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Forward

The rescarch strategy and data presented are intended to he
descrint tve rather than comprohensive.  Hopatully though, enouvh
detail is inciuded ro give o clear picture of cropping systems
rescarch, its roie in the development of farming systems and

its inter-relationship with other rescareh that is discinline and

comuodity priented.
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Indonesian Farming Systems Research and Development

Jerry L. McIntosh and Serjatna Fffendi!

Introduction

The problems that farmers face are always interrelated. Attempts
to solve a spocific problem may create new problems.  Thig fact creates
a dilemma for agricultural rescarchers. By training and temperament
scientist like to siw:lify. A common technicque is to stuadv one aspect of
a system while holding other factors constant. This technique is a
powertul tool. Agriecultural rescarch in developed countrics is usually
directed toward disciplines or kind of crop or animal. This specialization
permits in deprh study of the components of a farming sysbtom,  Whoen
carried to an extreme this approeach hecomes counter productive and produces
a kind ot rosearch jrrelevence, kot fortunately cxtension and Ffarmers
are able to incormorate cortain useful aspects of the research into the
existing situation. Hoewever, oven in developed countries there is a
trend at present for scientists to devote morve time and etffort to systems
research that addresses the immediate problems farmers face.  This s
similar to the aporoach that was used in the cearly davs of agricultural
research and is appropriate in many situations in developing countries

coday .

Unfortunatsly, the interdisciplinary, inteurated and holistic
approach to farm research sounds complicated. Tt does not fit the usual
scientific approach that is commonly taught in colleges and universities.

It costs a lot of maney and talies considerable time and commitment.

1Cropping Systems Agronomist and  Cropping Systems Coordinator,
Cooperative CRIFC/IRRT Program and Central Rescarch Institute for
Food Crops, respectively., Agency for Agriculture Besearch and
Development, Bogor, Indonesia. September o, 1981.



It is difficult to mabilize and maintain the interest of scientists
because of the difficulty to establisi ones identity, either personally
or scientifically, in this kind of research, But for those who
empathise with favieers and their probless this kind of research is
hichly rewarding.,  The veward Lo nob soneotary nor necessarily in
quentity or even quality of scientific pavers but in the realization
that one 1s ddentifying problems and directly meoting the necds of
people.  There is a rowvard in working with colleayues trom cther
disciplines, There is also fascination in understancding how farmers
cope with problems and situations that we as scientists tend to shy

away from.

In addition to relevant problom focused rescarch, agricultural
scientists shoula provide the technology ancd idgas for fature
agricultural development activicies, Tt would be cxpedicnt for these
scientists to o the rosearch bofor-e Lthey are requested vo provide
answers.  The stimulus for agricultural development should come from

rescarchers rarther than the stimulus tfor roscavch coming from development.,

In this way agriculrtuy sclentiasts will be able to serve the country

better, bring credit to themselives and gain support to their rescearch

oraganization,

A comprehensive national farming systems nwrogram by definition
should address the many situations that exist horizontally across the
country and vertically within any syvstem.  This 1o not possible

to do at any one time. Some logical rationale must be 2stablished



for priority, scope and depth of research. If we look at some of the

ic sitvationc that exict in Indoresian agriculture and achieve-
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ments that have been made in a systematic fashion the prospects for

success are ruch areater.

Achievements

I. Indonesian cropping systems scientists have developed a strong and
comprehensive rescarch and development program over the last 10 years.

It has evolved into a farming system research program,

IT. In Collaboration with Colleaques in the Asian Cropping Systems
Network, methodoleay for effective interdisciplinars cropping
systems rescarch has been developed.,  Tndonesia has been a leader
in this development and has demonstrared the offoctiveness of the
methodoloyy for intensifying croppinag syotems on irrigated and
rainfod lowland vice lands f Java and an the fvagile and infertile
upland soils of Sunatra, Kalimantan and Svlawesi. Bxcept for the
original rescarch sites in Indramayu, West Java and Randarjaya,
Central Lampmng, most site selaction for research has been in

response to requescs from various Indonesian development projects.

III. A team of interdisciplinary scientists has been trained and initiated
through formal training courses outside and within Indonecsia and
through experience in the field. These activities have provided a
cadre of personncl that are now ready and capable of conducting

comprehensive and phased researcn that can effectively identify



and remove constraints that farmers [ace for increacod crop

production and ecoromic well being.

IV. Farming systemns research in cransmigration areas and npper watershed
projects has heaun. A precedent for successful interdisciplinary
rescarch ameng all rescarch centors in the haency for Agricultural

Rescarch and Dovelopment has Leon establishod.
h

Statement of present situation

Although the emphasis is on crops, cropping systems research in
Indonesia considers all farm rolated activitics; from 1and preparation,
which inclades aniools and Camily labor, to marketing, which includes
transportation and jwrastroctural develorment.  Tn the strategy, initial
research concentrates on food crops production for the farmer's csubststence.
Concurrent with the ohjective, constraints to increased production or
landuse are identified.  For example, in upland arcas family lahor with
hand tools can cuitivate only about 0.6 hectare of land per year. There

¢

is shortage o

- power te make use of the remaining land resources.  Animal
power may ke the szolution. 1If so, *he farmer will need animal drawn farm
machinery arnd forage for feed. Conseguontly, the farmery may be able to
cultivate more land hecause of the additional power and make use of cven

more by using som: land for forage crops.  Use of animal manure and

excess forage for green manure will improve the soil fertility. Additional

93]
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land may be used profitably for vroduction of perennial crops for spice
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food, fiber and fuel. Furthermore, structures developed for water
control and s0il censervation can be used to impound water fox family
use, fish and animals. Systematically, cropping systems re.. .rch
evolves into farming svstems but on a limited and systematic basis

that can be manaied.

The terminology "food crops based farming systeins rescarch®

accurately describes this kind of research that has been conducted

in Indonesia. The research is carried out by a coordinated qroup of
scientists from varieus disciplines. It is inteirdiceiplinary and
inteagrated with other aovernment adgenclies and activities (extension
Incal goversment, irrication and national production programs), Tt i
focused upon specific tarot aroas and limited in sCobe to make more

efficient use of resecarch staff and funds.  Tudonesia has develioped

methodology and staff surficiently strong to continue thic research.

But, renewed efforts are needed to stahilize rhe gains that have been
made threuagh longer torm research projocts. Althoudgh production of
food crops suftficient for subhsictonce has beon and w11l continue to
be the first ctep in the developuent of Farming systems for small

Indoncsian farm operations, greater coffort will be made to study and

improve all production aspects of the operation,

Rescarch Approac

Inventory of rasources

In addition to the traditional commodity and discipline oriented

research activities we need to develop a systematic way of arriving
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at priorities for adaptive agricultural rescarch for all disciplines with-
in AARD.  The subsegnent rescarch should precedo development:

projects and even parovide the initiative for such projecte. The

fivst pricrity is an inventory of natural resources and the present
agricultaral sivuwavien.  The final stace in this orocess is usually

the Jdevelopiwnt of o "land vse capability map”.  Such waps have boen
developed for Indenesia.  They are useful. PBut for rescarchers the
logical sequence »f information that ie needed for deve Loprment of

guch maps may bie more valuable to the scientist rhan the final product,

A zeries of maps presented in o sogquence From tho cdaphological classi-
fication of Yapd, throwh the phviical determinants and finally to the
individual food crons and farming avstems would e more useful . 1k helps

us soe whers we are and whal researeh wight have wore relevance in al)

disciplines.

Edaphological classification of land. In this classification we

attempt to delincate distinct land aceas that differ based on the
chemical and physical characteristics of the soil and water environment
without rveference te climate and othier overlapping factors such as

slope or land form. As a first approxinaticen, bascd on expericncs

and data available, tre fol’ ‘g classificarions are used for
Indonesia,  In each case ¢ sunt of land area for cach classification

should he included, if vossibie, on an island by island basi S.

AL bipland arcas (not mountainous)
B. Lowland rice arcas (padi sowah)
1, Irrigated - The following subgroups may be put together

for a national map.
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a. Fully (®10 months)
b. Partially (7-9 months)

¢, Partially {("-~7 months)

2, Rainfed lowland
C. Swampy areas (Yebak)
D, Tidal areas rasang surut)

E. Manaroye areas

Envirenmental determinants, In this section some of the most
important environmental vactors which determine the sultakility of land

for crop production are given. The effrcts of environmental factors

on laind usc capability vary depending upen the edaphological character

wn

of the land. These environmental factors may be Jocked upon a

modifiers when used in combination with the cdapheleoaical map.

A. 5oils map
Cn a national scale only the major soil groups can be
effectively shown. Soils delincated shoald be those whose
characteristios necessitate different land management.
practices.  For exaaple, Aifferences in inherent natrient
status wnould not he a reason for delincating hetwoen two
soils unless one s0il required unusual amounts of fertilizer
for correcrive treatment.

B. Rainfall map
On a national scale the classification based on numbers of
wet and dry months are sufficient. At the working level

(Kabupaten) the bargraphs which show monthly rainfall

distribution are more useful.
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C. Elevation mag
A biological classification in whieh altitudes between 500 M
and 1000 M aroe delineated would ke sufficient for a national
map.,  These would correspond to the elevation above which
cold rolerant rice varietios arc necded (500 ) and the
altitude above which whoat grows well (2 1000 M), At aititudes
higher than 1500 ® {anothoer elevation may he rore valid) the

use of the luand for food crons production is limited.
. Slope map

An average slope abowve which ajriceltural activity is limited
is difficult to detine. A slope ol 15% has been considered
the cut-off poirt for feod crops production, Onviously, many
times land with more than 15% slope has been used for crom
production without any cxtrome problems with erosion. On Juva
and HBali where torraciag (o widely procticed for lawland rico
much steeper sloges are mediried for use.  Tha slope factor
becomes almost irrelevant. This is an cxample of farmers

modi fying or vemoving physical constraints te ceop produstion.,

nt dand uxe map.  In development of land or research

objectives within oan arca, the nost significant data available are

the present land usce and information chbtained from farmers. What
exists cannot Yo disrcgarded, Ou o national scale the following land
use classitications may be useful:

A, Upland fcod crops

B. Lowland rice (inciuding goyorancah and swamp end pasang surut

rice)
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Mixed alang-alanqg and brush land

@]

D. Forest (primary and s2condary)
E. Percnnial estate crops

F. Yastare

The land use inforration delincated can be valuable in two ways.
First of all it is useful to relate land use, by distinctly different
crops or vegetation which have different eccological needs, to a
physical setoing thar can be charactervized. T[Further break down by
Crops or specices of plants vrovide the "stoandards” for evalnatinag
land capability.  Thev give some bases for modification of present
Tand use ocr extraralation of a partioular kind of land use into new
arcas having similar agro-climatic condivicons.  Secondly, production

figures for Hffercnt food cron commaditios from different arcas of
the country provide a hasiz ~f compavison. if production in arcas
with similar agvo~climatic conditions differ areatly, we are provided
with an ideal sroblem for appliecd and basic recearch projects that

have relevance. We have rational bases for developing research

priorities,

Use of rescurces maps,

Survey maps,  The combination of all the factors that affect
crop production into one land use capability map in a uscful fashien
is difficuler. The Conter for Soiir Research has made these kinds

of maps. They are availlable ead are useful for many purposes. For

an over view the inventory maps described (Scale of 1:2,500,N00)
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are adequate. Jt may be useful to have more detailed maps of each

major island group at a Scals of 1:1,000,000,

TR ing maps,  Those wacg at a Scale of 1:50,000 are nesded for

provinces or aroups of provinees that may he treoated as a it
This would transic: to ! cm of mar for each one half kilomeker of
land.  This eoutd provede safficiont dotail for aest ajgrionltural
purposcs.  Unfertunately data in this doetall are not avai'ehle for
much of Indonesia. MHowever, enough data are available in letail to
provide thovough aqro-climatic descriptions of parts of many of the
major aqricultural erens,  Further, many swrvoeve funded sv the
Directorvage Gonersl of Transmigrarion and Miniovry of fubilice Works

are detatled descripticns of forested and grass cove w1 lands not

vet investigated by aagricul tucval resaarchers.  These Yeports have

been preparcd by come of the beat cgnsultinqvfirms available anywhere.,
The data in theeos reports alorg with the research and experience of

AARD staft are valuable resources,  Tn oonbination with the survey

maps cnouan data 19 available <o provide the bases for interprotation

i

and horvizoncal transfer =f tachnnleogy aezded for estabiishing

national research onrioritics.

The uwgefulness of the large scale survoy maps and wovrking
maps may he cenhanced by considering just the relevent combinations.
Por example, 17 we consider rhe cateriess in the Bdapholodgical
Classification of land and the medifier maps the following comhbinations

would be useful:

A. Upland are - in combination with:

1. Soil map

2, Rainfall map
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3. Elevation map

4., Slope map

If we can identify certa.n upiand crops, perennial crops or
farming systems used in one location we might expect + "t (or
plan to grow) the crop or system in another location with similar
agro-climatic conditions. 'The upland arcas farming systems are

the most complax.

B. Lowland rice arcas

1. Irrigated arcas - in combination with
a. Soils manr
h. Rainfall map (not so important for irrigated areas)
c. Elevation maw
2. Rainfed lowland areas ~ in cﬁmbination with
a. Soils map
b. Rainfall map

c. Flevation map

The combinatinn of variakles arc less and the effects of soil
ard rainfall are minimized by the system, varticularly in the
irrigated arcas. Thase areas are well known to AARD Scientists
and extrapolation of recommendations for varieties, cropping

patterns and farming systems nre relatively easy.

C. Iebak areas - in comhination with:
1. Natvre of peat (peat domes)

2. Depth of water

3. Acid sulphate



D. Pasang surut arcas - in combination with:

1. Acid sulphate
2. Depth of water

3. Direct or indirect tides

For the lebak and pasang-sturut areas more detail is needed
than we have indicated in the zurvey maps for Indonesia. In many
instances the detineation of factors such as depth and nature
of peat and arid sulvhate are not clear. Transfer ot technology
from one areca Lo anotner is risky until we have mors decailed
information. Howcwver, our wuork has beor nade casicy by farmers
who have pioncersd the Jdevelorrent of gcoms of theoe areas,  We

should waork with the cionecrs First and then nush irto the unsettled

arcas as we gain more information and experience,

Selection of taract arca.

Farming systems research is a coordinated and integrated effort
to -develop technology that will enable farmers to increase production,
The technology imust be acceptable to the farmers who will use it.

In some cases it may be desirable to identify and remove constraints
to the farmers throudgh government programs. The increased production
may result from hetter wanaaement of present farming systems,
introduction of an extra cror(sj or form of hushandry per year
(intensification), or exransion of agricultural activities into

newly opened or under-used land areas (extensification}.



The research is carried out by a coordinated group of
scientists from various disciplines. Tt is focused upon specific
target arcas to make more cfficient use of roscarch staff and
funds., The selrction of target arcas for farming systems rescarch
is very crucial. The Indoncsian program emphasizes the folleowing

criteria for selection of target arcas:

1. Critical arcas in terms of food shortages and governmental
desicnation.

2. Large areas having similar soils and climate.

J. Feasibility of intensifying cropring patterns and farming

systems hased on nrior evidenes.

4. Availahility of markets and infrastructure,

A diagram fovr the farming systems research in Tndonesia
(Figure 1) shows five distinct phases, associated research
activities ara approximate time frame that follow after selection

of the target area.

Fdaphic Farget areas. Target areas for farming systems research

may fali within one agro-climatic region or a distinct edaphological
land area. For farming systems in whicn crop productien is dominant,
we atteapt to delineate distinct tand areas that differ hased on the

chemical and physical characteristics of the soil and water environment.

h

For examele, land for lowland rice is different frem land for uptand
rice even though the soil, climate and other overlapping factors such
as slope or land form may be the same. This approach is very useful

for developing cropping systems technology across political boundaries.



CROVPING SYSTEMS RESEARCH PRCGRAM TOR STLECIED TARGET AREAS

PHASES

5ocio-economic Research Biological Research
i .

} “Agro-eccnemie profile Site selection and ! oil Classification
|- Site veconnaissance i descripcion Climate

| | ;

e — (initja}—) i "wWater avallahiliry

Economic and

E§ Farm recovdlin
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\1
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o Techua ooy r~ﬁ<! : -
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Fig. 1. Parallel for the five distinct research and —_—
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ttle inflow of technology =



This is the bhasis for specifying the characteristics of national

production proarams such as BIMAS for upland crops, irrigaved

lowland rice and rainfed lowland rice. Conscquently, for food

crop based farming systems rescarch, the identification and

delincation of the following edaphological conditions is useful.
)

Figure 2 shows how these delineated arcas relate to each other in

a natural setting,

A, Upland (not mocuntainous)
B. Lowland rice
1. Trrigaced
2. Partially irrigated
3. Rainfted
C. Swarpy (lebak)
D. Tidal (pasang-surut)

E. Manarove (no crops)

Develormental taraet areas. But in many instances the target:
evelop 11 Y

areas will be in less developed regions and consist of many different
ecological conditions, This is true for many new trangmigration,
watershed, and rural development proijects delineated by policy
decisions. Rathoy than addressing a snecific or limited nurber of
edaphological cenditions, the target arca mav represent a geographical
region and may cut across mnany iscqrams.  Land use and farming systems
mist be develoned for each. Usually, elevation and intorrelating
climate and soil are dominating factors that must be considerecd,
Because we are dealing with farming systems, as a first priority,

land not suitable or not dersignated for settlement and use by small
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Figure 2. Identification of a target area within a specific edaphological zone simplifies farming
Systems research and development,
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farmers should be delineated. The delineation of conditions might
be as follows:

A. Forest and wildlife ovrescrves

B. Forest concossions

C. Range lands for animal production

D. Perennial crops estates

E. Farming systoms

1. Mixed farming

<. Food crops based

Figure 3 shows some of the different land uses and how they relate
to cach other. Usually the administration of a development project for
such an area would be at a level that would permit cocrdination of
efforts. Dut at the operational level, the Ministry or Agoency

responsible for cach kind of land use would carry out its own activity.

Por example, torest and wildlife preserves would he the responsi-
bility of the Ministry of Hatural Resources.  Lands for production and
harvest ot forest prolucts would be aader the Directorate Coneral of
Forestry. Range lands for aniwmal production usualiy arc government
enterprisns or privately owned but are closely asseociated with the
Dircctorate Gereral of Animal tinsbandryv. FEaeh of these Xinds of land
use activity require fow people. Usually enouns land exists for workers
who are associated with the nanagement of such activities to areow some
food for their own use. Furthernore, they have employment and some

expectation for help in times of cmerqgencics.

To A certain extent these condition.. apnly for estat: crop enter-

prises also. But usually more lakor is required for estate crops and,
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consequently, more people ave involved. The managemer* and ownership
may be centralized and the laborers dependent wpon daily or contract
wages. When either production or rrices are low the laborors may not
have encugh money to buy food. Furthermore, if food is searvce, even if
the workers have money, food may not he available for thom to buy .

Two approaches have been sugigested and in some instances tried to solve
these problems.,  The casiest solution is to provide Jand, cither solely

for food crops production oy in intercrop combination with estate CYops.

The othor aprroach has been to develop nucleas estates in which farmers

own the land = some for their homesire and food production and some
cooperatively in a contiguous unit for maoduction of an estate crop such
as rubber, oil palm or perhaps rice. Conseauently, a situation for
mixed farming regearch exists,  Other arcas with land suitable for
cultivation wilt be used solely by small Tarmeas “or their farm

enterna toez, These are the aveas where farmina svatems roscearch is

most needed and will be coversd in greater detail in this paper.

Site sclection and description.

These activitics are carried out as socon as possible after a
target arca for favming svstems research has been selocted (Figure 1),
The survey and data collection teams consist of intordisciplinary groups
of scientictse and ecxtension workers who will be involved iu later
stages of the program. Figure 4 illustrates how a farming systems
program intoracts with other system programs and commodi ty - and
disciplinc-orientsd activities, Staff and expertise would come from
the various rescarch organizations to form a Farming Systems Working

Group (FSWG) of scientists (Figure 5).









Site scelection. At this point the PSWG will have formmlatod

general objecrives for the research and designated a comrdinator.

All problems and conditions exicting in the taroet arca canvob be
tackled at cnoe. A preliminary survey of the land and water Y80Urces
and eallection of secondary diva from cove rament of ficos and group
interviows asually provide cnowl data to permit the Adevelopiment. of an

agroeconomie profile o Lhe area for use in site selection.

Eiﬁfw:Lifliﬁﬁi9ﬂf Genorally data coliecction from aovernmoent
offices and inspection of the rrospactive avea are surficiont for

site celection., & botter data source ie necdst for (1) Acsiagninag and
conducting in-depth researsh and (2] transfor of recimoalogy ro other

craas having similar conditions. Table 1 gives an ocutline for site

description that haw been useful for mast conditions,

A, Agroeconomic reconnais

sirvevs,  The data collected should

comprehansively desoribe the gite, including the institutional, social,
economic, and rolevant aspects of the physical envivronwents.,  There
should be sufficient scope o permit ddentification of some of the
constraints to highev nrodvction that might preclude alternative
farming systoms strategicos that may be considored for rhe tarqget area.
The data collection must be completed in a minimum of time (2-1 days
per site) and the report written in a conceise mamier within two weeks
after returnine from bhe Field, Many times, unforbunately, too much

irrelevent data are collected and months Pass Potore the final repart

is finished. Ry this time, the most appropviate plantine dates, rfor

example, may have nassed and cooperating scientis

arce disconraged,



Table 1.

Outline for Site Description

DESCRIPTIVE ELEMENTS

SOURCF

I. INTEGRATED EMNVIRONMENT FACTORS
Edaphological classification - Senercal ianduse and quality Landuse maps and soil classification
Cropping patterns and farming Crops and crarping potential Group interviews and soil
systems classification
Farm economy - Manazssability of land and options Grour interviews
II. SCCIO-ECONOMIC DETERMINANTS
Markets - Viger of local economy Random interviews and lccal govt.
sources of farm and market prices
Infrastructure - Potential and time for development Census datz and lccal covt.
Farmar responsiveness - Willingness to assume risk and Randon interviews for land tenure,
change perscnal proparty, education, and
mobility
Labor wool - Distribution and availability of Random interviews and census data
laber
III. ECOLOGICAL DETERMINANTS

Soil~water envircnment -

Climate:

Rainfall dis’'t. and am't. -
Temp. & selar rad. -
Cloud cover -

Water control

Crop production and soil amendments

@]
a]
0
"3

€ and cropping intensity

Soil classification

b

Weather aaza 2nd =©0il classification

Irrigation and soil classification




Finally, the report should follow a general framework. This
permits rapid data collection and reportina from now sites and allows

cross-site comparisons for transfor of techrology,

B. Physical description. Much of the inforiaticon necded for this

activity can bhe obtained from scoondary sources.  Some information may

not appear nocessary for ol

regearch phase of the farming systews
project, but it may bLe vevy important for the transfer of rescarch

technology to other places.

L. Zeil classification. Soil classification along with the
commonly used chemical analyses for soil fertility should adequately
describe the seoil propertics associoted with plant growth and crop

production. The special value of classification by Soil Taxonomy and

related methods will be described lator.

2. Rainfall distribution. Monthly rainfall data collected over

many yoars are available for manv locations. Usually there is a need
to collect new data for specific sites. The long-term data should not
only be used for the average rainfall distribution but also be analyzed
for mossible changes in the patterns and probabilities for starting

and ending of the rainy sceason,

3. Irrigaticn. We must know the length of time water is

available and when it starts and ends.

D. Other climatic data. Solar radiation and temperature data

should be collected if not readily available Ffrom sources nearby.

E. Lozation and elevation.




Economic and biological component studies.

Tr.ose artivities should be started as soon as po.lsible after
selection of the targyet arca and research sites and then continued
as long as nzeded.  In newly developed land areas, this phase may
precede the farming syatess dosign and tecting,  In elder developed
areas the two phases may vrocaecd simul tanceonusly.  Usually the research
sites within o target arca arce ander once ooordinator, and the research
team in cach site consists of o beam leader {agroaomiszt), an ossistant
team leader, and =iy tield assistants.,  The assistant team reader
should be solocted on the basis of need for particulay exportise in
the particular site, If this is not nossible, hack-up exnertise can be
made available [rom headgquarters,  The Yield assistants should be evenly
divided accordina to hioloaiz and economic rescarch activicies, Initial
rescarch wsually coenters on foad crop prodaction and self sutficiency.,

Later rascarch explores options the farmer may employ to increase

stability and cconcemic return.

The economic information necded may be collected from rcutine
government. saurces but should be determined mostlv from continuous
recording of the farmeorvs' activities. Most of the agronomic studies

can he conducted in small plots (3 x5 m2) by the team leader and his

assistants in the farmers' fields.

Economic data ceollection and farm recording. Monitoring of the

farmer cooperators and surrounding farm families must be started as

‘early as possible. The data collection must be specific and the
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analysis quick, and the information should be used in designing and

testing of farm operations.

A. Income. the amount and distribution of the farmers' income

determines his attitude toward the acceptance of new techroloqgy.
Farming systems may be designed which require different levels of
econcmic input, The farmevs may {irst accepnt new technology with low

inputs and then with time and success ba willing to accept technology

with higher inouty.

2. Labor. 7The amount and distributicn of labor required for

different systems must be determined.  Surveys of labor supply and

demand in the surrounding areas will be needed,

C. Market »rices.  The selling and buving price at the farmers'

market level 1s necded on a weekly basis.

Prohlem-focused surveys.,  Rather than try to collect all the data

thought n-eded in one large survey, it i bettsr to focus on specific
i1ssues as thoy arise, Broad-hased surveys tend to be inefficient and
difficult to conduct and analvze, parvticularly in situations where the

statf has had lititle experience in dealing with them.

Component technology studics. These studies may involve all

disciplines in the biclogical sciences, Mostly these would consist of
studies of components of the system made at the time of the year and in
the sequence thoy would fit into the cropping patterns or farming systems

to be tested.



A. Variety trials. Many times adapted plant materials are not

available for new target areas.  The cropning cystems program should
not become a breoeding vroaram, but some testing of new and introduced

plant materials s cpopropriate.

B. Fertilicer responses.  Response curves for the macronutrient
elements are necded to determine the agronemic and economic thresholds
Depending upon conditions, thess trials may he conducted with and
without addition =f Jime and trasce elements. These should ho carried
out. as uniforrmiv as possible so that soil and climatic factors across
the country (or reaion) may be better vnderstood in relation to crop

production. ¢Carc should be utaken to locate the trials on soils

representative of the area so the results can have wide application,

C. Crop cormbinations. DRifferent mixed crop and intercrop

combinations mav bo evaluated just as for varicety trials. These field
studies usually snow the necd for mere detailled research concerning
light, competition for nutricats, svacing, and econonios.  The latter
studies can usually be conducted more eflficiontly in the experiment
stations. This is a useful way to involve more disciplines and

rescarcn colleagues in basic research studics that can directly

contribute to development.

D. Mixed tarming. FEFvaluation ¢f farm forestry, animal hushandry

and fishery opticns for inclusien into farming systems.
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E. Othaer biological sciences. Guidelines for pest and Jdiseasc

management must be developmd.  Field studies can usually be carried out
by superimposing treatrents osver cropping patterns being tested without

undue interference,

Designing and testing of farming systems.

Generally in this approach simplv looking at the existing farming
systoem is the first step in the research phase.  Togother wirh preli-
minary curvey data, cnoudh information will be available wo begin the
design 1rocess.  The first priority is for food self suf{iciency. Gnee
this requirement is assurcd by production or other wmeans, the rosearch

may be broaden to study other componenis of the farming system.

Partition of the targetr avca. Theore are so. cconomic and natural

and man-made enviroumental factors that have a dominating influence on
the appropriatencss of cropning patterns and farming systems within a
site arra. ‘The main idea is to partition the area intoe management units
that roflect these conditions.  Sometimes for nractical reasons land
areas with differcent soils and climates may b nmananed atike, On the
other hand, land arcas with similar seils and climates may require
di fferent farming systems because of economic and marketing reasons,
The exanples that follow from the Indoncsian program illuscrate the

proceduress for partitioning of a site within an odaphological classi-

fication.
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A. All sites. Market accessibility must be considered as a dominating
factor influencing cropping pattern design and proportions of individual
crops in the patterns and ultimately the farming systems.  Por examle,

in remote areas far from coads and markots, food crons are grown nmostly for
subsivtenc:.  This is especially true for crops such as cassava which are
difficult to store and transport.  On the other hand, i1 thoe fields are ncar
starch factoriecs and qgood roads, caccava would likely be the west profitable
crop. The proporticn of casszava for cropping patterns in remote areas would
likely be much less than near markets even within a cropping svstems tarqget
area. 10 tood crops are nor extensively orvown in remote areas, stratogies
which include perennial crops, animal husbandry, fisheries and forestry

must be included along with food crops for subsistonce in mixed farming
systems.  The exampies which tollow emphasim: strategies for development of
stabie crovping gvstems.  As the avstoms are doveloped constraints to

production and options for alternstiveos — including other kinds of crops

and animals are cxamined.

B. Unland sites. A generalized systematic aprroach for partitioning
of a site within such a taruet area would be useful. So far we have relicd
mostly upon the dudgrent and experionee of our staff.  The follow ng rexample
illustratos how exeertise has coweloned to deal with a4 major wunland area

(cdaphic target arcea) in Indonesia. Although specific obicctives rmay di ffer,

this same general avnroach may be used for mixed farmineg aystems reacarch,

The ®mraet area selected was for transmigration settlements on upland
red-yellow podrmolic soils of southern Sumatra. An old transmigration scheme

in Central Larpung. Sumatra was picked as a site for cropping systems studies,



The government proqram for movement of people from highly populated
areas of Java to less populated arcas in the outer islands (Yrans-
migration) had been carried out in this locaticn about 20 vears carlier.
The atca had been given a high priority for rurther develeopment by the

government . The soil in the site aron was olissi?

‘
-
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od under the old

retem ans redevellow podeolic (Orthoxico Trorudnlcn) and was simiiar to

the 5011 of about 44 million hectares or 'iantly 1e3s thar one-fourth

of the land arvea of Indoncsia. Furthermore the rainfall, which exceeds

200 mm for six month: and falls below 190 mn for oanly three months, wias
sufficient for year-round crov preductiosn, 1rovided crops such as cassava
and cowpea were qrown during the dricest time of the vear., in fortunately,
the soil was low in inhorent fertitity which was held largely in the organic
comnonent an.d was soon last alter cultivation, FPertilizer inputs were

not available. As a result, this large aqrorliﬁatic zone was undor-

developed for agricul ture,

It was estimated there were about 20 million hectares of this soil
suitable mostly for wrland agriculture which were not effoctively usnd,

Tradition:lly, farmers had used shifting cultivation and an extoensive

type of agriculture to aveid the said ‘artilicy problems.  The transg-
migration schemss, however, were commibted te aosedentary aqrioal ture,
Farmers in older transmigration zettlements had difficulties in
producinrg encugh food to sustain their families. Our 4cb was to develop
cropping patterns and scil management praclices that would enablc the
farmecrs to produce enough food for tneir familics and have some surplus
to gsell,  The aricinal bases for partition ¢f *he arca into cateqgories

were depondent apon bresent and past land use:



Upland (food crops)

Category 1T Arca set aside for lowland rice
Category 1I Land opened for many vears (more than 3 years)
Category T1I Land newly opened from Inmporata and brush

Even though this target arca was foo uplan- agricul ture, farmers
tried to grow lowland rice wheraver possible,  Furthermore, within the

areda, an irrigation schem: was being developed which would provide

#

water enouch for only one rice crop. Upland crops, on the othocr hand,
could be grown throuthout the year. The cropping systems program was

flexible enoush to include lowland rice areas into the research.

The rescarch in Central Lampuag has reached the implemoatation
phase. The most recont research is being conductad in now transmigration
projects on newly orened land from fovests or Imerata.  Fven though most
of the land could be usced for fona crep nroduction there s some land
within this "develnrmental targot aren that may bhe used only for
pasture or forests.  Mhis land has qoilin to hilly topcaraphy and should
not be uscd intensively for food crop praduction unless soil conservation
practices are nscd, Basced on these conditions and our past experiences,
ve o are now using the followine eriteria for partitioning the targoet areas

for farming systems rescarch:
Upland (mixed farming)

Category 1 Relatively level land on hill tops

Category I1 Sloping land that must be terraced

Category III  Land newly opened fron forests {(compared to land opened
from Imperata)

Cateaory IV Not suited for cultivation



Figure 0O shows how these research categories may related to each

other in a developmental target area.

Research site

Figure 0, Partitioning of a site into Cateqories for

Farmina Systems Rescarch in an upland ared:

A farmer may have land in more than cne of these delincated
cateaories, particularlw, if tohe land is rilly and has short slones.
We: would develop approepriate technolooy for cach cateaqorv in early
rhases of the reoscavch and then comhine the deve:loped technoloyy into
relevant farming svstems. Figure  accurately describes the situation
in Transmiuration projects in unland arca. The distance from Category 1
to IV in Figure 6 may be no greater than 150 meters. The use of the
land in each catcgory would vary according to the farmers preferences.

But usually certain patterns or land uses tend to be common in an area.



The difterences usually are more due to intensity of land use.

Category T. Home lot (wekarargan) and food crops.

Category II. Terraced land with rotation of feod crops
and pasture. leguminous trees would be nlanted
on terrace bunds. Porennial cash crops such as
clove, coffee and fruit trees would be planted cn

the steeper land.

Category IIT. Same as II, but some management adijustments
would have to he made to accommodate the method

used for land clearing.

Category IV. Small ponds may be built to hold water for

family, fish and livestocks use.

C. Lowland rice areas. These arcas are dependent upon the

reliability of irvigation water and rainfall in sufficient quantities
to permit flooding and puddling of the soil and maturity of a rice crop.
Water availability devermines the length of time the soil can be floodod

and when and how nany rice crops can be planted in one year.

1. Irrvigated lowland rice areas. The classifications such as

technical, scmitechnical, and simple dirrication provide little help Lo
cropping systoems rescarch.,  For cxample, one target arca in Indonesia

is located in Indramayu, iest Java, The arca is characterized by
relacvively level topography, alluvial clay seils, 3 to 4 wet months with

rainfall greater than 200 mm and a long dry season (Typic Tropaquepts),
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There are problemns with water control — {londing during the rainy season

and partial irrigation during the dry season.  The area was partitioned (Fig,
into four categories based on presenst conditiont that are rostly donendent
on water.  Theose dominating conditions detormine crovning intensitios and

patterns:

Irrigated lowland area

Cateaorv I Area with 10 months irriqgation
Cateqory II Area with 7 months irriqgation
Categorv ITI Area with % months irriqatior

2. Rainred lowland » Vast arcas of rGnirrigated land in

Southeast Asia are uscd for rice peoduction.  The crop is dependent upon

rainfall and some mevement of water {(surface and suboswmetace) by gravity from

paddy to paddy,  The paddics are usually Teveled and fhe scil onddled bofore
planting rice, The land surface may varv from almost level to very stesp,
The basis for rainfed rice production within an agroc!imatic arca is wostly
depeniont upon the ease of {looding and msintaining the water lewvel., Thae
position of the paddy on the sleope, internal and surface drainage and depth
of water tahle are dominant determinants fof the fellowing partitions of the
rarget area (lig. 8).
Rainfed lowland arca
Catreqory 71 Foorly drained

Category 1I Easily floodod but well drained

Category ITIL Difficult to flood and excessively drained
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Figure 7. Parritioning of o site into categories for Farming Svstems

Research inoan o drrieated lowland vice ared.
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Figure 8. Partitioning of a site into categories for Farming Systoms
Research in a rainfed lowland rice arca.
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Concents for cronping pattern desion in farming svstem.  {n some
B ) ! g iming =y

instances, cropping svstems rescearch is simnly the resting of many croppiug

"tields under different environmental conditions.

sequences n the farmers
The aporoach vsed in Indonesia has emphasized the testing of patterns
desioned on the basis of conceprs.  The actueal cron seqaiences used for
cach conceptual pattern denend upon the level of technology sought or

avatlable,

Three conceptual cropping natterns were tested in cach categery for
cach target area when the Indonesian program started in 1975, Iach trial
was replicated three times bhut hy different farmers (or across tarms),  The
cropping sequences for oo pattern tested in each Category were not necessari-
Iy the same, but were sclected on the basis of the sape criterion.  The

criteria for selection of the sodquence of crops and management practices

tor cach pattern and the racionale for cach criterion were av (ollows:

oo Criterion A, Farmer's nresent cropping pattern
Rationale:  To exstublish a base-line check for comparison

2o Uriterion B, Farner's choice of cropping nattern 1f input
and market constraints were cemoved
Rationales To evaluate the farmer's level of compe tence and
managevial <kill and pechans uncover hidden socioeconomic
constraints

3. Criterion €. Our introduced cropping pattern with input and
market vonstraints removed and technical assistance provided
Rationale: o determine preduction and cconomic potential

and our ability to remove constraints



The use of these criteria for design of cropping patterns has been
successful. It has allowed us to be objective. We do not, get bogged down
In evaluating small differences in results from using different specles of
legumes or varieties of rice in testing many different cropping sequences.
These refinements are necessary but are the kinds of component studies that
are never finished. 1In our studics, however, we have been made aware of the
gsevere cconomic stress faced by many Indonesian farmers. They simply do not
have money they can use for material inputs. If they do, they are afraid
to take the risk. This is parcticularly true for farmers who have seldom
worked with the extension service. We feel we must develop low input pat-
terns for new adeptevs. If the technology is good and shows evidence of
being profitable, they will scon learn how to use more inputs. Ve now
recommend the following criteria for design of cropping patterns:

1. Criterion A. Farmer's present cropping patterns
(monitor only)
Rationale: To establish a base-line check for comparison

2. Criterion B. Farmer's cropping pattern with inputs and
optimum management.
Rationale: To evaluate the farmer's pattern without in-
put and managerial constraints

3. Criterfon C. Our introduced pattern with low inputs
Rationale: To induce the farmer to gradually try new
technology

4. Criterion D. Our introduced pattern with input and market
constraints removed and technical assistance provided

Rationale: To determine production and economic potential
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Strategies for design of introduced patterns in a farming systems. The

impression that cvolved from accumulated survey, soil classification,climate,
and warket data and from observation of farmers' patterns is the best guide
for cropping pattern design. [ nothing appears obvious to the Cropping
systems Working Group after this exercise it would probably be better to
work somewhere else.  Among the techniques used by cropping systems scientists
to Intensity cropping and increase production there is a thread of commonality.
The techniques used for the lTowland rice-producing arcas of Asia are shown
in Table 2,

These specific examples are useful in urderstanding how the role of
intensification can be tackled. More generalized guidelines for pattern

design may be useful tfor situations where less is know.

Ao selection of crops to be grown., New or exotic crops are likely to

be unsuccesstul when first introduced. Initial phases of a cropping systems
program will be depondent uvon the use and improvement in production of
familiar and marketable crops.  Gradual introduction of new crops can be

one of the most import:nt strategies for cropping svstems rescarch.

Lo Agronomic adaptation.  This is an important consideration for

selection of crons to be included in new cropping patterns. The crop must

fit the rainfall and its distreibution (or irrigation) during the time of the
year the crop is to be grown. Usually food crops receive the haighest priori-
ty tor government swupport in developing countries. OFf these crops, rice is
the most valued in Asia and, conscquently, is grown if possible. Corn is
usually the next highest vatued crop and could be grown under drier conditions
than rice.  Sorghum and mitlet are usually more drought tolerant than corn and
rice but many times arc not =, adapted to acid soil conditions. The versa-

tility of upland rice, in this respect, has not been fully exploited, The



Table 2. Common strategy for crop intensification {n lowland rice areasg

Fully irrigated. Go from 2 to 3 Crops per year,

1. Plant earlier in Crop year.

2. Use earlier maturing varieties.

3. Reduce turn-around-time between two consecutive crops.
4. Tailor inputs to s0il, climate, and crops.

Partially irrigated and rainfed. Synchronize plantings to

permit an extra crop per vear,
"1, Plant ecarlier in crop year by direct seeding and use
of mininmum tillage.
2. Reduce turn-arcund-time between two consecutlve crops.
3. Plant earlier maturing varieties of rice and other crops.
4. Plant upland croés other than rice during dry season after
harvest of lowland rice.
5. Plant early waturing upland crops at beginning of rainy
season before there is enough water for lowland rice.
6. Use year-round crop production and soil management prac-
tices. This will reduce labor needed for tillage and weeding

and ultimately contribute to crop intensification.

root crops, sweet potatoes and cassava, can fit into most patterns for up-
land areas. These are usually high-valued, fresh-market crops near cities
and subsistence food crops in remote areas. Cassava 1is an especially stable
crop in drier regions and times of the year. Legumes usually grow well at
the beginning of the rainy season when disease and insect problems are less,

Many of the legumes are photoperiod sensitive and this must be taken inta
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consideration. 1In irrigated areas, legumes usually are catch CIrops to
utilize residual soil moisture after lowland rice. Seeds preduced at

the beginning of the ralay season in adjacent upland areas may be used as
seed sources for the lowland areas. Seed viability is a problem particularly
for soybeans. Their value as 4 protein source must be given high priority,
particularly in remore upland areas where swect potatoes, cassava, and other
starchy food crops make up a major portion of the diet, ‘

2 EQEEEEWEEQM@ﬁEEPE_PEEEDEEE};. Farmers grow food crops to feed their
families and to sell. The first prioritv 1s for food. The incentive o grow
extra crops for marketing purpeses depends upon the profit the farmer can
make. In most developing countries there are government policies to keap
food prices low. These policies benefit the large number of consumers in
the cities and towns but hinder efforts to increaée agricultural production.
These problems have been recognized by most governments and attempts are being
made to establish and maintain minimum marker prices.

Since rice 1s the preferred crop in Southeast Asia, 1t 1g usually the
most profitable crep to grow. Other crops (unfortunately referred to as
secondary crops) may be much less profitable especially if they cannot be
easily processecd within country or exported, Corn, cassava, soybeans,
mungbeans, and peanuts usually offer the widest range of market potential.

B. Management of cropping scquences. The revailing farmers' crop ing
pping } I g

patterns usually give the best clues to the opportunities and constraints

faced by fargers. Good surveys can help pinpoint and clarify many socic-

economic as well as agronomic conditions that affect the farmers' decisions.
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1, Minimize risk. This concept is especially important in remote or

newly cpened arcas where the farmer must be self-sufficient and can expect
little help from government agencles. These are the conditions under which
farmers many times ust coemplex mixed cropping combinations and little
rmaterial inputs. 1In partially irvigated areas farmers are reluctant to
grow a sccond crop of rice and if they de they usually reduce fertilizer
and labor inputs. Thase evidences of the farmer's undersctanding of risk
must not be ignored. Ve design and test inproved patterns which require
low levels of material inputs. At the same time similar patterns are de-
signed and tested with wvhat we expect to be aprocconomic optimum levels

of inputs. 1In this way we can develop technology with a broader base and
gradually introduce it at a level farmers can more readily accept.

2, Minimize and distribute labor. Power for land preparation is a

major constraint to incrcased crop production through intensification in
upland areus. A farm family can prepare cniy about 0.5 to 0.6 hectare of
land by hand labov at the beginning of the rainy season. Labor 1s also a
constraint in partially vainfed areas vhere time is a factor in getting the
land prepared for planting rice at the beginning of the rainy season. Design
of cropping patterns to utilize available water cau be an effecrive technique
to save labor. 7The introduction of extra crops usually induces more land
cultivation and competiticn for weeds. The farmer benefitg by the reduction
in labor requirement for land preparation and weeding per crop and the oppor-

tunity for gainful labor during times of the year the fanily would be idle.



3. Distribute cash flow. Mew cropping patterns must take into

account the farmer's cccnomic situation., In newly opened upland areas
farmers usually have less roney available for purchase of inputs rhan
farmers in the lewland vice-produclug areas., [n elther case there {ig
generally firancial stress. Recormmendations for larger inpuus are not
likely to be adopted unless the a-o technology is gradually introduced

and arrangements are wrade for credit. Farmers who have never had much

cash are not usually willing to make use of credit when it is first offered.
Gradual intreduction of technaclogy represents one strategy to overcome this
reluctance. Consequently, in addition to "optimum patterns," cropping pat-
terns should Le desipned for developing low and intermed’ate levels of
technology. If the lower levels of technology are adopted by farmers

and found beneficial they will likely be willing to ascume the responsibility
for more credit and inputs.

Cropping patterus which involve more crops and harvests usually provide
for better labor distritution and even out the cash flcw for production coctg
and income from sate of wmarketable produce.  The farmer may have less money
for short periods of time bLut some motey cver a longer period. He is more

likely to have some mouey for food and for production fnputs when needed.

Testing cropping patte.m.s in a farming svstan
The cropping svstems appraach to research has developed for severa!l
reasons. But some of the original work was done to study two baslc questions

fu tropical agriculture--how to utilize more efficiently the tremendous cuerpy,



Iand, water, and labor resources available and how to pet farmers to adopt
3 ’ ’v

the technology developed,

EﬂiﬂﬂyLblwﬁlfiﬂfifﬂf,lfiﬂﬂfﬁﬁ' The physiological, asronomic, and
technical aspects relating to the first question mav be studied in the
laboratories and vescurch stations.  The potential for total producticn is
evident thom this Kind of rescarch cven if muny times the technology is
inappropriate for adontion by small farmers of the less-developed countries
(IDCsy of the tropics,  The contrasting situations between the developed
and less-develoned arveas of the world must be recognized even if there is

a problem of oversivnlification,  In develoned countries where farmers

are bikely to be hecter edusted ind cconomicallyv o st ronger, published and
disseminated vesearch intormation mav be safficicat 1o meet the farmer's
need.  The farmers are able to apnly the technology, assame the risk and
cvaluate the technolopy within their context.  In develoning countrices,
however, farmers way he undereducated, Financially weak, and atfraid to
dssume the Financial risk and peer pressures associated with change.  The
technology must be developed and tested systematically and extended to

the formers in o sitmplified farm.

Production programs have been developed and financed to solve some of
these problems.  Technological packayes were made available to furmers with
credit facilities throuph such programs as MASAGANA 99 in the Philippines
and BIMAS in Indonesia.  Production was increased for individual crop commo-
dities. These steps forward were very successtul even though many farmers
did not greatly benetit rrom the cfforts and many did not continne to
participate.  ‘the basic problems of devetopment and adoption of appropriate

technology by farmers were not solved by the production programs.



Before these programs for crop commedities and cropping systoms reach
the stage of implementation, they should be preceded by rescarch conducted
under conditions approximating that of the farmers. The rescarch and imple-
mentation must be target-avea specific.  The first step, as has been desceribed
in this paper, is to conduct preliminary rescarch in the farmer's ficld
under the rescarcher's management to get some idea of ¢rop performances
and production potential witnin a target arca. [ this looks promising,
the cropping potterns that have been desiened should be further tested in
1

farmers' ficlds as much as possible under the prevailing conditions that

exist,

Methodology used. Using this upproach, the Indonesian cropping

systems program has been effective in West Java, Lampung, Sonth Kal imintan,

and Southeast Sulawest in developing and itmplementing research,

A team composced of a coordinator, agronomist, and economist was
stationed in cach target area. A team leader and field work and data
collection for input-outpnt within cach site in the target arcea (Fig., 5),
A system for collecting daily farm records for all tarm buying and selling
activities was bmplemented in cooperation with farmers (zhout 30) in cach

target area to get o larpger base for soctocconomic evaluation.

The organization of the rescarch and rescarch team should be as simple
and self-contained as possible.  The coordinator should have tlexibility in
implementing the rescarch once the genernl guidelines for trials, patic 'ns,

organiziation, and staffing are decided upon. He should have mohility so
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that he can visit the sites and research plots frequently, talk with the
farmer cocperators, and develop cooperation with the extunsion sérvicé and
local government officials. He should assume the responsibility for sum-
marizing and preparing a draft report of the research results. Most of all,
he should, in consultaticn with his staff, critique the research 1in progress
and prejare a tentatlve project proposal for the following year. The invelve-
wment of those close to the field reseavch activities is the key to succes;ful
and relevant rescarch and staff developument,

The Indonuesian progranm has usually replicated the field trials across
farmers' fields. Tnis has Leen successful primarily because the target
area had been stratified by partitioniny the area into categerics. For
each cropping patcern tested, three farmers within a catogory wevre randomly
selected av cooperators atter scraocning bused‘mn criteria velating to land
tenure, size of farw, cropping system, location, and desire to cooperate,
Fach farmer ogrecd to permit 0.1 hectare of land to be used for the research.
He provided the labor, and the project provided the necessary inputs. The
farmer was compensated for any losses and extra labor caused by the projecr,
All deta concerning labor and costs of inputs were collected. The cash flow
of the agronomic farmer cooperators and the other farmer cooperators for
econonics were monitored. The data were reported in terms of yields, gross
returns, labor costs, material costs, and net returns for each pattern in
each catepory. The data from economic farmer cooperators were summarized

in the same way to establish more.precisely the economics of the farmers'

cropping patterns and to understand their (arm operations.
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Pilot production projects.

In many countrics pilot production projects are an integral part of the
technology delivery process.  Sometimes it is considered a resciarch function
and sometimes exclusively extension.  In Indonesia, as Fig. 4, phase IV indi-
cates, this activity has w legitimate rescarch component, particularly, ftor
new rescarch target areas.  But it is recognized that in most instances it is

targely an extension activity,

lyxflUflbﬂlLEHL“BﬁiLbﬂﬁ' Ye would normally expect thar the technology
developed and tested by a research organization would be adonted by fiarmers
with oniy dissemination of the information hy extension workers and by deve-
Topment of production nrograms,  The latter step is usually not necessary in
developed countrices where the agricultural cconomy may be strony,  Fven in
tess well developed countries, technol ogv for new varieties and management
practices rfor crop commoditics may be direcrly ?nd casily introduced.  Buat
tor cropping svstems rescarch implementation, there will likely be a need
ror an additional rescarch phase.,  This phase may be described as pre-
rroduction testing.  The research is more compley than indicated by this
terminolopy. [t is an cvaluation not only of the appropriatencss of the
technology but also of the infrastencture.  The weak links in the infru-
structural chain should be identificd and strengthened to absorb the new
technology.  This can be best il lustrated by an example {rom the Indonesian

program.

AL Methodology used. Rescarch was begun in both Indramayu, West Jova,

;

and Central Lampunyg, Lampung, in 1973, Results from the first two years in
Indramayu showed the feasibility of increasing crop production by introduction
of high-vielding and early-maturing varictics and inclusion of an extra crop

either before or after the main crop season.,  In Lampung, the results showed

the potential for crop production and stable agriculture on the red-yellow



podzolic sotls of Lampung under rainfed-upland conditions, The resecarch in
these two areas was expanded in 1975 to include on-farm testing of farmers!
and introduced cropping patterns in the three main irrvigation categeries of
Indramayu (10 months, 7-9 months, and 5 months of water ovailability) and for
partially irrigated (5-6 months water availability) and "newly opened™ and
"old opened" arcas in Centrat Lampung.  This rescarch was conducted in <lose
cooperation with the extension service and local government officials in
hopes that the rescarch results could be smoothly and quickly odopted by the
favmers. Duaring the thicd vear (1977-78), the trials were not replicated
but were censolidated into one eontiguons area for cach irrigation or land
use classification {an embryonic Phase 1V of Fie, 1), The idea was to test
the introduced patterns an plots Tarec enough to cover several farms and
minor dittorences in soil and water availability and to gain visibility

amony tarmers and exteonsion workers,

B. Constraints identitied.  The dita and expericences from the 1977-78
rescarch veriticd previous findines. We felt there was sufficient evidence

to support the development of Production (BIMAR) programs in these two tarpet
arcas tor cropping patterns rather than for individual crops as has been done
in the past.  The BIMAS program would help remove the credit, input end perhaps
market constraints taced by farmers.  But in order to be successful, all com-
ponents of the prode tion svstem wonld have to be synchronized.  This would
include synchronizution of varieties, insccticides, planting and harvesting
dates, time of arrvival and termination of irrvigation water, and local govern-
ment activities,  these infrastructural considerations are not so important
when new vavieties, insccticides, and other single-faceted technologies are
introduced.  But for cropning pattern changes the constraints that have pre-
vented the tarmer from modifying his systems in the past must be identitied and
removed.  Furthermore, the new problems that arise from implementation of the

new cropping patterns must be anticinated and removed.  For example, increased
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production will cause marketing problems and overloading of the existing agri-
business community. We teel that an expanded Phase IV is needed in the sequence
of site selection, agrocconamic potential, designing and testing and implementing
new cropping systems technoloey tor a target carea (Fig. 9. But we also recognize

that this activity must be an inteprated endoavor with other government agencices.

C. Institutional constraints,  The pre-vroduction or pilot production phusc

(Phase V) should cover one or more of the smallest governmental wunits (Desa in
Indonesia) within the target area,  The planning could be coordinated by the
Ministry of Agriculture in cooperation with the provincial planning agency
(BAPPEDA in Indonesia) so that all relevant povernmentil agencies would be involved,
In this way, the institutional constraints that might arise from introduction of
the new technology coula be identificed (and removed) before wide-senle imp lemen -
tation was attempted.  The coordination of rescarch, extension, irrigation,and
Local governmental agencies is vital if the pre- and post- production constraints
arc to be removed.  This idealized kind ot on-farm rescarch would have been useful
as a tollow-up to the embryvonic ¢fforts we made in Indramayvu and Lampung to solve
these problems.  These two tarpet areas ditfer preatly in their stages of deve-
Topment and Kinds of agricultore.  However, if the site desceriptions are accurase
and sufficiently detaiied, resciarch results could be applied (transferred) to

other areas with similar agroclimatic conditions.

Test farms.  The rescarch approach used for test farms does not necessarily
differ from that described in this paper.  The land tenure arrangement repre-
sents the major difference. ‘The lund is under control of the researchers and
consequently, the researchers are more sheltered from the public and will
Pikely conduct research more in line with tradition. But the security offered
by a test farm avrangement permits develonment of rescarch facilitices, quarters
and longer term experiments.  Technology generated should finally be tested

directly in the farmers' ficlds.



Research~Extension interface over different phases of a cropping systems program

RESEARCH & [MPLEMENTATION PHASES
Target Area ; I i 1T IIT v v Technology
. . : ! ! -, .
Selection i Site description|Econ & Biol.Pot'Ll Deslgn & Test Pilot Prod.Prog. !Implementation transfer
1 CSWG
CSWG CS CSWG CsuWg CSWG CSWG
e Zxtension Extension = -
Extension
Extension - Extension rarmer Farmer Other Nar'l,
Local Gov'z:. ‘ Extensicn Farmer Dir. Prod. Nat'l Pred.Prog} Gov't.Agen.
Nac'l Gev':. Farwev Local Gov't, Local Gov't, Local Gov't,
Zutensicn Local Gov'r, ,
Local Gew'r, Buresu Stat.
CShC-—i breviotion for Croponlng systems working group which is the multi-disciplinarv research group that
coordlnates and carries out the rescarch plans of cropping systems programs in a target area.
Figz. 9. This js a schematic representation of the research-extension workload distribution and interaction
with farmers and cother government agencies in different phaces of cropping systems research and
implementaticn.
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Implementation through production programs
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specific tavget arvcas permits move specific recommendations and higher
production possibilities for these arcas. This technology then becomes
more acceptable and allows for transter of technology to similar agro-
climatic and cconomic regions.  The transfer ot appropriate technology

may redeee the rescarvch time required in new target arcas by 2 or 3 vears
(Fig. 10). Production packages can be tailored to better mect the require-

ments for increasced production and farmers!' needs,

Technology Transfer

Technology flow,

Vertical flow. One objective of a farming systems program is to

use existing information by bringing it together and testing it in oa
specific envivonment,  Technolosy of this kind usually comes from the
experiment stations of national qund international institutes and is
Fragmented according to cron commoditios and disciplines. The techno-
Togy is then transterred to the sovernment burcauncrac, and Finally to
the extension service.  This is a kind of verrical transfer of techno-
logyv.  The imformation is diseminated by the extension service in a

"trickle-down' fashion.

Horizontal flow. Improving the flow of technology (transfer of

technology) is simply a way of using rescarch funds, versonnel, and time
nore efficiently.  ‘Tthe concept is usetul in that it nrovokes scientists

to consider anplication and integration of new technology as a legiti-

mate part of a rescarch effort.  This approach has not been fully exploited
I most agricultural rescarch and development activities thac apply
directly to farmers. Basic studies in soil science, biochemistry, plant

physiology, and related fields usaally are well deseribed and documented.



The technology developed can be transferred from place to nluace (horizontglly)
as well as vertically,  The techneiogy of the appl ted agricultural sciences
(such as agronomy, horticolture, and forestv), which directly atfect the
farmers' welfure, usually consisr of well-documented studies of sone
small part of o Targer svstem.  The bits of research information can be
absorbed divectly by furmers in developed and deveioping societios.,  But
many times farmers in less-doveloped countries cannot make nse of this
technology.  The miscing picces of the rescarch puzzle for o nartica
target arca can be bdentified and stadied by cropning systems rescearch,
Further tesving and complementary rescarch provides the appropriate tech-
nology for use through production progewms and horizontul transfer of
technology.  Combavisons of Fig. 1 and Fro 10 tllustrite hoew rescuarch

time and ef'tort can be saved by transfer of appropriate technolopy from

one target arca, hortzonially, to another.

Descriptive basis for horizontul transfer.

Lt is theoretically possible to completely describe the ecological and
socio-cconomic environment of a target area, The agrotechnology developed
for the area would be suited for an ared with an pdentical (or similar)
description.  Then same en-site rescarch could be conducted to further
verity the appropriateness of the technology “trunsterved in.  In practice,
it is difficult -- it not iwpossible -~ to find identical arcas. Further-

more, researchers usually do not select target areas for rescarch based on

purely technical veasons.,

The question then is how or to what extent carn agrotechnolegy he trans-

ferred from onc area to another when there are differences as well as



similarities between the two arcas. What arce manageable levels of diver-
sity among the socioeconomic and biological determinants that describe a

target arca for cropping svstems?

In Table 1, descrintive clements of a target area (summarized from
the text of this paper) arve listed along with a statement of intended
use and expected sources of information.  These are gien to provide a
basis for further discussion and are not intended to ve comprehensive,
The purpose is to illustrate how data can be collected and used to

characterize a target area.

Descrintions of target arcas. Two major target areas were sclected

in 1973 by the Indonesian Crobving Systems Research Coordinator. One

area was in Indramayu, West Java, and the other in Bandariaya, Central
Lampung.  These two aveas met the criteria for selection that were

being develoned by the Cronping Systems Working Group (listed on

page 13). The availability of technology for transfer in wus very
Iimited.  We expected that seeding rice directly and planting carlier
maturing varietics were technologics that counid be used to intensify
cropping patterns in the partially irrigated Indramay avea. Using
tertilizers and crop residues to improve soil fertility and more
systematically arrimging farmers' cropning patterns were technologies that
could be used to improve production and stabili-e agriculture in the upland
transmigration arcas of souther Sumatra. Cropning systems studies were

begun in 1973, The target arca descrintions are summarized in Table 3.
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The descriptions are used basically for two purposes. Initially,
the data are used to provide bases f{or selection of the resecarch sites
wvithin the target area, for problem identification, and for design of
cropping patterns to ba tested. Later, the descriptions are used as bases
for transfer of relevant technology betwaen or among (transfer out) selected
target areas. There 1s no attewpt to precisely match descriptions as a
basis for technology transfer. The teal task 1s to identify and match
the dominant factors in cach environmeut that control the socioeconomic
and biological processes.

Markets and availabilicy of inputs (as affected by the infrastructure)
are dorinating ecconomic factors in vast rngious of Indonesia. Water avail-
ability from irrigation and rainfall fand its reliability) dominates lowland
rice preduction. Rainfall is the dominant facter for upland crops. Soil, as
1t exists and as a consequénce of its formation, interacts with water avail-
ability and plant nutrition in both instances to g;eatly affect crop production,
cropping patterns and agrotechnology transfer. Consequently, tne comprehenczive
nomenclature incerporated in the taxonomic units embodied in Soil Taxonomy
provides one source of information needed to characterize the Liological and
environmental aspects of a site or target area for appropriate soil and crop
management. The family category of that system of soill classification has been
hypothesized to be apyropriate for these purposes. Many times the subgroup

is adequate (Table 3) “f there is sufficient practical and rescarch expericuce

within the area. Information that can be derived from the soil family nam.
useful for —rop and soil management purposes can be illustratod by using the

dominant soils found in our two target arcas.

Ao Indramayvu examnle. The most Tikely classification for the soil in sites
- . . er Syt . - , . . . . T . .
of the I[ndramavu target arca would be clayer, montmorillonitic, isohyperthermic

Vertic



Tropaquept. These are immature soils that have no horizons of accumulation of
clay and aluminum. The natural drainage 15 poor and groundwater stands close to
the surface during some part of the year. The soil is found in tropical regions
of relatively low elevarions and is likely formed from marine deposits. These
are relatively fertile clay soils that are dry enough in most years to crach
deeply. But the surface soil has considerable organic macter tinat ameliorates
the effeets of the clay and provides favorable conditions for cultivation. The
effcets of the dry period reduce weed growth, loosen the surface soil, and permit
shallow cultivation and preparation of a seed bed for direct-seeded rice art the
beginning of the rainy scason. ‘The relatively high water-~holding capacity and
water table moderate the effects of brief dry periods afrer sceding. Likewise,
near the ond of the rainy scason sufficlent seoil water and intermittant rain
permit upland crops to grow after harvest of paddy rich provided surface water
is drained away.

B. Central Lampung - The most likely classification for soil in sites of the
Central Lompuny target arca would be fine loamy, kaolinitic, {sohyperthermtic
Plinthic Tropudult. “The name indicates thils is a highly weathered tropical soil
with some plinthite in or below the argillic herizon. 1t is Jow in inherent
fertility and 'lkely has a perched watey table at sometime during the year. The
udic moisture regime permits year round crop production providud drought tolerant
crops are grown during the dryer times of the year and s0il management practices
for fertilizer and crop residue recycling are used. This soil must be managed

carefully to prcvedt erosion and vapid loss of soil orvrganic matter. On the other
hand, this soil tends to be very rgsponsive to small incremen;s of phosphate
fertilizer application and is casily cultivated. The surface horizon is well
drained and the clay particles aggregated so that the soil can bLe cultivated

soon after a rain., This soil is responsive to intensive management and is well


http:Irgi.l.ic

suited for farming systems that include animal components as well as food,
forage, and percnnial crops. It is best suited for management in small units by

family farm type operations. )

Technology developed and transferred

3

Indramayu. Fig. 1}shows the predominating cropping patterns used
by farmers in the Indramayu area at the time rescarch was bepun in 1973,

When exist’'ny farnmer practice‘is combined with the leng-term rainfall dats
and Ifrigation capabilities, some basis for crepping pattern redesipn cor

be seen. Consequencly, the following observations are not looked upon as
problen identification bur asg petential for increased crop production and

improved farm ccouomy,

The sccond rice crops in the partially irvigated arecas were not re-
ceiving water long enough to adequately wect theiy requircments. Practically
ne food crops other than rice (palawija crops) were grown. Direct sceding of
rice by broadcasting or ditbliug seed on aerobic soils (gogo rancah) was
practiced cn a limited scale by farmers in partially irrigated areas and
even less in rainfed area;. The components of crop production were con-
sidered in designing and testing new cropping patterns as outlined in this
paper: (1) lands vere not being fully utilized and there were food shortapes,
(2) labor, markects, apronomic potential, and time existed to permit increased
crop production, and (3) earlier maturing rice varieties (less than 170 days)
had veen developed. Figl2 shows patterne that were tested in 1977-78 along

with the rainfall distribution and irrigation water available for that crop

year. These patterns were tested as introduced patterns in the two previous
trop yecars. Table 4 shows a summary of the results of testing farmers' and

futroduced cropplug patterns for 3 vears. The pre-production test plots
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Table 4 ,

and Introduced Cropping Patterns.

Indramayu, West

Java. 1975-78.

Comparisons of yields and cconomic returns from Farmers'

CRIA C. 8.

Proj.,

Cropping Patcerus

Farmers' C. P.l:
(1975-77)
Lowland Ric

Lowland Rice

Net Retuyrns
2
Incrod, C. P.
(1975-77)
Lowiand Rice
Walik Jerami

Legume ~

Net Returns
4
Introd. C. P. :
(1977-7"%)
LLowland Rice
Walik Jervami

Soybean -

. 5
Cash Surplus

to rice

Rice

Rice

Ilrripgation

Category

10 months

7-9 months

5,560
5,820

Rp 381,317

5,314
5,032
768

Rp 379,591

6,915
4,910
462

Rp 527,923

5,334
2,758

Rp 250,599

5,647
4,578
944

Rp 422,237

7,195
4,550
610

Rp 523,099

5-8 monthg

Ave. yield - kg/ha3

3,628
2,250

Rp 131,178

4,781
4,630
541

Rp 222,872

3,451
2,901

Rp 205,539

(GRR)

(GRR)

]
Farmers' Parterns as shown in Fig.ll

Introduced Patterns

as shown 1in

Fig.12

Walilk Jerami Rice is rice directly

planted after precediag rice crop W/0 plowing the land and Cogo Rancah Rice (GRR)
sacded on acrobic soil at beginning of rainy season.

is rice directly
flooded later.
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(1977-78) were subjected to extreme weather conditions in that year. The
rains were unusually late and began abruptly with high intenslty in
December. TFlooding was severe in the rainfed and partially irripated
areas. Unusually heavy rainfall continued through the dry scason of
1978 so that it was more difficult to grow palavija crops during this
perind. Nevertheless, crops in the introduced cropping patterns performed
well, parcicularly in the partially irrigated areas when compared to ghc
average vesults of the farmers' patterns tested the previous two years.
The yleld of the second rice crop im rthe 5 to 7 months irrigation area was
reduced during 1977-78 in comparison to the {irst because of stem borer and
unusual weether conditions. Nevertheless, the overall data showed that
technology to Improve vrice yiclds, grow an extra crop per year and increase
net returns for these avess under these conditions is available. The new
. \

technology was dependent upon availability of carlier maturing aad adapted
varicties of rice, suitable soll and climatic conditions for gogo rancah
{dry secded vice) and walik jerami (no t1ll second rice crop).

Implemnentation cver an extended area is censldered to be rnependent
upon the syachronized activities cf government agencles (research, exten-
sion, irrigation, and local gevernment) to regulate the use of vater,
varietles and crepping patterns in an appropriate irrigation or agroclimatic
complex. Efforts to transfer the technology, fully or in part, have been
successful experimentally in Serang, West Java; Madura, East Java, and most

notably in Nambah Dadi, Central Lampung (sece Fip.14). The l-tter example

will be discussed in the next section of this paper.
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Central Lampung. Fig.13 shows the predominating cropping patterns

used by farmers in the partially {rrigated lowland areas in'Nambah Dad{.
village and the upland arevas of Central Lampung. The farmers had become
dependent upon the irrigation water in Nambah Dadi and grew only one rice
Crop per year in their irrigaved fields but grew crops throughout the year
in their upland fields. This is an unfortunate example of overdependence
upon irrigation. Although it had not been our intention to work Zn ;n
Irrigated aveca, because of our tazperiences 1= Indramayu and observations
that the land wos underutilized, we astablished cne site 1n Nambah Dadi.

A, Eﬁﬁﬁlﬂllfmiiﬂﬁﬂﬂhgﬂuﬁ£ﬂi; Our first attempts vo improve the
cropping patterns in this arva consisted of introducing earlier maturing
rice varicties, reducing turn-around time between planting of rice crops in the
wet season and growiny sccondary creps during tﬁe dry seasou. We found that

]
the supply of irrigation water was lesg dependable than anticipated and that
we courd not save cnouch time to get twe lowlind rice crops per scason.
Lat there appeared to be potential for growing legume crops during the dry
season after the rice crops. Ve had rricd £ogo rancah (dircct.seeding of
rice on aevobic scil that will be flooded later) in some small }lots and
found that cven thouph the vats and birds ate the rice becruse it was out
of phase with the surrounding crops, the vigor of the crop of rice (gogo
rancah) appeared good. The soll was censiderably different from the

alluvial clay seils of Indramayu (sce Table 3), but other factors made the

area sultable yor this method of rice culture. First of all, the rainfall
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LLE--Lowland Rice, WIR--Walik Jerami Rice (no tiliage), GRR--Cogo Rancuh Rice {dry seed), CP?--Ccwpea,
S3--Sovbean, (--Com, CV--Cassava, ULR--Upland Ricc, PNT--Peanut, RB--Wirebean and F--Fallow

Fig. 13. Working Calendar of Farmers' and Pre production (Intred. C. P.) Crepping Patterns.
Central Lampung, Lampuang. 1977-78.



gradually incrcases over time (more than two months) to reach a peak suitable
for flooding and rainfed lowland rice culture. This may be-.seen by com-
paring rainfall distribution data in Pigs. 1] and 13. There was sufficient
rainfall to permit cst.olishment of an upland crop. However, if the rain-
fall is high, acrobic conditions to permit continued cultivation of spland
crops 1s possible only if aerobic conditions are provided by extensive
drainage facilitiecs. The gogo rancah rice, on the other hand, can be
directly seeded on acrobic soil and then flooded. The usual benefits of
flooding for control of weeds and improved nutrient availability result,
Generally, in well drained soils, such as that existing irn Nambah Dadi,
excess drainage hinders pogo rancah rice production, Furthernore, since
the soil is not puddled when this cultural wethod is used, downward
percolation of water and leaching of plant nutrients are excessive. For-
tunately, because of the level topography of the pgrtially—irrigated rice
fields and the gradual raising of the water table with irrigation water and
rainfall within the system, this problem did not occur. Table 5 shows the
ylelds and economic returns from farmers' and introduced cropping patterrs
in this partially-irrigcated area when the gogo rancah technology was used
in the improved pattern. The plots were about 3 hectares in size and
Included ficlds of several farmers. This pre-production trial was.sufficicnt
evidence to many farmers to spontancously adopt this technology. Thus,

the technology was transferred from Java successfully and within the

Nambah Dadi area. Considerable research effort and time were saved.



Table 5. Comparisons of yields and economic returns from Farmers'
and Introduced Cropping Patterns in Pre-production Trials
in partially irrigated area with 3 hectare plots.

CRIA C. S. Proi., Nambah Dadi, Central Lampung. 1677-78.

5
Cropping Patternsl Yields and Cash Surplus”®
Gross Material Hired . Cash
Yield Returns Coste Labor Cost Surplus
kg/h
g/ha RP/ha -

Farmers' C. P.:

Lowland Rice - 3,743 190,434 24,670 73,537 92,227
Fallow - ——— - —— —
Total Rp 92,227

Intvod. C. P.:

Gogo Rancah Rice - 3,562 382,387 44 450 128,177 209,760
Walik Jerami Rice - 2,873 146,523 35,300 61,405 49,818
Cowpea 679 74,690 7,300 6,000 61,390

Total kp 320,968

Farmers' and Introduced Patterns are diagramed 1in Fig.13, Gogo Rancah Rice is rice directly
seded on acrobic soil at beginning of rainy season. Later it is flooded.

tields were measured by sanpling from farmers’ fields and from within the 3 hectares of
sontiguous plot area. Cash surplus means Gross keturns minus cash costs of Materials and
Labor only.
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B. Upland areas. The other two sites were located in upland fields

that were being newly opened (Komering Putih) and that had ‘been opened
several years before but allowed to revert to Imperata (Bandar Agung).
Fig.13 shows the predominating cropping pattern usod by the farmers.

The farmers' patterns cppeared to be well adapted to the existing soil,
climatic, and market conditions. But the probability of increasing
production by use of fertilizer, improved management practices (plaﬁting

in vows) and introduction of more legumes into the systems appeared to be
good (Fig.13). Research had begun in 1973 to evaluate these ideas. Tables
6 anc 7 illustratve some of the dramatic results that were obtained. Yield
and net return data show the advantage of planting in rows compared to ran-
dom planting as practiced by the farmers. This was QSpeiially important for
crops other than cassava when fertilizers were used. The data also show
that the practice of farmers to grow combinations Jf crops was more productive
and profitable than growing crops separately in sequence. Most of all these
" data show the importance of improving soil fertility through use of fertilizer.
This is further fllustrated in Table 7 where the yield data for the inter-
cropping pettern are expressed in terms of calories, protein, and paddy rice
(gabah equivalent). Thus, 1f properly managed, the total production per
hectare on these nonirrigated and underutilized uplands can exceed that of
the irrigated and fertile lowland areas of Java. Extensive and systematic
cropping systems studies were started to test this technology in farmers'

fields under different conditions within the target area. I[n 1975, sites



Table 6. Average yield of crops and appruximate net returns for
check and full treatment plots. CRIA C. S. Proj.,
Bandarjaya, Central Lampung, 1973-74."
Fertility Corn Upland Peanut Rice Cassava Approximate
Treatment rice bean net return
2
————————————— Dry grain-kg/ha---------—-  Fresh root Rp/ha
(ton/ha)
Mixed Cropping
Check 467 690 161 55 12.7 65,000
Full + mulch 1,165 1,358 356 248 28.3 132,000
Intercropping
Check 455 769 222 93 14.6 91,000
Full + mulch 1,350 2,724 567 627 23.2 265,000
Sequential Planning
Check 606 850 - 153 - (-6,000)
Full + mulch 2,935 3,536 - 723 - 74,000

1 .
Yields subsaquently have varied due to pests and management but have remained
basically the same.

2One (1) U.S. dollar equfvalent to Rp. 415 until November 1977; thereafter,
approximately Rp. 620 per dollar,
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Table 7. Calories and protein produced per hectare from year—
round cropping patterns with no and full fertilizer
treatments. CRIA C. S. Proj., Bandarjaya, Central
Lampung. 1973-74,

Cropping No Treatment Full Trearment
Pattern Yield Calories Protein Yield Calories Protein
kg/ha K cal/ha kg/ha kg/ha K cal/ha kg/ha
Corn + 455 1,615 42 1,350 4,792 124
Rice { 769 1,840 52 2,724 6,521 185
Zassava # 14,600 17,520 102 23,200 27,840 162
Peanut - 222 1,003 51 567 2,563 145
Rice bean 93 ‘ 308 23 627 2,075 157
To tal 22,286 276 ' 43,791 773

Gabahl equivalent
kg/ha/year 9,325 4,060 18,1323 11,371

1, , . .
Gabah x .665 = willed ricec and average value of 6.8% protein used for conversion from
pro :in to gabah.



were established in Bandar Agung and Komerfng Putih, Central Lampung., In
succeeding years, sites were estaplished in Way Abunyg, Nogth Lampung; Batu
Raja, South Sumatra;and Tajau Pecahl, South Kalimantan (F1g.14). These sites
were similar in many respects to the description .iven for Bandarjaya in
Table 3.

Yiecld and economic data are shown in Tables 8, 9, and 10. 1ubles
8 and 9 show the data from the first and second yeurs, respectivcl;, for the
sites mentioned above. Basically, the same cropping patterns and m.nagement
practices that were used in Bandarjaya werec trancforred intact to these
sites. The data show dramatically the increased production and economic
returns that could be expected by use of the introduced technoloery. But
the data also show that usually there were general improvements in crop-
ping pattern performances the second or succeeding years in a site. This

v

kind of fine tuning is to be expected and probably indicates iwmprovement in
management techniques. Not only do the researchers improve their techniques
but, mere importantly, the neighboring farmers gradually adopt low-input
practices such as planting in rows using improv.d varieties and small
amounts of fertilizer. An example of this took place in Komering Putih
in 1976-77 (Table 9) where farmers' crop yields and e-onomic returns in-
creasced. Furthermore, provincial extension agents began to disseminate
technology through conversations with farmer. before production programs

were initiated. With the fragile local economy and given the economic

status of. the farmers, technologies that require considerable money for
input~, such as foertd Pizer, insecticides, and Tev.me sceds are not readily

adopted.
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Table

8. Comparisons of yields and cconomic returns from Farmers'

and Introduced Cropping Patterns for first years' results

from different locations.

South Sumatra and Kalimantan.

1975-79,

CRIA C. S. Proj., Lampung,

Cronpiny Patterns

Farmers' C.P.:

Corn +
Upland Rice 4
Cassava ¢

Peanut

Net Returns

Gabah Rice Equiv:

(T/halyr)

Introd. C.P.:

Corn +
Upland Rice +£
Cass iva £

Peanut -

Ricebean

Net Returns

Gabah Rice Equiv

(T/ha/yvr)

Yields and Net Returns/Location

—

Batu

Bandar Komoring Way Tajau
Agung _rutih Abung Raja Pecah
1975-7¢ 1975-76 1976-77 1976-77 1978-79
""kg/hd
235 287 569 332 3,000 ecars
722 461 1,930 1,043 1,030
7,975 9,767 5,880
(c) 793 - - 329 (C) 8,270 ears

Rp 23,446

2.24

1,798

1,094

11,151
(PNT) --

Rp 76,523

: 9.33

Rop 33,410

4,87

2,140
1,231

9,933

Rp 61,343

9.36

Rp 119,062

7.66

1,169
1,858
22,200
567
228

Rp 148,107

16.07

- (Rp 77,900;

5.94

1,877
746
16,649
499

531

Rp 114,527

13.52

Rp 50,954

698

1,665
7,200

(cry 632
Rp 223,708

6H.86




Table 9. Comparisons of yields  and economic returns from Farmers'

and Introduced Cropping Patterns for second years' results
from different locations. CRIA C. S. Proj., Lampung and

South Sumatra. 1976-79,

Yields and Met Returns/Locartion

Bandar Komering Way Batu Lahat
Cropping Patterns Agung Tucib Abung Raja bing 1
1976-77 1976-77 1977-78 1977-78 1977
- - - -~kg/ha —
Farmevs' C. P.:
Corn + 759 337 924 402 Non
Upland Rice ¢ 2,018 1,562 1,905 1,877 "
Cassava ¢ - 18,333 9,786 "
Peanut (C) 806 - -- 525 "
Net Returns  Rp 110,859 Ry 159,237 kp 125,769 Rp 132500
Gabah Rice Equiv: 4.33 11.23 8.16 3.46
(T/ha/vr)
Introd. C. F.:
Corn + 1,977 2,080 2,553 1,626 2,4
Upland Rice # 1,689 1,022 3,688 1,076 2,8
Cassava 21,125 26,110 19,888 14,710 14,8
Peanut - (cy 1,739 385 580 573 5'
Riccbean T (CB) 328 - 280 544 2
gzgm;:;urns Rp ;Eg;;g;. Rp ;01,5;5 Rp ;09,743 Rp 176,555 Rp ;;;Tg
Gabalv Rice Equiv: 18.22 17.88 18.89 12.67 15.2

(T/ha/yr)
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Table 10. Comparisons of yiclds and cconomic returns from Farmers'

and Introduced Cropping Patterns in Pre-production Trials

in upland area with 3 hectare plots. CRIA C. S. Proj.,

Bandar Agung, Central Lampung, 1977-78.

Cvopping Pattcrnsl

Farmers' C. P.:
Corn +

Upland Rice

Gabah Rice Equiv:
(T/ha/yr)
Introd. C. P.:
Corn +
Upland Rice ¢
Cassava #
Cormn -

Cowpea

Gabah Rice Equiv:
(T/ha/yr)

Yicelds and Cash Surplus

Yield
kg/ha

396

1,418

2.0

1,105
2,965
29,331
2,553

86

23.16

Gross Material flired - Cash
Returns Costs Labor Cost Surplus
RP/ha
27,720 20,740 34,344 115,854
143,218
Total Rp 115,854
77,350
299,465
87,993 105,550 75,193 382,880
89,355
9,460

—————

Total Rp 382,880

Farmers' and Introduced Patterns are variants from Fig. 8. Farmers in this arca have jobs

with nearby plantations.

just beginning to sce the value of cassava.

They have developed a reasonably gooc market for corn and are



Summary

Fig. 15 depicts the situation that exists as new technology is
developed through cropping svstems rescarch in a tarpget arca.  The gap
between farmers' nse of technology and that which is available is stll
too big cven after implementation ot nroduct jon nrograms.  Perhaps with
researchers working more closely with farmers, extension, and local
government officials, we will become more sensitive to the farmers'
needs,  We caanot ¢ minate the need tor inputs, but we can devise low
mbut cropning patterns to facilitate farme: adoption.  Also by under-
standing the capabilities of woils we worl with better and hy antici-
pating the inout requirements, we can facilitate the implementation of
prodoction programs that are more aporonriate tor an arca. We can
sliorten the time requirved for rescarch in oan aren and therehy increase
the number of other sites that can be studied. I{\ order to do thiy,

more emnhasis must be placed on site description and technotogy transter.

As we work within a target arca and develop the technology for
improved cropping patterns, other onportunitics and constraints fuced hy
turmers ave identificd.  This is the time for the research to develop
mto a holistic farming systems program.  This is the proper sequence,
The initial survevs can be holistic in scope.  But the experimentation
that is implicit in this Kind ot rescarch must be focussed at carty
stages on the necds that have the hiphest nriority.  Usually that
priority is for food crons. When that need is satisfied, cither on  the

farm or by other means, then new vriovitics can be tackled,



Farming Systems - [ssues and Some Answers
Jerry Lo Melntosh and Suriatna Erfendi

Good research raises more questions than it answers, But also good
research is specific enough to address the objectives for which it was
designed and oprovides solutions to problems. The rescarch approach
descrihed shows how crop intensitfication could be used to increase food
production and income of small lTand holders in irrvigated and partially
irrigated areas on Java, Furthermore, the rescarch shows the feasibility
of using apland arveas in Sumatra and Kalimantan for tood crop prodoction
and establizhment of a profitable and stable agricultural cconomy, In the
process muny interesting questions have been vaised that have not been
addressed specificatbly in the  paper. Many questions concern the research
approach itselt and some are of general interest only.  Some suggest o

broadening ot the research to o holistic or farming systems approach.

Intensitfication versus extensification

Many countries have no choice but to intensify crop production. They
have no more land to bring into production. In some cases all the land
is intensively used and the only option remaining to increase food production

is to increase vields per crop.

One task of agricultural rescarch is to analyze the opportunitics to
ircrease crop production in line with government policy and decide where
rescarch shouid be conducted, For examnle, contrary to belicef of muny
pcople there is ample opportunity to intensify crop production on Javi.,
The rescarch data in this paper show how this ceuld be accomplished,

Then why open new lands in the outer islands?  In this case, area develop-

ment is an immediate objective, Increased food production and population
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Table 11, Implications of cropping systems rescarch

Self suffictency in Rice on Present Irrigated Lands

I, Total irrvigated land area 3.94 M, heetare
{land arcaj

2. Should be able to Jdouble cron about 2.66 M
hectare sut ot 3,90 M hectare 6.0 M hectare
(cron arca

3. Should be able to average 4 t/hectare/crop
4. Production ner veay : Gabah 26.4 M t/vear

Reras 17.5 M t/vear

S. Safficient rice (120 kg per vanita) 146 M neonle



pressure reliet are also objectives but longterm. Infrastructural
development is o prevequisite for these objectives. Conscquently, for
the time being the preatest opportunity to increasce food production
would be to concentrate on the fally and partially irrigated lands on
Javaeor the outer islands.  Table 11 shows how Indonesis could bhe self
sutficient in rice hy just increasing the average vield per hectiare to

4 tons of gabah vice for the irrigated rice lands. ‘the average yield of
cabah tor BIMAS was 3.54 ton per hectare in 1978, bata from ti paper
shows that 4 tons is a reasonable vield for these irrvigated and fertile
rice Lands. 1t is estimated that about two thirds of the 4 million
hectiares of irrigated land could be double cropred to give a total crop
arcea of o 6 million heetares of irrigated rice per yvear. Ihis oarea
should produce ample rice for self sufficiencey.  Furthermore, since these
Fands have reasonabiy good drainage and some irrigation during the dry
season palawija crops like sovbeun, cowpea and stunflower could be grown

after the two (in some cases oned rice Crons,

Feod crops versus perennial crops

Strategies for increasing food vroduction depend upon the situation.
The options are greuater in newly opened arcas compared to scttled arcas.
Irrvigated rice lands are not likely to be converted into dry lands for
perennial crops.  Rut upluand arcas that are newly opened could have
several uses. The stability and marketability of perennial crop products
Like timber, rubber, coffee, coconut, pepper und clove tend to polarize
development plans and promote specialization. However, this tendency may

be due more to the specialists than to the peculiaritics of the crops.



In industrialized societies and in societies where there are food
surpluses, movement and availabiiity of food is taken for granted.
But in newly developed arcas in societies where food shortuages are common,
proximity to food production sources takes on more urgencv,  People
living the fartherest from production arcas or ports will likely suffer
the most when food shortages occur.  Consequently, in newly opened lands
in develeping societics food production must receive a high nriority.
The first phase in agricultutal deve lopment must meet this need so that a

reasonahie drgree of food self sufficiency cun be assured,

This lire of reesoning is 1o »~41 and no one seriously disagrees,
But manv times in the planning process, the cestate concept for officient
and profirabic production of marketable perennial crops is looked upon with
favor. The vastness, unifomity and production efficiency of thesc cstates
clouds the picture: while, the vulnerability of the employees to food

\

shortages and market {luctuations is not clearly sceen.  The nucleus estate
concept is an attempt to allow the plantation workers to share in profits
and held title to land.  The vuluerability to food shortoges still exist
and the pros and cons can be argued,  But if it is impractical for the
cmplovees of the estates to produce itheir own food, a reasonable alter-
native is to insure that there is food self sufficiency in the regions.
The definition of o region in this case will depend upon the infrastructure
for production, movement and marketing of food products. For exampice, a
transmigration projicct arca could be a major producer of rubber or palm oil
but cither within the nroject arca or adjacent to it enough food should

be produced to meet the mutual reeds.



Small farms versus estates for tood crops,

Success with production of estate and perennial crops on large
plantations has created wn interest in trving to duplicate this achieve-
ment with food crops. Furthermore, proponents pive examnles of Larpe
corporations and colicctive farms in temperate regions that are efficient
and productive. Conscouently, in contrast to small farm production it is
assumed that estate type operations woitltd be more etficient and productive
in the tropics.  The net result would he the production of a surplus of

quality tood crops tor sale or storage in government warchouses.

ntortunately the performances of the estates have not been up to
cxpectations. This may be an over simplitication.  But there are many
problems associated with Tarpe scale operations that <mall farmers never

tace under tropical conditions,

First of all most of the goed Tand suitable tor wnland agrioiltural
was put into production Tong ago.  The Jand available for agricoltural
development now usually is infertile, crodible, hilly and isolated.

The other major arca nsually considered as a candidate {or development
is the tidal swamps. Here the logistic and agronomic problems are cven

greator,

The problems begin with Tand preparation and continue throughout
the crop cxele. The size of the estates and the magnitude of the
operations usually abserb all the labor available in the area.  Mechani-
zation of land preparation, planting, weeding, cultivating, harvesting

amd poxt harvest handling appears to be the break-through needed to make

the operation efficient and timely. Unfortunately, about the only
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operation that can be successtully mechanized s the Tand preparation at
the beginning of cach crop scason. Fronteally, this operation in the
Tongrun is one of the major pittfalls in upland estates.  Planting in
stratght furrows across large fields creates the conditions conducive

for crosion and gully formation. Sinee most of the inherent soil
fertility is contained in the arganic Araction of the surface hori-on
much is lost the first two or three years after opening the land due to
sheet crosion and percolation.  Fven though soil conservation practices
are planned they usaally cannot be mmplemented before serious soil losses

adaur,

Some of the planting operations can be carried out by mechanizotion.
Usuad by cultivation for weed control and mechanical harvesting are not
Jatistactory.  Excessive moisture, mechanical Vailures and probleas with
spare parts create delays, These delavs in enlt ivation, harvesting and
drying cacse losses in vields and quality of production.  Simple activi-
ries Tike dreving cassava chips tfor small farmers hecome logistic nipht-
mires tor large estates.  The senceral practice is to revert to hired day

Laborers to manualiy carry oout these oper Tions,

Aout the only advantape to the food crop estate is their ability
to more eftrcient v market o Farger volume of produce when comsared to
small farm operations,  This is an important aspect that should not he
under emphasized.  One possible aternative, bowever, is to develop a
coopurative market arrangement amony small farmers in o contiguous arca
These are issues that need further consideration and study in a farming

systems rescarch program,
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Cropping Systems versus yescarch svstems rescarch

The objectives and benefits of cropping systems resecarch have bheen
sutfficiently described in ecarticr sections of this paper.  But there
are ancillary activities and benetits which occeur that sometimes are
overlooked Ptois dronic that some of the greatest efforts to systematice
agricultural research and make it more relevant have occurred among the so
catled developing nations.  Usually these have been collaberative ctfforts
with international oy bilateral development resecarch programs.  XNevertheless
the Ingenuity an:d sophisticutian of the research in national nrograms should
not be overlooked.  the accorodation of new ideas and research approaches
to fixed organicitional structures in order to move forward with systems
programs is cxemplary.  Svstems pescarch usually exist for the varions
research arcas.  Conscequent!y, ap to this point in many devetoping
counteies, cropping svatem rescarch has not cmarrted from the rescarch
administration. 1t has oeen sanc o roned and encouraged but not conceived
oy o the usoal chan of command.  Rather, the rescarchers were motivated
by conviction to deveiop programs that would lead them to interact with
other scientists in other discinlines and plan rescarch for arcas hroader
than theiv own indiviJual expertise.  Since limited personnel and money
cncouraged targeted vescarch under farmers' conditions, many junior

sclentists come face to face for the first time with simple as well as

complex problems farmers face every day.  These interactions have been

invaluable for rescarch staf't development and problem identification.
The rescarch and the formal and informal craining conducted have developed

o cadre of scientists who are capable and aware of rescarch needs.
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In the final analvsis an effective cropping systems program has a
tendency to Tead to its own demise.  Because all the elements of an
cffective roesearch program usnally are in place, cropping syetems plays
the role of o catalyvst to qetivate the existing components to do their
Jobso Cropping svatems rescerch is not o combetine discipline but o
vontemporary program.  Conscquently o the flush of o ropning Systems
resecreh activirties may solf destruct bt o catalyvzing nucleus shonld

remiing toosevve aosimi lar purpose in the future,

Mixed cropping versus sequential planting

One objective of & croppine svsitems programs is to make maxiaum use
of l‘.md, walvr, sunshine and time.  Strategies have been describoed how
to aceomplish these objectives for difterent agroclimatic conditions.,
fnovetrospect approaches deseribed appear stratpht forward if not simptis-

,
tic. They have tfocused on either adding an ext ra crop to the existing
cropping mattern or improving the production per compenent . Radicnl
redesion of pacterns waz not considercd to be a viable alternative.,
Fven in the case of mixed cropping patterns, which are viewed by some
screntints as examples of "under developed' spricul ture, redesipn
consisted only of decreasing the mmber of Crops o growing at oany one time
and systematically growing the crops n rows,  This approach has provoke!t
critical comments and guestions abont the merits of cropping patterns
that have mixed cropving component s particularly when rescarch programs
were fivst begun. One reason for this anprehenszion was because the
research wis calted multiple cropping.  This term evokes difforent mage s

te difterent peopic but usuatly  creates conditions for long discourses



on Jetinition.,  In order to avoid this problem the term "cropping systems'
has been widely adonted as an unbrella under which cultural practices like
intercropping, interplunting, relay planting and scquential planting are
components.  These components are obviously various kinds of multiple
cropping.  The fiest three may be desceribed as Jifferent kinds of mi xed
crapping.  There miny <t 1D be questions as to thes r uscefulness in modern

agriculture.

The answer depends upon the situation.  Three crops of paddy rice
RrOWING In 0 sCcquence per vear on irrigated land i< probably one of the
most ctticient and stable cropping systems.  On the other hand o mixed
cropping svstem of rice, corn, cassava and Fegumes amay he hest for some
uplimd crop areas.  tnothe latter case the argiment can be made toat it
would be better to grow all these crops butogrow them separately in the
proper segaence soothat the management per crop conld be more specitic.
The diversity of production and the concomitant offects op Food, market
and cconomic stability vould be o abaut the same s far mixed cropping.,
the productivity and management aspects become very fascinating rescarch

guestions,

Rich soil versus poor soil

It is commonly said that agriculture in the United States is so
pt",ducr‘i\'o because the tarm land is so fertile. This is only partly
truc.  Some <woils ot the upper midwest have considerable inherent
tertility and adequate rainfall doring the growing scason.,  They are
natural by productive.  Other soils are fertile bat have madequate

rainfall during the growing scason.  They require irrigation in order
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to be productive.  Other soils like many of ultisols receive adequate
raietall but are not inherently fortile, They must receive fertilizer
and good management to be productive.  fven the best s0ils are not
inexhaustible sources of plant nutrients and fertilitv.,  Farmers in
Flinois usually use hicher rates of fertilizer for corn than farmers
anywhere else,  There has been s tendencey to substitute fertilizer

for Tabor.  The viintall i asually good, and the soil deep. There is

Fittle risk involved in applyving Farge amounts of fertilizer.

Infrin]ly in the openicy of new arcas the inherent soil fertility
IS oan important factor in the minagement and productivity of the land.
For almost 100 vears Tittle fertilizer was used on the Udolls of
northern filinois and lowh. Management practices involving Crop
rotations and wates such oy manure and stover helped maintain the high
Fevel= of inherent soil fertilitve  at for the thst 30 years increasingly
hivher vates of fortilizer ore hein: nsed. Consequently, the managoements
of soils rhat were inhervently quite dirferent mav be the same.  Constraints
to production such as adverse topogrephy, physical propertics and climate
constitute much more scevere obstacles than soil Fertility to crop

production and farm management .
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