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INTRODUCT ION
 

Densely populated watersheds such as those on Java, Bali and Madura
 

present unique problems for soil and water stabilization and agricultural
 

development. Population densities of 600 to 1000 persons/km2 within the
 

major watersheds in Java are common with less than 25% of the land under
 

forest and/or permanent vegetation cover. The intense cultivation of the
 

land under poor soil and water conservation practices, in a tropical
 

environment where precipitation ranges from 1500 to well over 3000
 

mm/year, is causing a rapid degration of the base resources such as soil
 

and water. Considering that about 3.4 million metric tons of foodstuffs
 

were imported in 1982 to feed the present population and that within the
 

next 30 years the population in these islancs is going to double (present
 

population of Java is 91 millions), conservation of soil and water
 

resources is imperative for the well being of the country. Other
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consequences of poor soil and water conservation practices, such as
 

floods,. low water.for irrigation during the.-dry.season, sedimentation of
 

irrigation systems and hydroelectric dams,etc., are well known to the
 

people of Java, Bali and Madura.
 

PROBLEM IQENTIFICATION
 

Source of Soil Erosion and Water Run-off
 

The major source of sediments and water run-off are the la.nds with
 

moderate to steep slopes; however, even gentle slopes where the land is
 

aenuded of vegetation can be major sources of erosion. 
 in the tropical
 

climate of Java. Bali and Madura, when a clear-cut forest harvest takes
 

place; the soil erosion and water run-off is minimal, because after the
 

first showers the ground will be covered with grass, weeds and new shrubs
. L . " : ;. " , ". .'. . V . ' ; .' 

that will stabilize the slopes. 
 The major source of soil erosion and
 

water run-off are the farmers' fields where no grass 
or weeds are allowed 
to grow to avoid competition for nutrients, moisture and sun light to the
 

growing crops. With estate crops such as rubber, clove, andd coffee the. 

land is usualiy well protected from erosion by legumes or grass/weed cover 

amonq the trees. Only the areas adjacent to each indi'v.idual tree are free 

of vegetatioi) and these areas are usually protected from the rain-drop
 

impact by the t:ree canopy. Road cuts ,nd steep embankments bordering
 

roads and narrow "alley paddy fields are also sources of soil erosion
 

Tnus we can conclvde that the major source of soil erosion and water 

run-off are the dry land farms in the. s§opi.ng areas.of the wat.ershe{ . 

http:areas.of
http:s�opi.ng


3
 

The Dryland Farms 

The major concern should be the upland raiafedareas, which will 

hereafter be referred to as "dryland farms" because in addition to the 

soil erosion, sediment and waLer run-off, the rich productive topsoil,
 

where most of the plant nutrients are located, isbeing lost. The basic
 

problems seem to be the same regardless of the areas; these are:
 

a) Soil erosion caused uy dryland farming under poor conservation
 

practices,
 

b) Low productivity of the dryland farms which forces the farmers to
 

expand their operation and neglect ;o I conservation,
 

c) Poor land use and farm planning,'
 

d) Lack of technical advice and programs to help the dryland farmers,
 

e) Lack of off-farm job opportunities for the growing labor force and
 

thus increasing popilation pressures on the/land.
 

The degree of soil eros-ion takiny place in the:dryland farms is
 

related to the following factors: vegetative cover, slope, length of
 

slope, amount of precipitation, intensity and duration of storms, and soil
 

type.
 

The Soil and Water Erosion Process
 

The raindrop impact on the soil breaks the soil aggregates thus
 

leaving the soil ina dispersed condition. The fine soil particles then
 

will clog the soil pore spaces which in turnwill decrease the soil water
 

infiltration. The erosion resulting from detachment and transportation of
 

soil due to the kinetic energy disscipated when raindrops hit the soil
 

surface iscalled splash erosion. The detachment and movement cf the fine
 

soil particles into the cracks and pores of the soil surface and puddling
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of the soil structure by. beating. action of the rain Is called''uddle 

erosioo. These are the preliminary steps to sheet erosion which is the 

detachment and removal of this sheets of topsoil without appreciable
 

turbulent movement or flow. 
The surface f.low will cause'the:channeling
 

action type of eros.ion, like rili.,.gully and stre;anidepending on the amount
 
of soil detached and.removed from icncentrated bands. ;,Thi' 'process
 

includes detachment due to rolling, 1:i.fting, and-abradir*gas well 
as
 

tran.sport. The.erodibility varieSac6rdihg to the soil."type. 
 Tdrrain
 

modification by building;bench.terraces with the proper water 6utlets;
 

waterways and vegetative stabilikation cah reduce soil erosion'to 
a
 

minimum.
 

FARMER CONSTfAJNTS 

The main constraint to full development of potential 
resources at the
 

farm level 
is,ther-lack of capital-. . Most; ofhtW:;farmers, especially on
 
dryland farms, are 
presently living.-at subsitankeleW' Thu they are
i 


incapable of saving enough capital 
to procure the minimum,inpit'
 

requirements for improving their farming system producti.oi- (crops, 'trees,
 

livestock, fish ponds, etc.-, 
 Credit. to the farmers can"only be effective
 
when the income po.tential 
from their farms, besides:'w4veH.ing their minimum
 

living standards, provides them with some savings. 
These savings then can
 

be used to pay their. loans, and.i:nterest. 
 Thus if the' fa: -income ca~nnot
 
provide minimum livilg standards to;the;'rmer :it wil'be pr~ctically
 

impossible to have a self sufficient system, and the Government Will have
 
to keep providing subsidized loans and other measures 
to improve farm
 

income. It is unrealistic to expect a farmer after he sells his crop to
 

repay his credit when he does not have a comfortable chair to sit on 
at
 

http:producti.oi


home after he finishes hi. long working.day, or a decent shirt ahd shes
 

for that.special day when he goesto.toWn.
 

.Irrigation Terraces.Versus Oryland.Terraces
 

When water isavailable for irrigation, regardlesf ofhow steep 'the
 

slopes, farmers do not hesi'tate to build magnificent terraces throughout
 

the mountain side. 
These irrigated terraces are practically perfect,
 

providing a 
very stable slope with minimum soil erosion. These farmers
 

built.their own terraces..without any government subsidy or even any
 

technical .advice, aerial photomaps, topographic maps or any soil surveying
 

equipment. 
However, the dryland terraces, many times situated immediately
 

above the practically perfect irrigated terraces, are a 
complete
 

catastrophy in the over whelming majority of cases. 
 Oryland.terraces are
 

poorly built for the following reasons:
 

a) They..are almost. never along the contour line of'the slopes;
 

b) When they slope down hill, the water'cascades down from terracEto
 

terrace;..
 

c) When theyslope.against th6 hillside, because they are not built
 

along the contour, the."water accImulates in 'the lower points
 

cascading down hill, cut.ting gullies as 
the water transports the
 

soil down the slopes;
 

d) They cause excessive run-oDff because there is nothing to stop or
 

slow the watpr flowto allow maximum infiltration of water into
 

the soil.
 



6
 

I am sure that in many cases the same farmer that built the good
 

irrigated terrace also built the poor dryland terrace; so obviously the
 

question is "why". Farming rice paddies is an old, well known practice in
 

Indonesia and in recent years the Directorate General (O.G.) of Food Crops
 

and the Agency for Agricultural Research and Development (AARO) have
 

accomplished tremendous achievements increasing the production output per
 

unit of land. Also, it hapoens, that this is practically the ohly crop
 

conmodity on which the Directorate General of Food Crops has made a real
 

attempt to improve production. This is certainly for very good reasons
 

since rice is the staple food of the country and because until 1981 about
 

2.5 million metric tons of rice has been imported each year to meet
 

national requirements. Therefore, the farmer knows that if he had water
 

to irrigate his terraces, he could produce at least 2.5 to 3T/ha of rice.
 

However, under dryland conditions he" also knows that his upland rice
 

yields will be about 0.5T/ha, thus the economic return for the level of
 

effort to build good terraces is lacking.
 

Economic Conditions at the Farm level
 

Under irrigated conditions the farmer is sure of at least one and a
 

half crops of rice per year and if the water source is coming from a
 

technical irrigation system, usually two to two and a half crops per
 

year. At a very low production level of 3T/ha that means a yearly crop
 

production value of Rp.652,500 to 1,087,500 per ha. Since on the paddy
 

fields the iand holding is about 0.3 ha per family and since 3T/ha rice
 

yield requires minimum inputs, the income from these farms is
 

approximately Rp.16,0O to Rp.27,100/month. Under dryland farming, only
 

one crop of upland rice (dryland rice) can be harvested because the
 

growing season of local upland varieties is about 150 days from seed to
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maturity. For irrigated rice the growing season is 90 to 135 days
 

depending oh the variety planted (IR36, a common variety planted in
 

Indonesia, has a growing season of 105 days from seed to maturity). Also
 

irrigated rice can be started in the seedbed 20-25 days prior to
 

transplant, this is particularly important for the second crop.
 

The average production of upland rice is about 0.5T/ha when
 

intercropped with cassava and corn, as traditionally done in most parts of
 

Java. The cassava oroduction in this case is about 2T/ha (wet wt.) and
 

the corn about 0.5T/ha (wet wt with cob).
 

The upland rice has many disadvantages compared with the irrigated
 

rice, for example:
 

a) The amount and variability of rainfall are two important
 

constraints on production of upland rice.
 

b) 	The-availabiiity of nutrients is directly related to the moisture
 

content of the soil; thus, under low moisture conditions plant
 

growth is under stress from lack of nutrients.
 

c) The weed problems are more severe under dryland conditions if they
 

are not controlled as is the case in the upland (low yield, low
 

level of effort).
 

d) The upland rice is more susceptible to rice blast disease than
 

irrigated rice.
 

The second crop in the dryland farms consists of peanuts intercropped
 

with corn and the cassava planted with the first cropping system (cassava
 

is harvested about 10 months after planting). However, only 30% to 40% of
 

the dryland farmers plant a second crop. The second crop yields are about
 

0.7T/ha (wet wt.) of peanuts and 0.5T/ha (wet wt.) of corn. Thus the
 

yearly farm income from dryland farms ranges from approximately Rp.222,500
 

to Rp.442,500/ha. Since the average land holding in the dryland farms is
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about6.5 ha per family, fhe 'aroimate family irdcome" 'romthe farm is 

R'p.9,27( t6 Rp.18,437 per 'month.
 

Assumptions:
 

Giy! r ice with iul lRp.145/kg 

Dry corn grain 4'0%i' of'wet brn ears 

Dry corn grain Rp.250/kg
 

Dry peanut-s. 30 of wet h6';v st w
 

Ory peanuts Rp.800/kg
 

Wet cassava Rp'.50/kg
 

Very low leVels of inputs were c6nside'red and gardens or minor crops
 

were ignored.
 

Rough average farm monthly in-comes are:
 
Irrigated farm's 0.3 ha R ,700 

Oryland farms,('0.5 a 1853.
 

Seed Sources and C-'edit Availabil'ity
 
"1
6r'land' rice seed sources are very limited and the quality of seeds is
 

very poor. only irrigated rice varieties of fairly good quality,can be
 ...................... ~ :'.'.. ,
.. ,2 
puchdsed at the village level'and some improved'corn varieties at 

provincial capitals-or Jakarta. The overwhelmiing majority of the dryland 

farmhers aire still 'i1ng impure, £4aditional seed's of local varieties with 

* poor germination ard per ormante. 

The credit availability, if it is at the village level, i§ used by 

very few drylan'd farmers mainly beca'use'o. the reasons previously
 

~discussed ue the"FAMER ONSTIANTS section. As ruIe of thumib, the 

subsidized low interest level loans are time consuming and more difficult 

to obtain while high interest loans are very easy to obtain but difficult 

to repay. 
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The urea and:tritpl superphosphate:fertilizers, however,, are
 

available practically everywhere at very reasonable prices because of
 

Government subsidy. There is no good reason why seeds and other
 

fertilizers also needed in the dryland:farms cannot be-made available by
 

the Government and also at a subsidized price.
 

Technolpgy and Experience on 0ryland Cultivation
 

While the rice paddy package of technology is well developed and is
 

being rapidly expanded throughout tha country, with the exception of AARD
 

research efforts n6 rYeal practi''al attempt has yet been made by the
 

Government to promote dryland farming agriculture.
 

The dryland farmers in the Wateefshed are still 'using archaic
 

technology because the National Food Crop Extensibn System does not, in
 

reality, reach these farmers but onlythose *ngag6d in rice paddy
 

cultivation. Dryland farming systems are also more complex and difficult
 

to implement than irrigated rice cultdral an.irribated rice
 

-production a-single package of technology can beu'ed throughout the
 

country because of the uniform soil conditions of the rice paddies "created
 

by the reduced state (lack of soil oxigen) of the Ioil-under flooded
 

conditions. Only on high altitude areas is a change in rice Variety,
 

tolerant to cold and high altitude environment, required. However, in
 

dryland farming under each particular environment, the technical cultural
 

practices of each crop need to be retuned to fit the specific soil type,
 

precipitation, and level of nutrients on that specific soil, etc. Thus
 

plant densities, fertilizers levels and variety recommendations will vary
 

frdm 'ite to site for-each specific crop.
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THE GOVERNMENT CONSTRAINTS
 

Traditionally rice has been: the staple food of Indonesian and even in 
areas where other crops such as corn are more 
abundant, as in certain
 

kabupatens (districts) of Sulawesi, the wealthier population consumed
 
rice. 
 This fact created problems by label.ing corfl.consumption a poor
 

people.'s diet; thus today"special campaigns, organized by the Governor of
 

South Sulawesi, 
are directed'at increasing the corn cbnsumptio'n as a
 
staple food of that province. "ueto 
 the over emphasized use of rice as 
the staple food of the nation, other upland crops, normally grown under 
dryland conditions, have been igibred. 
This fact has created a lack of
 

knowledge on crop management and of; sources o 
seed avail ability for
 
dryland crops (palawija). Today the'Goverhment is making an effort to
 

increase the production of uplandr6ps', but putting the facts in
 
perspective, the truth isgthat Our"level 'of knowledge of "palawija" crops 
is in its infancy. '.Tlte production of'rice is.reaching a plateau, while
 
the population is stil'l incre'asin'g; thus the stap'l:e food needs to the
 

diversified to provide adequate food for all 
with a more balanced diet.
 

Tnis also may help to decrease r'ic'e 
imports; and therefore, the emphasis
 

is 
to diversify the agriculturalsystem to meet the new goals.
 



Research on Farming Systems
 

Although the Agency and Agricultural Research and Development, und"
 
the Ministry of Agriculture (MOA), has been doing 
a tremendous job in urop
 

breeding, adaptation and cropping systems, their task ahead is 
a
 

monumental one. 
 This is especially true considering the size of the team
 
of scientists and the magnitude of the goals to be attained. 
To achieve
 

full production potential of the land resources and to increase the 
income
 

generated from the farm output, research is needed to determine the most
 

appropriate technology package suited for each specific environmental
 

condition. 
 It is only when enough trials have been conducted under the
 

different environmental conditions and soil 
types that extrapolation of
 

recommendations' to'similar sites can 
be done with a reasonable assurance
 

of success. The research, however, should be oriented to consider all 
the
 
activities taking place at the farm level 
and thus recommendations should
 

be offered as 
a complete package of technology for given farming system.
 

0ryland farms averaging 0.5 ha of land produce many different commodities;
 

therefore, if only the production of one of these commodities is improved,
 

the impact on the farmers' income will 
be minimal. 
 It is essential that
 

prior to setting up a demonstration for farmers by the extension worker,
 

enough data are available to him about the specific performances of those
 
crops; under different levels of inputs and choices of varieties best
 
adapted to the site type. 
 Applied research is in great demand and at the
 

present level of staff in the AARO, it will be difficult to provide the
 

data required.
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Soi. and Water Conservation.
 

The rapid deter.ioratiocnof:Java's, Bali,!s?.and Madura's deep, fertile 
soils in the upper watershed is causing floods:.during the rainy season,
 

lack of irrigation water during the dry season and tremendous
 

sedimentation problems in the lower watershed areas. 
The .rapid
 

deterioration of.;these watersheds:'is not, due..ju-t to the population
 

pressures and the land.juse charege .from',permanent-vegetation to 
agricultural production: but.tt.:the fact that'-the change in land use took
 

place without proper soil ao&dwater- conserv.atin: practice_ Deforestation 

itself does not.cause soil-erosion.,but farming without.,proper soil,.and 

water conservation will destroy the.land.. It:..s. unrealittc, to.-expect to 
have the land covered by trees.',inareas..where .the:popu1ation density is
 

about 700 persons/km2..and:.farmih .isthe::only;'source'-of.income. How.ever,
 
if the land use planning.;is:prdperly done, eachi'farmer will be able to use
 

his land to its maximI&potential'underrwell managed'conservation
 

practices. 
When better sources of alternative 'income are made.'vailable
 

.,to the farmers, marginal lands of low agricultural productivit-y,-can be
 

changed.to permanent vegetation.land use,. Until that,.time comes,
 

.compromises need to be made to assist farmers to obtain 'adequate income
 

from their lands while deterioration of' the environmentis reduced to a
 

min-imum.. As'pre6vious.ly stated the majority of the land inthe watersheds
 

of these islands is not forest or.-government owned land but smail,:'private 

dryland'farms with farmers living at subsistance.levels. A formul-a needs
 

6O be determined to provide .asatisfactory solution to the problems-..f aced 
by the dryland farmers in the watershed..: In.the. section on "FARMER: 

. CONSTRAINTS". under. "Irrigated Terraces Versus Dry]and Terrace";: I.'. 

discussed the rationale of why the dryland terraces are so poorly built.
 

The conclusion was that low output production from the dryland farms, for
 

http:As'pre6vious.ly
http:changed.to
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many reasons, makes it unprofitable for the-farmers to devote much of 

their time to conservation practices. Until this point is fully 

understood and properly addressed by the government agencies in charge of 

soil and water conservation, the soil and water erosion problems will 

continue as they are 'oday. 

Extension 

The organization of the extension systeniis, perhaps, the major
 

constraint of the agriculture development of watersheds. The extension
 

program should not be confused with commodity oriented programs. When
 

farmers in the dryland farms have such diversified operations (crops,
 

forage, livestock, fish, estate crops, timber, fuel wood and fruit trees)
 

it is impossible to supply an extension specialist for each of these
 

activities at the farm or farmers group level. The polyvalent concept
 

(multi-'disciplinary)"of extension field workers appears to be the only
 

alternative for the dryland farmers. The polyvalent extension system will
 

require subject matter specialists (PPS) who will meet periodically with
 

the extension workers (PPL) for backstopping and transfering new
 

techniques. This, to some extent, is taking place in the Rural Extension
 

Centers (REC), especially in rice paddy field cultivation. The ratio of
 

PPLs to area of land is 1 PPL per 600 to 1000 ha (inmost cases 1 PPL/800 

ha). However, that is only in paddy field areas; in my experience, I am 

unaware of a PPL assigned to 600-1000 ha of dryland. Although 30% to 40% 

of the PPLs may have attended the 1 1/2 month training course in the 

polyvalent concept, only PPS's from the Directorate General of Food Crops
 

backstop the RECs. Thus the polyvalent extension system, in reality, is
 

only food crop related. Again, I believe this is all part of the
 

confusion between an extension program and a commodity oriented program.
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The question ariss as,.:to,wlether.thbex ns..io ;apabiIities :S ould be
 

under the DG Food Crops, when in many instances livestock, *estate crops or
 

fisheries aie-much;.more impprtant_:activiitlie.s th:on,.those of food crops.
 

This suggests that the system might be more efficient if-the Agency for
 

Extensionwereresponsible.forbringjg to..
he, ffarmers the latest
 

technology and methods to upgrade the rural community rather than the
 

"Food"Crop'!-:commnodity:;.oriented program. 
The PPL? is the link between the
 

people of.the.coirmtnitr;., and -the technical 'agencies 
or program that the
 

Government believes::.to be appropriate to: implement. *The RECs then become
 

the centers for disseminatio! o.f,:tehiiques in,.rural development subjects
 

such as crops,.: livestoak,.,fisherles,,.bea.lth:.and, ome economics.
 

Obviously the- PPLse.and:,also thej C¢,omli',ty 1e:adrs:,wi l depend on PPSs. from
 

the respective.,Qinas~s (Gove;nment;Offices) tQ;develop plans and
 

strategies and,;prov.:d .­ltheechniques or:.the...--specific program under
 

consideration. 
Therefore it appeartineffictent,:to have community
 

centers, as 
are now tie RECs, under a commodity line agency, Food Crops
 

(Qinas Pertanian); they might better come under the Agri'ul.ture Agentyfor 

Education Training and Extension (BPLPP). However, the PPSs from their 

respecti:ve.-dinas. would be ;reqiUired to"bac~s p; th.ef.6ed-acti~v'ies. The
 

fact that some di nases have more ..
;employee ith.an ,oth:ersi shauidlt.ia b-:tife
 

criteria for assigning respons,ibili..ties..: A,pa.son may work for a specific
 

agency, but above all he works: for theGo.vernment. 
Thus-:the Government­

should be able to reshuffle its ..
eployees:in the most effective::way to,
 
implement its programs rather*than.,the other way around.., Cohcerning;!the
 

number of PPLs per area of land., to. tei.ovpred in the extension programs, 

several parameters need to.,-be, ccnstdered.:to. determine! -the manpower 

requi r.emen.t.s. Amoig.these a 

http:shauidlt.ia
http:believes::.to
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!a) The present levdl of technology of the.population in the targeted
 

area. 

b)":The size of farms to determinethe 'size ofthe population to be
 

r1eached. 

c):..The rate of di:Sseminati:on and 'aceotan6e of introduced programs.
 

I,Ibelieve that rather.'tharn assigning.fixed numbers.of PPLs pe area of 

.land,, it is more":appropri-ate: to use a task/effort concept. By this l.mean 

.to concentrate manpower in nuclei ofd..-,dvelopment where project goals..c.an 

be successfully executed;, Once.'these inuclei areestablished then the' 

extension workers can move to s;pread 'the new .techlniques,to .other areas and
 

use the farmers. that -have already accepted thO.hew techhiques as. examples
 

and new. promoters, of ideas at the villagee,..leve:. :The.best extension 'is 

that promoted by.the. farmers themselv.es,-after they.h.,e been~convinced -and 

the.,i ntroduced.,technologyi,..
have accepted -.


SUPPORTING AGENCIE
 

,, In Java fertilizers such as-urea and'TSP (triple super pho~phte) and 

insecticides are usuall.y available at the .kabupaten and kecama tan levels 

(sub-district). . As for -improved seeds, those for rice paddy"are 

available, .whil6-most of the palawija seeds are not ., Fo .the. farmers as 

well.as the government agencies, only impure local variet.ies can-be,
 

obtained. -These varieties produce low-yields ;do not respond wel Lto'
 

fertilizers and-are very susceptible,to diseases and pests. Fertilizers
 

such as potash, sulfate and zinc to which crops~will. readily respond 'in
 

many areas are not available. Potash can be found only in major cities
 

and the price is usually not subsidized. Grasses and legumes are
 

http:numbers.of
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extremely difficult to find ahd when found!the Varieties are limited and
 

in very small quantities. In a tropical envitbnment such as in Java,.the
 

production of forage has tremendous potential and can'serve as well to
 

stabilize terrace risers ahd otherPcritical lands. It is imperative that
 

the government agencies in charge on watershed development have large
 

grass nurseries for distributior. "t6'the farmers. Knowledge of forage for
 

feeding livestock and for soil 'stabilization purposes is lacking at- the
 

present time within the technical government agencies. This simple
 

technique, however, is the major contribution to soil stabilization in the 

watershed as well as source of income'f'dr dr'yland farmers when livestock 

is maae" available to'fully Utili ze the "forage pr"oduction. The only -grass 

presently used by the.government agencies is "el'ephant grass" (Pennisetum
 

purpureum). This grass' When planted fn the prop~dr place "and if 

adequately fertilized, will produce excellent f-orage.... But farmers-seldom
 

fertilize it and when it is"pianted on the.terOace!risers, bec'ause 'Of its 

high growth characteristic, itwill shadE-oUt 'th'e food crops. If the 

grass is not allowed to" grow to 1.5 m tall, at which *st'ate it starts 

flowering, itwill eventually die. It is at the flowering stage that 

plants stop growing ar-d start accumulating energy reserves in the roots. 

At that point, if cut, they have stored 'enough: energy to g:ow again but if 

cut periodically at an early'stage,'the plant will deplete its energy 

stores and' die. Also, elephant gr'ass requires high soil fertility whereas 

inmost cases the te'rrace risers are mainly subsoil of low fertility. 

Grasses need to form a solid ground cover to be able to st.abilize the 

soil; thus, only rhizomatous or stoloniferous grasses shbuld be used for 

stabi lization proposes. Moreover, many of the grasses with the~e gi-owth 

characteristics also have excellent palatability hand nutritious value for 

livestock feeding. Concerning the effect of shading on crop yield, the
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difference'inri ce 'paddy.production for; example, is500Y kg/h'a greatee'in
 

the dry, season than intthe wet -season.(.irtech.nical. irrigated ystemsY.
 
This i due to' gr-ater':"'solaradiatin during ta'dryseason because.,of
 

•~"-s! ,: ..l'..r ad a,.: ng r . ea o 

clear skyversus Cloudly sky during the .raiy season... Thus. the shading
 
. - . 

effect from tall 'plants suchlas elephant grass, ca.lindra andCltjer. trees 
can only bei detrimental to 'crop"y'i'elds,.Thhis does'nof'han thatreolephiant 

*9rass, Caliandra orother tree'a're bad to'plan't'but that the e "is. 
aJplace
 
• .,,- ' .. : o.r. t er tr ., 

for everything. 

The farmi ng sys tem"'ecoomy',' wheh 'provd. by "research on 'th'ds. £i-e'ds 

Ithe.. er a. Pa4'of this
*.os.Ild, be ba.s'i.s for'fa'rm 'plarining 'a!, an 'use crL 

is
 

-farmirpg *sys't'. concerns li Vestock m'anagbaen. Wit the :present-V IeVe1"of 

income from' the :d-yla6d fm' s: " '" for " :' iri he'!"0rla 
Frarmer's and'"Eco'ndhic Condi iins .Bt the arm 'Levesl"' fecto "is of' ..

paper , iCis impo'ssi-1'e' for ithe farmer' to expandth~ier"herds. r it is 

b. Iy' needed to rbvid: f'" 'f'ith h'te so"ur t6'buy iuffiient*l"}Vastock 

to"fully utilize 6hepotential forage and crnp by-poducts from th"i'"i' 

land.. Th formation of farma? groups -ad.CooperafiveAs-sociations, for 

the. farmers' benefit, could give the ffarmers- Ibetter bargaining position 
Stopurchase and, obt~in inputs.as .Vell .as to market:.their products.. 

to. pucae n ,.ob t asIo m.i,' ."l 


-.... huba4ndr.y .t~chn.iquesis,
Knowledge of ,ji.vestock,.mahaemen and anirial 


a,-.with palawija, ,I The ov~rwhe.Iming.,ma4jri ty of.,f.riaers haveacki ng,. 

.little: knpwledge.of aniial. heal-th, nutrition,: ,weight. gi.n .or. bireedling; 

thus; their livestock are at the Iowest, .leve.l of'perf'rmance.• Again this, 

inpart.,. is caused."by' ..la.6k of ednsi.oi pro.grams for the resons. 

.xpl.ained uner•the sect'{b n o"Eten'sion'.:i.,The..lo.w. degree of livstock 

fecundity.. and the. percentage of6ffs'pri'.g.f d e, t'f"af ptbter with 

general..y poor heal-th c. .. poor.. diet. .'This i s i,.o. 


http:ednsi.oi
http:inputs.as
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caused by a lack of good.forage and leguminous plants to provide and
 

adequate source of protein:for proper feeding. Government assistance to
 

the farmers to solve basic livestock management problems, such as proper
 

nutrition and availability of improved studs at the village level, would
 

have a greater impact on farmers' income than the present push for
 

artificial insemination. A particular example of mismanagement of
 

livestock is in Kabupaten Boya-lali. In this village at ooe time the
 

government provided milk cows. The farmers own eight milk cows which
 

produce seven liters of milk per day and are "dry" four months a year.
 

That is an extremely low level of production. They also have problems
 

getting the refrigerated semen for artificial insemination. In practice,
 

of the cows that were inseminated few came to term with abortion quite
 

common. The farmers were feeding mainly.local grass which was very coarse
 

and fibrous, and of poor palatability and nutritional value. Water was
 

brought in a bucket twice a dayrather than allowing the cows to drink as
 

much asthey wanted and when they needed it. The REC, located on the main
 

road to Salatiga, is close to this village where dairy-and estate crops
 

are the major sources of income for the farmers.
 

POSSIBLE SOLUTIONS TO THE WATERSHE) PROBLEMS IN JAVA
 

The most serious problem in the watersheds is the rapid degradation of
 

the base resource which is caused by the lack of soil and water
 

conservatien practices on the dryland farms. This is due to ignorance on
 

the part of the farmers, and/or the lack of resources to obtain greater
 

.output from their land. Thus, low aconomic return for the level of effort
 

required provides no incentive:,for improving conservation practices nor
 

resources to develop the potentials of the land. Research is needed to
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de1iop"te;"ap'propri'ate tfhn6logy, ,or e'ach' of the different
 

enVqorobn**nts,"-fo. Obtain maximum productivity of the farmingsystem. The
 

tIn6lo""heedstO have proven economic advantages for the fariiers'
 

'ckept ance. 'A system of.model farms, together with training and
 

extensio:rm-ust be'established 'tb,-rmake th,t technology available to the
 

farmers. d.'mUltiplication of 'seeds, pl ant materi.al ,.and .livestock 

muti take plaCe:'to make,them,.aveiIable to -the farmers. credit programs 

ned"to 'be'est'ablished'to' 0id&'chase the inputs not provided by the 

GoVeirnment tas' an' incentive. for" them to participate. Credit and oter. 

incehti'v& should *be'given only'to,'those famers willing to participate in
 

the,soil-water con'servati'on progr:am. :The conservation program should0: not
 

'be6dbnducte,-on an individual farmdr basi's but as a group of farmers.
 

operating in a mini-watershed or hydrologic unit basis,;.. Thus, terraces 

t'an6e bult along the c6otour of the hill.s:ide regardless ofproperty 

boundaries. Also'f6 'rcredit purposLs,.,it is better. to deal- wi.tb groups 

of'-faines th'n 'wit'h aidi-vidul offders"since there -is a se.nse 

re'sp6nsibTitYe*and -mOral ob'ligation within the group. ,The. oi'l.,watP..r
 

conservation and agriculture development project should be: the..peop.le's 

project and not the central government's project. It is the 

responsibility of the people and their local government to..deV,10QY6. 

themselves while it is the responsibility of the central government to 

prfovide the technology and re'sources not available.,at those.levdls. It is 

importani-that. the'farmers:ontribute'their labor to build their own 

'te*4ad1s inOrder to:develoP"a sense of belonging, responsibility,and 

'c66peratidNi within their own community. Our experience inCitanduyand 

the Solo"River Basin is that."the:fa-riners are always willing:.to cooperate 

if'"the "Government it:.vwilling'to" provide them with technical-assi stance, 

'seebd 'plant materlalsy'Ifertilizers andcredit, 

http:willing:.to
http:materi.al


20
 

THE 	FARMING SYSTEM -"Package of Technology"
 

The dryland farmers are presently 1.visng at only subsistance level,
 

with 	land holdings of about 0.5 ha. A comprehensive farm develoinent
 

program is required to provide a significant contribution to their farming
 

income. This farm development program should consist of the following:
 

I.Crops
 

a) Improved cropping systems adapted to the specific
 

envircnmental conditions of the specific site.
 

b) 	Introduction of a third crop when feasible, (such as sorghum,
 

legumes, etc.) which is drought resistant, and can make use of
 

the residual moisture at the end of the rainy season.
 

c) 	Introduction of improved high yielding varieties of seeds
 

which are responsive to fertilizers and resistant to pests and
 

diseases.
 

d) Consistent multiplication and distribution of pure seed lines.
 

e) Tne economic use of ferti!izer to provide the best return
 

(yields) for the level of inputs (fertilizers).
 

f) The best plant density f'r the level of inputs.
 

g) rompre,,ensive crop protection against pests and diseases.
 

2. 	Fo rag
 

a) Proper grasses and/or legumes best suited for the specific
 

site for terrace riser stabilization and livestock feed.
 

b) 	The use of Leucaena to supplement protein in the livestock 

diet, and as a source of fuel wood. itcan be planted as a 

hedge to mark property boundries or in areas over 50% slope. 

In shallow soils where bench terraces cannot be built, thick 

hedges of Leucaena can act as vegetative barriers to stop soil 

eresion. 
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3. 	Livestock
 

a) 	Small ruminants such as sheep and goats will be more
 

appropriate in most cases wnen compared to larger livestock.
 

They are more easily marketed, a portion of the herd can be 

soifd when'funds are needed, and the loss of an anihial due to 

death is less disastrous. 

b) Cows and buffalos may be preferred in areas where they are
 

used as draft animals.
 

c) Dairy cows in areas where milk industry facilities are
 

available may also be desired.
 

4. 	Trees
 

a) Cash crop trees-such as clove, cdffeeetc. to provide a 

source of income.
 

b) 	Fruit trees to provide food and income.
 

c) 	Timber trees such as th'e fast growing and'hitrogen-fixino 

Albizia falcat. 

d) Fuel wood and animal feed trees such as Caliandra and Leucaena. 

A combination of these trees should be planted in areas with 

over 50% slope or other marginal lands. Aprr~opriate forage 

grasses and legumes that will also tolerate shade and are 

adapted to the specific site for soil stabilization and to be 

used as animal feed, could be an alternative source'of income 

to 	farmers. 

5. 	Fish Ponds
 

If a suitable water source is available, fish ponds should be
 

built and stocked with different non-competitive varieties of
 

fresh water fingerlings. An eight by ten meter fisnpond can
 

produce an income of about Rp.600,000/year.
 



22
 

6. Beehives
 

Ir a tropical environment where there are always some plants
 

an easy source of income and food
flowering, honey can be 


minimum effort and investment..
sweetener for a 


7. Poultry
 

Layer or broiler operations- should be established when about
 

a third crop during the dry
70% of their feed can be grown as 


some kind of legume.
as sorghum or
season with crops such 


8. 	Charcoal
 

In areas where it is'notpossibl to grow:a third crop and
 

there 	is sufficient land notsuitablefor~cr6o
s or'over 50% slopc,
 

should be considered. This type of
the manufacture of charcoal 


operation will be able to supplement the farm income during the
 

Leucaena and Caliandra. Other
dry season by pruning trees such as 


also beused
 crop residues such as corn cobsand cassava stems can 


a binder.
to make a charcoal brickette, using cassava paste as 


the present income of the dryland farms-in the Panawangan
Tripling 

was within. the fasrmers' reach using
Filot Watershed (Citanduy Basin) Well 

the previously explained technol.ogy and minimum assistance from government 

resources..
 

Orgianization and Administration. 

The apparatus by which the Government can spread the concepts,
 

technology and assistance to people, community'and local and provincil
 

organization which i's neither
 
governments must be well designed with an 


too large nor complex for it to be effective. The goals and target areas
 

should be clearly stated with a step-by-step scheduled program designed 
to
 

reach the objectives. 
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A specific agency should be responsible f.or the implementation and
 

coordination of all .technical inputs for the stabilization .and d.evelopmen
 

of the watersheds, 
This agedcy, although operating within,.each of the
 

provinces where watershed development programs are taking place,. should b
 

directed from Jakarta. The reasons for this are:
 

a) To provide a cohesive and uniform program.
 

b) To better utilize the available manpower across provincial and
 

kabupaten boundaries.
 

.c) To have the flexibility and to provide the required coordination
 

to implement such a comprehensive program.
 

This agency should be similar,to the present Directorate of
 

Reforestation and Land Rehabilitation.(DITSI); however, it should not be
 

under the Directorate General of Forestry since the target 
areas are not
 

the forests but the privately owned dryland farms in the watershed. Thus
 

the mentality of this agency nepds to shift from tne present reforestation
 

oriented to soil conservation agric"Itural development. It also needs to
 

be consolidated under one agency whereas at the present time different
 

groups are trying to accomplish the same objectives. These groups are
 

QITSI, the Subdirectorate of Soil and Water Conservation in Critical Food
 

Crop Areas under the Directorate of Food Crop Area Development,
 

Directorate General of Food Crops and another Soil Conservation group
 
-.... 
 . . .. .:. . ;. ,...under the Directorate General of Agraria, This new consolidated agncy,
 

because it.would represent a specialization of its iwn, soil-water
 

-.
onservation and watershed development, should be promoted to the FG rank
 

to be effective in implementing its progrm.. The. function of this new
 

agency should, be:
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a) The implementation of soil 
and water conservation technique, that
 

is by PPSs, PPMs (mid-level specialists) and perhaps some PPLs to
 

provide backstopping for extension programs on their specific
 

subject matter of soil. and watericonservation. This should be
 
done just as the other dinases provide technical backstopping to
 

the "polyvalent" extension workers inthe field through the RECs.
 

b) Coordination of the di.fferent-activities taking place inthe
 

watershed development program. 
Thus it must be the "umbrella
 

organization" responsible for the coordination ard integration of
 

the watershed program.-


The Watershed Program should consist cf the following comDonents:
 

a) Research
 

i. "o develop the 
"Farming System Package of Technology" (see
 

that section for details)
 

2. 
To. develop the.most approoriate soil conservation techniques
 

and land uses as determined by the 'Soil -Research Institute at
 

Bogor.
 

b) 
Extension backstopped by the following organizations:
 

1. Soil and Water Conservation and iWlatershed 
 evelapiint Agency
 

2. OG Agricultural Research
 

3. DGI Food Crops
 

4. OG Animal Husbandry
 

5. OG Estate Crops
 

6. OG Forestry
 

7. 1)G Fisheries
 

8. )GBangda
 

9. DG Water Resources
 

10. Others as program activities require.
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c). Coordinating Agency. 'The Soil-Water 'Conservation and Watershed 

-'evelopment Agency shoUld ;'on be!hilf of""the Bupatis and Governors, 

coordinate all technical 'inp'uts for the Watershed Program. Since 

most of th6 actviths 'to ake place are within the DOA, and
 

Agricultural Watershed ie&vvlopment Basin He-adquarters should be
 

estalished.'to provide 'the central coordinating facilities at the
 

basin level. Those OG's or"Agencies actively involved in the
 

watershed program should'have a representative inthe
 

headquarters, either from the national or proincial level,
 
depending on whether the basin iswithinonly one prIvince or ;o-e 

than one. This senior person will provide the liaison among the 

KaDupatens or Provinces and Kabupaten Oinases to-assure a uniforin 

progrm 'and 'back t;op'pin'g for the extensidn DrogrAn For example, 

in the Citanduy Watershed Project," 'there :are' two provinces an" 

f.ive kdbupatmns within the CitanauyBas' n (West and Central Java 

and Kabupa.tens of Ci ami s, 'Tasikm'alaya, Kuni ngar,' Majaiengka and 

Cilacap). These autonomously administer units, especially at each 

provincial level, can have qufte different goals. Thus to provide 

a uniform watershed program and to be able to operate within the
 

existing organizat*onal framework, a senior official from the
 

specific OG or agency involved in the watershed program must be
 

present at the Basin Headquarters.
 

In the "PROBLEM IOENTIFICATION" section, itwas pdinted out tfat the
 

source of laid degradation was the dryland farms; that means the watershed
 

development target is tie dryland farmers and their community. This
 

brings a new element into the watershed program, the "Local Governments", 

since they are the people's representatives and the-ones responsible for 
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the economic development of the area, It was also pointed out under the
 

"FARMER CONSTRAINTS" section, that if the farmer's income was not
 

substantially increased by the watershed program, 'there would be little
 

incentive on the part cf the farmers for implementing and maintaining soil
 

and water conservation efforts. Thus the participation of the local 

governments in motivating, organizing, providing the support and serving 

as a channel to express the people's desires is essential for ;atershed 

development. To assure local government participation and encourage 

cooperation of the technical agencies with the local government, the 

budgets for implementation (other than research) should co directly to the 

local governments. The Bupatis, however, should appoint a watershed 

coordinator to administer, monitor and be the liaison between the local 

government (Bupati) and the technical agencies (the Director of the 

Agriculture Watershed Oevelopment Basin Headquarter, AWOBHQ). That
 

"Director" should then .llocate the budgets to each sector within his
 

headquarters and be responsible to the Bupati for the final end-product.
 

The director of the headquarters will be responsible, with the support of
 

his technical multi-sectoral staff, for requesting and obtaining the
 

required sectoral budget to provide a viable organization capable of
 

implementing the watershed program. A third party, the auditors from
 

BAPPENAS, should periodically audit the overall operation to assure that
 

the budgets are properly spent and the targets reached. Thus the Bupatis
 

and Directors of AWOBHQ should be held responsible for the succesi or
 

failure of the watershed development projects. Authorities at the basin
 

and national level will provide guidance on policies.
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CITANOUY II CASE STUDY
 

The 	 Ci'tanduy River E6as'in :0eve lo'ni 'nt,'Projec-t covers an area- bf 446.000 

Ha 	 with tw"watersheds, th cthdiy"ieh 350.;000 Ha and the" Segera Anakan 

With 96.tOO Ha. The verage popuil'ation density of the Citanduy Basin
 

" "
(19.79) 	i: apbroximately 6e0/km2. ! 


The Ci tandu 4'ateried ' ~nd '- pas'"aiteirn is as follows: lowland rice
 

(25%), upland crop '(34%), p'l'ahtatioi! f139,'fores't (13%), none and gardns
 

(8%), pohd, 'ivers', etc.( l%).'ol''hs (6%)'.. About 59..000 Ha or 17%of the
 

area in the iper::watershed is dl"assified''as critical area.
 

The goal of the 'roject" is;o'sdstaii tive.-pr6ductive capacity of-the
 

basin, by using better sbil aild wAter.conservation techni-ques wnile.
 

enchahcing the: O'apacity to produce'food: -through belfter use.of':so.i 1.and
 

water resour-'ces. ­

-The 	Ci tahduy -II Proj6fcornls'-st h'6-t-fo7l i:--cfmonents: 

a)' Upper: Watershed {Jevelopment to s de't dvedp; a6d-de'1' Ver; a: 

pack-age 6f! upl'and conservation and Froddti6n tchribgy -tb -Uplaitd 

fariners*;,b)' Dvelopment of Irrigation Systems to proVide tbh'n.'
 

rehabi l'itadtidrn of upper Citanduy Irri9 ati on"Systems 'incTdainig-the 
on-farm-water management, c) Local Oevelopnent ;Planning' and anaqemet to 

,rovide trtaining and assistance to 	 'distri 'vei-nmen pers.onnel. 'to 

enchance their planning and management capa&b'iiiTjy. 

The Citanduy I I Watershed component'bf"-'th'b t:r'oject is b'ased 6n.the 

soil and wat'r conservation technology develop.'4d>in Soloand farming':, 

system tech no o'devel oped in Panawanga" (Ci tah;d$" Bs1h) pi lot.watershed
 

projects. This pibject has. prbVibed te 'technologihal".and institutional
 

framework for development and execution of a watershed
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development program whichmoves beyond pilot implementation into a basin
 

wide program. A farming system approach was used with components to
 

increase upland agriculture and livestock production while simultaneously
 

reducing soil erosion with the use of bench terraces, waterways and
 

vegetative stabilization of the terrace risers.
 

Organization
 

A basin coordinating committee was established by decree of the
 

ministries of Agriculture, Home Affairs and Public Works to coordinate
 

the project implementation under the national level Steering Conmittee
 

established by Presidential Decree.
 

At-the project level the Ministry of Agriculture established a
 

multi-disciplinary team of technical personnel from various agencies led
 

by a project manager. Field staff, is composed of personnel drawn from 

the various Director Generals and Agencies of the DOA. 

The opper watershed development project consists of the following 

components:
 

1. Agricultural Research
 

An applied agflcultural research is carried out by the Agency
 

for Agricultural Research and Development (ADRD) which covers
 

cropping systems, livestock, agroforestry, fresh water
 

fisheries, soil erosion, etc.
 

2. Model Farms
 

The size of a model farm is approximately 10 Ha where terraces
 

are built according to the specification from P3RPOAS and
 

constructed on land below. 50% slope with soil depth over 30
 

cm. For land with greater than 50% slope, a permanent
 

vegetation is established. The agricultural technical package
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includes seeds, grass, f*-ertilizers and inscticides fbr three'
 

cropping .cycles..'The :live.* '-&omponenti wi l depend on the
 

amoUn't of grass produc6dfrorkthe tdrrace raisers and other
 

available forage." Farh 6rs 'i'r{!the model farms are expec'ted to
 

become sUrce"bf, techn'bl'ogy"'"and seeUd for other farmers in the
 

surroundiag areas.
 

3. 	 Nurseries
 

The nurseries approximately 5 Ha each are planted half' ith
 

grass 	and the other; half wiAh tree crop ,* The grass and'tree 

crops 	are given'free' to the f'rmers in'the model farMs aind 

expansion-a's'.
 

4. 	 Expansion Areas
 

This 	'isthe Arel whore *farmers are 4b'luntiry duplicating the
 

model 	 farms.1 , The labor*to Ibui'ld' the terraces: ispr6Vided ' 

the farmne'r ; at; ro cotd'- to" the prbjdct'.' Gra*s'S;", tr-'e seedlings', 

seeds '(fodd -crops):, and'f&-Frfili'zers ar.' iv t free. If the ': 

'terrace ilisers have more than 70% grass groib'd bvt tthev""
 

second 	year, the farmer 6btain credit toqualify to purchs'i
 

the livestock.
 

Access roads
 

Access road to the model farm Sle "constructed as needed.
 

Construction of this" r6ad is adniifniste' by the :local
 

government.
 

6. 	 Extension and Training
 

The extension wdrker's operatdbg from the REC transfer improved
 

upland technolo'gy' to the farmers itr"hi
te odel farms as well as
 

in the expansion are'as.
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At first the extension workers are highly concentrated in the
 

model farms moving away from them as the nearby and yoluntary
 

expansion progkam takes**place.
 

Basic training-in agricultural and extension methodology is
 

given to all'new extension workers. Other courses are offered
 

for key farmers and 'local 6dVernment of.fi'cials.
 

7. a,5"ppj 

Foreign andnatiodl consultants are :ssigned to guide the
 

counterpart staff. The present consultants team have experts
 

in the following fielas: watershed management, planning and
 

programming, local government, training upland agricultural
 

extension, irrigation extension, cropping system research, soil
 

conservation and socio-economy.
 

,PRESENT CPNSTM.INTS
 

After thefihst year of implementation the major'constraint is the
 

understanding Cothe project goals and mechanisms within theproject to
 

carry out the implementation. Cooraination among agencies within a
 

ministry and among ministries as well as districts, provinces and
 

national governmeitts is also a'difficult iask. Not wit.istanding this
 

constraint the project is working and people are recognizing the weak
 

spots and taking action to improve the operation during the second year
 

of implementation. The major problems have been: 1)making the budget
 

available..on timp to provide farm inputs for the planting season and
 

2) providing an .uate supply of grass for vegetative-stabilization of
 

the terrace risers-and forage-for the iivestock program.
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An inadequate supply of grass will in turn delay the implementation
 

of the livestock program and.cause some deterioration, of the terrace
 

risers. The lack of available, grass affects the soil conservation and
 

income generation from livestock which i-s the major single source of
 

income among the farming system components.
 

Quality food crop seeds availability-in large quantities-is another
 

major constraint that wil1l also be faced.during,the second year of
 

implementation. 

PRL IMI NRy. RESULTS 

Officials have shown tremendous understanding, willingness to
 

cooperate and a desire to solve the problems as the project moves ahead.
 

The farmers have shown excellent response in the voluntary expansion
 

program, by building all the soil conservation structures at.no cost tn
 

the government in exchange for the package of technology (seeds,
 

fertilizers, grass, etc.). During the first year of implementati.on of.
 

five model farms, 300 Ha of land were terraced to project specifications.
 

by the farmers under the voluntary expansion program,.. During the second
 

year with eleven model farms in operation the voluntary expansion area is
 

expected to be approximately 1000 Ha.
 

The objective of the watershed.stabilization and development program
 

is not just to build bench terraces on-the'hillsides, but to prove to the
 

dryland farmers that with the proper techniques and additional resources
 

(high yielding varieties of seeds, fertilizers, forage and livestock)
 

http:implementati.on


':,eir dryland terraces can be as productive as their irrigated bench
 

terraces. 
 Then and only then will the farmers be motivated to build and
 

maintain their own bench terraces as they build and maintain their
 

irrigated bench terraces. 
 For this to take place, however, the
 

government must make available to the faramers the technology ano
 

resources which are impossible for the farmers to obtain alone. 
 Thus the
 

ability of the government to prove such a technology and to make readily
 

available the supplies and necessary resources are key elements for a
 

watershed program. Of equal importance is the capacity for government
 

organization and institutions to deliver, disseminate and coordinate such
 

inputs. Until these institutional arrangements are in place, there is
 

little hope for rapid expansion of watershed stabilization and
 

development programs. 
 In the meantime, the impact of sedimentation on
 

irrigation and hydro-electric dams, floods in the rainy season and low
 

irrigation water during the dry season for the lower lands 
are warnings
 

of the rapid deterioration of the watershed. 
The major problem, however,
 

because it is gradual and difficult to assess, will continue almost
 

unnoticed; that is that the fertile top soil, where in lies the hopes for
 

feeding the ever increasing population of Java, will continue washing
 

away, The population of Java will double in the next 30 years, while the
 

rice paady'production is reaching a plateau, thus leaving the uplands as
 

the last frontier for food producticn. The watershed program is not just
 

a matter of protecting the environment or investments in irrigation dams,
 

etc., but it is also a vital need for the future of this country. It is
 

particularly critical now in Java.
 


