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Indonesian Fainninq .ystitms Res;earch and Dvt lo ment 

.Jerry 1. cIntosh :n,d , riatn' lIffendi 1 

In troducti on 

The problems that Farmers Vace are always interrelated. Attempts 

to solve a specifin probLom may create, now probLems. This fact crates 

a dilemma for ao riculturaI rer-,archers. By traininq! and tom, erain nt 

scientist like to i ' iplify. A rommon techniue is to study one asect of 

a s ''stem whil. ho ldi nq other fIctor. (-orstart. Qii:is tchnique is a 

powerful tool. A ricntural rs ;oirch in dove] oped countri.s is usually 

directed toward di:.scipl]i nes or kind of crop or animal. TWis seci alization 

permits ir dtlh .tu', of the cpimionunlts of a farrninq s ysta:m. When 

carr. ed to an e xtrome this a pproaichi become s counLer produictiv e and produces 

a kind "I resoaicli rr'-lev.incr. But fortunat]y ,.xtn:;ion and Earmers 

are able to incorpora t certain us;eful a spects of the research intto the 

existinq situation. Howe vir. ,v,-n in leve lopved countries thore is a 

trend at present for scientists to dvo ,- mo re tim, and Wrjfort to systems 

research that addrvisss the jinndia te ,ro m:; farmers face. 'htis i; 

similar to the aporoach that was used in the ,arly day'.'s n? aqricult~ural 

research and is appl rop'riate in many situatiors in developing countries 

today. 

Unfortunatoly, the intordisciplinary, tnteoratod and holistic 

approach to farm resoarch sounds comnilicated. It does rot fit the usual 

scienti fic approach that is commonly tauqht in colleqes and universities. 

It co:sts a let of , ,:.y and tWi:,s aonsidral]o timn and :ommitm.nent. 

Cropping Systems Ag'ronomist :and Cropping; Sy.s; tums Coordinator.
 
Cooperative (RIF('/IIRI Irogram and QentrNr Research Ins titute for
 
Food Crops, respect ively. Argonc for Agriculturie rIand
[,esearch 

Development, Bogor, Indonesia. September 4 , 1981.
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It is difficult t-o mobilize and waintain the int~eremf of scientists 

because of th, difficulty to estAl ish one_; i do-tit', either personally 

or scientifica.]y, in this kind of re searuh, But for those who 

emp,-thi: . ,-ith farmors and thei r problom: this kind of research iK, 

hi[:;hly :,vwardin:4. The rw-w: rI is not ;;r.)reI--i.'v nor necessari.y in 

quan Litv or even uaiulity of :;ci enti -ic papers but in the r:ali.ition 

tha: one is ido tify inj p re-obl-mw an,.id di. i, ttiv : InmenqtIe ne:ds Of 

people. There is a r-::vuard in wo ikinq with colleau-s trom other 

disciplines. Therte is also fascination in understndinq how fa.mers 

cope wiih probl;ms ana situati-ions thiat we as scient:i ts tend to W. 

away from. 

in adition to relolvant p robLem focuif d i;earch, aqricultural 

sciontis5t; the -i-,Ijdi,-eskoui provid,. techinolonqy n .d. fr 

aqri celtuld 'leve.lopm-iPt activir i,-:.5. It would be cxl ee.iont for these: 

scioenti Ls to lo the rcosarch befo-e they are r'ueste to, provide 

an suoris . il stinulu s for alri cul t'ral de,-veloprment sho uld come from 

researchers rth r tMan; th sti-mulus for res-arch cominq fromr dvolot.OI:fil. 

Ini this way aqri cutrai], scicntirts will be able to se rve the country 

better, hr in,, reii.t to i-lense 1ves and(j qad csun ort I o he i r r ut rch 

orqaniz a tion't. 

A rcomp rt-h nsiv nationlal farming s-stms proqram by definition 

should addyrlsm the many situatiors that exist horizontally across the 

country and vertically within any Aystem. Thi , in not ponsi l:,Ic 

to do at any one tiv. So-,m- Io-ical rationale muI;t bu i.stablished 
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for 	priority, scope and depth of research. If we look at some of t-eo 

specific situations that exist in Indonesian agriculture crnd achieve­

ments tnat have been made in a systematzic fashion the prospects for
 

success are much creater.
 

Ach i evemen ts 

I. 	 Indonesian croiing systems scientists have developed a strong and 

comprehensive research and development proqram over the last 10 years. 

It has evolved into a farming system re'search program. 

II. 	 In Co]llaboration wi th Colleaques in the Asian Cropping Systems
 

Network, meth.dod.,,y for effective into rdiscipi nar, cropping
 

systens research has been doveloIped. Indonesia has; boon a leader
 

in th is ,c v''-1l-,m, t and has ,:mon.st tr Li e e f' ctv no of the 

methodology for in ten s i f. i c.opp in ."temc on i rriqated and 

rainfd 1owl]and ri ce, ids -f ,va andal on the Erag ile and infertile 

upland soiq uI Sumatia, Kalihartan and Sulawesi. Except Fov the 

original r.se.Arch 'itus in irndra.ayu, West Java and Pandarjaya, 

Central Larpunq;, most site scl.,ction for research has been in 

response to reoues u from various Indonesian development projects. 

III. 	A team of into rdisciplinary sci entists has been trained and initiated 

through formal training courses outside and within Indonesia and 

through experience in the field. These activities have provided a 

cadre of personnel that are now ready and capable of conducting 

comprehensive and phased research that can effectively identify 
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and remove constraints that farmers face for increased crop 

production and economic well being,
 

IV. Fainninq sy'tems resea rch in cran srnigration areas and upper watershed 

projucts has Arqunt. A i'reov;Lt for successful intoe rd sciplinary 

research among all research centers in the Agency for Aqricu lural 

Research and D.veio:,men t hag been e tsLabli shed. 

Statement of present situation
 

AltJtouuh the em)has is on crops, cropping systems research in 

Indonesi a coN:s.ii- .all11 m re]. ated activities; from I nd preparation, 

which inc ld,i..-. anidilM h, ,,r toi i ! m, -",,tinq, h.:1;ich inc ludes
 

transpoairtation 
 andiJrast riis ctural 0:.v, ,mrs t In the stratreqy, initial 

research c-oicnn t raL ani food crops production for the farmer'* i )s sterce. 

Concurrent '.with the n jIective, cc,rnitraints t. inc ;,ised pro.ihiction or 

landuse aie iduin Lifi'd. Fur exam'ple,, in ui,!. nd areas fami]'. 1abor with 

hand tools can utivate only abcn. 0.6 hecta: e W land per year. There 

is shortaqe of power to make use of the landremaini, resources. Aimal
 

power may be the solution. if so, the farmer will need animal drawn 
farm 

machinery and foraqc for feed. C,-nsequencly, the fa mer may be able to 

cultivato rn - land because of the additional powe!r and nah..e us(e of even 

more by us:inc soa lanid for for a,;e crops. Use of animal man ure and 

excess foraqe for (r(enl manure will i mp iove Lhe soil fertility. Addit-ional 

land may be used prA itably for nrohuction of perennial crops for spices, 

http:coN:s.ii
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food, fiber and fuel. Furthermore, structures developed for water 

control and toil conservation can be used to impound water foa family 

use, fish and animals. SYstQMatically, cropping systems rp., .rch 

evolves into fal-Linq systems but on a limited and syslematic basis 

that can be manaed. 

Mhe twr,i,.gy "food crops basqd 'arming yste,s rese arch" 

accuratel]y describes thin kind of research that has been conducted
 

in Indonesia. hc research is ca rried 
out by a coordinated qroup of 

sctentistq Ettom various disciplines It: is inte Isciplinary and 

inteqrated with other jo:vernm nt a gontci.e, and activities (extension 

l.cal c-vr, ment, irrahion and Iational p roduction pro rmnl . t W; 

focusu, uion sp-.i.ic t,-ot aroas and l imi. ted in scope to inak, rmuru 

efficient use of ,search staff and fund-. Indonesia has developed 

methodologv and satf sufficien tly strong t:o continue this research. 

But, renewed :ffrts are needed t stabiizo he gains that have heon 

mad,', thrtounh 1,.,nnq.r ,orm ronoarch projocts. Although p radurio:i. of 

food crop su t. icinV f-r ist,;c, h.-,. ,.,n and wi]l cortinup to 

he the first V, in ihe dcv..]0puent. of farminq rormsystems small 

Indomesiar farm oporations, grteater effort il:l]he made to study ani 

improve all productiU on aspect,: of tWe operation. 

Research Approach 

Inventory of resources 

In addition to the traditional commodity and discipline oriented 

research activities we need to develop a systemtic way of arriving 

http:sp-.i.ic
http:twr,i,.gy
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at priorities for adaptive, aqricultural research for all disciplines with­

ill AARD. 'The sus.st iet L ra.s.arch should Procde developnint:
 

projects and even JFiovidv- the iAMMatiwv for such projects. Ube
 

first priority i.:,an inventor of naturalI 
 resou rces and te m! ,:ert
 

agricultur, I i.i t ion. The final. .ta,, 
 in t.i rcosai s usually
 

iJC ,.0-w ,°:w,, t of a "land "so ca1)ah)i. ty map". S' ch maps have ben
 

dovv lop,'d for Indno ia. 'h ,y aro' useful. Put for r'-aroherE the 

1oqaic' I sequrnce of i nomat.ion t:ha L is nee:ded fcor dewI OPr'rtt oi
 

such maps may , r-- vi:;lab]l-
 to tho scl entiit :iar th final product. 

A serion of ,a;s pvsentod in a sqtence from Si o vd~: holoqical clansi-­

fitaticon of !dA, th 'otlh th' vI ynical dWc-t rmnran:o and firna.ll,, D toLhe 

,,l r' s
i vi a,l,Food iri !CtV iflj :t(:n.i,'stann,''..2itom; would ho n)rr ula rut1. It: help,S 

us s-s* 'Iter' w- a ro and whatin se :trnh iqh t havoetorn relevanttceI in al 

di sci pli ne 

Edaphoioqical ',asn fi:tit : of ind. in this classification we 

attempt h; odeli.tato distinct r land as lhat difFer based un the+,1( a, 

chemical and physical, char cteristic o A the soil and water environnient 

wi thott re otene t" climate and orttor overial inq , factor's such ,is 

s]opo or and ',rm. As a first a:proxima tion, ha :d on expori _.c., 

and data avail,-s tfol 'q classificatins ,or used forle, 

.nrrdone i,. in each case C lunt of land area for each clas'asi fication 

should hp included, if possibie, on an island b, island basis. 

A. 11p land arpq (not mountaitnous) 

B. Lowland ri,> arcas (;'adi srawah) 

1. ]rriqated - The followinq subq roups may be put together
 

for a national map.
 

http:firna.ll
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a. Fully (>10 months)
 

b. Partially (7-9 months)
 

c. Partially r-7 months); 

2. Rainfed !oW(md
 

C. Swampy yri; (itPak) 

D. Tidal ,rpy na-aniq surut) 

E. Manc rv ara'", 

Envirfunfetal determinants. In this section sorye of the ,most 

important env ronmurnta], factors whi ch 'determine the suitahility of land 

for crop production are .ivo qn. The ef fe-ct.; of envi ronmental factors 

on ]laind us: vap,,h'ility vi rv dorendin(uin tho .,apho]oi.c,"I chatacter 

of the land. Thoe environmental factors pa'y hv looPeked upon as 

modifiers when used in coibination with the edaphrIoNical map. 

A. Soils Var 

On a national scale only the major soil groups can be 

effectively shown. So Is delineated shold be those whose 

charact, ristics necssi Late different land management 

practicon. For eya ple, diffcrences in inherpnt nutrient 

status would not hpc a reison for dr] innating .,etwue n two 

soils unlesq;;ine :-;oil required unusual amounts of fertilizer 

for corrr-ct ivo treatile.nt. 

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. 

http:treatile.nt


C. Elevation mat, 

A 	 b iological cla.s-sification ii which a]titudes between 500 M 

c 1000 M a dl. .neate. would to sufficicnt for a nati onal 

map. Th eic woiuld corre spond to the ,1 eu.ti.o.,rn above which 

cold tolerat r i covi eties' arc niod (>q M) ard tihe 

altitude which t QL000aho v Whai. grows wi] (w M). At: altitudes 

hiqijur tian 15M: M (anotte r levation MY he CoO Valid) the 

use of th, lIand for Mod crops pr dtLion is ii ll. ted. 

D. Slope mrp 

An ave rage s lope ahoav which a:gri cultural ant ivity i s limited 

is difLicult to Wnfine . A slope of 15% has been considered 

the cut-off poki t for food cn)rps producLion. Obviously, many 

times land with nore tha.n 5,t op- ha:; bcei used for crop 

production without: cane.-trome prolem,.{ with eros ion. On, ,;va 

and Pa]li where t.rr.i q wwidely !ot',i.-d for lowland ric, 

much s teepecr sl]opes arc nr i e for use. The s'lpe Iactor 

becomes almost i rrelelva;t. tits is an e xamp-c of far.rr; 

modi fyinq or rmovinq physical constra i ng-c to c cor production . 

Prusc0t land usc _io. I;n devolorm.nt of land or resea rch 

object,,s witahinin ,i area, tLie nont sian ifCi cant data available are 

the present land use and information ,:.tai ncd from farmers, Nla t 

exists carnot be di rcqarded. On a rationa] scalc the followinq land 

use Q assi fiJca tin may be use ful 

h. Upland fcod crops 

B. Lowland rico (including goqorancah and swamp end pasang surut 

rice) 

http:devolorm.nt
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C. Mixed alang-alanq and brush land 

D. Forest (primary and secondary) 

E. Perennial estate crops 

F. Pastare 

The land use inform'ati.on delineated can be valuable in two ways. 

First of all it is useful to relate land use, by distinctly ditferent 

crops or v''ettion wh ich have differcnt eco.logi.cal needs, to a 

physical set in tar can he characterized. Fu:ther break down h'Y 

cro:s, or s} *.ci s of plant: rovi'h the "standa rds" for -vi1 ]atin, 

land caabil ity. Thy v, some Li , 5 for 1T,,311 fircation of presnent 

land use ot Yxt:rpolat:ion of a -aetical i" kind of land tse into nw 

areas having ,Ain lar nqro--cliat:a serdirarn::. S-econdly,, production
 

Eiqnr'-s for ittf. at Fod cr:op cerari)di ti f rom di ffe rent areas of 

the coun:try, provide, a basis -,f 'opamrison. LF ' iOdUction in areas 

with similar aqro-p(1limati conzdi tions di ffer areat-ly, we are provided 

with an: idoil :,robl,,m for alplied and basi c rsearch projects that 

have rLelevanc. . We hav.e rat:ional bases for developing research 

priorities. 

Use of resources maps. 

;urv -vY m_ 'lhe corbination of all the factors that affectnps. 

crop rroduct ion into one land use capability map in a useful fashion
 

is difficult. Toe Contar for Soila Research has made these kinds 

of naps. They are available ,d are useful for many purposes. For 

an over vinw the inventory maps described (Scale of 1:2,500,000) 

http:inform'ati.on


are adequate. It may be useful to have more detailed maps of each 

major island grou) at a Scalp of 1:1.000,000.
 

Wor} iNq -aps-; . Th-s::e mias at a Scae] of 1:50,000 are ne:,ded for 

provinc s or arcouop of tprovinces,; thit m,' ho trehted a,, a .ni t 

Tbis wouli transio., to cm Cf map Kr e,aId cn. haif ki lonv ter of 

land. This h.,,ul,A re' - .Lci' Q 1nr; " to A, AMct agric.l tural 

p1urpco;eew. Otuorc.]t,,a',, ,at a irn thi, raw a'J' not avai Vbie for 

much of '!',wavv, n ar"e available i.n dtetail toIndories .ia. F, ,.rlouqh data 

provide therqh a.-.i'ma r .rt i os of part.s ok.mirnv of the 

maJor aqo icu!tur rag. Pur .]! in many survy fun-,pd ... the 

Directoraq- Gvnen- M-2 'ran smi grarrion and-Mini rw of Pub lic Wrks 

are detaid dsc',criPt! , O: and q.as. cov. "i lands nrot:tcnrr Sted 

yet ino n.t ig .'d hy, c -ni tuciI tsea.arcrh.rs. 'phr;e ttor-s hrnr 

been prepar-d by .onr nf the h st on sulting Firms avai].nhblc anywhere. 

Ilhe c--a in theno ie'orC a.1on i th the: rnea rr and eynnience of 

AARD staff ar un iu'',sYrasou An .. n itanl r'es. corn,; ati w he survey 

maps w.nor,,h dta in av,, iablu -a Provide the bases for inte )r.tation 

and he-i tn . transfer of t-inchnn]oq,, oeea'cd for estab!rstng 

nationml research pri.: itis. 

The use ful.n-s of the lar-e , scale survey map- and working 

maFs may he ,-.nhanr-.d b, conside ira jus t the relevant combinations. 

F'or exai)n i, i -u consi der !,v. c, t;ori,:s'; in the Erlaphooqical 

Classi fi catij on of land :*nd the modii fier map.s th., following comhi nations 

would be uscful: 

A. .l!.Jadaras - in corrmbination with: 

1. Soil map
 

2. Rainfall map
 

http:tsea.arcrh.rs


3. Elevation map
 

4. Slope rrkp 

If we can identify certdn uviand crops, perennial crops or 

farming systm u;ei in one location we ndght expect f- (or 

plan to gj)w) the crop or :-ystrm in another location with similar 

agro-climatic condi tion;. 'i'le upland arcas farming systems are 

the most cOifl]eu.:. 

B. Lowland ri ce ?reas 

1. Irrigated areas - in comination with 

a. Soih; ma', 

b. PRainf3!.l map (not so important for irrigated areas) 

c. Elevation ri 

2. Rainfed lowland areas - in combination with 

a. Soils map 

b. Rainfall map 

c. Elevation man 

The combination (if variables are less and the effects of soil 

ar.d rainfall. are minimized by the systm, particularly in the 

irrigated areas. Those areas are wo l known to AARD Scientists 

and extrapolation of recommendati.ons for ,,Urieties, cropping 

patterns and "arming systes a-re relatively easy. 

C. le-bak areas - in comrri:,;ation with: 

1. Natture of peat (peat domes) 

2. Depth of water 

3. Acid sulphate
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D. Pasanq surut areas - in combination with:
 

1. Acid sulphate
 

2. Depth of water 

3. Direct or indirect tides 

For the lebon and pasan-snrut areas more detail is needed 

than we have iiAdicah>.d in the A;rvwy maps for Tndonesia. In many 

instances th ,..[inalion W actors such as depth and nature 

of peat anid arid sulp irn clear. Transfer of technologyTLoa te Inot 

from onc area tW, :not-her is Aiky until] we have more der:ailed 

infor- atin. Howevi, our work has boo made ea'r by farlunrs 

w
who have p oneer j the drolop an t of o of these a r n. We 

shol 1d ,.r with the ",,.eo-.FjSt anid 1U n ,,usE0 in.to theer-h uusettled 

areas as we gain more inFormatien and experience. 

Selection of tarc,,t area. 

Farming systems researchi is a coordinated and integrated effort 

to develop technrloqy that will enable farmeis to increase production.
 

The technoloy mst he acceptable to the farmers who will use it.
 

In some cases it may be desirahle to identify and remo ve constraints
 

to the farmers throtch government programs Ile increased production
 

may result from better man,--nment of present farming sys te n-,
 

introduation of an extra crop,(s) or form of husbandry per year
 

(intensification), or expansin of aqricultural activities into 

newll opened or inder-used l and areas (extensi fi cation) 
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The research is carried out by a coordinated group of
 

scientists from various disciplines. It is focused upon specific
 

tarqet areas to make more efficient use of research staff and
 

funds. The selction of target 
areas for farming systems research
 

is very crucial. Mhe Indonrr.ian program Cm4)hasizes the following
 

criteria for selection of target areas:
 

1. 	 Critical arcas in terms of food shortages and governmental 

designation. 

2. 	 Large areas havinq similar soils and climate. 

3. 	 Feashbi.] i ty of inensonifyi ng cropping patternsn and farming 

sys tensF has ed on T OjorV d. . 

4. 	 Availahili ty of rarket and infrastruc.ture, 

A 	diagram for the farming s,s tern research in Tndonesia 

(Figure 1) shows five distinct phases, associated research 

activities and approxi ma:te tinmc frame that follow after selection 

of t:he target area. 

Edaphic thylet areas. Target areas for farming systems research 

may fall with in one agro-climatic region or a distinct edaphological 

land area. For farming systers in which crop production is dominant, 

we attetmpt to dekli. neate distinct land areas that differ based on the 

chemical and physical characteristics of the soil and water environment. 

For examne, land for lowland rice is different from land for upland 

rice even though the soil , climate and other overlapping factors such 

as slope or land form may be the samt. 'This approach is very useful. 

for developing cropping syste. is technology across political boundaries. 



CR<P!NG SYfSTE-t4S RESEARI-H LOCCRAM FOR SrI.F.CTED TARGET AREAS 

Socio-economic Research 

A~ro-:cc r7-,,,:pic -jl) e 

Site recoenaisnce 

' - -___ 

PHAS ES 

Site selection a"i 

d cript-on 
____ n________t___a] 

Biological Research 

Clanii on 

"C e 
"; r'__r vai~bilitv 

" ,.n M I C Ca t a C O I ­ ec~iO,-, 
__._____ 

", le hno o 5 

FLrm criru ingr 

Tr n:4'.-;: 

E c . c6
I 

(yvr 

c7il.a 

" 

i 1 

"-. ,oJ. 

7',-'a!, 

technology 

v Transfer I 

ad Studies 

"Econmoic analysis e.ignF -D azn test- cpp..i.c o i g/ , r.,-e,r i t.~ n ,- .. a r e a 

patterns 

papttrs 3) 

(______!.f-5"-Redesign and test Patterns 

"Socio-economie evaluation Pilot Prcductio rn 
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technology and iastitutions 
Production Problems 

7, rIti 

Fig. i. Parallel biological and socio-ecn.c-ic activiti . req"uire& for the five distinct research and 
implementation phases of a cropping systeiis program with little inflow of technology 
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This is the basis for specifying the characteristics of national 

production proorams such as BIMAS for upland crops, irrigated
 

lowland rice and rainfed lowind rice. Cons-equently, ar food 

crop bamed farminq sy ste.ni. reso rch, the identification and 

delinc:ation of the fo].l,'inj :dapholoq ical condi tions is useful. 

Figure 2 shows; how Kho sc dli neated areas relate to each other in 

a natural setting. 

A. Upland (not mountainous) 

B. LoY laad ri ccj 

1. lrrigared 

2. Partially irrigated
 

3. IRain fod 

C. Swamp", (lebJ) 

D. Tidal (rasanq-surut) 

E. Mancrove (no crops) 

Develor~mental taret areas. But in many instances the target
 

areas will be in less developed reqions and consist of many different 

ecological con,] tions. This is true for many new transminiration, 

watershed, and rural devulopmvnt projects delineated by policy 

decisions. Rat-hcri tl'.an addcesinq a sreci.fic or ]i-mi tod nunber of 

eo adhaloqi<al cclrnditions, the t:ar. 1-a.r-a m,.y' represunt a .eoqraphical 

region and man, cut across many isoqrams. Land use and farminq systems 

must be developed for each. Isually, ePl vation and interrelating 

climate and soil are dominating factors that must be considered. 

Because we are dealing with farming systems, as a first priority,
 

land not suitable or not depignated for settlement and use by simall 



EDAPHIC 
CONDITION 

!k uyit inoCur, 

UplIandI 
(rnot mountainous)/ 

Lowland rice / 

Sapy 
Tid Mangrove 

Figure 2. Identification of a target 
area within a specific edaphological zone simplifies farming

systems research and development,
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farrers should be delineated. lhe delineation of conditions night 

be 	as follows:
 

A. 	Forest and wildlife "ireserves
 

B. 	 Forest conc.-sions 

C. 	 Ramqe lands for animal production 

D. 	Perennial crops estates
 

E. 	Farnn 'ystems
 

]. Mixed farming
 

2. 	Food crops based
 

Figure 3 shows some of the different land uses and how they relate 

to each other. Usually the administration of a duve]opmwnt project for 

such an area would he at a leo that would mermit coordination of 

efforts. But at the' operational love1, tho mini strv oi Agency 

responsib e for each kind of land use 	would carry out its r)wn activity.
 

For ,xampIe., fores7,t an.1 widlife prp.sorv, s would be the responsi­

b lity of the Mini::t L , (),I(. Utura Resources,,. Lands for production and 

harvest of" f r, st .pro lu,:t:' would te mtdnr th,. Diirectorate Cnrral of 

Fores try. Ranqo l ards -n rr," oi- ion t:.-for mal] uai.1y are cir.' rrin t 

enterpri sos or privatV.] owned but are rnl c associat(:d with the 

Directorato General of An ima]. lush:nd,. E',acl of these kinds of Ian.]
 

use activi,ty 
rquir ttw peoplo. Hsually Cra.'u: liaid .xii; for workers 

who are as sociate! with the mariaement of such activities t, grow some 

food for their Own use. Firth'ormore , they ay;, emiployen t: and some 

exTectation for help in tim,'s of ,merqercics. 

To a certain extont these coridition., a)pl y For estat, crop enter­

prises also. But usually moie lab-or is requird for estate crops and, 



Forest an-W wi ~fe )reserve 

Foresi. cesin 

Mountainous 
Ranjge land 

Hilly N 
NPeret-nnial 

~igs-steuis 
crops estate!; 

xe f 

Upl1 -nd, 
(not mountainous)-

N: 

Lowlanngrice 

......... ./... 

Figure 3. Id--nti'F;.c'a-irn of a !"developmental target area" and e.arnple-S oflnd~ that may exist 
due to edaphic conditions and soil, slope and elevation. 
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consequently, more people are involved. The managemet and ownership
 

may be contralizdt,, and the laboi'r.s doperndnt upon 
 daily or contract 

wages, Wh,'n Aith ei production or a-rices are low the laborers may not 

have en.uqh mon ', to hu' food. Purti , rnu re, i f food is scarce, even if 

tie workarqv havet inoy, fool may not he avail bThle th em tofOr buy. 

T'wo approaches have bcTon suqjesOo -d and in sony i nstanc,.s tried to solve 

these prohlb,.'u;. 1' Pas o.:; t :o,)ut:ion is to P'rovide ].and, i.ther so]ely 

for food o: pi:r ncti n o, in St,,rcro, co:Liination with estate, crops. 

The oth.r a ,p ro. ,a:;hauen to Avelnp nuc,,; e'states inr which farmet-rs 

own the land -- some for their hones to and food production and .some 

cooiierative-ly in a cont i-.uous un it for -,]-on of an est-.at, crop suc} 

as ruhber, oil palm or perhars rice,, flonsou"ri'nt]y., a si-tuation for 

mixeod fO:rmin, r ,i.r'ch axis.. s. Other ar,.,as w.ith 1and sPuLtacblo for 

cultivation wNi Lie u ed suolev by' sma]l ar-rn is- fr thiy farm 

ente p :,. These ar, thIe areas whee. farni iq qysLem.ins rts 'a rch is 

iroft needed and will he cov,.-,d in oratr de,'tai. in this paper. 

Site selection and dencription. 

These activitics are carried out as soon as possible after a 

tarje t area for farm i, systems research has been selected (P igur,. 1). 

The survy and dtaL- colection reams cons .;t of intcrdisci l !riarv groups 

of scientist. an'd et.nsinn workters who wi.ll i invoIved in latr 

stagns of he i:oqram. Figure 4 i llus trates 1how a farmirq .<yst-m., 

proqram intoerac ts vwi th other systm prcg rar; and c;unMiodity - and 

di scipline-orientol activities Staff and expertise woul.d Ccome from 

the various resc aich organizations tM form a Farming Systoms Working 

Group (FSWG) of scientists (Fiqure 5). 
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Site selection. At this point the FSWG will have formul atld 

general objec.: ives for the rose arch and d.s i jnai:,td a co r dina or.
 

All problez s and ,ci 
 ditions existinq in the tarq1f t arra 'cannot t:25
 

tackled at on,v. A preliminay rv s urv,-y 
 of the Oand and at(r resources 

ud o ,-.l ,,onof :;condary V a from iovernm,,nl offices and group 

1nrtervLOwS usuol ly provide enoq,, data to ermi t the dinveo:,menL of an 

aqroocunomi.nrc file, o .oh arte a tar use in S ite selection. 

Sit- c5scriptjOn. Gdnerall, datLa co uIctio from qovorn m,.nt
 

offices and i n- poction o t1" prosc L t, _ ,aa rea, urn" 
 V 'O,,t for
 

site scleccton. A be2tter 
 alt. no d-,2Forqurco is () d.-onino and 

conducLinq .in-de[th ol,.arnh mO (Q) t:r.-u'rnsfr of r',no.l ,' -S otter
 

zre as havino 
 s i mla r conditcons. Tab];:. I ov , an outline fo x: sito 

descriptio n that hay een useful for most conditions. 

A. Aqu'oeconomic reconnai:sanc:. ,,revs.. Thu data collected should 

comprchensively d0,.-ri le the site, in'ludinj the in:sti t:utional, social,
 

economic, andI r,,lovnt 
 aspect; of ph, sicthr li environmerit. Thar-*
 

should he suflicJont ,ol:. to :orit 
 idenLi fi-ion rf sor of the
 

constraints to highe r 
 production chat might pre.clu de alternaLive
 

.farin systomc 
 s,: Votrati'qi tht may ho cnnsid,,-od for the tarqt area. 

The data scolc:1,tio ",I-t he comlete,.:d in minimuma of tim, (2-3 days 

per site) and t ropo r" writtCn in a conci-o:- mrnner within two weeks 

after returning from thp fi"1 . Many ti fs:.:, unortunately, too much 

i rrl:.vnt, data arei co ,. to.,t and rnoht:ns pnas orcfor, the final ,reo rt 

is fin•ihod, Hy t tiuk--, the most orer.i ate plantinc dates, for 

example, may have passedI and cooperatig .ieri, tishs arc: discoraqed. 



Table 1. Outline for Site Description 

DESCRIPTIVE ELEMENTS DATA USE SOURCP 

I. INTEGPATED ENVIRONMENT FACTORS 
Edaphological classification -

Cropping patterns and farming 
sv stc-ms 

Gene-ral i 

Crops and 

rnduse and quality 

crier.ping potential 

e 

0 

Landuse mans and soil classification 

Groun interviews and soiL 
classification 

Farm econo., - S Manage-ability of land and options * Grour, 

II. SOCIO-ECONOMIC DETERMINANTS 

Markets -

Infrastructure - * 

Vigor of local ecoci.-y 

Potential and time for development 

0 

a 

Random interviews and 
sources of farm and 

C Jata and local 

local govt. 
market prices 

,jovt. 

Farmer responsiveness - 0 Willingness 

changc 
to assune risk and o Random inter-views 

mersnal nrortv 

,bi i ty 

for land tenure, 
education, and 

Labor nool - 0 Distribution 

labo r 

and avai lability of a Random interviews Fod census data 

III. ECOLOGICAL 
Soil-water 

DETERI-IINA4TS 
environment- * Crop production and soil amendmEnts 0 Soil classi7ication 

Climate: 

Rainfall dis't. and ain't. 
Temp. & solar rad. -

Cloud cover -

Water control 

-

a 

e 

Crops, crooing patterns and 

rar.nc Systems 

Crops and cropping intensity 

e Weather naz-- and oil classification 

e Irrigation and soil classification 



Finally, the report should follow a general framework. This 

permits rapid data collection and r.porting from new sites and allows 

cross-sito comparisons for trans fer of te choleoqj. 

13. PLhnica1 .e.ciit on. Much of the inforimation needed for this 

activity can he obtained from -e :ondnr V source.s. Sore info.-mation may 

not appear 11Ocessaij for -he r-:oearch phase of the farming syste=s 

proje, 1:, but it may .c very i m[ortant for the transfer of research 

technolD(y, to otjir ,lces. 

1. Soil classifi cation. Soil cliassiffLation along with the 

comnmonly used chemical analyses for soil fertility should adequately 

describe the soil proprtrier associated with pl ant qrowth and crop 

production. T'hu special value of classification by Soil Taxonomy and 

related methods will be descr:ibed later. 

2. Rainfall di.st:ribution. M'onthly rainfall data collected over 

many years a r. ava 1:, I]e for many locations. Usually there is a need 

to coll.ct new da ta for ;veific sici tes. 'Phe long-term data should not 

only be used for the averaqe rainfall distribution but also be analyzed 

for possible changs in the Vatterns and probabilities for starting 

and ndcinq of th rainy season. 

3. IrriJqation. W must know the length of time water is 

available and whn i.t starts and ends. 

D. Other climatic data. Solar radiation and temperature data 

should be collected if not readily available from sources nearby. 

E. Location and elevation. 
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Economic and biological component studies.
 

Trese activities should be started as soon as possible after
 

selection of the target area ann] reseach sites and then continued 

as long as n-tc, ed. In newly developed land areas, th. phase may 

precede the faimin. cyn-t.er; ,:].siqn and Wt.ing. in c r,ide developed 

areas t.h e two ,h :es may -vosccedinn] tanuo,isly. Usually the research 

sites within a tayg(,t area are ,rder one :)ordinator, and the research 

team in each INi nn sists of a team leaderi (aroandosmit) , an, as sistant 

team leader, .mi six firld ansi n. nt,:. 1,. asi5; i2tant team l:ader 

should be -lrctd an the bas.is of need for part icuiar ,xprt.qv in 

the particular site. If this is noL possible, ha-k-ium ex>,ortise can be 

made available Ann ,adquairkt,:err. qh. field aqsiact should he evenly 

divided accordinn to hioloi&7 and '-ronomic rwe arc acti.vities. Initial 

researc suau, 1u c -nv on Col cropt p rodct i on An d sa]. .: ffi cy.a r n s u 101 

ta-tor res,,_reh ,x is r,a optionr tIe farme r maiy (mpioy to increaser 

stability and econcmir return. 

The or eorri c information oedo d may be collected from routine 

qoVornment sources but should he determined mostly from continuous 

recording of the far rs' activities. Most of the agronomic studies 

can he cnpductod in small plots (3 x 5 2 ) by the team leader and his 

assistants in the farmers' fields. 

Econp.ic data collection and farm recordinq. Monitoring of the
 

farmer cooperators and surrounding farm families must be started as 

early as possible. The data collection must be specific and the
 

http:Econp.ic
http:cyn-t.er
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analysis quick, and the information should be used in designing and
 

testing of farm ope.iat.ions. 

A. In'oni. '.he anjurit and dist:cibution of the farmers' income 

dete rmines his attitud, toward the acco tance of new hech.ology. 

Farminq systems ma\' be desigTed which requir. difforent levels of 

economic input. The farme rs may first: ac.ept now technology with low 

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

with higher inouts. 

B. Labor.. The amount and di stribution of labor requi.red for 

di fferunt systems mus)5t he detrormined. S ... s of labor supply and 

demand in the surrroundi'ng areas will.br naeded. 

C. Market prices-. The selling and buyint price at the farmers' 

market level is neded on a weekly basis. 

Problem-focused ,urj., Rather than try to collect all. the data 

thought n-eded in one larqn sunrvey, it is be tte.r to focus on specific 

issues as they ari,. broad-hased surveys tend to be inefficienlt and 

difficult to conduc<t and anal'ze, pa rticularly in situations where the 

staff has had little ,.'xper ence in dealing with them. 

('o'mp)onent tP chnlo.8 e studies may involve a]lc tUd1<. These 

.disciplines in the bia]ogical sciences Mostly these wo". consist of 

studies of canon Snts U[fthe system made at the time of the year and in 

the sequence they would fit into t-he cropping patterns or farming systems 

to be tested. 



A. Varietytrials. Many times adapted plant materials are not 

available for now targe t areas. The cropping systems program shoul 

not become a b rpeding program, but sono te:;ting of new and introduced 

plant mate rials.; is opp4r.pt'riate. 

13. For]:]_ re._vons_ Response curves for the macronutrient. 

elements are newudod t, determine the agronomic and (:conomi.c thresholds . 

Depending lpon conditions, thse trials may be conducted wi. th and 

without add ition "c,7 iv'o and trace P1e]man.ts. These should K& carried 

out as unifornl'd as ,"s; Lie so at ,sail and clinmtic factor.s across 

the countit/ (or ruc ion) may he hotter undoei-stood in relation to crop 

production. Caro sh;ould be aken to locate the trials on soi Is 

relpresentativo of the J ,rea so the results can have wT ide a. ication 

C. .oqP youbnations. Different mixed crop and intercrop 

combinations may he evalua ted just as for vari :ty trials These field 

studies usu.s1l.y show the need for urr, dIrt'ai led C' aLrch concerning 

light, cono ,ti Foor nuri oi.:ts, spacingj, asd cononic:. We latter 

studies can usu allv to condu.h'cted nmre efQ-ici,"ntily in the exori : nt 

stations. 'Thi a useful way to .involve morn ,iscip.ines and 

researcn collaques in basic research studies that can directly 

contribute to dovelopment. 

D. Mixed farminq. Evaluation of farm forestry, animal husbandry 

and fishery options for inclusion into farminq systems. 

http:P1e]man.ts


E. Other bLoloqLcal bciences. uidolins for pest and dise.ase 

man agememt must b! dvoynpo'd. ',d st:udtie; can usU.llv he car ri ed out 

by stuperimnrpsianca t:rcatiynts over croc-pinq pat tr : be ing te_,ste d w thout 

undue interference. 

Designing ,rid testing of farming systems. 

Cenerally in this approach simply looking at the existing farming 

system is the first step in th, researrh phase. 1o.gether with Preli­

minary survey dat.:4, onough information will h " av.aila.dale to beqin the 

designg .oc .:r The first p ri,ariQty is for food self r.-uff ij' ncy. Once­

this re,quiremn.t: is assured by production or othe r neans, the rosearch 

may be broaden to studyv other cntinuts of the farming system. 

Partition of thy tarqet area. There are so. economic ard natural. 

and man-ma,i* onviroiin~tal factnr; that have a daminating inf]u,.nc, on 

the appL,!5. it, fne:s of ,c:ropingo :at: tors andI farminq s'stvmq within a 

s ite ar-,a. The main i dea is to partit ion the aron irto mr,.mmlornrt units 

that. refler. these conditions. on r to: ractical reas.ns land 

areas with different: soils and cimaons nay b- mnaq ed a ike On the 

other hand, land areas with similar" -oi.i: and cli mates may require 

different farmi, q sy sterrs becausE of economic and marketing reasons. 

The examplOS Lat Eo.low from th- Indnnasian prouram illostrate the-: 

procedures for partit ning of a site within a; od.-,holoqica cl asi­

fi cation. 

http:inf]u,.nc


A. All sites. Market acccssil:,ility must he considered as a dominatinq 

factor influencing ciroppinq pat tern desigri and propjortions of in,di'vi.d.uaI 

crops in the pacctte~rins a nd u] timatu I Lhe farmin mg s ystn m:;. Fr.r oxaml ]e, 

in remote reas fr Irom ,,as and mark.:.t , ond cr s,-ar,, grown i:;t:l,, for 

subsi ;tonr-,:. This is especia!ly t:rup for crop; -uch as ca ava V ar].'2'-. O , 


difficult to storc nd transport. On the other han;, i th, fir-}ns 
are ne.ar 

starch factorios and qnood roads, cac E va woulIilikely be th, most profitable 

crop. The proroi Lion of cassava for croppirg ps ttorn<; in renote areas would 

likely ho mu ch l .<s than nar a.'ks.t even within a crop inq systems tarqt
 

Mo. if food ot,: tr nor ':, reil.]\,o'w,, ti (l,)te aruamc;, .trt-creq ;
C om 

which .Anclud,,, iorm"ia< c'ors, animal husband]v , F Kshrie anrcd foretr,' 

mnust be incluod .Ic food c:rops for n.tib sjSt:ecrice in mixed farm: inqi]a with 

systems;. Tbec -xam ],',s which follow ha< i::,; tratece i_-or[or devclopnicnt of 

stabl crce c ior; ... m. As ... n e volnns, . t e yste a r cons rant. s to 

product ion and opt ions for al t-orn. ivs -- n]udin other kindsi of crops 

and animals are oxaminerd. 

B. Pland siti., A qeneralizd systematic approach for partitioning 

of a site within nuclh a tarmet area would be useful.. So far we have reli]ed 

mostly ui'en te , w,;t and oLqcPi-.,nce W our s-taff. The' follow'n, xarpnl( 

iilu_:trats how nx;.:,rtk.- hat ,v lr-] t:o dal with a major Il arnd arma 

(r'dapic t, r'et a-.a) ir Inclonesi.a. Although src-ci f objectives mav di ff , 

this samce genoral iproach may be used for mixed farminq syctos rionarch. 

The irc,et area se,]ected was tor transmigration settlements on upland 

red-yellow pod-olic soils of southern Sumatra. An old transmigration schome
 

in Central Laripunq. Sumatra was picked as a site for croppinq systems studies. 
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'he government- proqram for n'.velnent of people from highly populated 

areas of Java to less omuplated areas in th, outor i ,lanK:, (trans­

migrat ion) had been carried out in this location about 20 years earlier. 

The a ,,-hacid b.on i v.n a higi pri or ity for rut ,1,dVelot )mernt by he 

governmn I. T'he soil in the NiP ae ,,s ,l.-s :i under the old 

sys.togem na' -. M,'l ow "~d'.ol io (Orthoxic Tyr-.udlt ) ai wis similar to, 

the 30 1aW asailtSjou 46 nillie hect..are:; or 1:ht].,loss thnat ona-fourt-h 

of the ],ind area of indonesia. Furthormo re the ra infall, which exo:,ds 

200 mm for six rmonh- and falls below 190 mm for ony lW ree montis, wiz 

sufficient for year-round c on producti-on, irovided crops such as cassava
 

mid cowpcea were qrow during the 
 driest: ti m, of th year. unfortunatoly, 

the soil w:., low in inhrent: fe ility which wa. hold lar,.lh in the orrganiJ c 

conh)onent .n. was soon lost a.fI! u'l]l jv.itvion. Forti.] iWzer n pts wore 

not avaiIabl. As a rasult, this larWo :qroc:. ]imatic zone was under-­

devol ord for ncgricultur,. 

It: was estimated there wore about 20 million hectares of this soil­

suita l,- mostly for te;anl aqriculture which were not effectively used. 

TraditiontyV farmer-s had used shifting cult-ivation and an e:tonesivr 

type of aqriculture to avoid the so!l forti].ityrnrohi.les . tras­

nigration scherr-s. how,2 v'.r, wert ccrimi nlAt t"c i v,,rnto:ry a ril., tu r., 

P'armeo -s in oider tran-,mi q;rationst t]iieets hcd di i ffi cul ties in 

produci rq cnonqh food to sust.a-in rheir failies. Our o-jbwas to develop 

croppinq patte rs aind W,!i Elasit. ,rnt ractko:,s I i-o.t would enablc the 

farmers to produc:e enurcgh food for tIhei r m1 iis and have som. suriplus 

to scil. The orieiAi bases for partition of the area into cateorWo: 

were do,-nid,', upon P)rsernt and pist land us.: 
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UplanA (food crops)
 

Category I Area set aside for lowland rice
 

Cateqor-y !I Land opened 
 for minny year, (more- than 3 years) 

Cateqory :i1 Land newly oppnpd from Im'rLata and brush 

Even thouqh this t-arot area was urnla:,',I,,fo' ,qriculturo, farmers 

tried to grow lowland ri,, whoeve'.c.r. [ossihle. Furthermore, within the 

area, an irrigat ionr scheme was hainq] deve.1oped which would provide 

water enouqh for onlv one rice cr,;ji. Upland crops, on the othcr hand, 

could be grown th rulhout the yuar. The cropning systems proqram was 

flexible enou;;h to in clude lowland rice are as into th, res ea rch. 

The research in Central 
Lamp ung has reac+h,. I the implemn,.-,tation 

phase. The osnt r,::oont research is beinj conducto d in now tran smiqration 

projec ts orn newly ononed lan fm, WrE "s r ImoraLa. Even thouqh most.


of the land cnu!I he "sc'l for fnad, crop production thero as some land 

withinhi "daveolmon.n ta! to rq, arn-t " that may he used on lv for 

pa.tuLr, or forests. 'ihbis l.and ha-s :ailing to hilly top-rar v and should 

not be used intensivl]y for food crop production un](ss soi]. conservation 

[practices are used. BR.ed on W , - conlitions and our pist xpe riences, 

we are now usi..rmq the fo]lowinc criteria for partitioning the target areas 

for farminq systems research: 

Upland (mixed farminq)
 

Category I Relatively level land on hill tops
 

Cateqory II Slopinq land that 
must he terraced 

Category III 
 land newly oponed fror. forests (compared to land opened
 

from Imperata)
 

Cateaorv IV 
 Not suited for cultivation
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Figure 6 shows how the-se research categories may related to each 

other in a developmental target area. 

-p f-search site 

TII 

T1 

Paiiitinrlr2 ta a rjat(jori f,-r 

Parminu cli e P' s,.arch it, fi lptr ld 

Figure " of sttc. into ..i 

A farm-r may l.v, in thatn of del ineatedland mtrc, cn, these 

catpciorit.-. pdrtcuI An z , it We land is Ki LIy -ind has short sIotnes. 

We would develop" japirol, atef t:chr,,:;.,ery to r ,<ach cat,.orv iv aLr 

phases of the -,ns..,acTh an] t her cl-,h-nire the de ,{ Iooed technoloqy into 

relevant farmi:i systevm-;. F'(iurc (, iccurately descri hes the si tuat on 

in Transmi,;iattions- proje.cts in a 'he fromuTniand Tra distarance Catecory 1 

to IV in Fi0im 6 may he no cizeater than 1.50 m<-yters. The us of the 

land in each catclon/ would vary according to the farie-rs preferences. 

But usually certain patterns or land uses tend to be conum~n in an area. 
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The differences 	 usually are aore due to intensity of land use. 

Category I. 	 Home lot (pekaranqan) and food crops. 

Category II. 	 Terraced land with rotation of fMod crops 

and pastmre. lgquminous trees would b planted 

on terracr huds. Poronnia] cash crops such as 

clove, cof Fe and fruit trees would be planted on 

the steeper land.
 

Category III. 	 Same as I1,hut some management adjustments
 

would have to he made to accommdate the method 

used for land clearing. 

Category IV. 	 Small ponds may be bi ilt to hold water for
 

family,fish and livestocks use.
 

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

reliability of irriqation water and rainfall in suifficient quantities 

to permit f looli;, and p ddlinq o! the: soil and maturity of a rice crop. 

Water availability dove rmins the length of tim? the soil can be flooded 

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

1. Irriqa t.d lowl and ricy. aroasn. The classifications such as 

technical , semi t echnicaI, and Ami.l i rriqatiofn provide little hr lp to 

cropping system; research. For example, o. target area in Indonesia 

is located in Indrarnyu, ',ast Java. The area is characterized by 

relatively level topography, alluvial clay soils, 3 to 4 wet months with 

rainfall greater than 200 mm and a lonq dry season (Typic Tropaquepts), 



There are rohblers with water control - floodi no durinq the rainy s-asnm 

and part:ial irriatimn ,uring the dry season. 'Th: area was [,rht:onodl (F;ig. 7) 

into four ...'"v r... '. a.: d.{ I o sout ,'eordi tien< that ,r. un t';l v. henden:t 

on watut. 1hoso d.otinati cc l.. ti ,ns l ,' ..... I irrpni q W ens rio and 

pattern;: 

Irriqated lowland area 

Cate oorv I Area with 10 ro.nths irriqation
 

Cateqo-y IT Area with 7 nmonthn irriqation
 

Cateqor; II! Area with 5 imip. ths irriqzI. tior
 

2. RPa i..-. lowlard .ice ar'pn;,. Vast areas of nOnirriqated land iOn 

Southeast Ar-a are us-: For rice prnd"w I:on . The cr-p is dependent uon 

-rain fal 1 an : susow' :oc.vat of wate r (surface and ,t ' f ac,) bv qravi tv from 

paddy to [aly, The pahd Los a. , i. ] 1 v-l.d i.n ithe sail ,-{dler d before 

plantinlr rice, The land sur face my' vary Ornm l1 t [l-vo[ t.O viTi L.. . 

The hasi s for rai n fd ri-, piruction I:h in 1 areaw agro: intic is mostly 

depe iL [L upon the e .n- f fadinq and ma.itainiI ! the water level T'u 

po sit.ion e f the padey on the s1.-,, internal andri , rfacv dra i-a.,e and dpth 

f water Wal, ire dinant d.t.r'minants; for the felJowinq partition: of zhcr 

tarqet area (Fig. 8). 

Rai.n fed lowland area 

Catqory T Poorly drai ned
 

Cateqory 1I Easily flooded,] but well drain-d
 

Cateqory III Di fficul to flood and excessively drained
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Figumre 8. Pa rt itIon ing of' I site inlto categorie for" Fa rulingl Sy:stems 
Resca ,chi,ina r'in e d Io%q1,and rice aire. 
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Conconts For croipp~ing p:ttern des ign in fa rming system. In some 

ilstnritces, crop)ping, SIyste . r'se rch is siinli y the' re:stin g o " iiifmny ci'01)'i
 

sequences 
 '
in the Larmer fields mndvr dirferuint- envi ronmenta l conditions. 

Ile ap o ch 1! ed in IndOITies s aS m i a ' ds the test in of" pa ttern!; 

des nin'id oinI the W" in . t O ltCt 10 S 'cIhP A M A!tlilC S iD,, C l.Ces USed For 

each con'pta Diat terni depend iuon the levc, ot technlogyor. sought or
 

iva i lab Ie.
 

lh rees cOl cep tuai cr'p i n palat terns weie testcd in e.ach categ r', for 

each ta rget 'ea lhen tie Indones ian prognhram starItecd in 1975. -ch tria ] 

was r:'til icated t iihriet.mcs hut b' di t:erent farmers (or across arms'). 'The 

c roppi) c qupn'v,' For ii tieio'' pait'i' ts t in eaCh catego wi'Ve i-o int neCv'. sari-

Iy ht' lame, hut w ce s c'-ctcd oil the isi;1hu or tic' ciierio'e .S 'i On TWt 

Ci'ri teria for select ion o " the s.'lienc'ein ijil. anI)_ of('cropi l iii i IprC ctiices 

toir each pta tterIn :1ind1 the ra iion;ale for eaicih critei ion were an loll0ws: 

1. Critter ion \. Farme'II 's rir'esen t crml ni p atticiii
 

Rlation l e: ' establish 
a W e-line cerhe for coiimnrison 

2. Lriterion H. i rnor' . cho ice of cropi)}).i i, flatIC rll ift inlt) 

;iAd market coilst 1"i t wer'ieC ;e:',tovedl
 

Rt;i ionei-, .
T[o cal nate t he fa rmeir's level ot compi) llO ce :and! 

lanageri Akill ailid pcrhalpsusin'over hi dcn socioeconomic 

constraint 

3. Cr i ter ior . f)ir init i'odiiced c;ropp ing pattern with input and 

iima rk,et 'oniStra iints 'emiio ved ;nid techniical sis; i t nce plo vi (ed 

Ratiolia Ice: detprmiiine nrdcillito il aiid ecoC)lml ic potential 

and ur ah I itv to remove coosti.raints 
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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 species 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. In our studies, however, we have been made aware of the 

severe economic 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 particularly true for farmers who have seldom 

worked with the extension service. We feel we must develop low input pat­

terns for new adopters. If the technology is good and shows evidence of 

being profitable, they ill soon learn how to use more inputs. We 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 w-ith 
inputs and
 

optimum management.
 

Rationale: To evaluate the farmer's pattern without in­

put 	 and managerial constraints
 

3. 	 Critetion 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 

impress ion that evolved from accumulated survey, soil classificat ion,climate,
 

and .arket data and from observation of Farmers' patterns is the best guide 

for cropping patterin design. If nothing appears obvious to the Cropping 

System: WIlorking Group after this eyercise it would probably be better to 

work somewhere else. \mong the technqies used by cropping systems scientists 

to intensify cropping and increase produict ion there is a thread of commonality. 

The techniques used for the lowl:nd rice-produc ing areas of Asia are sholw 

in Table 2.
 

These specific examples are useful in rtderstarding how the role of 

intensitfication can be tackled. More generilized guidelines for pattern 

design may be usefil for situ ation; where less is know. 

A. Selection ot crops to be grown. New or exotic crops are likely to
 

)e unsuccessfHi when first introduced. Initiali 
 phases of a cropping systems 

program will be deptdent ton the use and imnprovement in production of 

familiar and mairketable crops. Giradit introduction of new crops can be 

Ole of the most i IPportitil strategies for cropping systems research. 

1. A onomic ;i daptaition. Ibis is an importin t consideration for 

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

fit the rainfall and its distribution (or irrigat:ion) during the time of the 

year the crop is to be .grown. Istluay food crops receive the haighest priori­

tv for government :*upport in developing countries. of these crops, rice is 

the most valutied in Asia and, consequiently, is grown if possible. Co rn is
 

usually the next highest valued crop and could be grown unlder drier conditions
 

than rice. Sorghum and millet are usually more drought tolerant than corn and
 

rice but many Limes are not i, adapted to acid soil conditions. The versa­

tility of upland rice, in this res pect, has not been fully exploited. Tle
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Table 2. 
Common strategy for crop intensification in lowland rice areas
 

Fully irrigated. Go from 2 to 3 crops per year.
-


I. Plant earlier in crop year.
 

2. Use earlier maturing varieties.
 

3. Reduce turn-around-imne between two consecutive crops.
 

4. Tailor inputs to 
soil, climate, and crops. 

Partially irrigated and rainfed. Synchronize plantings 
to
 

permit an extra crop per year. 

1. Plant earlier in crop year by direct seeding and use
 

of minimum tillage. 

2. Reduce turn-around-time between two consecutive crops. 

3. Plant earlier maturing varieties of rice and other crops. 

4. 
Plant upland crops other than rice during dry season 
after 

harvest of lowland rice. 

5. Plant early maturing upland crops az beginning of rainy
 

season before there is cnough 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 is an especially stnble 

crop in drier regions and times of the year. Legumes usually grow well ait
 

the beginning of 
the rainy season when disease and insect problems are le-'s.
 

Many of the legumes are photoperiod sensitive and this must be taken into
 

http:irrigated.Go
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consideration. 
In irrigated areas, legumes usually are catch crops 
to
 

utilize residual soil moisture after lowland rice. Seeds pr;duced at 

the beginning of the rainy 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 a-; a 7rote:in source must be given high priority, 

particularly in remote upland areas where sweet potatoes, cassava, and other 

starchy food crops make up a major portion of the diet. 

2. Market and market potential. Farmers grow food crops to feed thu.r 

families and to sell. The first priority is for food. The incentive to grow 

extra crops for marketing purposes dopends upon the profit the farmer can 

make. In most developlng, countries there are government policies to keep 

food prices low. These policies benefit 
the large number of consumers in
 

the cities and towns but hinder efforts to increase agricultural production. 

These problems have been recognized by most governments and attempts are being 

made to establish and maintain minimu-m maret prices.
 

Since rice is the preferred crop in Southeast Asia, it is usually the 

most profitable crop to grow. Other crops (unfortuitelv referred to as 

secondary crops) may be much less profitable especially if they cannot be 

easily processed within country or exported. Corn, cassava, soybeans, 

mungbeans, and peanuts usually offer the widest range of market potential. 

B. Management of cropjiinig squences. The prevailing farmers' cropping 

patterns usually give the best clues to the opportunities and constraints 

faced by farters. Good surveys can help pinpoint and clarify many sociG­

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

newly cpened areas where the farmer must be 
self-sufficient an'd can expect
 

little help from governmcr t agencies. These are the conditions under which
 

farmers many ti.es usy rcmlen mixed croppng combinations and little
 

material inputs. 
in partially irrigated areas farmers are reluctant to
 

grow a second crop of ric_ and 
if they do they usually reaucc fertilizer
 

and labor inputs. Thesj evi 
 nnes of the farmer's undersranding of risk
 

must not he ignored. Ve des..ign and test improved patterns which requiri
 

low levels of material inpu s. 
 At the same time similar patterns are de­

signed and tasted w'i 
 w.hat ve expect to be agroecoNomic optimum levels
 

of inputs. in this wav e can 
develop technology with a broader base and 

gradually introduce Q at a level farmers can more read ily accept. 

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

iajor constraint to inarased crop production through 
intensification in
 

upland areas*;. A farm family can prepare only about 0.5 to 0.6 hectare of
 

land by hand labur at the beginning of the rainy season. Labor is also a
 

constraint in partially rainfed areas where 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 can be an effective technique
 

to save labor. The introduction of 
extra crops usually induces more land
 

cultivation and competition for weeds. 
 The farmer benefits by the reduction 

in labor requiroment for land preparation and weeding per crop and the oppor­

tunity for gainful labor during times of the 
year the family would be idle.
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3. Distribute cash fVo. New: cropping patterns lust take into
 

account 
the farmer's eccnomic situation. In newly opened upland 
areas
 

farmers usually h:ve less money available for purchase of inputs than
 

farmers in the loawland r ice-produciug areas. in either case 
there is
 

generally financial stress. Recommendations for larger inpucs are not
 

likely to be adopted unless the no' technology i: gradually 
introduced
 

and arrangements are ;'ade fr credit. Farmers who have 
never had much
 

cash are not usually willing to 
make use of credit when it is 
first offered.
 

Gradual introduction of 
technclogy represents one strategy to overcome this
 

reluctanco. Consequently, in addition-
to "optimum patterns," cropping pat-­

terns should be desipned 
for developing low and intermedate levels of
 

technology. If the 
lower levels of technology are adopted by farmers
 

and found beneficial 
they will likely be willing to assume the responsibility 

for more credit and input.s. 

Cropping patterns which involve more crops and harvests usually provide
 

for better labor distritLution and even out 
the cash flcw for production costs
 

and income from saLe of marketable produce. The farmer m:y have less money
 

for short periods of time but 
s.. money ovur a longer period. He is more
 

likely to have some moary for fSod and for proeuction Inputs when needed. 

Testing croppinj pattno.:- in a fari inq snctern 

The cropping systems apprcach to research has developed for several 

reasons. But some of the original work was doNe to study two basic questions
 

in tropical agriculture--how to utilize more efficiently the tremendous energy,
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land, water, and labor r&sourccs avaiIable iand how to get farmielrs to adopt 

the technology de'elopd. 

Ration;ale for :s'5t en research. The physiological, ay,ronomic, and
 

technical aspe cts ling to tirs r question may be Atudied in the
re1:,t ire the 

laboralories :ind research stattion-;. Ile potential for total producticn is 

evident fum rn A! r Il'earch i f manv t imes the technioiogy i s It) k[id even 

iil:ipro r;iinto tor A o tion by sni1 II l'i ll'ru' ir F th, less-deve ]opv'td (olnt 'its 

IIWts of the t rop i cs. [he colntrastinrig situatiuns between the Ovvioped 

and Ic s s-dcveloed aleas of he worl"d mi st he recognized even i f the're is 

a probl e over:ippli ficatinn. In ,i'V've Woond c ,nt ries wh o F'cre i s em of 

are I ikviv to he hytt''' edui'tP, W, eco nmit l 'Ivtrio ,er, pmhIi hed and 

di-sscminattj rt'sea;h iWii [ iotin aya be S'i,'i t! TO meet the farmer' s 

need, The 'i rine F re sble o i IV the tcchniII( ]oi'V, ass1me the risk aniid 

eva luate the technlogi.y within heci rociinItext. develon ipng coult i' s, 

however, farmers mliur 1 die duic;ied, 'inancially and ;frai d toK' u weak, 

assm timIe Fnanc iaaI risk in] oeer esIr:si 'c - associate d with change. The 

technology muti 
 he deve loped and restcd ys ,;iat icall v and ex tenided to 

tihe fa rmeri's in a Amipl I ifi ed Larm. 

PI'iodicI on )r'o',l' amtis have 'e'en divelopeI and financed to solve sonc ot 

these problems. 'l chnolrg ical DackagVes were made available to farmers with 

credit facilities throu h such nrograms as AS.AGA\'A 99 in tle Philippine.s 

anid It.IMAS in [Indonesia. P'rodict ion was increased for individaual crop commo­

dities. These 5 ten, forwarid were very successri'i even though many fari'neru's 

did not greatly hnecfit f rom hi' ci fto itq anditmuanV d i d not eon tini - to 

participate. 'he basic prubl,irs' of tevelopncnct and adoption of appropriate 

technoloyy by farmers were not solved by the prodiuction programs. 
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Before these programs for crop conmedit:ies and tropp ing sy st nmsreach 

the stage of implementaltion, they shoulld A) nruceded by resear,,ch conducted 

under conditionsS al p]roximiratinIg that or" the farmevrs. Ile restarci and implu­

mentation must he target-ara specific. ihe first step, as has been described 

in this paper, is to conduct prel iminary resea rch in the farmer's field 

tliuder the resea rchcti' n lm an ment tocgie t sort idea of crop per fo rilan Ce s 

and production potential witolin :a target area. If this looks iroiising, 

the cvopping p!,terns that hav hevTi designed should be Fu'ther testtd in 

farmers' fields much possile under theas as prevailing conditions that 

exis't . 

Metholology used. Usingthis approach, the Indonesian croppin, 

syV st eis p rog rami hi;as been eff'ective inI w'; T aIVa, lapintllg, ;oTuth KaI iman tan, 

and Southea.t Sulaw es in developing' and iipleeIcntin , research. 

A tea:mT comnposed of :1 coordi lato r, agrounomi s[ , and economi st was 

statiolned in each target :area. A team leader rnTd Field work and data 

co!lectioi for input-output within each site in the target area (Fig. 5). 

A system for collectinig daily foTirm records for all fairm buy in g aid s, ling 

activities was impiTemented in cooperation with farmers ('hott 3 ) inreach 

target area to get a 1a ,pe.r ba.se for Socioucol/Olrlic evaluat ion. 

The organ i :it ion of the rcea rch and research team shoul ie i 5s inple 

aid selif-conita inieda possible. The coordinaitor should have flexibility in 

imTlplI men ting the research once the general guidelines for trial.s, pat , 'ns, 

organi zation, ;indi st aftaiig are decided tpOn. lie should hare Thinlit y so 
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that he can visit the sites and research plots frequently, talk with the
 

farmer cooperators, and develop cooperation with the extunsion service and
 

local government officials, He should assume the resronsibilit) for sum­

marizing and preparing a draft report of the research results. Most of all,
 

he should, in consultation with his staff, critique the research in progress 

and prepare a tentatlve project proposal for the following year. The involve­

ment of thosy clo e to the field research activities is the key to successful 

and relevant research and staff development.
 

The Indonysian program has usually replicated the fled trials across
 

farmers' fields. i'tis has Leen successful primarily because the target 

area had been strati.fi.d b, partitloula?; the area into Lategvi,-s. For 

each crcping pattern Lestd, three farmers within n category were randomly 

selected as cooperators apc scracnning bas.ed on criteria relating to land
 

.,nure, size of farm, croppi 
,gsys tem, loc ation, and desire to cooperate.
 

Each farmer agreed 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 project,
 

All data conca:rning labor and costs of inputs were collected. The cash flow
 

of the agronomic farmer conperators and the other farmer cooperators for
 

economics were monitored. The data were reported in terms of yields, gross
 

returns, labor costs, material costs, and net returns for each pattern in
 

each category. 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 farm operations.
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Pilot production projects.
 

In many countriev pilot production projects are an integral part of the 

tehnol, gy de livery process. Sometimes it is considered a research function 

andt sometime; exclusivelv extension, In Indones ia, as Fig. 1, phase IV indi­

cates, this act ivitv has a legitimate rese~arch colponen t, particu larly, For
 

new research Targe 
t areas. But it is recogn iz:ed that in most ins-t ances it is
 

la'gely :in extension ;ct ivity.
 

Pr'- product ion test inp. NK would I,,rmaInIll expect that the tOehliogy
 

developed and tvnt id y a research or'an iza ti on 
would )e adonted by Nr'ro''rs
 

with onliV di scminati on of" the initoimat ion by 
ext ension worker,; and by devo­

1opmeinr ()f ) roduc t i oil rogrms. Thrae lattor step is tiinally' not nec('esra'iry in
 

developdt'lount ri S where?0 t-he agricultiuralI oniV m\'
eom mayhe svog, ven ill 

less hell c.lopod c'intl ie , e'chloig() y for aw varieties and management 

pi'act ic 'o crop c ,o'.,V(5lditiesI I wi i'Ke d rect IV and easily introdu'ed. But
 

for c'opping syst ems researi'ch iirplcvin.' tation, there will likely h( 
 i neted
 

for an addition:il re'.i':irch phase. This 
 y b1 as 


''oduction testing. 


iia5 iip1h, described pr--

Thu resear is more coltpit:. than indica ted by this 

te rminology. It is an vtali ation no')toil\' of tihe :ipvropriatenss of the
 

technolog At also of thlie infrastr
i nclure. 'Ilh weak links in the infra­

structi.iralI cha,in :;houl d be ident i Vied "ild strengthened to absorb the new 

technology. 'lhbis can he Ost. illmiistrated by an examnple froii the Indonesi an 

prograi 

A. Methodology used. Resea rch was beguni 1inboth lndramanu, West .Jva, 

and (enitral iAmpliiiht,, laiping, in 1973. Resilts fsrom the first two years in 

Indramavn showed the fVasibi lit 
 of iiic reasing crop product ion by int rodilct ion 

of high-vi,ldini, and early-maturing variet ies and inclusion of an extra crop
 

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

the potentjial for crop production and stable agriculture on the red-yellow
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podzol ic soils of Lampung under ra i nfed- up Iand conditions. The research in 

these two areas was expanded in 1975 to include on-.farm testing of farmers, 

and introdurced cropping pattern.s in the three ma in irrigation categories of 

Indramavu (10 months, --9 months, and 5 mlOlths of ater i labi1i tly) and for 

part ially irrigated (5-6 months water avai labi lity ) and "newly opened" and
 

"old opened" areas in N'Ort I.Lampung. This research was conducted in close 

cooperation with the extensioln service and local Eovernment officials ill 

hopes that the research resultns cmi ld be smoothlv an,! quickly odopted by the 

fa rmer., lArQ th, yea r 11977-7S,), the trials were not repilicatedin thiri 

but iwerme ii iqtous area irrigation landconsol iidated Wo one con For each or 

tse clas, itication an eibi ryonic Phase IV of Fig,. 1). The idea has to test 

the imtroeldci pitt erns in O15 II' eriorglh to cover farms anddre several 

minor ilitf,.rpn,.en, in so il ,ad ,'tcr avA l h; ility and to gain vi sil iility 

amon' I'armue in> aid tN errtion orrkrs. 

R. Con stmainrs ident i ed The data. and exp)e riences from tel 1977-78 

research verilfi ed previom findings. We felt thnre was sufficient evidence 

to support the dev Iolfmnl of Pr;oduction (iiS.I\- p rograns in these two target 

areas for cropiiling pitr rnim rather thin for i:ndi vidunl crops as has bee" done 

in the past. 'he H NIAS program would help renove the credit, input and perhaps 

market conlict ma itts facedvy farme rs. luLt in order to be successful, all com­

ponents of the prod I ion sys't em wolId have to he svnchronized. This would 

include synchroni::atiorn if varieties, insect icides, planting and harvesting 

dates, time of arrivanl and termination of irrigation water, and local govern­

mient act ivities. lihse infrastrtictural considerations are not so important 

when new var'ieties, insecticivh(s, and other single-faceted technologies are 

introdiuced. mut for cropning paltltrn charnges the constra ilnts that have pire­

vented the farmer Irl modi fyin.g his systems in the past must be identified and 

removed. Furthvr'nrrore, the, new Droblems that arise From implementat ion of the 

new cropping patterns must he anticionted and removed. For example. increased 

http:tf,.rpn,.en
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product ion will cause marketing problems ard over 
loading of the existing agri­

business commrrrrunity. We feel that an expanded Phase IV is needed inithe sequence
 

of site ;election, a. roecmano ic potenti al, desi gning and test ing and 
implementing
 

nlw cropping sys terms 
techno lory for a t:rg[et area (Fig. 9). Rut we a lso recognize 

bethat this act ivity ,ns h alarimutstt c d endo'av'or with other gpove'mi-nt ageunr cies. 

C. InstitutionalI constraints. le pre-prdiction or pilot production phase
 

(Phase IV) shttld Co\te" one or 
 mr of the smallest .overnrnentzr t n its (Mliesa in
 

Indones i a within the target a re TWi
. plamnnig cold he conrdinated by the
 

Ministry of Atriculn 
t u intcoop rat ion with the p ro vincia I planning ageyt
 

(13:AP!I)A in Indonesia! 
 so that all relevant eovy inmutntal agencies wuuld b ilivolvvd. 

In this way' , the inst itu ional constraint s tha!t migiht arise from introduction of 

the new t echno logy cottl be ideit i fiet (and removed) be fore wvidc-scale it)n l .iren ­

tat ior was attelt)tem d. The' cootrd'in ati airon Ior
rese c 
 t, cxt'nsion , irrig:ation,and 

local govuernmenirlAg.,ericies is vital if the pro- and post- produrction const ra inrts 

are to be removed. This ideali:ed kind of on-farm research tould have been tseful 

as a follow-up m'ib eefforto rhe rni ts he made in Intdramayu and i lampnrg solveat to 


these orobletms. These two target areas differ 
 mi.l in tbei r stiges of deve­

lopiierI. And ki nds of a ,ric :lttlorc,. ((thev r, i F the site descript iour are Nt'r anC 

and sufficiently etald,ire:;earc'-h resunlt' could bel\" 
 applied (traisferred) to 

ocher :area:; with s ii r a groe liitt i c cond it ions. 

Test arms. lhe rese;arch approach used for test farms does not nece:sarily 

differ from that de cribed in this paper. The land tenure arrangement repre­

sents tihe major difference. The IrO t is under control of the researchers and 

consequently, the resea rchers sheltered from tire public and willare more 


likely conduct reseairch more in line with tradition. lIt the security offered 

by a test farm arranement permits develonment: of research facilities, quarters 

and longer term ,xperimnents . Technology generated should finally ie tested 

directly in the farmers' fields. 



____ 

Research-Extension interface over different phases of a cropping systemr 
 program
 

RESFARCH & iNPLE' MNTAT!ON PH.ASES
 
Target Area 
 I 
 I 
 I


Selection Site descriptionIEcon & Bio].Pot'l 	
IV V Technology


Design & Test 
 Pilot Prod.Prog. !Implementation I transfer
 

CSWGI CS G CSWG CSWG CSWG 
 i 	 CSWG 

Extension 
 Extension
 
Extension Exeso 	 arerFre Extension 

Extension 
 Farmer 
 Farmer 
 Other Nat'l.
 
Local Cov't. 
 Extension 
 I Farmer 
 Dir. Prod. 
 Nat'l Prod-Prog Gov't.Agen.
Nat'l Gov't. 
 Farzmer 
 Local Cov't. 
 Local Gov't. 
 Local Gov't.
 

7xtension Local Gov't. 
_.cal Gcv't. Bureau Stat. 

rCSC'G--ahbr,-virton ing s'-s t ;7or crop 	 or-fng group wich is the I, ti--dis-iplinarv research group thatcoordinates ard carries out the resuarch plans of cropping systems progra.as in a target area. 
Fig. 9. 	 Th1s is a schematic representation of the research-extension workload distribution and interaction
with farmers and other government agencies


impl menta ticn .	 
in different phaces of cropping svstem-s research and 

http:progra.as
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I mplementation th rough production programs 

The experienreoC with gv\rnmlont-Nponsor,d 1-roduct iop p ro':gramis III 

general have been god. An ac knowledge ment of the nem.d O~r support to 

small farmers for ,lvculopment of appropriate, technology, credit, producti on 

nputs, technical :,cvlcos, .nd m:rket, ha; n Thev are ste: .in
hse, m.de. 

the right direction for developiag co':2t V2. Thie prospects for this kindl 

of governmental ativ!ty af fL.ct2 the research11 and thetre. ehnu o y 

developed. If tho farrers In a de'elop:ng c't nry are ecoenmi nall w"-ek 

(and they likely"wi.l., be) and the go,vern::o:, t 1:; 0 1spen to support pro­

ducti.on p rograms-, the aricu a] ree:rc: e .:t. should he :nostly dir.: teod 

toward low-Input t _b-hnousg .. Thi.; place:: areat concr:i:.:: upon resoarch 

opt ';S. "ot M h:-'a be dWne to inreaYS tWt:' grcult'r.! d'O2,c< n, 

but: sn e techniques can be d,,.'elopd to coserw th: sol .and stali e::c 

productio. , o etlly, uner th ;:muau:;t , c2n.rcurmsta:,a:ea so: sulp ort 

can be obta:ined lo re;ove tho mo t: r voere c.n:traints t:o urrd.tCon. Fe­

search shoulid he dit'':cted to dontify thee cns:tri.tts and dMenp nech­

nolog that. is .i LIWa the econco Lu grasp of thbe Individual formcr. The 

methodolog.y that has been described wan be used for these different W ,ations. 

The experien:es with production pcyram:; i n the Philippines and i ncionesia 

have been desci.'bed in several publications,. The important question Is how to 

make them more effective from a technical point of view. lit: Is recognizned 

that initially prc.ducin Increasid each ye:ar after implementation of t:in 

prugram:i. Then production began to ,.vel off. It is at this stage h:t cop­

ping systems research can he most useful, The technology dO've loped for 

http:ducti.on


rri 

I, 

o 

I'd 



43 ­

speci ic target areas permits more speciii c recommendations and hi gher 

product ion possi iI ities for these areas. This technology then becomes
 

more accept;able iand allows for t'ransfer of technology to similar agro­

climatic and economic regions. The transfer ot ap propriate technology 

may re, ..-p the resear'ch time rqui red in new t:iarget areas b' 2 or 3 years 

(Fig. 10). Prodlctio.n packai:es can be tailored to btter meet the require­

ments tofr inc re:ised I noduct ion and farmers' needs. 

Te chno logy ran s fer 

Technol ogv flow. 

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

use existing info in:otion by 1ringing it togeothe r and testinHg it in a
 

speci ti c envi ronnent .'echnoltey of thi.h i usutl yv comes from the
 

eXI)Or iit eiit Stati tt of tOi"n i!,'wrinat inst i tes :ind i s Oi l 1 i ional 


tigenti t('Ud C ron d and
ac'o g to) ''9 commoit is 
 disc iplin es. The techno­

logy is then tion1,' eI to tie y()\ ernment hivo aicra ,) and finally to 

the extensioan se rvice. "Ibis is a ki nd of vertical t r:ansfei" of tvchno­

logy. The inEormv ion is diseminated by the extension service in a 

"trickle-doTi" f'ashion. 

lorizontail filow. limnrovinig the flow of technology (transfer of 

techiology) is sin lv A way of isiug research funds, n)ersonnel, and time 

more efficientlx. The concept is useful in that it provokes scientists 

to conside r ann Ii catt ion and iltegration of new technology :is a legiti­

mate part of a research effort. Thi.s a)!)roach has not been fultly exploited 

in most agricultuiral research and developmenT activities tha;c apply 

directly to farmer:s. B.3-sic studies in soil 
science, biochemistry, plant
 

physiology, and related fields 
,aoally are well described and documented.
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The technology develope(d can be trans erred from place to pl]ace (horizontally) 

as well as \erticallv. IN techneloiy of the app lied :gricultural sciences
 

(such as a.gom.*nV, horticiitie, :nd forestv) , which directyIv affect thu
 

farmers' wel ifare, usulv -consi st or we ] l-duo3!reinted s5tId&i us of sOiei 

smal I part of a large'r sy'rstemn. The bits ot research in Forit ion can be
 

absorbed ,li'ec. ;y ee'i,' in Ioped mid
Uc\'L dVe opin hu-iet:ies. But 

lmany\ t imIes ta rma'es in 1oss- Inx' Ioullp countrei es cannot mike uv of thrmi s
 

tech nlology, ISie mil:;.. i-g i.res -V the resparc. puizle fo , 
 a aricu 

t:mrget area can he id,.nti ed,.1a u croppinipst .iii ed K\ sy tems rucseasi ,b 

Further tlistin and complemerytav resuLnc provide- ap tech­irc ro.priaten 

nology for se througanch u :il horizontaIa of'wiret ion p'ogi'-a nd trins fef 


teology1 )i\'. Compaia 1sons o f F ig, I and F ie11) Mus1-tnro 
 howcrsea~rch 

ti me and e'fot can V sa:ved by t ran s er (o appOpriate tecno1logy I'Iorn 

one target nrva, horizontally, to noter. 

Descriptive basis for horizont al transfer. 

t in thenreti.-a l possible to completelv describe the ecologi cal and 

socio-economic envio'.n ent of a: t ,1,.ot ,irea. The agrotechnonogy developed 

for the a rea wunid he suited for :ni a rea with ,n identical (or s ml ar) 

de'script ion. Then some on-sie r.:,earh could he conducted to further 

oaropri atenes. theverify rhe of technology tmanstrred in. In practice, 

it is difficult -- i [ not iipo sibl e --. to find idontica.I areas. Further­

more, researchers us;lly Id lo not. select tar'get areas For research based on 

purely technical reasons.
 

['he quest:ion then is how or to what ext ent can agrotechnolOgy be trans­

ferred From one area to another when there are differences as well as 
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similarities between the two areas. What are manageable levels of diver­

s ity among the socioeconomic and biological determinants that describe a 

target area for cropping systems? 

In Table i, descriptive elements of a target area (summarized from 

the text of this paper) are listed along with a statenient of intended 

use and expected sources of information. These are gi 'en to- provide a 

basis for further discussion and are not intended to be conprehensive. 

The purpose is to illustrate how data can he collected and used to 

characterize a target area. 

escrintins of target areas. 1Two maj.or target areas were s elected 

in 1973 by the Indone:sian Cropping SYsto:; Research Coordinator. One 

area was in Ilndrimayl, West Java , and the other in Bandara , Central 

Laqmlmig. These two areas met the cri teri a for select ion that were 

being develoned by the Croning qystems Working Group (listed on 

page 13). 'he avra i abiI i tv of technology f r transfer in was very 

limited. We expected that seeding rice directly and planting earlier 

maturing varietic:s were rechnologies that comud be used t~o intensify 

cropping patterns in the partially irrigated Indramay area. IJsing 

tert i1i zers and crop residues to i reprove soil fert il ity and more 

ssystemat ically arr;nging far'er ' croaning Pat terns were technologies that 

could he used to improve product ion and .;tab ili:e agricultuire in the upland 

transinigration atre'as of souther Smaiittra. Cropping systems studies were 

begun in 1973. ltic target atrea descrin tions 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 for selection of the research sites 

within the target area, for problem identification, and for design of
 

cropping patterns to be tested. Later, the descriptions are used as bases
 

for transfet of relevant technology between or among (transfer out) selected
 

target areas. There is no attenpt to precisely match descriptions as a 

basis for technology transfer. The real task is to identify and match 

the dominant factors in each environment that control the sociocconomic 

and biological processes. 

Markets and availability of inputs (a! affected by the infrastructure) 

are dominating economic factors in vast regions of Indonesia. Water avail­

ability from irrigation and rainfall (and its reliability) dorinates lowl.rd 

rice production. Rainfall is the dominant factor for upland crops. Soil, as 

it exist& and as a consequence of its formation, interacts with water avail­

ability and planL nutrition in both instances to greatly affect crop produztion, 

cropping patterns and agrotechaology transfer. Consequently, tne comprehenlsive 

nomenclature ircoroorated in the taxonctuic units embodied in Soil Taxonomy 

provides one source of information needed to characterize the biological and
 

environmental aspects of a site or target area for appropriate soil and crop 

management. The family category of that system of soil classification has bcen 

hypothesized to be appropriate for these purposes. Many times the subgroup 

is adequate (Table 3) -f there is sufficient practical and research experjoiace 

within the area. Infoerration that can be derived from the soil family nan,,. 

useful for-crop and soil management purposes can be illustratk.d by using r,_ 

dominant soils fonnd in our two target areas. 

A. Indramayu examnie. i'" ost likely cls;il'ication for the soil in sites 

of the [ndaU.aYvu tariget area wo ild be clayer,' montmorilloni.tic, isohypertherinic 

Vert i c 
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horizons of accumulation of
Tropaquept. These are immature soils that have no 

clay and aluminum. The natural drainage is poor and groundwater stands close to 

found in tropical regionsthe surface during some part of the 	year. The soil is 


likely formed from marine deposits. Tlese
of relatively lAw eLevations and is 


that are dry enough in most ,years to crack
are relatively fertile clay soils 


deeply. But the surface soil has considerable organic matter that ameliorates
 

the effects of the 	 clay and provides favorable conditions for cultivation. The 

loosen the surface 	soi, and permit
effects of the drV period reduce weed growth, 


shallow cultivation and preparation of a seed bed for direct-seeded rice ar the
 

beginning of the rainy season. The 	relatively high water-holding capacity and
 

water table moderar e ..o e ffects of brief dry periods after seeding. Likewise,
 

neir the ond of the rainy season sufficient soil water and intermittant rain
 

permit upland crop's to grow after harvest of paddy rich provided surface Water
 

is drained away. 

B. 	Central ,.:a un, - M ' most lik ylvclassification for soil in sites of the 

area would he fine loamy, kaoliniti.c, i.sohyperthurmi,Central [..mpun, .irget 

a hghly weathrcd tropicn! soilPllnthic Tropudult. 'he nanme indicates tA isis 

wi ti some plinrhite in or below theIrgi.l.ic horizon. It is low in Inherent 

water table at sometime du'ring the year. Thefertility and lIkely has a perched 

udic moisture regime permits year round crop production provided drought tolerant
 

grown during the dryer times of the year and soil management practices
crops are 

are used. This soil must be managedfor fertilizer and crop residue recycling 


of soil organic matter. On the other
carefully to prevent erosion and rapid loss 

hand, thN soil tends to he very responsive to small Increments of phosphate 

fertilizer application and is easily cultivated. The surface horizon is we ll 

drained and the clay particles aggregated so that the soil can be cultivatd 

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

http:Irgi.l.ic
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suited for farming systems 
that include animal components as well as food,
 

forage, and perennial crops. 
 It is best suited for management in small units by
 

family farm type operations.
 

Technology developed and transferred 

Indramayu. Fig. lishows the predom:inating cropping patterns used
 

by farmers in the Indramayu area at the time research was begun in 1973.
 

When exis 'nj farmer practice is combined with the long-term rainfall data
 

and irrigation c:p. bilities, some 
 basis Ior cropping pattern redesin cn
 

be seen. Consequently, the following observations 
 are not looked upon au:
 

problem identificat:ion but as potential for 
 .. creased crop production nnd 

improved farm ecoarjmy. 

The second rice crops in the partially irriga ted ;.'ere not re-­areas 


ceiving water 
 long enough to adequately meet their requirements. Rracrically
 

no food crops other than rice (palawjja crops) were grown. Direct seeding 
 of
 

rice by broadcasting or dilbbling seed on aerobic soils (gogo rancah) 
 was
 

practiced on a limited scale by farmers 
 in partially irrigated areas and 

even less in rainfed areas. The components of crop production were con­

sidered in designin,. and testing new cropping patterns as outlined in this 

paper: (1) lands were not being fully utili:ed and there were food shortages, 

(2) labor, markts, agronomic potential, and tine existed to permit increased 

crop production, and (3) earlier maturing rice varieties (less than 120 days) 

had oeon developed. Fig. 1 2 shows patterns that were teszed 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 

crop years. Table 4 shows a summary of the results of testing farmers' and 

Introduced cropping patterns for 3 years. The pro-production test plots; 
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Fig. 11. Working calendar of Farmers' Cropping Patterns. Indramayu, West Java. 1973. 
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Table 4 Comparisons of yields and economic returns from Farmers 

and Introduced Cropping Patterns. CRIA C. S. Proj., 

Indramayu, West ..ava. 1.975-70. 

Croap Patterns, I rri__a t i o n C a egory 

10 months 7-9 months 5-8 months 

Farers' C. P1 Ave. yield - kg/ha 3 

(i975- 77)
 

Lowland Rice 
- 5,560 5,334 3,628 
Lowland Rice ­ 5,820 2,758 
 2,250
 

Net Returns 
 Rp 381,317 Rp 250,599 
 Rp 131,178
 

Intr,:d. C. P.A
 
(1975-77)
 

Low; and Rice ­ 5,314i 5,647 
 4,781 (GRR) 
Walik Jerami Rice - 5,032 4,578 4,630 

Legume ­ 768 944 
 541
 

Net leturns 
 Rp 379,591 Rp 422,237 Rp 222,872
 

Introd. C. P.
44
 

(1977- 7,)
 

Lowland Rice - 6,91.5 7,195 
 3,451 (CRR) 
Walik Jerami Rice - 4,910 4,550 2,901 

Soybean ­ 462 
 610 --

Cash Surplus Rp 527,923 Rp 523,099 Rp 205,539
 
to rice
 

Farmers' Patterns as 
shown in Fig.l1 

2ntroduced Patterns as 
shown in Fig..2 Walik Jerami Rice is rice directly
 
planted after preceding rico crop W/O plowing the land and Cogo Rancah 
 Wi,.e (GRR)
is rice di rectly seded on aerobic soil at beginning of rainy season. It is
 
flooded later. 

Yields were ea.sured by sampling from 1.00 H plots. There were 3 replication/
treatment/year for tho 2 years, 1975-77. 

4Yields were measured by sampling from contiguous areas of approximately 3 lhctnres 
for each irrigatioUn catetory for Pro--production 'est Trials, 1977-78.
 

CL. ' n:I My MQW12 %f':nd L.a.bor, :014 
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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 intensity in
 

December. Flooding was severe in the rainfed and partially irrigated 

areas. Unusually heavy rainfall cont!nued through the dry season of 

1978 so that it was more difficult to grow pulawija crops dur:fng this 

perind. Nevertheless, in introduccd cropp:ing patternscrops the performed 

well, particularly in the partially irrigatod areaq when compared to the 

average res;uito of the farmers' patterns tested the previous two years. 

The yield of the second rice crop in the 5 to 7 months irrigation area was 

reduced uring 1977-78 in comparison to the first because of stem borer and 

unusual weather condilons. Nevertheless, the overall data showed that 

technology to rice grow extra per andimprove yields, an crop year increase 

net returns for these areas under these conditions is available. The new 

technology was dependent upon availability of earlier maturing aid adapted 

varieties of rice, suitable soil and climatic conditions for gogo rancah 

(dry seeded rice) and walik jerami (no till second rice crop). 

Implementat ion ovor an extended area is censIdered to be dependent 

upon the synchronized activities cf governmen t agencies (research, exten­

sion, irrigation, ad local government) to regulate the use of water, 

varieties and cropping patterns in an appropriate irrigation or agroclimitic 

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 (see Fig.14). The i'-tter example 

will be discussed in the next section of this paper. 



so 

Central Laiiyinei. Fig. 13 shows the predominating cropping patterns
 

used by farmers in the partially irrigated lowland 
 areas in Nambah Dadi. 

village and the upland areas of Central Lampung. The farmers had become
 

dependent upon the irrigation water in Nnmbah Dadi and grew 
 only one rice 

crop per year in Mir i ,rrigatedfields but grew crops throughout the year
 

in their upland fields. 
 Thls is an unfortunate example of overdependence
 

upon irrigatcion. Although 
 it had not been our intention to work in an
 

irrigated 
 area, because of our experiences V I. d ramayu and observations 

that the land was underutilized, we established one site in Nambah Dadi. 

A. Partially irrigaed area. first:Our attempts to improVL the
 

cropping patre,rs in area
this consisted of introducing earlier maturing
 

rice varieties, reducing turn-around time between planting 
of rice crops in the 

wet season and growing secondary crops during the dry seaso,. We found that
 

the supply cf irrigation water was less dependable 
 than anticipated and that
 

we could not saveCnogh 
 time to get two lowLnd rice crops per season. 

but there appeared t" be potential for growing legume crops during drythe 

season after the rice crops. We had tried gogo rancah (direct seeding of 

rice on aerobic soil that will be flooded later) in some small ilots and 

found that even though the rats and birds ate the rice becr'se it was out 

of phase with the surrounding crops , the vigor of the crop of rice (gogo 

rancah) appeared good. The soil w s co siderably different from the 

alluvial clay ofsoilIs Indramayu (see Table 3), but other factors made the 

area suitable for this method of rice culture. First all, rainfallof the 
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1l.[.'--Lo:-Ic Rice, WJR--W~alik Jeraml Rice (no i! liage), R Rice 

SB--Soybenn, C--Corn, CV--Cassava, ULR--Upland Rice, 


G nc:. :--Co (dr• seed), CP--Icowpea, 
PNT--Pcanut, RB---!i,-ebean and F--Fallow 

Fig. 13. Working Calendar o' Farmers' and Pre production (Introd. C. P.) Cropping Patterns. 
Central Lampung, Lamping. 1977-78.
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gradually increases 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 Figs. 11 and 
13. There was sufficient
 

rainfall to permit e;.tm..iishnent of an upland crop. However, if the rain­

fall is high,aerobic conditions to permit continued cultivation of .tpland 

crops is possible only if aerobic- conditions are provided by extensive 

drainage facilitier. The gogo rancah rice, on the other hand, can be
 

directly seeded on aerobic soil 
and then flooded. The usual benefits of
 

flooding for control 
of weed.; and Improved nutrient availability result.
 

Generally, 
 4n well drained soils, such as that existing in Nambah Dadi, 

excess drainagoe hi niors iogo rancalh rice production. Furthermore, since 

the soil .1s not puddled when this cultUo al method is used, downward 

percolation of wacer and leaching of plant nutrients are excessive. For­

tunately, 
 because of the level topography of the partially-irrigated rice 

Ld gradualfields a the raising of the water table with irrigation water an­

rainfall within the sy:;tem, this problem did not occur. Table 5 shows the 

yields and economic returns from farmers' and introduced cropping patterns 

in this partially-irrigated area when the gogo rancah technology was used 

in the improved pattern. The plots were about 3 hectares in size and
 

included fields of several farmers. This pre-production trial was sufficient
 

evidence to many farmers to spontaneously adopt this technology. Thus,
 

the technology was transferred from Java successfully and within the 

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



--

t<VA 

Table 5. Conlparisons of andyields economic returns from Farmers' 
and Introduced Cropping Patterns in Pre-production Trials 
in partially irrigated area with 3 hectare plots. 
CRIA C. S. Proj., NaTlbah Dadi, Central Lampung. 3977-78. 

Cropping Patterns Yields and Cash Surplus2 

Gross Ma t e ria - Hi redYield CashReturns Cnst-, Labor Cost Surplus 
kg/ha 


h 

Farmers' C. P.: 

Lowland Rice - 3,743 190,434 24,670 
 73,537 
 92,227
 

Fallow 


Total Rp 92,227
 
Introd. C. P.: 

Gogo Rancah Rice 
- 3,562 382,387 44,450 128,1.77 
 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 Rp 320,968 

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

'fields were measured by sanpling from farmers' fields and from within the 3 hectares of
oniguous plot Casharea. surplus means1,abor on~ly. Gross Returns minus cash ofcosts Materials and 

http:128,1.77


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 Iperata (Bandar Agung).
 

Fig. 13 shows the predominating cropping pattern used by the farmers.
 

The farmers' patterns appeared to be well adapted to the existing soil,
 

climatic, and market conditions. But the probability of increasing
 

production by use. of fertilizer, improved management practicer, (platirig
 

in rows) and introduction of more legumes into the systems appeared to be 

good (Fig. 1,). Research had begun Jn 1973 to evaluate these ideas. Tables
 

6 and 7 illustrate some of the dramatic results that were obtained. Yield
 

and net return data show the advantage of planting in rows compared to ean­

dom planting as practiced by the farmers. This was especially important for 

crops other than cassava when fertilizers were used. The data also show 

that the practice of farmers to grow combinations of crops was more productive 

and profitable than growing crops separately in sequence. Most of aJl these 

data show the importance of improving soil fertility through use of fertilizer.
 

This is further !lluztrated in Table 7 where the yield data for the inter­

cropping pattern -areexpressed in terms of calories, protein, and paddy rice
 

(gabah equivalent). Thus, if 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. Extensi,.'e and systematic
 

cropping systems studies were started to 
test this technology in farmers'
 

fields under different conditions within the target area. In 1975, site!;
 



Table 6. Average yield of crops and approximate net returns for
 

check and full treatment plots. CRIA C. S. Proj.,
 

1973-74.
Bandarjaya, Central Lamnpung, 


Fertility Corn Upland Peanut Rice Cassava Approximate
 
Treatment rice bean net return
 

-------------- Dry grain-kg/ha ------------ Fresh root Rp/ha 2 

(ton/ha)
 

Mixed Cropin& 

Check 467 690 161 55 12.7 65,000
 

Full + mulch 1l165 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
 

Sequenti al Planning
 

Check 606 850 - 153 - (-6,000) 

Full + mulch 2_9:5 3,536 - 723 74,000 

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

2One (1) U.S. dollar equi'valent to Rp. 415 until November 1977; thereafter, 

approximately Rp. 620 per dollar. 



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 Treatment 
Pattern Yield Calories Protein Yield Calories Protcin 

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 1 769 1,840 52 2,724 6,521 185 

Tassava ! 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 

T o t a 1 22,286 276 43,791 773 

1 
.-abahI equiva lent 

kg/ha/year 9,325 4,060 18,323 11,371 

1 Gabah x .665 = milled rice and average value of 6.8% protein used for conversion from
 

pro .in to gabah.
 



were established in Bandar Agung and Komering Putih, Central Lampung. 
In
 

succeeding years, sites were established in Way Abung, North Lampung; Batu 

Raja, South Sumatra;and Tajau Pecah, South Kalimantan (Fig.]4). These sites 

were similar in many respects to T~he description iven for Bandarjaya in
 

Table 3.
 

Yield and economic data are shown in Tables 8, 9, and 10. 
 lables 

8 and 9 show the data from the first and second years, respectively, for the 

sites menLioned above. Basically, the same cropping patterns and rix.nagcment 

practices that were used in Bandarjaya were traiisfcrred intact to these 

sites. The data show dramatically the increased production and economic
 

returns that could be expected by use of che intoloduced technolo y. But
 

the data also show that usually there were general improvemenrs in crop­

ping pattern performances the second or succeeding years in a site. This 

kind of fine tuning is to 
be expected and probably indicates improvement in
 

management tcch:Aques. 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 iinprovd varieties and small 

amounts of fertilizer. An example of this took place in Korhering Putih 

in 1976-77 (Table 9) where farmers' crop yields a:nd e':onomic returns in­

creased. Furthertore, 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 

IlJ~It ,, I ] 1 trtc 1i I j Ic't .'il.,ics mj,;d l¢".,ie Seeds 'Ire not I'.Cadi ly 

:dott ed. 



Figure
 

LOCATION AND RAINFALL PATTERN OFCROPPING SYSTEMS PROJECTS IN INDONESIA. '81.
PASIR - KOTA- PEMATANG- TULANG-
 BANDAR-
PANGARAYAN SITIUNG TAJAU -LAHAT NEGARA PANGC.ANG BAT URAJA BAWANG WAY ABUNG JAYA BARAMBAI PECAH 

:............a}........ .. -..
 

I 
, . . 

/ ­// / //oo"_ .........WAOTO. 

~*~0 - : ------ . 

/ 7 - 7. 

V 7•0. 0. 
/ AA KAAG KUO- JNG AO 

/-

I O0 --- V.J 

Y'JLON- -.
/ PANA- KARANG- GNJNG>.JNG .----. .....
SERANG C!ARUSA INDRAHYU 'WAniGaN PUCUI-G P.ROGO KIDUL DEM',AK .- -PATI SAMPANG"-TAM~uA 

- ; / i F ; '-.. A i.! I-[ 

o s. 
 .. .. 
 .. . ... .
 



-- 

--

-- 

Table 8. Comparisons of yields and economi.c returns from Farmers' 
and Introduced Cropping Patterns for first years' results 

from different locations. CRIA C. S. Proj., Lampung, 

South Sumatra and Kalimantin. 1975-79. 

Yields and Net Returns/Location 

Bandar Komoring Way Batu Tajau 
Croppin , Patterns A Putih :'pu, ja a Pecah 

1975-76 1975-76 1976-77 1976-77 1978-79
 

-kg/ha--

Farmers' C.P. 

Corn + 
 235 287 
 569 332 
 3,000 ear!
 

Upland Rice 4 722 
 461 1,930 1,043 1,030
 

Cassava 
 7,975 9,767 
 5,880
 

Peanut (C) 793 
 -- 329 (C) 8,270 ears 

Ner Returns Rp 23,446 Rp 33,410 Rp 119,062 - (Rp 77,900) Rp 50,954 

Gabah Rice Equiv: 2.24 4,87 
 7.66 5.94 

(T/ha/yr)
 

Tint ro d. C. 1).: 

Corn + 1,798 2,140 1,169 
 1,877 698
 

Upland Rice 1 1,094 1,231 
 1,858 746 
 1,665
 

Cass 1va 4 11,152 
 9,933 22,200 16,649 7,200
 

Peanut - (PNT) --
 -- 567 499 (CP) 632
 

Ricebean 
 -- 228 531
 

Net Returns Rp 76,523 Rp 61.,343 
 Rp 148,107 R'p 124,527 1,p 2"3,708
 

Gabah Rice Equiv: 9.33 
 9.36 1.6.07 13.52 6.86
 
(T/ha/yr)
 



-- 
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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 Sumaitra. 1976-79. 

Yields and Net Returns/Locatlion 

Bandar Kome ring 
 Way Batu Lahat 
Cropping Patterns Ag-uL__ Put III Abung Raja h g7 

1976-77 1976-77 1977-78 1977-78 197) 

Farmers' C. P.: 

Corn + 759 337 924 402 Non 

UpLind Rice 1 2,018 1,562 1,905 1,817 

Cassava 
 -- 18,333 %9,788
 

Peanut (C) 806 
 -- 525 

Nut Returns; Rp 110,859 Rp 159,237 Rp 125,763 Rp 132,500 

Cabah Rice Equiv: 4.33 11.23 8.16 3.46 
(T/ha/yr) 

51
 

Introd. C. P.: 

Corn + 1,977 2,080 2,553 1,626 2,4 

Upland Rice 4 1,689 1,022 3,688 1,076 2,8 

C(!;sava 1 21,125 26,110 19,888 14,71.0 14,8 

Peanut - (C) 1,739 385 580 573 

RiCebcin ~ (CB) 328 280 544 2 

Net Returns Rp 216,594 Rp 201,878 Rp 409,743 Rp 176,540 Pp 377,8 

Cabaih Rice Equiv: 18.22 17.88 18.89 12.67 15.2 
(T/ha/y r) 



Table 10. 	 Comparisons of yields and economic returns from Farmers' 

and Introduced Cropping Patt nms in Pre-production Trials 
in upland area wiLh 3 hectare pints. CRIA C. S. Proj., 

Bandar Agung, Central Lampung. 1977-78. 

Cropping Patterns 

Gross 
Yield Returns 

kg/ha 

Farmers' C. P.: 

Corn + 396 27,720 

Upland Rice 1,418 
 143,218
 

Gabalh Rice Equiv: 2.0 


(T/ha/y r)
 

Iitrod. C. P.: 

Corn + 1,105 77,350 

Upland Rice , 2,965 299,465
 

Cassava 4 29,331 87,993 


Corn ­ 2,553 89,355
 

Cowpea 
 86 9,460
 

Gabah Rice 	Equiv: 23.16 


(T/ha/y r) 

F'arme r-s ' anid Int roduced Pat te rn: are variants 
v.ith nearby plantations. The hawve developed 
just beginning to sOL' the value of cassava. 

Yields and Ca.sh Surplus 

Material Hired Cash 
Costs Labor Cost Surplus 

-- RP Iia 

20,71,0 3,,344 115,854 

Total Rp 115,854 

105,550 75,193 
 382,880
 

Total Rp 	382,880
 

from Fig. 8. Farmers in this area lh.ave jobs 
a rea!oii)ably good market for corn .ind are 
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S1117111: rY 

Fig. 1S depicts the situation that exists as new technology is
 

developed throigh 
 c loopitg systems researtt'li in a target area. he gal) 

Otwteen Iarmers' "se of technlo itid that which is availaible is st11 

too big v'xen after i m it le tt ionll of"otTl'uotit'tiOil programs. Pe 'hip:; with 

rese c'el's work'intg more clo.ely wi th farer's, extesiton, aid loC; 1
 

govei'IienIt 
 o0 fl-c id ,is W wi ii b.c om, more sensit No to the Ptinler. 

needs. We dniot o in mite Mtit need otr inputs, hut we can devise low 

croppin.g t wInp nt 1 'i.s to Mil it:te Li im adloption . Al1o by under'­

stand ing thie 'ip i K.Y oiftiI ' iilI I.' i.'". Swit h ha te r and h' :Antic­

patinge thu. inpuit rtvtqliro't'slt. , we canlIFagi' iINICl the iV D&ll U.'l at.l.;ion Of' 

"p'I' tcti i l'(ln''r:ij-7 1 hat , ' More a u)lil-il)'i' at t'or a rrca. ,e : n 

sho)t'ten t hi.' ht imp i ei ro df o r s t t : Iei i n idth o. ic' reaset' ' 

theL number[{l oft tt.herl :;ill.' thatl canll hev sl idi d. Inl o)rdor'l to do. thin,, 

iilOlrt, (11t'l'hasi. I.,,~mu-q I he i)!;,.(,d onl~ n 1to descr'liptl itnll andl te chlnology' t ranflir(_l 

dlet lhe 

ilp'o ved c ropipinog oin tu'rens, 0 thvr' oDp i'tni t ies and const ri ill t 

As we work withIin ;iti'get arv'- and Ivelop technology For 

'sace-J Iy 

ftaienter are ident It'ie,. bis i the t ime for the research to develip 

ilto a hol ist icC fLi'mingp . \'ste s pog'O ';iit. lbtis is the proper seqtniCe. 

The initia l s 1srtIi'v's'. a hie holistic in scope . Htt the expeml'i t ti tion 

that in i mplicit in this' kind of I'searech intsL he focus.sed ;it ea'ly 

s tges on the need. thait have thle hi phvs t ori 1' ity. [suaI.iiVl lhiat 

p'iot'ityv is for food c'oin)s. theti h;Lt Ineed is sati sfied, either on the 

ft'll o by other tll;tn5s, then new lt' I0)ri'ities cai he tackled. 
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Farming Systems - Issues and Some Answers 

.Jerry I.. McIntosl and Slr jatrla U 'endi 

Good research raises more questions than it ainiswers. But also good 

research is specific enough to address the obict ives for which it was 

designed and nrovides soluticinn: to problems. The re:;arch approach 

described -hows how, crop intensitfi catinn comld he used to inc:ease food 

production and inuccmv of sm1 Innd holders in irrigated and pa rt ially 

irrigated areas on lava. Fuirthermore, the research shows the feasibility 

ol using ipland ir;ea in S !umIti'aand KalI lantIntr for rood cron product ion 

and establishmnt of a pr fit 1)le :rod ,table economy. In theadagricultural 

p roces.s many inl ecvetin. questions hiv\e Wen ' selt tihat ha v, ll)t beet' 

addres:,ed specifi callv in th1w papcr. Many qiiiest ions con'ei'm the reseatc''h 

alpproach itself and 'om are fi g-eneral iterest unly. Some sugg'est a 

broadenin., ot the resea rch to a holistic or tarminu systems approach. 

Intensification versus extensification 

Many countries havte no choice bitt. to intensify crop production. lihey 

have no more land to bring into production. In some cases all the land 

is intensively used and the only opt ion remaining to increase food product ion 

is to increase Yields per crop. 

One task or agricultuiical research is to analyze the opportunities to 

increasv cio production in line with governnent policv and duciule where 

rlseatch should he conducted. For eXamOp le, con tra!ry to bel Jef of mitany 

people thre is ample oplportunitv to intensify crop production on Java. 

The rese,arch dat a in this paper show how this cculd be accomnplished. 

Then w'hy open new lands in the outer islands? In this case, area develop­

meit is an immediate ohject iye. Increased food production and population 
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Table Il.I I If) cations oF cro1piTg system.s re:;es arch 

Self su fficienc'y in Rice on P'reseunt Irriai td l;inds 

I. 	 otal ir i'gat ed ,n a ra'l N.94 M. hectare 

(land area) 

2. Shou d he able to doublIc c run 	about 2.6( N,1 
hect are :)111 3.0'(4 MIhicta'C 6.6 M hect.are 

(cron area 

". Should be able to average 4 	 t/hectare/crop 

4. 	 Production nor year Gabah 26.4 MIt/year 

Wetas 17.5 ,M t/year 

5. utzficient rice (121 kg per v'anita) 116 	 M reonle 



pressure relief are also object iv'es but longterm. Iinfrastructural
 

development is A prerequisite For these objectives. 
 Consequently, for 

the time being the greatest opportunity to increase food produiction
 

woulId he to concentrate on thei fuilly anc 
 part ially irrigated lands on 

Java or the Outeir isa;nds. TWible 11 shows how Indonesia could he sell' 

sufficion inirice, hv Just increasing the ave ragte yield per hectare 1o 

• tons of gaha rice for the irrigated rice 
lands. The average yield of 

gai ah for BIMAS uas 3.51 ton per h cctrO in 1978. ha ta thi
from aler 

shows that .4 tOlS iS a rcasoahle yield for tlhe: e irrigated and fertile 

rice ilands. It is eOsitimated that about two thirds of the li m l ion 

hectares of irri ated land could he doll)1e cropped to give i total crop
 

Airea of o.0 iii on 
 hectare of irriigated rice per year. 'lis ,rc:
 

should produce ample ri ce 
for se i " sut:ficiencv Furtlihermor, since these 

lands have 'easonihilv goodI dra inage Aln d some irri ga tion dlrin,, the dry
 

Seasol pal arops "!cr :; I t coyeai,oi cowpea
i and s11 flower cold b e ,grwill 

Aritm 
 the two (in so., i'-casos one) rice crops. 

-cd coI s versus peron it i a I crops 

Strateios for increasing food n roduction depend upon the situation. 

The options are gre:ater in nie.'ly opened areas compared to settled areas. 

Irrigated rice lands are not likely to he converted into dry land s for 

perennia1 crops. But ulpland areas that ar'e newly opened could have 

several uses. 1Te stab ility and marLetabilitv of perennial crop products 

like ti nber, rulbber, coffee, coconut, pepper and clove tend to polarize 

development p l a ns and promote specialization. lowever, this tendency rn:iy 

be due more to the speviali.sts than to the peculi aritieos of the crops. 



In industriali:ed societies and inisocieties where there are food 

surpluses, movement and availability of food is taken for granted. 

But in newly developed a1ireas int societies where food shortages are common, 

proximity to food productioh sources takes on more urgency. People 

living the fa'rthevrest trom production areas or 0rts will likely suffec 

the most when food Shorriages o.cur. Co:nsequuntl.y, i n newly opened lands 

in developing soc i eties food production must receive a high priority. 

The first phase in ,agricultml: devt lopment must meet this need so that a 

reasonab ; i'egrue of food self s fficiency caA be assured. 

Ibis lint of re:soning is lo .,1 and no one seriously disagrees. 

But many times in the :1anni ng process, the estate concept for efficient 

and profi tabl c p r duct ion of marketable perenn ia I crops is looked upon wi th 

favor. The vastn.s -, uniformitv and production eftficiency of these estates 

clouds the picture; while. the vulnerab ilitv of the employees to food 

shortages and market fliuctmations is not clearly seen. The nucleus estate 

concept is an attempt to allow the plantation workers to share in profits 

and hld title to land. The vulo nernbility to food shortges still exist 

and the pros and cons can be argued. But if it is impract ical for the 

employees of the estates to produce their own food, a reasonable alter­

native is to insure that there is food self sufficiency in the regions. 

The definition of a region in this case will decpend upon the infrastructure 

for prodiction, movement and marketing of food products. For example, a 

transmigration projcct area could he a major producer of rubber or palm oil 

but either hithin the project area or adjacent to it enough food should 

be produced to meet the mutual needs. 



Small farms verslIs ostatvsOr food crops. 

Suttccess with produLction of esta tea and pe ronn i al crops on Ilarge_ 

plantations has croaied an intie0rest in trying to dhiplic:ate this achieve­

lmolit with fool c opn. !:iilthe.io ' ' l,rofon tts rive eX rI)vI (i wiIa 

corporal ions and cOl lectiv farms in teilipOrate rt'eg ions that are e' fficiont 

aild productivu . (.i0'1s'siiiintly, in cotrl-ast to smaiill fat l proltic 1. on it is 

assumed that est;ate ty pe opeai'; ions wooliitd he m11or' efficient and pruductive 

in the tro pic Thu nt' e' the promdii.t ion a 5!l. rteslIt woulId of s- rpl) ii of 

tiua Iit food c'ops ftor <;ale or storage inII,0Vainent w'are'houses. 

11tf)r' ui tat V rtl'for tans of the' ii)thitt' t' cc tat . have not int to 

expectationn;. This mai be ai over'1" imp i t'ifi ation. lint th r', are Ianv 

pl1o' lums :ssociatod tIh It'lge scale oertta'Ii ons ial ma I I ifaimers neveer 

face unde'r t ropic al toiditIots. 

Fi rst ofI on th, landa ill i no--t or iod sotit Wile for W id aigr itu liitra l 
was on1 into . The land ai\'a ilil t' fo)'r agri iii tiiral 

de\'el i).llt ntow uusti l1v is infurt i e , r'odihlu , hi! I l nd i so lated. 

The oh,- llajiajor = ' i i ll c i as ciididate fo.i dlevelopii'nldei relt't'dC a 

is Ish. 1 i l -vitliip,. IH rv the l i, 't,i'aic and ;nomic" prohluis ar1e tven 

g 't';i I CI'1. 

The pr'oblems heP .iiiwith p're.pa rat iprea iara(iioine tliiri ghotilainld a d 

te crop cycle. Ie size, of the ostant's and tihe miagni tude of the 

operations n' all\v asto rb all the lIaho r avai Ii 'i. in the at'ea . Nlb'han i­

zait io of la plire r taIiton , dt ciil harvest ingptp;a plniit ingi', ohedir, ivat ing, 

and post harvest handl ing ipp-ea rsi th ie l, (' t'erk-ihbr)inghi needed to make 

the op'tat ion efficitlent anti tilel', .lii. i tortitately, a bout the only 

http:iilthe.io


operation that 1:1 ict,he successul'i, I i'echani:ed is the land p)r' paration at 

the be'intlniIg of ':chci t qp season. Ironic1altly, this oe)L-ration in the
 

long'un is one of th, 
miajor pi talls in upland estn;ttes. Planti ng if)
 

strail,i fur'trows
fi jcroqs lrge.t 
 field" c,' e te-. th,, tonditiolls ondlu ive
 

for ' F .,11 ;aa ti 
 ' ]1y Tut t i. Stince to si " Ioth ilnherent soil
 

fortHi Iit Y 
is cont A ic in the organic fracti on of the sur'face hoio~zont 

mitclh in los5t the first ort t Iwo tt' e yett s aitr opctting the l:ntd dluie to 

h', etosion ;nd pe'rcolatioatl. v 'n tho ug,,h soil c'on1'ervatiot prac tiI
 

a't, planlned M y uslill 
 ot .' iml) lented Whiore,F,serious s)il losse's 

OCt' i F". 

Some of the pl:nti llt op'rat ions can h' ca iu i'd ciit hy ci.Ktth,i on. 

Usull cliva' tti on iOr weid contIrol antd mechaicai l01 ha ryeSt in i t notare 

-stisfat orv. lxcssive moistui v, mechani cal Kai lires aind plrohlcm;: wilh 

spa ye par ts cr :to, l' y:is. I e.s, d,.lav:s in cu Itivi tion, harvest ing anod
 

d'yi;g at: 1' losses,. in ,yields a d quality, of 
iroduction. Simple :ttivi­

lie lsike dry ing canssi chips for' stint farmr'ttq het-ont og2ist it night
 

mar II 
 tor Iartgo Ost:a Ie . Thie tenr''tl prpat' ic.' i.sto revt'evu i I)thired day
 

labhoier's 
 ci!r[',. Ollto lll~tlllal I " ca'Fll'r 0"o limnn;<_, ilS. 

A'-mit the only ; dvant a ,c to tht' Food crop estate is their ahility, 

to mmlt' o''v iItc i lki aIV tnt I la'er volumeitit' o lptot'inuitce Ih'nt colr.,tJ to 

s mall fa rm' operat i n,. This is an iIli rtitatnt :isp.'l't that s -nild not. ie 

imder ei i.i'd: . , pos ih i. ' H-nttiv., i)t'ver, is to dtvy .I op a 
coope ar'I v' ma l('t i':l iip i1ilI :ttttott, II a rgoons ite ;t cmailI ; area.Sitt;t 'a tatit' F. 

These -arei ssues til tneed fthr hot considihr; tion and sItudy' in N fairiming 

S . t(',l sF- v rll h;i;po)gorai. 



(ropping Sywtems e'.rsus s cea r'ch systems resea r-ch 

The oh ect ires and benefits of cropping -,yste'm:; resca eh have been 

suffiti'ntlV describled ini v-;rliOr sect ionn iof this naper. But there
 

are anchil lrv ac tivities and bnefi its which oc cui r that 
 somet imencs arc 

overlooked !! is ironic that some o the great es t efforts to y;stemati e 

agrictltural 'olresea - and make it lrei- r' levarit hi\'x_- o crred among the so 

called d-evelo ping .,tion s . I1statlll ttse have beetn coll Abc lrative e itorts 

with intern:itionial or hi!.itoratl developnient resea rc programs. Nvcrtheles 

the Ingenuity nod so istication of the research in national Inorogrr'is ;houild 

not he overlook, d. Th". ic comod ti on of neIh ideatis and resea rch approaches 

to fixed o ti:.it:ional s ioctaiur-es in o rder to miloVe torward wiftith s 'teOis 

progrnams in exemplary.
ai-Systems resiarchiiinIIv l exi st for the v'ariOlls 

i'eso :i'vania )lineq tly, thi !0 1 m n . lVi e i! t" in ii:\' developing 

cotini ie,, crio pping sieml r,.iestcih has not eNnii ttd fromii tihe ro-se:t;rch 

adiii i :i.taitiio . o n ad nd encour-l;I.e 


0', lie ii si l claiII of c'oitimllipl . Ri-t-Orh, i' rcst i-sh e 


It hi ;iine" ilitl bit not conce.,iv.ed 

wi lr* aitlt.it,id 

b" coin vi ctiion to ,Ic op mrsti-aitswoiuld !hem to inter-act withcc p th;at lead 

nther .ci -nt ists ii otlhcr liscil!ines and plan r-esearch for areas broader 

than their o iwni ld i.'.tal i- .rtise. Siice iimii teid personnel arid mioney 

on coi-aed tai-gete rc,.tii-arclh tinder ti s' conii ions, many jinior 

scio,,ti stq o F,.:tce tace lii i .ir.;a- to ior ' f iil i h simpl1e well i.asiis 

complex piomh ifacr -r'i-rinis s :iee evereV d:y. 'lhrese interactions have been 

ii\itiiabl I, for rese airchIi s\t'aff dev, loepitei, anrd problem identifiication. 

The research and t lie for'mal aid in tor-tial r iaii iig conducted have dave loped 

a itdcidr of sc ient i t s who arn- capaablei and ;Iwa r'e of r-esearch needs. 
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In the final an:alvsis an effective cropping systems program has'ia 

tendencv to lead itO own dolm i 12 . 3eca;us'e all the eIolnemllts or an
 

effectiv'e "vnoi2 . r p't1ogram, ,;iIIV il
1ti s l :uar place, cropp ing. svireq. p1avs
 

the Ft I f A .1taI'. ; i to a1ctiv;I v the exi in, c mlolivn t t o do 
 lh.ir
 

Jibs. (roppin,, sIcm's i:snot commin n' iscipline blut a
-:v1 re se::rch a q 


cunI'tvm'.o ';pr'gaI:i. .ollsuti( riiI , 1Ih fl ushli "rtp!)ing sy'i t:; 


r':-ea rch :activ itic> nli"
may sc' s tfruct bu t a t Ly .in g ntcleu; shul d
 

remain to :asimilar : in the ft' e.
,ervvc ipu oset) 


Mixed cropping voarus sequ('ntial pl antin. 

One oh ec I;np rg'iiv, of a: crttpin ;> ,:- t,.ram; is to make maximm use 

ot U.Iitd , ;,'.itcr. stllshii l J time. .tIM Iegi " ha vc been descr ibe,,d hc. ,'
 

toi acompiu~~j he Slc oh ie'c t 
 iv fo ditt"FeniieNgro29 mcuNlic condt~itionls.
 

In .'ttospect .pproachcs destcrit d ;it)pc;ri, 5 i for'ard i I not simp i
qw ir -

tic. 
 They hav f'o-,ics',d on eithe adding in extra crop to the exi sting 

croppin:g, pattern or imlprovin . the prou-ction pc com,.,oient . iad ci-l 

r'edsi.-n of patc,'in w,.i§ not cnnidei-ud to hec , viale :a tern:ative.
 

Ron in ilh case,, 
 of xi d croppt ing ptii t,ms;, which arePC viewed byC'tsoelc­

scienti:ts :i-. xailuq of ''ti cr luteloped'' ag',ricu ltulre, ic.des ign 

Col i N1 isited oly" ,cCrv,'itg. m numb t g). atori " crop; rowin any on ti me 

and sV''temia;l ici Il'V growi' ng the crops in row.: IS is apploich loin pr'vokti 

crit i,:!: cOlmnt-Il 1 ;qnld tllt" ion, 1oio ti le rlt'its of cropping.1 pat1ter S,ll 

thait l;ve mixed Cri'' to'i, tiii' Iiciit n a r :iciti F yIa w Ihert'sear h progra!i)1F ; 

t'i i" . iawe re lgt nLlt )n son Fori th is app)i-e'nshci ion was; eca _se I hie 

res5ea:rch w;i i l!I, i Iatl!u r Ibi: t evokeipl e Ftl ing. s di fferent i magu,; 

to diet c 'Iut luasuallv c rea t:es co d iIi on srent 'iopic for Iong d i scou r*s, 



- h.J 

on Jetinition. Ini rder to avoid this pr')hl lrm th term "cropping sy'ems" 

has been widely Alop ted ubr'rrc l la uMit r criItur;al 


ioltc'trcropin. 


s an c lhii pia,. tice s Ilke 

, i ntc WI: ing, relv pilan tilg Anhd seqiluentiali )lantinr, ar 

COIflthltOrlHIt s. Ih se' coponilents av o!' vin slyl( rs'iouis ki ]- of mutltiple
 

croppin.. 'he first three may- he described a>; d iffer ent kinds of mixed
 

c ro)pin. . Ther ImayIV ;t I bh aslsto 


agricu~l tur~e.
 

I ist n :zS I he " iisefuln.ss inrlli(Jdc iii 

The Anst5wer drped< un)t the situia ti on. Tl'hree c rops of paddy rice 

,
g r)wu ii :1 s.cqtlen cc per \'xvar on irrigated land i, probably one of the 

most fi vrie an.d nr l'hc nolI r-ppi;I\; trurlIs.r rin ot'he ierphand A mi .)d 

cr1oppingi sys temn of rice, corin, vaiqsix': and I eumiin nix- he best fo r somle 

uiplin d crop Are -;. In the la tter c'aso;:the argument can be made tut it 

w,oIld be better to gro, all the;e crop :. h 7 grow them sepa rately in the 

propeti- :'qti'nce so that the manIauement perL c roptofldc W, more spec if'ic. 

The divrir; tv of pi dtn tion and It be icon miliiil t foed,e atncI on m:rke.t 

:n d c,,n m -ct a li t oul.',rd he AhaItn th e s arme , tar mixed cro ppiiig. 

Ilwr produrc tiv'ity anr mian agentcrnr i pec~tn;;ecome very fa scin at ingi rcse acli 

quei's-t ions. 

Rich soil versus pOo~r soil 

i.t is commonly .,id that agc. riciulture in the Iriited States is so 

pr dtLictive because the fa rm Iand is so fottilI. This is only partly 

t rue . Somee oil s of Ihe tipr irdnestI have cons ide rihlle inherenit 

fertii aiin d :ideuqutatie raiinfall dri'i ng the' grow irig sca son. They are 

nattirally product ie . Other soils are fertileIbt have i nadeqaate 

iaini fall diring the g.row ing season. They require ir-rigation iniorder 
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to be p'oductive. 
 ui.-


' alIa I b are itlteren t iv 


Other soils like many of iso i s receive adequiate 

hut not yhev rt.He iti We M IusI r eeive Feri.i i :er
 

and good management to be productive. 
 Even the best soils are not 

inexhaustible . urcesso of pliant ntutrients and ert tilitv. Far'leris ill
 

Il l inois usatlly use higher irate; e:f fert i I i zer for corn than farmer's 

Any\wherle else. le'to ht a toh.en tendencv substiteori ]i:er
 

for Iaror'. The r i a I I ii, usu:lly gvood, 
and the soil deep. There is
 

littile risk invo]\ed in applyin lar ame ts or Fer()
e oun 'tilizer.
 

Iritiallx in th l )etiqi .,, t '' aea:s thl inherent soil t re' ility
 

is /llA iiport:nt ft or
t in the mt:aIa ,u)t And p, ui--tivit , of tie Ia) . 

For :alm ost 100 ' I itt er i ::e"t yearis r " wm. used un the t/doll of 

no rthlrn Ill i Andiii Io\a .i s 1 tl;ot-u'rin Il p ciI cic in" lvi vt cr'o) 

rot at i on and wle.';. -;t h Ais manrttie antt stove l helpe).d ita; in eti li ,
 
leve lq of inlhe rent so il fertil it it For tl- I:st 
.0iyeai'rs increasing)Iy 

high r ra :s ot fertI i:er ,ei,.- ,".,d. ( ons.-quently, the mnat,.ments; 

of So il thait inhre n q iuitewe'e tly 
 dif eint-ellmay he tihe same . t n s I ma itnt­

toa polduction su,-h :; Adverse tOpogrpithy, livy:i 'al lprope rties and cl imate 

const it te much o)'e :,ve me ohstacles than soil forti Iity to cr'op 

1:inn elll
prodii t ioll ll Li llall:ag .t 
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