌìnot satisfy the existing irrigation demand at
the Puluran rr'eir cluring the morrths of JuIy to February inclu_
sive (Table 3.5). Supplenentary release rvould therefore have
to be nrade f rorn ljmadesa rveir (Tab1e 3.6). After the supple_
Jnentaïy refeases Ìiave been deducted, the flolv rernaining at
Umadesa rve ir is considered to be available for irrigation
development in the study area tvhich includes the existing
area of sarvah on tlìe h¡est bank of the Tukad Sabah pÌesently
i.rigated from unlaclesa rr'eir. The monthly distribution of the
design f lorr' is given in Tal¡1e 3.6.



TABLE 3.4

ESTII{ATED FLOIV IN TUKAD SABAH AT IJ}IADESA I{EIR-
(cunecs)

56

(r) (2) (3)
Irli n i mun llle an

trfontlr 1974/77 7974/77

(4)
Di ffe rence
(3) - (2)

(s)
Incrernent
0.16x14)

(6)
Es t imated
(2) + (s)

Jan. 6.05 7.16

Feb. 6.60 7.32

It'lar. 4.2I 7.58

Apr. 3.45 5. 90

I'lay 2.16 5.68

June 2.16 4.8ó

July 2.16 3.95

Aug. 1.66 3.02

Sept. 2.16 3.59

Oct. 2.L6 4.18

Nov. 3.45 5.2I

Dec. 3.20 5 .22

1 .72

0.72

3 .37

z .45

< q?

2 .7 0

r.76

1. 36

1.43

2 .02

1.76

2 .02

0. 18

0 .r2

0. 54

0. 39

0.56

0.43

0.28

0 .22

0.23

0 .32

0 .28

0 .32

6.23

6.72

4.75

3.84

2.59

2.44

1.88

2 .39

2 .48

3.73

3 .52

SOURCE: Based on Table 2.2 and TabTe 3.2
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TA3LE 3. 5

ESTINTATED FLOIV IN TUKAD PANAS
(curnecs)

(1) (2)
IIean

Itlonth I9T 7

(3) (4) (s)
Estimated Existing Deficit
0.6sx(2) Demandl (4) - (s)

Jan. 1.53

Iìe b . 2 .00

lvfar. 4.70

Apr. 3.95

Ir'lay 4 .30

Jun. L 65

Ju1 . I.20

Aug. 1.28

Sep. 1 .53

Oct. 1.45

Nov. 1. 36

Dec. 0.99

0.99

1.30

3.06

2 .57

2.80

r .07

0. 78

0.83

0.99

0. 94

0.88

0. ó4

1.4s

1 ,64

1.60

r. 33

I.34

r .07

1. 18

r.42

1.51

1.39

1. 38

1 7',)

0.46

0 .34

0.40

0.59

0.52

0.45

0. 50

0.68

lTukod sub"h dorr'nstrean irrigators, source p3SA.



TABLE 3.6

DESIGN FLOIV IN TUKAD SABAII
(cu¡necs)

58

l'{onth Estimated
Doh'ns ttcean
Irrigators Design

Jan.

Feb.

I'la r ,

Apr'

Ìt'fa y

Jun.

JuL

Aug.

Sept .

0ct.

Nov.

Dec.

6.23

6.72

4.75

3.84

) '7 ')

2 .59

? LA

1.88

2 .39

2 .48

'¿ 11.

3 .52

0.4ó

0.s4

s,77

6 .38

4.75

3.84

2 .59

2 .04

1 
'O

1.87

2 .03

3 .23

2.84

0.40

0.59

0 .52

0.45

0. 50

0.68
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CIAI4]ìR IV

't'till cR0p |ìRIG^TI0N IItiQUIREI{EN]'

This chapter lvi11 deal rvith irr j-gat ion ivater demand.

for each prospective crop in the study area, This irrigation
requ irernent r,Ji11 be done for trvo rna j or cïop catego¡ies,
those sroh,n on flooded areas (i.e, rice) anil those

grohrì on the dryland al'eas (i.e. groundnuts, tobacco, etc.),
In detert¡ining rvater requirenents for irrigation,

(iR), the follorr'ing formula ivi11 be used: (FAO paper no. 24,

1975 and Kuijper, I976, pg. 346).

IR = (CU + FL _ ER) x EF rvhere,

IR is irrigation requ irement

CU is coltsumptive use by crop

FL is field loss

ER is effective ra in fa 11

E! is efficiency factor for hrater use.

Eacli of these factors is considered in turn..

1. Crop consurnptive use

The consunptive use of the crop depends on sevetal

factors lvhicìr can operate independently or in coTnbination to
influence the anount of rvater consuned by a particular crop.

Thei¡ effects are not necessarily constant but nray dïffer
lr,ith locality and fluctuate from tirne to tine. Inportant
influences are cl j,mate) Ì\'ater supply, and plant grot\'th

characteristics.
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crop corlsurnptive use includes not only the r{ater transpired
by the plant but also water lost from the soil surface by

evaporation. I¡r the case of irrigated ,ice, consuTnptive use

begins before the crop is transplantecl , rvhen the fields are
flooded ì¡efore and during land preparation. The calcula_
tion of consunptive use by crops is comrnonly nade by relating
it to the daily rate of evaporatíon fron an open water surface,
determined eithel by calculation from clinatological data
(e.g, Penman), or by direct Íneasurement (e,g. Class A open

u'ater Pan) . Both nethods of neasuring evaporation fron open

r\'ater i\¡et e use d by P3sA. For this study, evapoTation f igures
obtained fron Penman calculations will be used (Table 4.1).

Studies of the r1'ater use by growing crops and observing
daill' ¡¿¡". of evaporation.enable coefficients to be established
wl.rich relate croll consu tptiVe use to evaporation, These co_

efficients vary fron crop to crop and to a lesser extent,
between local ities . The LRII team cletermined crop coefficients
for irrigated rice, the principle crop in the study area,
For the other crops, coefficierrts have been calculated according
to a method developed by FAO (197S) (Tab1e 4.2) .

Once the figures for evaporation rates and crop coefficients
\r'cIe ol)taincd, croo consumÞtivc use or the evaDotransÞiration
was calculated by ilultiplying those two numbers as presented
in the calculatio¡r of irrigation requirernent shown in
Table 4.9 (Gray lif. Donatd, 197S). For rhe design of irrigation
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TABLE 4. ]
EVAPORATI0N ESTII'TATES (Eo) FOR EACH I'JONTH

},1ONTH rnm/ DAY nnì/ NI0NT H

Jan,

Feb.

Mar.

Apr.

trlay

Jun.

Jul.

Aug.

Se p.

Oct.

Nov.

Dec .

5 .32

5.08

5 .3r

5.74

< ))

5 .23

6.11

6.11

6.32

6.80

6 .28

5.74

165

L42

.65

172

762

157

189

189

190

2tr
188

178

TOTAL

II]]A N 5.77

2108

SOURCII: P3SA - llati, 1978, and refers to Table 2,3.
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TABLE

CROP COEFFICIENTS

4.2

BY 1O-DAY PERIODS

CROP:

CROP LIFE (days) :

Ri ce

t20

NIaize

90

Grounduuts Tobacco

100 I20

PERIOI) Coefficient (f)

Land Preparation
0 - 10

11 - 20

2r - 30

31 - 40

41 - 50

51 - ó0

61 - 70

7t - 80

81 - 90

91 - 100

101 - 120

Lzt - I30
131 - 140

141 - 150

151 - 160

0.87
0.87
0.90
1.03
r.22
I .27
r.27
r .26
1.18
1.09
1 .00
Crop
mature s

on

residual
Nater

0.30
0. 30

0.55
0.80
0.9s
1.00
1.00
0. 95

0.70

0. 30

0.30
0.36
0,55
0.70
0 .92
r. 00

1. 00

Irri-
gation
stopped
before
1st
Teap -

ing

0. 30

0.30
0.40
0.60
0.85
0.95
0.95
0.95
0.87
0.65

SOURCE: LRD, "Development of the ìtlateÌ Resources of Bali:
A irla s te r P]an", 1976.

FAo, "Crop lvater RequiTements", 1975.

Bailey, "lvater Util.ization and Management", 1973.
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systems, or distTibution systelns, cstinates of crop consunp-

tive use are rnade for short tirne periods (5 to 30 days)

(USDA, 1970). lor th j-s study, a 10 day period has been

selected as nost appropriate

2. Field loss

In the case of flood-iTl.igatecl rice, field losses con-

sists of h'ater lost by deep percolation through the plough

pan and by leaks or seepage through smal1 dikes (FAO, 1975).

Ifost estirnates nade of field loss for irrigated rice in
Indonesia have been based on studies of percolation using

infiltrometer rings or lysimeters. Values of 0 to 3 nn/day

have conmonly been derived for irrigated rice areas on Java

Island and elservhere (NEDEC0, I972). In the study area, figures
ín this lange ì{et'e ol¡tained by LRD from field tests on irri-
gated rice near Umadesa r,,eir (LRD, 1976). Hor{ever, LRD studies

also inclutled neasurernents of total inflorv and outflorv frorn

the 400 hectares irr.igated by Urnadesa rveir, and field Iosses

of 14 run/day and more rvere recorded.

Since conventional neasurements of ve¡tica1 percolation
gave values of 0 - 3 m:n/day, the difference betrreen this and

the figures above j.ndicates that excessive 1,/ater losses nust

occur 1atera11y through srnall dikes and then veÌtically within

tl.re sma11 dikes to groundrvater. The rnechanisn by which this

happens is not clear and should be studied further. During

field testin.g horvever, observers noted that nany holes rvere

made daily on sma11 dikes by crabs and rats. Auger borings

made in the sar{a}ì land revealed layers of sandy or coarser

naterlal rv j.tlrin one netÌe of the surface, lvater reaching these
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layers would quickly percolate to gloundìvater. Plastic sheet

rvas used to line the sma11 dikes and this test indicated that

a Iarge anount of rvater r\¡as lost through the dike rvalls.

Plastic lining, horvever, does not provide a practical solution

to t lìe problem.

0n newly developed sarr'ah (such as that under coconuts)

i{ater losses by vertical percolation will be considered until
a plough pan is forrned, Thus, a field loss estirnate of 15 nin/

day has been âdopted for this study.

In the irrigation of dryland crops, field Iosses rvil1 be

much less significant. Irrigation rvater is applied periodically

to replace the available rnoisture in the soil according to

crop needs. Any r,ra!er r\'hich inf iltrates belorv the crop ::oot

zone is considered lost to deep percolation, but s1'rou1d be

relatively sma11. Current recomnendations are that this
should be included in the irrigation efficiency factor IANON, 1974)

3. Effective raínf all
'Iìre engineer engaged in estimating irrigation r,¿ater

requiTenents of a crop is confronted r,rith the problem of

determining rvhat portion of total consunptive use rvi11 be

fur¡rished by effective rainfall and rvhat portion will lìave to

be supplied l:y irrigation, since not all of tlie rain which

falls on a crop can be used by it.

l¡ery light precipitation r\'hich barely penetrates the

soil will be rapidly lost to evaporation. In the case of

heayier rainfall, theÌe rvi11 be losses through surface run-off
and deep percolation into the soil beyond the crop îoot zone.

The amount , ,linfa11 rvhich can be used by the plant is terlned



-t:ìr::.:::=::..j.:::::.::irr::'! r:::::r:]jr::.:.r'::::tri:::ì::,-:::.ri :-:::r-:::::'j:rÌr.:.::r,::;ii:r:r::=.ì:i:.:ia

- 65 -

"cffcct ivc rai¡ifa11" (F^0, l97S).

For agricultural planning purposes, records from the two

rainfall stations nearest the study area, Grokgak and Bubunan,

lrave been selected. (Tables 4.3 anð 4.4).
The station at Grokgak is just south of the rvestern end

of tlìe study area ar¿ at 45 rn elevation. The ráinfa1l at this
efevation is 1ike1y to be somervhat rrigrrer than that rvithin one

kilmetre of the coast. The llubunan station, about trvo kilo_
met.es east of Seririt, is at 10 n elevation and has an aveïage
annuaf rainfall about 200 mm lo¡ver than that at Grokgak. The

influence of the rvide plain of the Tukacl Sabah probably results
in a f orver precipitation at Bubunan than might be expected on

the narrorver coastal strip of the study area. It thus seems

reasonable to take an avetage of the tl\¡o stations as being
representative for the study area.

The annual distribution of ¡ainfall (Fig. 4.1) sholvs the
very narked dr:y season fron May to Novenber rvith hardly aîy
rain falling betrveen June and september. significant rainfall
docs not begin until December and the raíny season reaches its
peak in lebruary, tailing off j,n April and tr{ay. Rain usually
fa11s i¡r hear¡y shor^,'ers of short duration, generally in the
afternoon. Âfter heavy stornts, t{ater run_off is rapid and

river beds, rvhich are dry for nost of the year, shorv signs of
f lash f looding.

The 80 percent probability rainfall for the Grokgak and

Bubunan stations is presented i¡r Table 4.5. The rnean of the
tr\'o sets of figures has been taken as the 1 in 5 dry year
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MONTHLY N4EAN RAINFALL
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RÀINPÀLL DÀTÀ, GEROKGÀK STÀTION NO. 43b. A?FÍIIJDE 45 M A.S.L. I9?9-I940 àNd 1950-19:7

OCTOBEF NOVE¡1BER DECF}.TBER

lI22

l6r3

938

Ì308

r422

242

r t3

24L

212

92

556

222

IOI

3 28

t

0

32

84

6t

t3

84

9

I3r

2

3

8t7

I4't 9
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134 9
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1339
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46

0

3'l

6
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o

0

30
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0

o

I1

0

0

0

14

T1

4

37

o
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o\.\¡

JULY

241 100 458 L2 O 22 O o

Itg AA2 J20 200 o o o o

105 I49 l.5t 209 86 26 0 Io

t37 25I 264 ?1 s5 175 O O
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(Continued )
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l9 30

t932

ì933

t 934
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I93 6

t93'l

1938
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I 940

-: data not available
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539
270
337

208
265
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t75
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157
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I40
346

3 L0
45t
28I
221
38 5
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62
504
266
30I
3 t0
27L
407
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211
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109
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i66
301

3 28
230
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90
I26
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342
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314
t34
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5 2 14 30
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95 13 1.5 1
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TþtaI 1t 083
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I LO77

SOURCE: P3SA 0ffice, Singaraja - Bati.
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rainfall in thc study arca.

TABLE 4.5

BO PERCENT PROBABIIITY RAINFALL FOR GROKGAK 8,,.BUBUNAN STATIONS AND MEAN IOR TIJE STUDY AREA' (ruillirnetres)

Grogak Bubunan Mean fo¡ Study AreaMonth

Jan.
Feb.
l''la r .

Apr'
May

Jun.
Ju1.
Aug'
sep .

0ct.
Nov.
Dec.

118

159

104

16

ó

0

0

0

0

0

4

76

166

159

147

60

74

0

0

0

0

0

0

84

r4z
159

L26

38

10

0

0

0

0

0

2

80

TOTAL: 483 630

SOURCE: Based on Tables 4,3 and 4.4

The consunptive use of tvater for irrigated rice is so
high that rainfall can only contribute a fract.ion of total
r\rater requiTctrents. For other crops, ef fective rai.nfal1 in
the dry season is virtualry nil. Effective rainfalr has thus
been calculated only for rice using a sinple nethod suited to
the data available.
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lrhcre rice is grown under pernanently f roodecr conditions,
rain fa11s diÌcctry onto a water surface. r'here wourd thus be

no direct loss of rain through deep percolation into the soil
and even the srnallest sho*eï r,ri11 contribute soner',hui' ao ah"
total amount of rvater, The systeln of irrigation normally
practised in the study area inyolves rvater flowing continuously
from canals to basins, and between basins, frorn the highest
to the the lowest level . At the lowest end of the system,
rvater is 1ost to drainage,

Under these circumstances, rainfall rr,i11 nerely f 1orr,.

through the system and contribute nothing to the overalr water
supply, assum!ng that the tvater in each basin is at its optinun
1evel . The continuous flow systeln is acceptable providing that
the source of r\'ater is sufficient to rnaintain the flow through-
out the cropping period. I{here rvater is in short supply,
tlìe continuous flolv system is very rvasteful, and ivhen water has
to be pumped, expensive. An alternative to this systen is to
supply water to each f arrn or irrigation area by rotation accor-
ding to actual crop 

'eeds. This inplies that the far¡ner rnust.

accerrt water on certain days and impound it in his sarvah basins.
The irrigation period is related to estimated total consunptive
use and this is discussed later, In planning iTTigation needs,
it has been assumed that a rotational systen of irrigation rvirl
have to be practised, firstly because the anount of water
available at tlìe Umadesa rveir is linited and secondly, rvhere
lvater is to be pumped, running costs nust be mininized, These
constraints are magnified by the exceptionally high consurnptive



use requlrenlents of :irrigated Tice in North Bali. The rota_
tÍona1 systenÌ is significant rrere bccause it enables a certain
anount of rainfall to be impounded in the sarvah basäîs and thus
contribute effectively to consunptive use requirenents.

Hors much rainfall can be impounded rvil1 depend on the
rvater 1eve1 i'the basins at any gíven tirne ancr on the rnaximu¡n

rvater l eyel nìaintained, For these calculations it has been
assuned thât tlìe maximurn depth of r,/ateÌ that can be impounded
in a basin is 100 mm after rvhích it rvill overflow. Averaje
consunptive use of water for rice is taken as 22 nn/day (Table
4'9) ' Trrus after trrree days, rvatel will have been depleted to
34 mn, a minimurn acceptable safety margin. The field rvi11
then be filled up again by applying 66 m¡l of Ì{ater over a 24 hour
period. In slìort, rotational irrigation rvilI be practised on
a three day cyc1e.

Under these conditions, rainfall rvi11 immediately flow
out of the full basins (the basins rvhich have been irrigatéd
first) but 22 mm lvill be ¡naintained over one third of the atea
(the basins rvhich have becn irrigatcd one day before) and a

fultìte¡ 44 nn over one third of the area (The basins tvhich
lrave been irrigated trr'o days before). All ra'nfall in excess of 44 nnn/ day
rvill be lost th'ough rr,'-off . Thus the nnxi¡m¡n anoì.rnt of rainfall which is
effective is equivalent to 22 m¡ (I/3 x 0 ûmì + 1/3 x 22 nnt + I/3 x 44 twn)

for. the rvìrole area. On ever.y day that rain fe11, the anount that
r.'ou1d be retained in the basins is calculated and records as
e ffec t ive rainfatl (ER).

To relatc tliis to the study aîea, a nodel 1 in S dry year
ì{as preparer. by taking the actual daily ralnfalf record.s for
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tììotì tlìs tvlì j clì nlost tìear1y cqual thc g0 pcrccnt probability
rainfall on a nìonthly basis, Because the c1ai1y rainfall records
foÌ Bubunan aïe not complete, the data for the Grokgak station
were used (Table 4.6).

under idear conditions, rainfall courcr never be no¡e than
67 percent effective using this systen (NEDECO, IgTZ). The
percentage rai¡rfa11 effective in each montrr rvas then related to
the 80 percent probabi-lity rainfall for the study area as shown
in Table 4. 7 .

TABLE 4 .7

8O PERCENT PROBABILITY MONTHLY
RA]NIIALL AND ETFECTIVE R^INFALL TTòN NTCAl

ì\'fo n t lr
80å Probabititv

Rainfall (AR) in'rnml
Effect ive Rainfalt (ER)

Inm 04 ¿

Jan.
Feb.
iVa¡.

r\pr.
trla y

Jun.
JuL .

Aug.
s"p.
Oct.
Nov.
Ðcc.

742
159

126

38

10

0

0

0

0

0

0

80

64

89

79

20

7

0

0

0

0

0

0

50

¿q

56

63

53

67

0

0

0

0

0

0

63

TOTAL

AVERAGE

555 309

58

1l:ron Table 4,5.
2Fro¡n Table 4,6.
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In ordel to "e1ate the anount of effective rãinfal1 to
the rvatering period, effective rainfall for each montlì (g0

percent probaìrility rainfall x monthly percentage effective)
was plotted and ten da.y periods extrapolated (Fig . Ã.4 ana
(Table 4.8).

TABLE 4.8

EFI.-ECTIVE RA]NFALL FOR RICE (8OU PROBABiL]TY)
BY 1O DAY PERIOD IM]LLI}IETRES)

PER]OD
lvl0NTH TOTAL

Jan.

Feb.

Mar,

Âpr.

ìr{ay

Dec.

2T

30

28

6

2

20

24

30

2I

4

I
24

19

29

30

l0

4

6

64

89

79

20

7

50

ANNUAL TOTAI, 309

SOURCE Fig. 4.2.

Effective rainfall for dryland crops will generally be rnore
than tlÌat for rice. Horvever, since it is anticipated that during
the wet season rice tr'il1 be grotvn on a1l the salvah.s and dryland
crops rvi11 only be grolvn on satvahs in the dry season, effective
rainfall dur-ing that period (May - Novernber) lvi11 be alnost ni1.
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4. lì;l. f icicncy ;llactor

Operational rvater losses are created during the delivery

of \,/ater hy sluícing, breaks in the conduits, and diversion

or del iveries in exce s s of demand, Canal operationaf.' losses

are dependent on various conditions rvl.tich nay be quite différent

fron project to project. Efficiency factors for water use

are deternined by the anount of h'ater lost durilig operation,

lVater del iveries, ín excess of the scheduled rate of

f 1orv, result in excess deliveries to turnouts and spi11s at

l{aster{ays . A1so, rvhen demand foï t\'ater abruptly decreased.

due to general rainfa1l, 1{ater is often discharged from rvaste-

r''ays before the f lorv i-n the systen can be reduced. These

losses are sonetimes terned regulatory losses. They are

often substantial even for the most effíciently constructed

and nanaged systenì. 0n large projects, tvith norrnal lnanagenent,

regulatory losses have run from 5 to 30 percent of the anount

of rvater diverted. On carefully managed projects, these

losses can usually be held belorv 10 percent. IUSDA, L970, pg. 60).

Gate 1eåkage on large canals is usually not significant

as the voluiìc of florv decreases ancl the nunber of gates increase,

horvever, this loss nay beco¡ne greåter. Estinates of this value

h'i11 yary rvidely depending on the type of gates, naintenance

progranì, and tlle degree of enforceùìent of Tegulations,

There are ¡o data on irrigation efficiencies in Indonesia,

but ¡nost estiaates sDlit the svstem into tlvo parts: the

nìa jor netNork upstleam of the tertier gate, and tlÌe tertiary

netì\'ork, dolùnstream of the tertier gate. Th.is latter part

corresponcls to the ìr-rtTa-subak netlr'oÌk.
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þ1a j.n anll sccotìdary c¿ìtìaf rvatel. Iosses are assu¡necl to be

6 percent, a figurc rvhich is derived fron the folro'ing for¡nura:

Losses = 0.004 QL , where

Q = discharge in cubic netles per secônd

L = length of canal in kilornetres.
This formula is based on a loss of 2.5 cumecs for each nillion
squal:e netre of rvetted perirneter of canal (Hunting Technical
Services, et. al .,797I, p. 58).

Losses belor{ the tertier gate vary according to tlìe crop

gro\vn. For flood-irrigated rice, they are estinated at l0
percent rvhich includes losses ín the tertieïy and farrn supply
channels and any run-off due to overflorving of the basins
(l,RD, 1976) . This 1eve1 of efficiency is high at the tertiery
1eve1 , but it is assumed that the need to schedule rnovernent of
water to the field rvill encou¡age careful usage on the far¡n.

Overall efficiency for rice is thus taken to be gS percent.

For palarvija crops, even less is knorvn about efficiency
factors but literature (ANON, T974, p. 56 and Bailey, 1973,

p. 174) cites figures of 65 to 80 percent, ivhich inclüdes deep

percolation and run-off. In salah basins, the hígher figure
should be attainable and it has been accepted for this study.
For palarvija crops, the overall efficiency factor is 75 percent,

5. Irrigation before planting

Because of high field losses anticipated in the study area,
the period of land preparation for rice should be kept at a

rninimun (30 days). Various estinates have been nade for the
arnount of h'ater required during land prelSaration, but a figure



o1. 200 Inm in addition to evaporation and field losses is
consi.dercd rcasonal¡1e (^NON, 1974, ancl NllDllCO, Lg73, p.I02'). i.t rvill
vary according to tlìe state of tlie field prior to ploughing.
Dry or deeply-cracked soils require noÌe water than soils lvhich
have been kept moíst during rice harvesting. ln calculating
irrigation requirernents for rice in this study, this r^¿ater is
consiclered to be applied unif orrnl y at a rate of 6,7 nn/ day
(Ta b 1e 4. 9) .

For palarvija crops, the soil of the study area is loany
and should be cultivable in the dry state without prior irriga-
tion. Flolvever, rvhere the soil has dried out, pre_irrigation
is allorved for, to refil1 the profile to field capacity.
For a11uvial soils of the study area, field capacity is about
40 percent by rveight and available water al¡out 120 rnrn/rnetre

depth. Pre-irrigation of a conpletely dry soil rvould require
about 200 mm of rvarer to bring it to field capacity (lVithers, B. ,

1974, p. 64).

6. Irrlgation c ycles

Fo¡ rice, the present iTTigation cycle is generally designed
to a11oh, a continuous f lolv of water through the sarvah bas ins,
rr,ith excess watet eventually draining to tlìe sea. Because

rr'ater in the Tukad sabarr is 1inìited in tr¡e crry season and. rvater
requiremetìts of rice are high , it is necessary to conserye
as much water as possible. A rotational systen of irrigation
nust the¡efore be introduced throughout the year:.

For palarvi. ja crops, \¡ater storage capacity of tlie soil is
the critical factor. Tlrre is no specific data for soils in
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ten-

l ikeIy

not

for

thc study .Tc., hou,cver, loarny soils, available rnoisture
tr'ou1d be about 120 nm,/:letre. Under satvah conditionS, an
inperrneable Iayer is for¡led at about 500 mm depth which
prohibits Ìoot penetration. Available water would tíius be
60 rnm. If average evapotTanspiration for palawija crops is
taken as 6 tnm/day, r,¡ater should be applied every ten days.
This irnplies that all the available rnoisture is taken up by
the plant,horvever, rvhich conflicts rvith the Lecognized irriga_
tion practice of not allorving available moisture to fall
below 50 peïcenr (lVhiters and Vipond, I974, p. 56). This
reduces the irrigation cycle to S days for palawija crops which
varies from present practice, lvhere a 10-day cycle is used.

The assutTtptions rnade above about clepth of the root zone
are speculative and should be the subject of future field
study. Experinìents done at the Soil Research Institute in
Bogor, Indonesia (Keersebilck, et.a1 ., 1975, p. 32_34) have
sl.roln that deep tiltage of a paddy soil irnproves the perfornance
of palarvij a crops immediately, and ultirnately inproves the
yield of rice crops.

To simplify the calcutations of irrigation needs, a

day cycle has been adopted, but in practice it lvould seern
that h'ater should be applied every five days. This rvould
significantly increase the total anount of water required
palarvi j a crops,
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7 . Irrigati.on requirernents for rice
lVhe re lvater is available, rice can be planted at any tine

of the year, although it is best to avoid a harvest in the
r,retter months, Trr'o sarnple calculations of irrigatiJn
requirernents for rice are sho¡rn in TabLe 4.9, and the total
rvater requlrements for the crop accorcling to nonth of planting
ar:e shorvn in Tabl e 4 . 10

TABLE 4.10

IRRIGATION REQUIREÌqTNTS FOR RICE ACCORDING TO TIME
OF PLANTING (AT IVATER SOURCE)

T{ONTII OF LAND

P RE PARAT I ON
0l¿ ) 3 4 (rJ

OF CROPPING PERIOD

Jan.
Feb.

Ilar.
Apr.
May

Jun.
Ju1.
Aug.
sep.
Oc t .

Nov.
Dec ,

3.3
3.2
3.2

3.5
?c

3.7
3.7
3.7
3.8
3.7
3.3

2.2
2.4
2.7
2.7
2.7
2.8

¿.ô
2.8
L.ö

2.5
2.4

¿.o
3.0
3.0
3.0
3.1
3.1
3.2
3.2
3.2
2.7
l. /

2.5

2.8
2.8
2.8
3.1
3.1
3.1
2a

3.1
2.7
2.6
1a

L-)

2.7
¿. /

)o

3.0
3.0
3.0
1'7

)c.

2.4
2.4
2.7

Note: Irrigation require:lents in litres/second/hectare
(1) for 120-day HYV(2) assurnes^S0 days for land preparation(3) first I0-day period on1y, crop matureson residual moisture.



'r'he naxinun water requirenent occurs during the ¡nonth of
land preparation (ìrontr-r 0 in Table 4.10). In the first nonth
after transplanting, tvatet: ïequirenents are rnuch. 1ess, but
increase during crop life to .reach a peak in Month jl In
lr{onth 4, r,rater is only supplied during the first 10_clays,

thereafter the cl-op matures on residual moisture, lvater
recluirenents a'r.e greater during the dry season when there is
no rainfall and rates of evapoïation are generally higher.

In Table 4.9, trvo rice crops in succession o,rith the,
first harvest at the end of April) folrorvèd inmediately by land
preparation for the second crop in May are shorr,n. ll¡hile thÍs is
possible, it is not generally practised at present, and the
norrnal intetval betrveen successive crops is about 6 weeks.

During this period, str.aw is burnt, the field is flooded, and

other land preparation activities are carried out.

8. Irrigation requirements for dry land crops

sample calculations of irrigation requi'enents for ground-
nuts and tobacco are shor,,r in Tables 4.11 and 4.12 respectively.

The irrigation requirenents for groundnuts according to
selected rnonths of planting are shown in Table 4.13, Tobacco

is usually planted over a linited periorl (¡{ay to June). Ground_

nuts are assuned as the preferred palarvi j a cïoll if tobacco
cannot be groln.

Actual irrigation requirenents for various cropping patterns
and their relation to the avallability of tr,ater at the water
source are pl"esented in the next Chapter.

a7



},ONTH
IO-DAY PERIOD
FI]:LD OPERATION

Evaporatlon (Eo)
nnn/lO days (Table 4 -1)

Effective rainfall (ER)
rrnllO days (LRD,19 76)

Crop coefficient (f)
(Table 4. 2)

Evapotranspiration
(Êt=Eo x f) rrnllO days

Irrigation requirement
(IR=CU - ERJ nrn/10 days

IR nm/day

IR l itres/sec/ha

T.ABLE 4.11

CAICULATI Oj OF I RRI GATION REQUIRE}{ENTS FOR C)ROUNDNI-ITS

t2
PLANT]NG

JUNE JULY

3123123

IR x Efficiency factor (1.33)=
Requírernent at the water
source litres/sec/ha 0.77 0.27

0.3

16

0.3

11 14 20 31

1.1 r.4 2.0 3.1

0.13 0.16 0.23 0.36

16

0.4

5¿

0

0. 85

44

0.6 0.95 0.95 0.95 0.87 0.65

AUGI]ST

T2

44 49 58 58

4.4 4.9 5.8 s.8

0. sl 0. s7 0.67 0.67

49

0.31 0.48 0.68 0.7b

61

H{RVEST

61

58

6I

E?

5.3

0 .61

40

40

4.0

0.46

0.89 0.89 0.81 ì0.61



IVDNTH

IO-DAY PER]OD
FIELD OPERAT]ON

Evaporation (Eo)
mnl10 days (Table 4.1 )

Effective rainfall (ERJ
n:ry'1O days (TabJ.e 4 .7)

Crop coefficient (fl
(Tab1e 6.5)

Er,apotranspÍration (CU)
(Et=Eo x f) ¡Tnl10 days

Irrigation requirernent
(IR=CU - ER) nrn/10 days

IR mn/day

IR litres/sec/ha

IR x Efficiency factor (1.33)
Requirement at the water
source - litres/sec/ha

TABLE 4.12

CNJ,CIJI-ATION OF IRRIC.ATION REQUIRËT,ENIS FOR TO&qCCO

JLINE
723

TRfu\SPLANTING

52

0

0. 30

16

16

1.6

0.19

0. 25

JI]LY
z

0. 30 0 .36

16

61

16 19

1.6 1.9

0.19 0 .22

0.25 0.29

19

0.55 0.70 0.92 1.00 1.00

AUGUST
23

6r

FIRST RLAPING

34 43

3.4 4.3

0. 39 0. 50

0.s2 0.67

61

56 61 61

5.6 6.1 6.1

0. 6s 0 .7t 0 .7r

0.86 ì0.94 0.94
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TABLE 4.13

iR]ì]GATION REQUIRET,ÍENTS TOR GROUNDNUTS ACCORDING
TO }'IONTII OF PLANTING (AT I{ATER SOURCE)

MONTH OF
PLANT ING

À,ÍONTH OF CROPPING PER]OD(1)

23
Lít'res / sec/ hecta¡e

Apr.

)rfa y

Aug .

Sep.

0.72 0.65 0.76 0.61

0.2r 0.68 0.89 0.61

0.27 0.84 1.00 0.68

0.28 0.89 0.92 0.45

(1) figures given are those for the rnid-rnonth 10 day period.
(2) first 10 days only.
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cil^P]'tiR V

1'IIIJ TlO51' ]ì]JNIìIìICIA]- CROPPING PATTERN

This chapter attenpts to use economic criteria fo deter_
¡nine the most beneficial cropping pattern for the study
alea (i.e. The crop¡ring pattern u'hich rvilI give the greatest
return to tlìe farmer). Theoretically, irrigation should be

used to procluce tlìe crop generating the greatest return per
unit of area and un j.t of time (Janes ç Lee, 1971 ,p. 303) . HoÌ\,ever,

no matter how great the returns, a croppíng pattern should
not l¡e suggcsted unless it is practicable, This is especía11y

true in the study area, rvhere consideratio's besides economics
(attitude of the f ar:¡er, governnent policy) rnight play a strong
role in deterrnining the kind of cro¡;s to be grorvn by farrners.

To derive appropriate results fron an economic analysis,
three disti.nct scenârios ntust be considered (eg, the present
situation, future rr'ithout project, and future rvith project).
As rve11, the price to be used in the calculations should be

based on the financial price (market price), as well as the
accounting price (shadorv price) . llue to time constraints,
horve\¡err tÌìe econo)¡ic analysis preselted in this study is
limited to one scetrario (present situation) and one price
l evel (financial or rnarket price) . Implications of this rvill
be discussed 1ater.

The econontìc analysis attempts to calculate a crop
budget i¡r orcle¡ to establish the ¡eturn from each crop. A

distinction is rnade betrvee¡r crops grown in open sarr,ah or
unde r cocollut-s ancl , tlie fol J-orving crops are consideted practical;
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rjcc, grouncìnuts, Ina j.zc, tobacco, cassavc, coco¡ìuts and

bananas. l'he retuln of each crop is established by calcu-

lating tlìe gr:oss revenue less total costs of each crop.

The unit usecl is rupiahs per hectare per season, fh" gtott

revenue is obtained by nultiplying crop production per hectaïe

and its price per unit of production. The total cost is

derived by sumrnation of a1l costs involved in the production

of each crop per hectare (e.g, rnaterial cost, labour cost,

depreciatíon cost, fixed cost), The return from each crop

is apitlied to calculate the net Teturn by cropping pattern

per hectare per year.

t, Calculacions of Gross Revenue for each Crop

Present crop yields are based on information obtained

from the local agriculture office and subak survey carried

out by LRD. A sumnary is presented in Table 5.1, and more

explanation is given in Appendix II.

Gross revenue based on Table 5.1 are presented

Table 5 . 2.

Calculation of Total Cost for Each Cro

Physical input requirernents for individual crops grotvn

open sarvah or undel coconuts t.'ere derived from the tvork of

l,RD (1976), \ran der Goot (f973) and surveys conducted in

the study area. Data are surnrnarized in Tables 5.3 to 5.9.

Table 5.10 sl.rorr,s the prices of inputs.

In general, yields are closely related to fertilizer
use. Seecl rates are assurned to be at near optirnum levels

already.

in

2.

ln
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T^ULE s .l
PRì]Sì]NT CROP YIELD ç CIìOP PRICE

Crop Uni ts
Crop yield(per ha) Cron pr-ice

open sarvah Llnder coconur (ruiriã¡ii-

Rice kg dry gabah

Grouldnuts kg dry sìre11ed nuts
ìvlaize kg dry rnaize
Tobacco kg flue cured
Cassava kg rvet unpeeled
Coconuts nuts
Bananas

-bananas stems of fniit
-pseudostems nL¡rber
-leaves bunclles

4000

660

s00

15 00

2400

480

300

4000

4 350

r20

200

40

51

150

4-5

485

15

32

270

49

r.7.5

Source: Agricr,rlture Office 6 Trade Office - Bali.

Crop

TAII,E 5.2

GROSS REVENUE OF CROP

Gross Revenue Thousancl Rupiahs/Hectare/Crop

s arvall Unde¡ Coconut

I22 .4
72.0
t"2 .9

s2 .0
1s9.2

25.2
9.8
0.7

Rice
Groundnuts
lvla i ze

l'obacco
Cas s ava
Co conu t s
IJananas
- .lJananas

- Pseudoste tns

- Leaves
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l,abour l'cqu j rerrents have becn clivided into those rvhich can

be met from within rhe family or by the traditional self-he1p
co-operative system, ca11ed "gotolrg royong,', l{here..this is
inadequate or inappropriate, hired labou¡ is used. Labour

requirenents shorvn are on a per crop season basis.

Ani.tnal porver for- land preparation and other types of
cultivat j.on i.s usually supplied by Batinese cattle rvorking in
pairs. Internal tTansport, (transport h'ithin the farm) nay

be by rnanual labour or animal porver (buffalo cart) , Tillage
operations ar-e usually done by the farrner lvith Ìris own

a¡rinrals ol' o)l a 'rgotong royor.rg" ì:asis, but buffalo carts may be

hired o¡t a per loacl or daily basis.

Based on tlìe valuation of input quantities and their Drices
as sunmarizerl in the pt'evious tal¡1es, costs of production for
each individual clo¡t are shorvn in tables 5.11 to table 5.17,

Under financial price terms, the value of labour cost is
only calculated for hired labour (lrfh 6 Fh) and family labour
(luf , Ff and Àfa) is not treated as a cost. The cost for the usage

of aninral porver is also not treated as a cost, since the

animals belong to the fa¡mer. Fixed cost eg, IpEDA tax,
subak charges and depreciation are not included yet in tlie

follor\'ing cost calculation,
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T^UI,U 5 . 3

lìlCI: INPUl'S AND LAll0Ulì RIIQUIREMENTS
(per hectare)

] TEN{S UNITS
PRESENT SITUATION

Open s arvah Und.er coconut

}IATE RI A LS
Seed
Fertllizer: Urea

TSP
Insecticide
Rodenticide

kg
kg
kg
1i tre s
grams

45
100

30
1.5

100

45
60
z0
1.0

100

Nursery
Land preparation

Pul l ing fr bundling
seedlings

Transp 1an t ing
l{eeding

Appl i c. of pesticide
fertilizer

Irrigation
Ilarvcstj.ng

Threshing

In te rnal transport

mandays l''lf
mandays Mf
mandays Ma

mandays I'f f
mandays Fh
mandays Nff
mandays Ff
mandays I'lf
mandays I'lf
mandays Mf
rnanday s Mf
nandays Ff
mandays tr'fh
mandays Fh
nan day s lrfh
mandays Fh
n and ay s ÌVa
mandays Mf

7

15
35

20
40

r
2

2

72
2

2

23
23
13
13

5

10

7

15
?c

15
20

4
2

I
I2

2

2

L4
1.4

8

I
3
6

'IOTÂL mandays 244 200

ANINfAL POì\TER
Nurse ry
Land preparation
Transport

pr, of oxen
pr. of oxen
buffalo cart

3

35
3

3

35
5

TOTAL 4743

Labour Category: Nlf, Ff: Fanily labour, male 6 fenale inc.
gotong royong activities,
¡fh, Fh: IJired labour, male 6 female.
À'la: Ploughmen and buffa1o cart operators
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1'ABLìl 5 . 4

GROUNDNUTS: INPUTS ANT] LABOUR REQUIREì\,ÍENTS
(per hectare)

I TIìMS UN TTS
PRESENT SITUATION

Open s arvah Under coconuts
I.fATE RIA LS

Seed

l.-ertilizer: Urea
TSP

Pesticíde

kg dry she11ed
nuts

kg
kg
litres

'?o
100

Land preparation
Sowing
lVeeding
Irrigation
I'larvesting

Thre s h idg
Drying
Inte rnal transport

1'01'AL

nan cl ays
mandays
mandays
mandays
mandays
man days
nandays
mandays
mandays

T,f

M
F
M

M
F
Fh
F
lvf

40
4

15
2

10
L2
22

2

3

30
4

10

7

9

I6
2

2

110 80

ANINIAL POhIER
l-and 1:reparationInternal tt'ansÞort

TOTAL

pair of
buffalo

oxen
cart

40
1

30
1

3I4I

r1 ì
"/Al ì faniì y tabour

hirecì female.

Sourcc : LRD, 1976
Intervierving
Agricultural

except for threshjng rvhich is done by

rvi th farme rs .

0f f ice.



T^BLll s . 5
]IIAIZE: INPUTS AND LABOUR REOUIRET,IENTS

(pcr hcctarc)

I TEþlS UNIT
PRESENT SITUAT]ON

0pen sarvah -,.^ Under coconut

}IATE RIALS
Seed
Fertílizer: Urea

TSP
Pesticides

kg dry grain
kg
kg
litres

20 20

LABOUR 
( 1)

Land preparation
Sowing
lVeeding
Ridging
Appl i c. of fertilizer

pesticides
Irrigation
Iìarvesting
ShelJ.ing
Inteì'na1 transport

mandays
nan day s
mandays
mandays

nandays
man days
na nday s
:randays
n an da¡'s

M
ì''l

T,f

I'f

T'I

T{

T{GF
F
t',f

10
4
4

20
4
I

6
I
2

2

I
10

2

'lol'A L 4840

ANIJ\'IAL POIVËR
Land pleparation
l\¡eeding
Ridging
In ternal transDort

pair of oxen
pair of oxen
pair of oxen
buffalo cart

10
4

20

1

l'0't'A L 2Lt5

(1) Ira,nity labour only

SOURCE : LRÐ, 1976.
Interr¡ierved rvi th farner
Agri cul tural Office.
Van cle r Goot, 1973.



1'AllLE 5 . 6
1'Oß^CCO: lNPlJl'S 

^ND 
L^B0UR R[0UIRIMì]NTS

(pc r lrcc tare )

I'IITIS UNITS
PRESENT SITUATION

0pen sawah Under coc onu t

N.IAT[ RI ALS
Seed
Fertilizer:NPK
Âmmoniun ni tra te
Insecticide
T:ungicides
String
Plastic sheeting
Kerosene

gTams
ks
l¡o
kg
kg
balls
shee ts
1i tre s

5.0
300.0

5.0
?c
0.5

2.0
3000. 0

Not grown

I,ABOUR
Nursery and seedl ing

production
Land preparation:

Cutting stubble
Ploughing

Planting

Iìeplanting
Âpp1ic. of J:ertilizer

pesticides
Ridging
lVceding

lrrigation
'l'o pp ing
Suckering
I{arvesting
Internal transport

I,tf
Ff

I,f f
N'If
I,fh
Fh
rff
N'f f
I'lf
Nlf
¡.rf
Ff
ì\1f
l''ff
Ntf
I'tf
l''lìi
Ff
Fh

20
t0

I
28
20
z0

2

10
3
8

60
20

6
6
6

10
15
10
15

Y I I] I-DS kg dry leaf 1500

LABOUTì
'l'ie ing and
Load i ng barn
Cur-ing
Unloading barn 6
Grading
Binding €r s torage

Baling

1'OTAL

Ilf
Ff
ìi1f
¡.lf
Ff
Iff
Ff
Iff
Ff

I2
13
40
7Z
22

2

8
6
2

No t grol,i n

394

AN ] }IA L PO1VE Iì
Ploughing
Ridging

1'OTA L

pai r of oxen
8

lo!ll!Ç1, , llAl', c raj a Office,
JO
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1'ABLE 5 . 7

CASSAVA: INPUTS AND LABOUR REQUIRET{ENTS
(per hectare)

I1'Ei\'f S UNITS
PRESENT SiTUATION

Open salah Under coconuts

MATE R IALS
Sten cuttings numbe I No t g rorvn 10,000

LABOUR 
(1)

Land preparation
Planting
l{eeding
Ilarvesting

Internal transport

TOTA L

M
TI

F
I{
F
l"l
F

20
5

30
6
6

20
20

107

,AN I TIAL POI\IËR
Land ilt"eparat ion ¡rair of oxen 20

S0URCE: Van der- Coot (1973).
Intervierving rvith farners

( t)nl t fami Iy Iabour.
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TABLE 5. 8

COCONUTS: INPUTS AND LABOUR REQUIRET,ÍENTS
(pe r hectare)

I TENf S UNITS PRESENT SITUATION

JVATE RIALS
Seedlings

LAI]OUR
I-lo 1 in g fr Planting
lJarvesting
Field collection

TOl'A I,

Irf
Nfh

Ir'lli

Fh

Ir{h

Fh

1

6

T2

6

6

4ft

AN I},fAI, POWI]R buffalo car t

Sources : LRD (19 76)
Intervielving rvith farmers.
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TAI]LE 5 . 9

BANANAS: INPUTS AND LABOUR REQUIREMENTS ,,(per hectare)

T TI]},'IS UNITS
PRESENT SITUATION
Under Coc onu ts

I'IATE RI AL S
Planting materials suckers 10

LABOUR 
( 1J

I'loling 6 Planting rnan<lays M

llarvesting bananas manda)'s I,f

mandays F

Cutting pseudostens mandays lr.f

Inte rnal transport nìanda)¡s trf

TOTA I,

1

2

2

t2

2S

SOUIìCE: LRD (f97ó)
Inte¡vierving rvi th farners,
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l'^BI-E 5 . 10
AGIìICUL'I'UIìAI, INPU'I' PRICES US]]D FOR COST CALCULATION

(1978 PRrcus)

I TET,I UNiT PRICE (rupiah)

See<l

Coconut seedl ing
Fertilizer: Urea

TAD

Insecticide/Fungicide
Roden ticide
Strlng
Plastic sheet j.ng

KeLosene

Ilired labour (ma1e
or fernal-e)

Subak 6 religious
charges

Ipeda tax: sâtr'âh class I
sarvah cLass II
s atvah class II I

(dry land)
Interest rvorking capital

Depreciation
An ima 1 p oiv er

kg

No.

kg
kg
1i tre
kg

balks
No.

litre

nandays

Ìrectare/annum
hectare/annum
hec ta re / annun

1.5 tines harvest
value

25

50

50

t230
2300

425

700
7'7 C

350

2s00

7 625

5490

he c ta re,/ a nnum 1SZ5

12 percent on hired labour and rnaterialsfor 4 months per crop.
h e c ta re,/ annum 5000
pair of oxen f¡
plough or cart 400

SOURCE: Agriculture
Trade 0ffi ce
BAT Offi ce ,

Office Denpasar - Bali
, Denpasar - Bali.
Singaraj a - Ba1i.
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TABLE 5.11
COST CAl,CULATION IìOR RICE I.IYV

(thousand rupiahs/hectare/crop)

I TI]NI
PRI]S]]NT SITUATION

Open sawah Under co conu ts

TIATERIAL COSTS
Seed

Fertilizer: Ure a

TSP

Insecticide
Rode ntic ide

SUB - TOTAL

7¿.

5.0
1.5
1.8
0.2

J.4

3.0
1.0
7.2
0.2

11.9 8.8

LABOUR COST

Family - ltla 1e

- Fenale
Ilired - jilale

- Fema 1e

S UB - TOTAL

19.6
L?. .6

74 .7
7.7

)) a

O]'H ER COST

AnimaI p orv er
I nte res t on

SUB -'I'OTAL

ivorking capital 1.8 1.3

1.8 r.3

1'OTAI, COSTS 4s.9 32.s
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TABL]] 5 , 12

COST C,(LCULATION FOR GROUNDNUTS

(thousand rupiahs/Ìrectare/crop)

II,ENI PRESENT SITUATION
Open s arr'ah Under coconuts

l\IA1'ER]AL COSTS

Seed

Fertilizer
Pesticides

SUB - TOTAI, 22 .5 22 .5

22 .5 )1 C

LABOUR COSTS

F anr i 1y
Il i red - female

S UB - TOTAL

7.7 5.6

7.7 5.6

O'IIJER COSTS

An ima I porver

Interest on working capital I.Z 1.1
SUI] - TOTAL r.2 1.1

TOTAL COSTS Jl .4 10 '>



]'ABI"I 5 . 13
COST CALCULATION FOR N{AIZE

(thousand rupiahs/hectare/crop)

101

T TEìq
PRESENT SITUATION

Open Sarvah Under coconuts

TIATE RIAL CO STS

Seed

Fertili zer : U¡ea
TSP

Pesticides

Sub-'l'otal 1.3

1a 1.3

LA]]OUR CORS

Fanily
IIiled

Sub-Tota1

OTIII]R COSTS

Animal porr,er

Interest on rvorking

Sub-Total

capital 0.1 0.1

0. t 0.1

IOl'AL COSTS 1.4 1^
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TABLE 5.14
COST CALCUI,ATION FOR TOBACCO

(thousand rupiahs/hectare/crop)

I TE}'f
PRESENT SITUATION

Open s atvaìr Under coconuts

TLATERIAL COSTS
Seed
Fertilizer: NPK

Anonium nitrate
Insecticides
Fungicides
String
Plastic sheeting
Kerosene

)E

1s.0
0.3
4.3
0.6

r.4
112.5

Not grown

Sub-Total 138.r

I,AI]OUR COSTS
Iìam i 1y
Ilired - nale

- fe:nal.e
ú.
I2.

3
3

Sub -'f o tal 24 .6

OTIII]R COSTS
Animal poh'eÌ' ,. 1\
IJcprcciation (rJ
Interest on r',orking
Indus trial tax
Company tax
Government tax

61.5
capital 6.5

3.5
4.5
3.6

Sub - I'ot¿rl 79.(¡

1'OTAL COSTS 1/1 t 7

(1) Specific to tobacco pr.oduction.
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1'ABL[ 5.15

COST CALCULATION FOR CASSAVA
(thousand rupiahs/hectare/crop)

rrErr ooåluf 5lÌln"lÏå1T01".",.,,

NIATERIAL COST

Sten cuttings 25 .0

LABOUR COS'|S

Iìamily
Hír'ed

O1'IIER COSTS

An imal porr'er

Intel'est or.r working capital 1.0

Sub-Total 1.0

TOTAL COSTS 26 .0
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1'^BLll 5. 1ó

COST CALCULATION FOR COCONUTS

(thousand rupiahs/ he c tarc /e rop)

I TET'f PRESENT SITUATION

IvfATERIAL C0STS

Seedlings 0.2

LABOUR CORS

Fani I y
l'li red - ma 1e

- fena 1e

oq

6.s

Sub-Total 15.8

O]'H ER COSTS

An ima 1 porv e r
Interest on r,,orking capi tal 0.6

1'OTAL COSTS r6.6
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TABLE 5. 17
COST CALCULATION FOR BANANAS UNDER COCONUTS

(thousand rps/halcrop)

I TEM PRESENT SITUATION

MATERIAL COSTS

Pl anting material 2.5

LABOUR COSTS

Fam j. 1y

llired

OTII ER COSTS

Animal porver

Interest on rvorking capitat 0.1

TOTAL COST 2,6



3. Crop Iludget

Table 5.18 contains budgetary staternents in the plesent

tions shorving the net return for individual crops.
TAI]LE 5.18

NET CROP RETURN
(thousand rupiahs/crop/ha)

situa-

CROP
S I TUATI ON

Open s arvah Under coconut

Ri ce
gross revenue
cost
net re t urn

204.0
45.9

158.1

122.4
s2 .5
89.9

2. Gro un dnu t s
- gross levenue
- cost
- net return

99.0
3r .4
67 .6

72.0
?a )
42 .8

3. lt'lai ze
- gross Ievenue
- cost
- net re tu rn

2r .5'tL
20.7

'1 ? O

I.4
11.5

4. Tob ac co
- gl.os s Tevenue
- cost
- net return

725.5
242.s
483.2

Not grown

Cassava
- gross Ievcnue
- cost
- net return

Not g r orvn 52.0
26 .0
26.0

6. Coconuts
- gl'oss revenue
- cost
- net returtì

No t g rorr'n r39 .2
16.6

I22 .6

Bananas
- gross Ieveìlue
- cost
- net returtl

35 .7
2.6

33.1

Not grorvn
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'l'Ìre higìrest net rctuïn is from tobacco but narketing
constraints (i.e. monopsonistic buyer) rvi11 like1y linit
tlìc area to be devÕtecl to this crop (Appenclix II). -Rice is
ranked second, foJ.lorved by coconuts, groundnuts, bananas,
cas sava and niaize, respectively,

4. The ì,1ost Bene ficial Cropping pattern

Net Ìeturn iry cropping pattetn is shorvn in Table S.20

for the nailt cÌop combinations, based upon the net crop returns
presented in Table 5.18 and fixed costs from Table S.19. Fixed
costs consist of IpEDA tax and subak charges rvhere relevant,
and depreciatory costs as sìrorvn in Table 5.10. Fixed costs
do not include any project charges at tltis stage of analysis.

0f the various cr.opping patterns examinecl, the highest
cconomic retLrrn is obtainecr fron a rice-tobacco rotation (62g,2
thousand rupiahs/ha/year), folrorved by a rice-rice rotation
(301.1 thousand rupiahs/ha/year). Both of these cropping
patter"rìs occur in open sarvahs, ìrorvever, and o1:en sawah presently
accounts for less than 1S peïcent of the agricultutal land
in the study al:ea. U¡rder. coconLlts, a rice_groundnut_groundnut
rotation yields 283.0 thousand rupiahs, but this forn of land
use accounts for less than S percent at pïesent. The most
con on rotatioÌl (bananas and food crops under coconuts), occupying
about 75 perc:ent of the project agricultural land area., is
estintated to l)tovide a net ïetul.n of 177.g thousand rupiahs/ha/
y ca r.
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1'Allt,u 5.19
IìiXIII] (]IIARGIJS BY CROPPINc PAl'1'I]RN: 1978 PRICES(thousand rupiahs per Ìrectare per annum)

CROPPING PATTEIIN OPEN SAIVAH UNDER COEONUT

Dì -ô ri ^^
Iìice, tobacco
Iìì ce , groundnuts
Rice, groundnuts'groundnuts
Rice, maize
Rice , groundnu !s , ma i ze
Bananas. food croos

15. Ì
15.1
13. 0
15.1
13.0

1r.t

I5.1
15.1
13, 0

15.1
6.5

SOURCE: Table 5.10

NET RETURN
(thousand

TABLE 5. 2O
BY CROPPING PATTERN: 1978 PRICES
rupiahs per hectare per annurn)

CROPPING PATTERN OPEN SAI{AII UNDER COCONUT

Rice, r ice
Ri ce, tobacco
Rice, g ro undnu t s
Rice, groundnuts, groundnu ts
Rice , mai ze
Iì-i cc , groundnuts, maize
Bananas, food cr.ops

301.1
628.2
212 .8
278.2
r65.2
230 .7

)+0.,
283 .0
211. 0
25L .7
177.8

Calculations are based on Tables S.18 and S.19.



_ r09

From a strict economic point of view, it is clear .that
ríce - tobacco rotatioÌÌ sììoutd be proposed as the favoured
rotation in the study area. The potential for this ,Õropping

pattern is strictly limited by marketing consideration. The

only buyer for tobacco is BAT, hence it is in a nonopsonistic
buying position. As a monopsony coriroration, BAT would be

able to nanage its operation in order to maximize its profit
rvith a relatively snaller total input at a lorver price per

u¡rit than if the corporati-orL operatecl conpetitively, As BAT

rvould not 1ike1y increase its scafe of operation, it is 1ike1y
no reason for. llAT to buy more tobacco from the farmer than
its pl.esent requirements.

TÌ.re incentive to grot{ l.ice is muc}r }righer than for any

other crops, if irrigation i{ater can be provicled. Farmers

perceive \rater at a zeÌo cost, and treat it as a free good.

Because rice a¡rd its agricultuïa1 inputs are subsidized in
Indonesia, the price is artificially suplorted or othertvise
affected by ¡¡overnment policy. This is designed to ensure a

large volu'e of rice productio', since rice is still imported
to fu1fi11 domcstic demand thus financial prices used in this
ca l cul at ion irre l ike1y quite distorted as a result of these
activities,
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Considering the above reasons, it is quite reasonable
to assune that the cropping pattern applied in the study area
rvilÌ be based as llruch as possible on rice, A further study
based on the accounting price of cr.ops might be reqíired for
conparison rvith this study.

Because rvater requirements for groundnuts aïe substantialry
lorver than for rice in tÌìe dry season, the return to rvater

from groundnuts would be correspondingly higher than those
from double-cropped rice. In theory therefore, rvhere water
is linited, the rice-gr:oundrìuts -grouncrnuts conbination should
be preferred to the double rice crop. Hol{ever, it is again
unlikely that many far¡le¡s,given r{ateï, rviIl prefer to grorv

gïoundnuts in the dry season rather than a second rice crop,
Groulldnuts have been incruded ín tìre crry season only insofar
as they are necessat"y to aIlow the limited lJater supplies to
be extended to the whole study area,

Comparing crop returns fron open satvah to those obtained
under cocol.ruts, tltere allpears to be no immediate advantage
in clearing cocoìtuts to create open satvah, This suppoïts the
vierr' of farlners intervierr,ecl in the study area, rvho felt that the
coconut cover crop should be :laintained in conjunction with
the irrigation schene, In the more distant future, conversion
to open sarvah rvould sti11 be possible if changing physical or
econo¡nic conditions rvarranted it,
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C I'L{ P]' I]R V I

IRRIGATION Ii]A1,ER P],AN

In rnanaging the distribution and allocation of j.ït,igation
I\,ater to individual farmers, a number of relatively complex
decisions ar.e required. one rccerìt lr,riter in clescribing the
Inclonesi.an situation has clivided these rlecisions into trr,o
categories: those involving planning, and those involving
operation:

Planning decisions deal rvith estinìating potentialwarer availabiliries and derermini"g cioipi;S--systenìs to make optinum use of expeðtea ivàteisupplies. 0perational decisions'refe¡ to themanagement of water for irrigated areas alreaáyplantecì, especialty un<ler ciicumitances inl{n1cn actual water sunplies are less than expected.(Pasandaran , I97 6, p.' 2) .

Basically, the a\¡ailability of h¡ater at an intake gate to an
irligation system nust be related to tl.ìe clenand fot tt¡ater
thlouglìout the system. Tlie 1eve1 of clenand, in turn, depends
on the needs of various crops at various stages of maturation.
'l'his chapter rr'i11 summarize results to propose an irrigatíon
rtater- plan in order to match the crop demancl for rvater u,ith
available su1;p1y for one croi: calendar year j.n the study area.
in addition, according to the authoriry cited fornerly: _

During the t{et seasons, the principal issue inh'ater.t¡anagement is lvhether àva j.tatle rvateisuppl ic s are adequate to enabl e all irrigationunits h'ithin an irrigation system to besirnultaneously.plantèd. nuiing the dry seasons.Lnc lìrlnclpaI lssuc is detcrmining the relativeareas to be planted to rice and sõconda.y-;;;p;,..(Pasan,ìarntr, 1976, p. 3 and p. fSj.
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ClcarIy crop yiclds obtained from irrigated 1ancl, depend very
nruch on horv availabÌe tr¡ater is allocatecl to each f ielcl , an<l

matclìed with crop rotations

l. lrrigatÍon units
For planning purposes, the study area has been dívicled

into units formed by natural east-\vest boun<laries and by the
lines of the proposed canars fo¡ the north and south boundaries.
lVhere there is a proposal to punp r\,ater, the uppeï canal align_
ments formed tite boundaries of irrigation units.

These irrigation units could be used as a l¡asis for
extending the boundaries of existing subaks or creating ner.¡

ones, since the subak system is 1ike1y to operate in this
area as it cloes in all irrigated areas in Ba1i,

The proposed irrigation units are shotvn in Table 6,1,
and the proposed canal 1ines, irrigation units and land
co'sidered sìlitable for irrigation are irrustrated in Figure 6.1.

2. l\rater Supply

The na j.n sout'ce of irrigat j.on water rvi11 be the Tukad
Sabah . Ilorr'ever, it l.igation units I ancl I I are already under
sarr'ah and have another source of irrigation \{ater for rice
groru'ing in the Net season, tìrat is from Tukad Gemgen.

It is surrgested that iïrigation units I and II shourd continue
to utilize lvater from Tukad Gengem, and only drars water from the
nerv gravitv canal rr'hen their present supply is inadequate.
Potential f lorr's of Tukad Gerngen Ì{ere available f rorn calcura-
tion done by P3SA-Office, but rr,e¡e based on less than two
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Tab1e 6.1 Land Classificarion & Irrígarion Unír (ha)

Irrigation
Unit

Study
Sawah Coc()nu t Dry- To tal

land
Areâ

Urban T"o tâ1
Not Irri-

gable

Gravity
Canal

I

II

III

IV

V

VI

VII

VIII

Gross

88.0

68.7 1l_.1

6.4 49 .6

1.0 54.3

1.0 r01.5

- 1 6.1

- 4¿r.9

- 51 .3

2.5 12.5 100.5

13.1 20.2 100.0

8.7 14. 0 70.0

9.6 18.7 74.O

3.5 20.5 L23. O

Lz.I 17 .3 94 .0

1.0 7 .I 52..0

- I .7 59.0

50.5 118.0 672.5

499. r

88.0

i9.8

56.0

102. 5

76.7

44 .9

51.3

554. s

499 . )-

10.0

1.r

o1

17.0

5.2

6.1

7 -1

67.5Area 165.1 389.4

Net AreaY. 148,6 350.5

PuÍìp ing
Canal

IX _ 86.0

x l c 108.1

xr 6.0 69.5

xrr 19,5 357.5

Gross
Area 26.5 623,I

Net Area* 23.8 560,8

- 86.0

1.6 110.7

- 15.5

s.0 384.0

6.6 656 .2

5.9 590. s

3.5

8.0

r9.5

62.I

102.0

168.0

89.0

426. 5

786.0

590.5

12. 5 16. 0

26, O 57.3

6.0 14.0

23.0 42.5

7 6.5 r29.8

Study Area

Gross Ar ea

NeL Ar êa

1458.5

L2I0.1

1089.6

"xGross area 1e ,ran 10 percent^ f-or irrigation infrastructuresSources: L¿ llap Figure 2.6 and Aeiiat photo Interpretations p3SA Bali
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years of rccords. (tab1e 6.3) For Tul<acl Sabah, as discussed
in Cha¡tter III, on allotrance has been nacìe to satisfy the
present requirements of the subaks, r,rhich rely on rva_ter from
Puluran and Kar.an.qsurvung rr,eirs, doNnstream of tlre Unaclesa

l\reil-. Thc clesign f lorr' has been ¡.:resentecl in Table 3.6.

3. Allorr'ance for ltresent clenands on Umadesa Canal

The Umaciesa cana1, at ptesent, supplies r.¡ater to f ive
subaks h'ith a total area of 400 ha. The irrigation system

¡.:rov j.des suf f.icient Natcr for this area to lle planted with
rice at least t\vice a year. On a feL, farms, hor+ever, tobacco
j.s gror''n instead of a second rice crop, Since none of these
suballs rr'i11 benefit from the project from an economic point of
vier+, they' are not considerecl to be part of the study area.

A future cropping pattern ì,s ltroposed for these five subaks
(1'ab1e 6.2). 'Ihj.s pattern al1orr,s th,o crops of rice over nuch
of the area, continuous r.ice cropping on one_third of the area,
and an increase ín the area under tobacco.

4. Propose<1 irr-igation v/atcr plan for the study area
As discusscd in Chapter V, rr,here rice is already grown,

the ain sho'l.d be to provicle irr-igation for a second rice crop.
lirhere the present farming pattern is l-rased on dry land crops
tlìe ain sJrour.cl be to ¡rr-ovide irrigation fo. rice at least once,
and pr-ef ercably trvice l)cr ycar. pÌ"iot-ity is given to the
areas irrigate d by tl.ìe prollosed gravity cana1, since high
tr'ater recluirelÌents for rice rr,ould l¡e very costly if they tvere
met by pr,rmpì.rrg.
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Proposed Future Cropp i ng
Subaks Conmanded by the

Pattern for F ive
Present Umadesa Canal

lVe t
Crolr

Season

Iia

DÌy Season

FIa

Dry Season

Crop lla Crop

Rice

Rice

Rice

130

140

130

130

80

60

130

Rice 130Rice

Rice

Tobacco

Rice

Total 400 400 150

Thiid l'ice crop continuous into follorr,ing year.
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Table 6.3 prese,nts a h,ater plan for the study area. In
practise, the.e should be some phasing of operations within the
periods suggested to spread peaks in tvater demand, especially
during land preparation for rice. The design flow for the
Tukad sabah (Table 6.3, line 1) shorr's the total amount of water
available at the tjnaclesa rr'eir. Lines 2 and i show tl.re irriga-
tion requirements derived in section 2 of this chapter, The

balance of rr'ater from Tukad Sabah is shorvn in line 4,

For irrigation units I and II, r*,hich are mostly open sarvah,

the proposed cropp j.ng pattern a1lo\\,s for ttvo crops of rice on

nìost of the area, rvith 20 hectares set aside for tobacco. In
the rvet season, these units are currently irrigated froin Tukad

Gerngem, ancl future irrigation needs can be met fron that river
(line 5). In order to achieve early planting of rice j.n Noven_

ber and to neet iïrigation r-equirements during the dry season,

it rvould be necessary to extract h'ater from the Tukad sabah flow
(1ine 8). 'i'he balance of f 1or,' from Tukarl Sabah (1ine 9) shows

the critical constraints to increasing the area under double

cropping of rice (i.e. there is no t\¡ater available in the nonth
of August).

The renraining area to be serviced by the pÌoposed gravity
canal. (LU, III to VIII) is considered in line 10. It is
almost a1l unrler coconuts, thus ruling out the possibility of
tobacco grorving. In the t{et season, ¡ice can be grown in the
entire area. In the dry season, there is just enough wateï
available for half tlle area to be ptanted rvith a second rice
crop. This objective could only be achieved if land pïeparation
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for the r,Jet season rice crop is carried out in October. This

mcans harvesting the ì{ct season crop in February, but disadvan-

tages of this should be off-set by the advantages of grorving a

seconcl cr:op of rice, Delays in planting the first"iice crop

rr'ou1d result in the seconcl crop runnj-ng into water shortages

in Âugust. The other lìa1f of the area could be planted witlì
two successive palatvija croDs in the dry season, and two crops

of groundnuts have been adopted as the most attractive palarvija.

T}rus on irt'igation units III to VIII, three crops of. rice
could be grorr'n in tt\ro years. This could be programrned by

supplying sufficient \r¡ate r for the seconci rice crop to half
thc area in one year, and to tlìe other half in the second year,

essentially an arrangement betNeen subaks. Alternatively, a

constant f lorv of Nater coul(ì l¡e mai.ntained to each unit, and

the <livision of rvater could be an i¡rtra-subak aïrangement,

r',h ic h is 1ikc1y preferable.

A third possíbility rr'ou1d be to clesignate irrigation
units III ancl IV and most of V as double crop areas, and not

a1lorr' suf f icient h'atet' for a dry season rice crop to reacll

units further to tlìe west. This rr'ould seem to be inequÍtable

and could give rise to adminístrative and social problem in

tl¡e f utu¡e.

llaving se¡ved all possible gravity areas, the f lolv fron

Tukad Sabah is norv nil in July and August. Unfess a quite

impractical cropping pattern is adopted (harvest period in
January), there is insufficient rr'ate¡ for any fulther double

cropping of rice.
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The irrigation units rvhich coulcl be irrigated by purnping

irrigation units IX to XII, have been consiclered in reverse
ordcl llron wcst to east. This is l¡ccause pumping c.osts are
like1y to be lol.er for a larger area. Sufficient water r\¡ould

be available for rice to be grorvn in the clry season. Farmers

rvould probably try to grow an extïa palatvi j a crop in the dry
season, and this should be posslble in the average year if
pumping costs could be justified. Rice-groundnut cropping
patterns aÌe proposecl for irrigation units IX to XII (lines
13, 16 and 18) and the maximum area of each unit could be

irrigated in each case. TrÌe present areas of sarvarr in these

units are small and make no significant difference to the
calculations.



C]i,AP1'I]R VI I

CONCLUSIONS AND RECO}ß,IINDATIONS

1 . Conclus i.o¡r

General conclusion

1.1 Expansion of the irrigation p'ogram on Tukad sabarr wourcl
require changes in present agricurtural practises. Linitecl
Ì{ater Ìesources of the Tukad Sal¡ah rvould lÌave to be shared
oì/er a wider area, rvhich rvould require adoption of a prograrn
of cropping and rvater regulation. This program rvi11 likeIy
affect all subaks currently serviced frorn U¡nadesa weir. The
task of lnfor.rning tlre subaks ancl supervising these changes
lvould be the responsibility of the present secìahan officers
(representative of a group of subak chiefs).

Conclusions dealing lvith nain objective
1.2 The irrigation lvater plan pro¡:osecl in this study has
revealed that pl.esent supptles of iïrigation wateï can be
utj.lized on land under sarvah and supplemented, rrrhen necessary,
by rvater fr.om the ne1\r cana1. In tlie open sawaìì directly west
of l'ukacì Gen.qem, tr\¡o crops of rice could be groh,n per year.
l¡r the coconut a¡eas further tvest, only half the farns could
be doubled croppecl rr,ith r.ice in one year and the other half
could be cropped r\,ith palah,ija in the dry season (Tab1e 6.3).
'l'he constrain.t to rlouble cropping of rice in the dry season
is the very slnall fLorv of rr,ater f¡on Tukad Sabah during July
to Selttenber. In July ancl August, only the area to be serviced
by the pro¡rosed gr.avity canaÌ could be irrigatecl (irrigation



units III to VIII).

1.3 l{hile the cropping pattern proposed for the five subaks
east of rukad Gemgem arlorvs them to continue rvitll thlìr pïesent
cropping Irrogì-arns, the subaks located in the study ar.ea f wouf a

haye to tine theiï farm operations to Ììeet TequiTements of
the irrigation p1an. The existing subaks of Tegallengah,
Bajar }lunduk and Kalisada would therefore, have to start land
preparation for rice earlier than at present in order to a_110Ï,

for cultivation of a dry season rice crop before the water
supply becornes inadequate, For the same ïeason, the subaks

comprising irr"igation units III to vrII rvould have to start
land preparat ion in October,

Conclusiors dealing with sub-objective 1

1.4 the hydrologicat analyses in this study are based on four
years of flotç records at the Urnadesa lveir and about 30 years
of intermittent rainfarr records. These data are thus not a very
reliable basis for estinating rninimum L,ater availabitity.
llor,,'ever, in t)re absence of better infornation, design flows for
this river ha'e been derived by adjusting minirnun nonthly flows
on the basis of annual rainfall probability of occurence,

Conclusions dealing rvith sub_objective 2

1,5 Rlce production uses the greatest amount of water, with
peak requirenients occuring cluring tand preparation. If land
preparation takes place in the dry season, up to 3.g litres/
sec/ha are required at the tvater source, During the grorving
period, requirenents ïange fro¡n 2.2 J,itres/sec/ha in the first



nonth of the wet season

second and third tnontlìs

il'rigation requirenents

vJa t er source -

.
-72s-

to 3,2 litres/sec/h.a cluring the
of the dry season. For dryland crops,
never exceed 1.0 titre/sec/ha at the

s l ighr 1y to cÌop

season, effect ive

on dryland crops be ing

1.6 Consumptive use of water by rice is estitnated to average
22 ¡nn per day. An irrigation cycle of 3 days is considered
necessary to naintain the hrater 1eve1 in sarvah basins. For
dryland crops , a ten-tlay cycle is general ly usecl , but further
investigatì,on is needed to deterrnine the available noisture
capacity of soils, Effects of a sarvah plough pan on the rooting
depth of crops rìust also be required before reco¡nnendations
can be made .

L7 Field losses in sarvah rice are exceptionally high, even
by Indonesian standards. This is 1ike1y caused by lateral
percolation of water. into snall dikes, and then dorvntvard.,

rather than by ve¡tica1 percolation through the sawah basin
f1oor. For dryland crops, field losses are ¡nuch smaller and
are iircluded in the overall efficiency factor,

1.8 llffecti.',¡e rainfall contributes only
h¡atet' requil.enents f or r.ice. In the dry
rainfall is ni1 , and has little influence
g l'oÌvn .

1.9 Irrigation efficiency factots rvhicir ¡vere adopted appear
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consjstcnt w.i.Llì currcnt Tcconnendation for Indonesian conditions
(e.g. 85 percerìt for sawah rice and 7S percent for dryland
crops).

Conclusions clealing r.,ith sub-obj ective 3

1.10 0f the cropping patterns exanined in the ptesent situation,
the highest econonic return is obtained frorn a rice-tobacco
rotation, follorved by a rice-rice Ìotation. Both of these
cropping patterns occur prinarily in open satvahs, horvever,
and this type of land use accounts for a sna_Ir anount less than
15 percent of the study area at present. Further¡noÌe, tobacco
production is limited by narketing constîaints. Under coconuts,
a rice-grounilnuts-groundriut rotation yields 2g30 thousand
rupiahs/ha/year, but this form of land use is also insignifi:
cant in the study area, The nost conmon rotation of bananas
and food cro¡s under coconuts (occupying about 75 percent
of tlre study are) is estinatecl to provide a net ïeturn of 177.g
thousand rupiahs/ha/year.

1.11 llice cropping gives the best return of traditional crops
gror{n on a large scale in Ba1i, in spite of the high irrigation
requirement and restricted area of cropping in the dry season.

2. Iìc c omrn c ncla t ions

2.I Flow data for the Tukad Sabah should be reaffirmed
beforc pt'oject inplenentatior.r. The progran of river flow
gauging and rainfall neasure¡tent, established by p3SA, sh.outd
continue, but accuracy and reliability nust be enphasized.
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2.2 Because irrigation ïequirenent deter¡nined by this
study exceeds values used in Inrlonesia in the past futther
detailed soil surveys should be carried out to betteï define
boundaries of land unsuitable for irrigation, and to determine
more fu11y the water-ïelated characteristics of soi1s.
Further research should also be unde¡taken to deterrnine if
sealing the sma11 dikes rvith plastic sheeting rvi1l reduce the
irrigation requ irement .

2.3 The governrnent, through the public lVorks Office,
should operate and maintain al1 iïrigation infrastTucture, but
close co-opeÌation tvith the subaks should be naintained
through the seclal.ran Agung (subak coordinator). It rvourd also
be desirable for operators to be rec¡uited fro¡n 1oca1 subaks
to ensure efficient and reliable operation.

2.4 A systen of ïotational irrigation should be practised
throughout the year on all areas irrigated frorn Urnadesa weir,

2.5 Boundaries of the proposed irr j-gation units coulcl
form basis for nerç subaks but a rnaximurn size of 90 hectares
rvould be reconnended from f ielcl observations, very large subaks
such as umaclesa did not appear to or)erate satisfactoriry from an organiza-
tional point of vierr'.

2.6 Coniparing t etuÌÌls fron open sarvah to those f¡om
c ropp i ng under coconuts, tl.ìet,e appears to be no innediate
advantage to removing cocotlut tTees to create open sarvah.

llorr'ever, if the stand density of coconut trees ivere halved, yields
from rice grorr'n under coconuts lvould double (IRRI , Ig7S, p, 24),
Farmers i¡rtervielved in trre study area feer that the coconut



cover should be rnaintained, however.

2.7 Because the economic analysis of this study only
dealt rvith one scenario, the present situation, further study
should be undertaken to confiTm results presented háie,
and tlvo othel' inpoTtant scenarios, future h¡ithout pToject
and future tr'ith project, should also be analyzed.

In order to fully docurnent econornic effects, further
study based on an accounting frarnework (shadotv price) should
also be cons i<lered.
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APP END IX I PUPUAN llf 0NTHLY RAINFALL RECORDS (n¡m)

Year

Jan Feb Mar

Month
Apr ffay Jun Jul Aug Sep Ocr Nov Ðec

To t a 1

Jan-Dec

I92r 24L 426
L922 326 230
1923 44r 392
1924 254 52L
1925 4L2 220
1926 277 519
1921 372 rl_ 5
7928 r52 3!2
L929 393 250
193 0 202 425
1931 t77 3 98
1932 695 265
1933 366 396
1934 428 328
1935 229 374
1936 37 2 330
1937 388 254
1938 434 67 7
193 9 483 288
1940 427 r93
1950 327 483
1951 259 553
1952 435 533
1953 37 5 513
1954 887 706
r955
79s6 526 446
L957 358 290
1958 447 240
1959 402 401
19 60 161 416
1961 2r7 424
L962 533 403
1963 3s4 345
t964 425 388
19 65 668 L97
1966 22r 423
L967 430 37 5
1968 2L8 371
L969 528 111
7970 363 96
L97t Ir2 90
1972 484 44L
I97 3
r97 4 224 514
L97 5 499 ts9
t97 6 390 229
1977 383 493

353 285
225 462
151 2I0
392 241
27 0 198
338 117
274 399
442 367
330 133
527 4 58
405 366
287 235
479 209
2r2 348
263 2I5
252 2r5
342 430
394 r07
190 388
r92 176
361 163
233 306
454 156
600 269
3s0 76
- 356

163 237
168 384
211 252
L20 119
309 4r5
570 169
232 163
255 349
323 426
264 205
545 170
L94 r28
242 L77
401 342
366 69
33 9 57
470 468

423 104
52t) 433
388 14 5
725 204

40 r79
395 60
2r4 99
27t 32
86 13

225 40
t52 106
32 12
028

202 0
292 63
114 265
27I 118
116 10
248 39
68 26

187 186
324 253
98 94

r45 50
22 64

447 288
64 401
44 t69

116 5
165 0
328 223
r23 188
83 273

3 00 50
r34 I95
265 2rr
227 36
118 9

r35 116
72 15

234 66
22 10

r09 105
r23 0
138 266

443 95

7 7 47
64
00
r 13
025

35 63
0 39

4I 13
00
23

200
08

232 165
20
07

2t6
07

49 13
159 77

00
0 10
058

I27 15
18 6 80
38 r52
00

150 65
r20 r47
'ì?\ oo

45 0
93 16
10 r15
30 12
00

32 82
00

31 6
0 15

20 20
0 156

284 62
35 6L
0 272

140
30 7r
24 237
80 231

138 1s5
405 ).7 9
24 465

248 4r3
39 368
42 Lt4
48 307
33 232
18 292

104 43r
L47 250
89 409
49 348
82 4q9

173 t64
248 377
36 2r9

108 429
79 89
79 252
73 205
0 s18

472 436
80 176

287 519
10 346

324 3I2
225 632
103 165
37 269

114 308
I13 I7 3

86 406
148 256
26 135
0 228

457 73
77 269

I52 359
37 5 225
345 440
99 143

9B2 6s0
237 357
10 368

161 332
442 604
279 2A9

131 0 0
331 r57 131
r42 83 36
2L7 5 36

50
10

196
34
38

0
4I

0
0

20
0

l0
0

48
0

36
48

3s4
269

2

49
5

158
20

7

0
47

277
235
383
322

7

22
2I
32

0
t9

0

0
0

2L9
5

16

280
5 61
247
101
467
258
3r2
490
455
281
274
456
297
254
25t
387
384
453
256

581
r2t

62r
447
347
660
258
391
524
4s9
53 5
t4

245
528
295
204
3r7
627
42r
56s

37
338
r54
178
500
3r I
257

227 r
2963
2439
2527
2r36
2028
2065
2r26
1899
2655
2392
2833
2930
227 7
t963
2338
248L
3595
2¿r7 O

1936
2338
28 24
3687
313 3
3s90

3481
3r7 0
2818
2650
2942
28 09
2244
2100
2648
t944
2449
1837
2406
2682
32I3
1016
4659

r928
3348
303r
3r.99

Source: P3SA - Bal i
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APP]INDIX II
ctì0P t)tisctìJ Pl'l oNS

TÌris appendix contains a díscussion of the yarious
crops capable of beitrg grorvn in the study area, Th.ese

crops include rice, groundnuts, maize, tobacco, cassava,
coconuts, and bananas.

1. Rice

lf rvater is available for irrigation, rice is tl_re

preferred crop.

Availability of a reliable rvater supply during land,
preparation is the main factor influencing the tine of
planting. In tlìe study area, where the rainy season usually
lasts for five to six nontl.rs, planting is linited to ensure
th at harvesting take s prace as trre weadrer becomes drier.
Ëven whe¡r ¡cliable rvateï supplies are available earlier,
larmers rnay be unr,'ilring to plant their rice if this rneans

harvesting i¡r the Ì^/ettes t months. If more than two rice
crops per year a'.e to be planted, horvever, at least one
harvest in five is likely to occur during the t,retter months.
This could result in crop losses if the grain cannot be

dried, a recìLìction in yield because of sub_optinal radia_
tion during f lorvering and grain formation, lVhere possible,
this study has avoidecl this situation in pLanning cropping
patterns. In a fer,' cases, horvever, it rvas necessaïy to
recomnend ear'1ier planting than usual to arlow for a second.
rice crop before the water supply becomes inadequate,



- 133 -

Present yields in open sawah rvere based on the subak

survey donc by LlìD. In 1976, a thousancr rrectares of l{yv iice
grorvn in thc twclve suì¡al<s surveyed gave an average yield
of 4,000 kglha.

Reduction of yield under a full stand of coconuts
(720 trees/ ha) was assuned at S0 percent. This is based
on infornation about sar+ah rice uncler coconuts which rlras

obtained in the subak survey, and on work done on the effects
of shading on rice f ietcls. (IRRI , l97S)

Material inputs are based on BIMAS pa.ckage recornrnencla_

tioììs. (Agriculture O{fice, 197S) . present BIMAS recornrnen_

dations for FIYV's include application of 200 kg/ha urea,
but existing rates of application are belorv this level,
Triple Super phosphate (TSp) is also used at about 30 kg/ha.
Less fertilizer is applied for coconuts because a rower yierd
is expected. Insect pest and diseases caused. by fungi,
viruses and bacteria are serious problens in rice_growing
areas.

Rats are reported to be a problen in most subaks. At
present, the BiIIAS package also reconnends 100 gn of zinc
phosphide, atì acute poison dangerous to use, and sornetines
only partially successful in controlling rodents.

Labour requireìnents are based partly on the LRD survey
of rice farns in the study area and in Negara (southern
Bali) (LRD, 1976) and païrly on a report by Van der coot
(1973) who estinated rabour requirernents for various foocl
crops in Inclonesia.



1s4 -

i.ield operations for rice are carried out using tradi_
tional, labour-intensivc ¡nethods, but the stanclards of
land preparation and crop caïe are high. Sickles are used

to lÌarvest I{YV's, and the crop is thrashed in the fí'é1d by
beating on a large stone or log, Apart frorn rveeding, rvhich

is assu¡ned to be slightly less und.er coconuts, the pre-
harvest operations have nearly the sarne labour recluirenent
for open sawah or under coconut.

2. Croundnuts

Grouncinuts are currently the most r./idety gïot{n crop on

dry land areas and, as palarvíja, on sarvah areas in the dry
season. 1'hey are the main source of cash incone fo¡ farmers
in both sarr'ah and dry land Darts of the study area. Once

family food requireìnents have been net by rice, rnaize or
root crops, groulìdnuts provide the principal source of cash

income for farrners. It is assumed that groundnuts will con_

tinue to be rhe preferred palarvi ja crop, although future
clìanges in technology, prices, and other factors could
result in their being replaced by other crops,

Tìre present yield of groundnuts grolvn as palawija aveïage
660 kg/ha, (,lr.y shelled nuts) accorcìing to the subak survey.
For: groundnuts gror!'n under coconuts , horvever, LRD reported
an average yield of 480 kg/ha. These are rue11 above the
national avel'age of 447 kg/ha (Syarj.fuddin er.a1., 197S).

Present yielci leve1s have been assu¡re<1 as less than these
reported, since they nay be based on a rather liberal apprai_
sal of the situation, Fa¡ners sometimes assess yields by
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r.elating then to the anìount of noney received for .their
crops' which could have been solcr in the field and harvested
by a contractor.

On fertile soils of the study area, groundnut response
to fertilizcr is not consistent, Trials conducted by LRD
ín L975/I97 6 on groundnuts interplanted in citrus groves
sl.roled no significant difference betrveen fe¡tilized and un_
fertilized plots (LRD, 1976). Ar present, no fertirizer is
applied to groundnuts gror{n in tlìe study area, but the BIMAS
package recolnrnends application of 50 kg/ha urea and. 7S kg/ha
TSP.

An inportant fungal disease of groundnuts is leaf spot,
caused by Cerco spora Spp (Agriculture Office, l97g). Where
leaf spot becones serious, application of fungicide nay yield
loss. This is more likely to occur during the wet season.
Illsect pests are not currently a problem in groundnuts,

Present standarcls of land preparation generatly keep
fields free fron weeds. Flooding is the exÍsting irrigation
rnethod, and tliis nethod should be changed to ridge and furrow
irrigation in the future. Groundnuts are susceptible to
t"ater logging, and this should be avoided.

In dry land areas rvhere lack of water is the principle
cause of lorv yields, irri gat ion should increase yields
s ignif icantly.

3. Mai ze

In the s tucìy area, standards of naize production are
very lorv and brings about a lorv yì.e1d. In the 1976 subak
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survey, the aveÌage yield was 240 kg/ha (cìry grain). On

farms in coconut areas, the yield reported by LRD rvas

about 100 kg/ha. I.lorvever, in both these cases, the crop
l{as not usually in a pure, stanrì ancl in the sawah urlur,
\,ras gl'otvlì at tlìe end of dry season lvith 1itt1e irrigatíon.
Present yield 1eve1s are thus assLuned to be higlier. yield
reduction for crops grorvn und.er coconuts is assurned to be

si,milar to that which occurs for rice.
National average yield is already reported as 1000

kg/ha, and yields of over 5000 kg/ha have been obtained in
trial plots of improved varie ties (syarifuddin et. a1. ,197S) .

Fertilizer and pesticides are not presently used,
rr'lrich may be the cause of lorv yields in the study, Maíze
requires high leveJ.s of nitrogen to maximize yields, CurÌent
IlIr\LAS reco¡¡:re¡rclations aì-e to apply 200 kg/ha urea and 100

kg/lra TSP

A variety of insect pests of rnaize have been listed by
LRD including stalk bores, army tvorms, seedling f1y, cut r\rorms,

corn ear rvorn and leaf beetLes. (LRD, 1976) Contïol of these
Ìlests can be achieved by tìre use of insecticides. after
ídentificatíon of the insect. ancl assessment of the severity
of attack. In sarr'ah at.e as, naize is generall). grown in the
last part of the year follorving the first palarvi ja crop
(groundnuts). As a ïesu1t, irrigation, if practicecl at all,
is 1ike1y to be inadequate. Even rr,hen maize j.s grorvn on dry_
land areas in tlie \vet season, the rather erratÍc dis tribution
of Ïainfall i¡r tìtcse nonths sonìetimes ïesults ìn noi _stul-e



strcss at crj.tical tinlcs during thc growing periocl. To be

useful, irri.gation should be regular and applied in furroivs,
not as an overall f1ood, and this tvould involve changes in
present cuLtivation nethods. The use of the plough for
inter-rorv cultivation and ridging of the crop is.not ivide_

spread at present. It could be adopted in the future as an

aid to better l^Jeed control and irrigation.
Labour requirements are basecl on farrn surveys and esti_

mates made by Van der Goot (1973). Use of anirnal porver

for lnter-roh' cultivation is not yet practised, but is espe_

cia11y useful in naintaining furrorvs in tlie irrigated situa_
tion' Harvesting and serli'g rabour requirenents are related
Lv / ¡L a u .

4, Tobacco

Virginia tobacco has been grorvn for a number of yeaïs
in North Bali, but only since 1970 has the area under culti_
vation expanded significantly. In 1970, the British American

Tobacco Co. (BA1') started their operation and they are the
only significant buyers of tobacco in North Ba1i. The

crop is exported to Java, Hence, this corporation operates
on a nonopsonistic basis. Under this situation, the BAT

have inade a spccial agïeenent rvith farme¡s, in order to
maximize their profit. Farmers grot{ up to 0.g hectares of
tobacco using inputs and expertise proúided by BAT, rvho

also purchase the crop at a guaïanteed price. The price
is adjuste<1 to make the cl.op compare favourably with a dry
season rice crol:, rvhich rvould usually be grorvn,
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Farnìers are selected by BAT, anci must own their 1and,
must have at least 0.8 hectares of open satvah (the average
f ar¡n size in the open sarvah in the stucly aÌea is 0.gg ha),
and must ltave proven technical abitity. In addition, the
f ar-m should have a source of irrigatìon cluring the dry
season. The colnpany deals directly \t,ith individual farrners
and does not opel:ate through the subak organization,

Seeds, pesticides, fertilizers and other inputs are
supplied on credit by BAT. Seed beds are prepared in May

or June, follorving l.ìarvest of the r\,et season rice crop.
ììield preparatj-on consists of ploughing Ithree times) fo1_
lot ed by harrotving. The crop is plaìtted on ridges ivith six_
rveek seedlings.

At planting, rvater is applied to plant j-ng ho1es, and
the first fu¡'rorv irrigatiorr is appliecl two weeks later, There-
after the irrigation is at trvo_t{eek intervals up to tirne of
harvest. lveed and pest control standards are Ìrigh. plants
are topped and sucke¡ed to increase leaf size,

Harvestir.rg starts S0 to g0 clays after transplantíng
(i.e. about August). Two or three leaves are pícked at a

tirne, starting from the botton of the plant. A plant should
ploduce 20 to 22 leaves per year,

Yields of tobacco reporteti by BAT aveïage as nuch as

1800 kg,zha (dry leaf) during the early years of grorving.
IJowever, as the area undeL tobacco cultivation increased.,
average yields cleclined to 1600 kg/ha in 1977. Farmers

l)lant Dìore than their allocated area, horvever, rvhich tends
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to exagerate tlìe actual average yield. Therefore, a more

conservative yielcì of 1500 kg/ha is Iikely fot rhe study
area.

Green tobacco leaves are removed to curing barns. These

barns are built of brick, have corrugated iron roofs, and

ve¡rtilators at top and bottom. Heât is supplied by kerosene
burners.

Use of fertitize:: on tobacco ilust be carefully regulated
to conbine optimun grotvth rvith leaf quality. The pïesent.
IIAT ¡ecomnendation is to apply 300 kg/ha of nixed fertilizer
to the crop five days after transplanting. A top dressing
of annonium tìitlate rnay be applied 3 to 4 weeks after trans_
planting if ne ce s sary .

Tobacco nust be pïotected against a number of insect
pests and diseases. In seedbeds, Blue mould (perenospora _

tobacina) i s connon , and rnus t be treated three ti¡nes a r\¡eek

rvith copper oxychtoride. Insect pests include reaf 1\rorns,

bud rvo¡l¡s, aphids ancr army r{oïms. r\¡r.ì en these aïe noticed,
insecticides such as thiodan (enclosulfan) are applied,

Tobacco is a labour- intensive crop, requiring almost
trvice as nucìr labour as rice. Horr,ever, the cropping period
is longer and the labour input nore regular through the
grorving season than tl.rat for ¡ice,

5. Cassava

Cassava is an important cïop sorvn under coconuts,
accouÌìting for about 20 pel"cent of the inter_cropped area,
It is planterl duÏing the wct season, and is frequently
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interplanted tr'ith lnaize .

The national average yield for cassava is reported to

be 7300 kg/ha rvet tubers (syarifuddin, et. a1 . , t97S).
'lVhere cassava is gïown continuously on the sane lanã for a long

periocl of time rvithout fertilizer, as is the case in the study

area, yields decline markedly, The yield for the study aîea

at 4000 kg/lia rvet tubers.

I'faterial inputs for cassava are limited to planting

naterial, often obtained fro¡n the previous crop. Van der

Goot (19 73) anrl information fron area farrners specify labour

requirements for cassava.

6. Coco nu ts

At present, cocotìuts aÏe the most important crop in
the study area, They are found throughout the area betrveen

'l'egallengah a¡rd Tukad Grokgak. If the irrigation project
is not irnplernented, they are like1y to remain very irnportant,
rvith nethods of harvesting and processing continuing as in
the past. If irrigation is introduced and the coconut

areas are converted to sarvah, landor"ners tvill 1ike1y be

unrvilling to fa11 their trees even though shading rvould be

reduced causing yields for annual crops to increase. To

overcome this difficulty coconuts sl.rould be reduced by S0

percent to 60 trees per lìectare. Thinning the trees could

result in a slight increase in yield of nuts per tree, but
thc effect of year-round irrigation on the coconuts is as

yet unknoh¡ll .



_74r_

l{here sawah has been developed under coconuts in tlìe
study area, tTees appear to be unaffected, In the
soutltern 1:ar:t of BaIi, horvcver tïees lìave died rvhen plantecl
rvith sarvah, probably due to rvater logging. This condition
is 1ike1y retated to soil type and ground l,¡atet, levels.
hrhere groundrvater levels are high and the soil becornes

saturated, coconut trees (and nost otlìer trees) h,i11 be
affected by rvaterlogging. If groundrvater levels are low
(a situation prevailing in nuch of the study area) and
irrigation tvater is rnaíntained in the sarvah basins,
coconuts rvill be unaffected ancl coulcl benefit f rorn presence
of available \vater in the dry season. Horvever, in the
long-tern coconuts rvill gradually clisappear from the study
area since replanting is not practical under irrigated
conditions. Thus, the land under irrigation will eventually
be converted to open sa'ah and this process could be accelerated
if trees react unfavourably to irïigation.

Coconut tTees usually begin fruiting after 7 years and
have a productive tife of S0 _ 60 years. Aveïage age of
trees in the study a¡ea is about 27 years (Agricultuïal Office,
Bali, 1978).

Coconuts are harvested every trvo tnonths. Tjre average
yield reported by LRD is 4l nuts/tre efyears, or about 4350
nuts/hectare. Assuming that about S000 nuts produce I ton
of copra (Purscglove, IgTZ), Tl-ris is equivalent to g70 kg/ha/
year of copra, somervhat liig)rer tlian the Indonesians average.
(chi1d , 7974) .
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'l'he onl y inpìrt requirecl fo¡ coconuts is seedlings for
rcplanting. Labour is requirccl fot lìarvestÌng and husking.

Pests and diseases al.e not a problem inthe study
area, but in soine parts of Bali squirrels are rnajor.pests.

7.

s tudy

trees

Bananas

Bananas are gïoh,n rvith coconuts on nost fatns in the
area' Bananas are generally planted bet'.een coconut
Ivith a varying stand clensity.

0n most farrns, fruit production is secondaÌ,y to the use
of the banana pseudosten (Íe. it is not a true stem of the
botanical' sense) as food for livestock in the dry season.
Âlthough poterÌtia1 fruit production could be two stens/p1ant
/year, some pseuclostenìs are removed before fruiting rvhich
reduces the nunber of stems of fruit harvestecl , An average
oÍ I20 s te¡ns of fïuit/hectare (from 100 plants) is assumdd
as the present yield, In acldition to pseudostens and fruit
banana leaves are sold fo¡ use as r{rapping nìåterial in the
marke ts .

Banan¿rs liave a labour requirement rvhen grown as a rninor
crop. A national allorvance for replanting or new planting
is allorr,ed at 10 suckers per hectare, rvìrich can be obtained
frolr cxjstjng plants.

Ir.rigation of dryland areas rvould probably cause d.eath
of banana plants through h¡ater_logging. This could be
critical because of their use as foclder for livestock in
the dry season -




