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Role of Social Science Research in Cropplng Syra"* erog".rJ/

by

EarL Do r<eitc'sj'i

Intt oductlon

cropplng syiitem research programs are receiving rncreaeiDg atteatlon

ln ltternatlonaL and natlcnal agrle.ultural research prograEs as r,rays to

lncreaee productlon per unit of tlme" They are natural extenslons of

indlvldual crop research prograns and forn a part of the basls for farrnlng

aystems research being developed around the \rorld. In discugslng the role

of soclal scl.ence resear:ch j_n tltese cropplng syscem prograos r aome

assuqtlons luusr be r.d;/ th" flrst ls tha t !,e are talklng about crop-

plng syster's. Arthough tha r,rord 's:,-.tems' ha€ been used so rddely La a

variety of con:exts it rlny Le looslr:g li je specificlfy lo comrunlcatlona,

lt doe6 provlde i.:torLaet coii.i.Dts tc tho reade!. Ttre se rnclude that

Byatems resoarcl: rnrst be int )res.ir€d in the r,ray definab;e parts.of the

syste's add up to the r^ri.rl^e. I!: '"-lsr l,:cri..nize that :hese parts are

lnterdeper:dent a',,i that feedba.:h Tieciianism' e.re present wi:hin the systen

!/ Papnt fo: the Seminar on CroppinE System prog"ams 1n Thailand heldat Chiang Mai Juty I ! -L4, L977.

3' Prolect Advisor - I,tultlpLe Cropping proJect _ Iaculty of Agrtculttra
Griarg l.Iai Unlversl tsy - Ford founaaalon and Universliy of ifffoofi.

1 t:' The author is an,agrlcultural econornlst and not broadly trained lno4!y other socLal BcLenceso Therefore, the allscussioa of tne roieof 
1o1e19nooi<, soclal sciencea ry be souer*rat laaccurate and/or

r€strictlve. Soclal science ls rFant to luclude the dfscfpiines ofsoclologr. anthropolory, polltical acl.ence, eccrnomlcs, and' psychology.
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such that the parts Lnteract rfii th one another to produce an outcotrE

different then what reould have occurred if they had been separated.

Ihes6 lnteractlons ln the s,/sten lnvo lve bl.ologicaL, physlcal, chemlcal,

econotulc and hunran phenonena. Furthemore, these cropplng systems are

part of larger farmlng systcms which rust relate lirr th socLal syetems and

lnstltutlonal arrangemnts surroundlng the farm. Ttrerefore, cropplng

ays tams programs nust be concerned rri th the behavior of an lnterrelatsd

whole as vell as the influenc€ of outsLde sys tems and arrangercnts oa the

cropplng systen.

The second assumption is that che partlcipants of thls semlnar are

interested ln applied research aircd at developing cropplng sys Cems that

are adoptable by farmrs that wtll increase their 1,re1l being. In addltion,

lhe programs represented here trtll be involved (nor necessarlly in the

lead role) ln the process of extending the croppi.ng systems developed to

far:nets .

Ttre last assumption Ls

lnprwed adoptable cropplng

lnputs and that these inputs

Hopefirlly r*ry this shoul.d be

afte! study of thls paper,

that the process used ln the development of

systems ought to lnclude some social science

should be an integtal part of the process.

and how lt can happen rrill becorne oore clear

Rrrpose and orFanizatlon of the paper

The strategy of this

of  soc ia l  sc lent ls ts  ln to

PaPet ls to lndlcate the

cropplng systes programs

ratlonale for iaclusl.on

by tdentifytag
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lnrportant contributions drey can n,ke ulth r)rref coi'rcnFs as to how these
contributions nrght be n'"ede. References totdlrer drscussions 0f some of

tbese ,issues ld1l be givcn. To do this, a brief discusslon of the proeess

mst conmonly reconmanded f,o:: gse by cropping sysaem prograns wt1l be
gl.ven. Then, potentlel contrLbutions of socLal- scr.entlsts ln each step

of thls process rr111 be dlscussed. Flnally, sonre general observatlong

rtrlth.rosp€ct to how erlti-discipl inary work rnlght be npre e ffectlvely

encouraged in cropplng aystems progrartrs will be given in the srnmary

sectLon.

Steps RecotuEnded for an Applled Crolplng System Research prgl(raur

fn order to idendfy inportant contributions that can be made by
aocLal sclentists, a brlef descrlption cf the stratery recounended in
developlng cropplng system programs is necessary. Even a brlef look
at the current literature on cropplng systems programs reveals a cortmon
agreerEnt on the prccess that ought to be undertaken to develop lmproved
adoptable crcpptng systerts for farmers. The names attached to the
iodividual steps and the speclfic aspects assigned to certdln step6
often vary, but the concepts are anazingly similar arnong the reports
glven of varlous nro"r"-// The general rationale for thls recormended
process is that cropping systens that are developed based on the

3/ the rajor reason for this-is that many of the accesslble prograul reportscome through the international agrlcuit,rrai iesearch centers. Ihevhave forrml and nonfornnl ".rro.il"-ttro"ei ;r.t ;.;;-;;ii;".;il;:,are deve loped and cotrarrnlca Eed.



erwlrorhent the farrmrs rust functlon within are more likely to be adopted.

In addltlon, to nake a posltlve break fron tradidonal. cropping systema

requires lnfortrFd, tested ehanges be introduced :o  rlnimlze posslble

underslrable conaeguence s.

thls 6tep lmrolves the lrwentory and analysis of factors that

lnfluence what fartrErs do and how and w*ry they do tt. Thls actlvlty

nay also be qsed to develop base line data from wirlch technology induced

changes that occur ean be rneasured. The results of thls analysls are

u6ed to deflne r*la t lines of research mlght be more advantageous to

pursue rn terrns of the abtLiEy and lncllnation of the farners to adoDt

nelr technology.

Design of technologr - step 2"

Ag the farnerr s worklng ervlron:rent ls analyserl r.nd r,rtla t he does

and how and wtry he does Lt becomes better undrestood, new cropptng gystem

technology deslgn can b:gln- Component elements of c"op technology are

developed and/or assembied, tested and conbined intc potential cropping

systems tLat reflect the synthesis or infor.nation gathered in the

prevlous Btep, These cropping syste.irs being ceslgned are to reflect

the d€termlnants (conditions dlfficult to change) of the environ@nt

r*rl le lncorporatlng changes that can be adopted to deve 1op technology

that holds promlse of denbnstrati4g superlor perforrence over

tradl tlonal systems.
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on-farm testing and evaLuation - step 3.

Thls third step invo l;es taking systerns judged to be feaslble and

producttve to farm plots :ior further testing and evaluationo Slnce the

prevlous step is usually accompitshed in experlrEntalLy controlled

condl tions, the results of the design stage need to be verlfied and

expanded using farrners r fi.elds, reactlons, and so,,Etl,,Es their mnager*nt.

the llterature zefLects some dlvergence ln the speclfic obJectlves of

thls step. In some cases, farrErs are asked to nanage speclfled croppilg

systems and these resuLts are compared to their traditional systees.

In other exaurples, on-farm testlng ts divlded inco cornponent trials

closely guided by researchers and subsequent farmBr n,anag€d trials ba8ed

on the results of the on-farm conponent regearch t"lalg. IGasures to

determine lhe constraints experlenced by the farrners and inltlal lmpressLong

of the lnrpact of adoption on the farm and vlllage are also usually m'de

in thls step. Sone programs lnclude analysls of these consequences on

nore aggregated levels a1so" rnitial analyses nay also be nade at thie

stage on the types of programs that meeC to be develcped by enabling

lnstltutlons to insure that the ,:equLreoenrs f,or the adoptton of the new

technology are EFt o

As cropplng systems are tested and shown to be corDpatible rrl th the

farrerrs sltuatLon as lrell as substantlalLy more profl table and/or

etable than the ttaditional systens, they nay be extended over rdaler

areas. fhJ ptog""r leadership for this step is usually wlth extension
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agencles although the research program has a vitat role to pLay. More

colplete studtes can be :nade on the constralnts to anj consequences of

the adoption of the new techr:ology during this pitase.

Relatlonshlp ancnA che sterrs

Ttris process is not purely sequential nor dces it ahrays flow in

one dlrection. The : teps:

(1) overlap in that mrre than one should be undertaken at

one time;

. (2) interact ln an tteratlve way such that results ln one

sEep fr.ry requrre golng back to redo parts of previous

s teps .

An example of this lnteraction woul.d be the situatlon wtrere farm level

testlng shoved the farner cc::ld not mErnage the nE!.t cropping system

properly because of connitments he had to other farm cr nonfarm

enterprlses. Ihts nrtgh t entail further analysis of his envlroftnent

(s tep l )  and redesign r f  neraT systens (s tep 2) .

Role of  Socia l  Sc ience Research in  th is  prcce$

Ttre amount cf literatu:e devcted to rep.jrtinE sccial sclence

research on - ropplng systens Ls s t l l i  snal l  whi le  repor ts  that  d lscuss

Lfiat should be done a:rd iafoy is grolring rather rapidly. The lack of

balance be Bveen social science and agricultural sciencJ/ ,""".."h on
cropping systems tn Thailand is evldenced by the larger number of
papers and parttcipants at this seminar oriented toward agf,icultural
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sc ience act iv i t ies.  In  crder  to  d iscuss the rc le

in the process br ie f ly  d iscussed in  the prev ious

contr lbut ions wi l l  be d iscussed by steps.

cf  soc la l  sc ient ls ts

sect icn,  the potent la l

The volds used to label thls step rrere chosen carefully to reflect

concepts that are irnportant to deflning the rationar.e for thls activrty.

Analysrs rs used to xeflect ihe E€ed to understand the farrers r situatl.n

rather than just to describe the eler€nts maklng up the envirorment. Ihe
lack of an adequate understanding of the factors wtli ch determine rrfiat

the farner does and hD!, and why he does lt often linlts our ablllty to
deflne relevant applied research. ,rsLtuatfons[ was used to denofe the
range of factors that influence farrErs r declsions and actions. Itese

factors are associatert with (l) his family anC cor.fiuni Ly; (2) the

lnstltutlons that proviCe h:l.a with infornation, serr,.ices, resooces and
opportunitles to sell -:.!:i 

s productsi and (3) the quantlty and quality of
resources he corunan.ls " The assertian here is that useful cropping

systems research ftrst sta-rt from an analysis of the existlng locaLe

specific envirorxren:s fcr wtrich the pr;rgram has regpcnslbility. In
some programs this ste? is used to def-ine a bascline neasurencnt of
certaln crlterla that \,ril l be subsequently reneasured to identify the
consequences of certain changes through tiE.

l/ Agrtcultural science is r€ant to include the areasplant pa_thology, enromology, og.o.rony, 
-"oiiI. 

tooasclence, 'and agr icul tural  Lngi ieer ingi  
---- ,

cf plant breedlng,
science, anlnal

s is  of  Fagrerst  S i t r :a t lons and Act ions
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Data collect{on planning

Since many socia l  sc j -en: is tB are t rc ! .ned in  data gather lng technLques,

they can contrlbute to the deslgn and implementation of surveys and case

studles.  Before s tar t ing to gather  t le ta is  i t  v l ta l  to  def ine the focus

of the project in tellua of geographical regions or type of farrners or

resource defined areas. Fot example, a program mlgbt be orlented to

developlng cropplng systems for snall farrners (and ,,snall farmers,r should

be deftned) in rainfed areas of a certaln region withln the country. Ttre

process of gatherlng data should be oriented toward descrlbing and

analyzing that populatlon. It is also important to speclfy the use to

be made of the data, horr this work flts lnto the overall program, and

the specific objectives cf the cropping systems research program and thls

data gather lng act lv i  ty  (see (1)  for  a more complete d iscussion of  th ts) .

Three types of studiee roay be needed in this phase. The frrst

would be a general survey to gain as complete a picture as poeslble

about rdhat farnrers are doing and lrhat conditions surround the farme!.

Ttre second type would be a specific study of fer.rer fariners to gain as

complete an understanding as possible with respect to wtly they do thlngs

a6 they do. ?he third type of study ,*ou ld be a basellne survey to be

used as a basis for subsequent .reneasure fo evaluste changes over tll lp.

Some of these purposes could be combined lnto one effort such as the

basellne could be based on the fanner s selected for indepth study.

If there is atlequate secondary data available on this populatlon,
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certa'n charaeteristics of the area and farmers could be defined in terms

of  f requency d is t r ibut lon{r .  For  ex. . :mp1e,  suppose the . ropping system

progtam had a geogrs.Di_.ical focus, Wlthin that are1, secondary data lrould

be used to del ineate f requencles of  farm s lze groups,  cropping system

types,  i r r igat ton access,  so i l  types and d is t lnces o: l  v i l lages f rom urban

areasr Then, the sample survey could be stratlfieC to reflect the nocla I

va1u96 of these characteristics. This procedure rrould tend to give one

a more accurate sample of certaln characteristica important in defining

hrhat the envirounent of the populatlon ls (see (12) for a nore complete

discussion of  th is  proceiure) .  Even l f  the secondary data or  regources

are not available tc do this, sonE atternpt should be nade to see that the

sample survey ls representittlve of the area of concern.

Since the amount of re lev.ht infornation that could be collected to

bet ter  understand farner :  !  s i tuat lons and act lons is  large and var led,

some classrflcations as to i,npoltance and proceclr:res for measurernent are

helpfu l '  The f i rs t  cr rss could be der . ineated by rhe degree of  dt f f icu l ty

the farmer or research program'ould have to change the vaiues of certaln

varlables. If the v:,.riable vould be very difficult io change, cropplng

system development -\,rc,! lC hj.ve to :onslder it as a determinant (27).

Ralnfa l l .d is t r ibut icns ancl  farmers r  ab i l i ty  to  read would be examples.

The variables that would be more easily changed such as nltrogen leve16

in solls can be varied in deslgning new technology. AvailabiLity of,

credlt mlght fall between these &ro extrernes.



509

other  usefu l  d is t inct icns re late to  the procedure requi red to

collect the data. If the event occurs once or lnfrequently during a

year ,  quest ions re la. :ed io  the value of  these vrr i_" .b les need to be

asked at  only  one t iue-s ingle polnt  est lmates.  I f  t l :e  event  occurs

frequentLy, questlons may need to be asked several tirres during the

year - contlnuous esti-mates" Examples of singLe potnt estinates would

be the amount of a crop scld or quantity of storage avallable on the

farm. Variables requirint more contlnuous measurenent would be the

anoun t of labor devoted to certain crops or rainfall received alurlng

the year.

Another distinction relating to r,-Easurenent procedures is the

l lke l thood of  the respondent  to  remember quant lc les of  act tv l t ies.

l'armers usually "registerrt such informatron as the time lra ter becomes

available or horr nuch of a certain crop he sold, He does not tend to

renember as elearly how ntrch labor he used tc accomplish certain taslis.

Therefore, ln generil, silgle point reEistere.J ciata should have low

rrEasurefEnt errors if the inforrnation carfully g:t thered. For data

c lass i f led in  the cont i l ro t ls  nonregis tered c lass (e.1.  labor  use a l loca_

tl'on) t frequent incelvie\,ring must be done to ensure the data accuratety

reflects lrha t actually happens. References (5) and (iE) have rnore

deta i l  on these c lass i f icat ions and thei r  u t i l i ty .

The last  c lass i f icat ion re lates to the need ro set  pr lor i t ies on

lrtla t is to be-coll.ected and how mrch accuracy is tlesired. This

partlally depends on whether the study ls a general survey of an area,
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a speci f ic  case study or  a basel ine measurement .  For tunate ly ,  Banta ( l )

has discussed these problerns well and provldeci e franework that wlll be
A I

usefu l  to  fo l  lowi '

Data ana lys ls

The varlables to be m€asured could be clc_ssi.f:le:1 es those relating

to the envi ronment ,  rescurces,  act iv i t ies,  and needs of  far rners.  Appendix

table I glves examples of the speciflc data that lrourd be obtained and

a c lass i f icat ion for  each of  the cr i ter ia  prev lously  d lscussed.

this analysis phase incrudes more than a simple tabulation of the

data presented ln appenri,.l:r table l, lt requlres a diagnosl s of the

constraints faclng farmers and an understanding of vhat they do and why.

socia l .  and physica l  sc ient is ts  rc l l l  have to ccoperate in  th is  endeavor

b'ut the coments here wi_ l_1 be reserved largeLy to the role of the social

sc ient is ts  Ln Chi  s  process.

For  the envi ronmen: : l  :1ass,  soc ia l  sc ient is :s  z ,u ld neecl  to

establ ish the publ j .c  pol ic i r  ( i f  any)  on the cutput  pr ic ing of  crops,

lnput  pr lc ing of  . . i ipcr : ; r l - l t  f lc toxs c f  produ. t : . ,on such as fer t i l izer ,

seeds,  Labor  and/or  creEl i r  cr  proposed pro,Cuct icn cr  other  speciaL

purpose campaigns (see (1_5)  fcr  a  more deta i led d iscussion) .  These

pollcies can have a m, jor j-mpact o! the profitability of valious

enterprlses or activlties through time and hence should be coneidered

^  6 /  ^ .
- , 

- since r have freely deviated at places ftom his specrfrc ideas, oneshourd not inrerpret rhis sect ion ."  .n .""ur" t"  
- ie 

i i ic  *on or uisconcepts.
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ln designing new technology.  A by-product  of  th is  s tep is  that  i t  pro-

v ldes a basis  for  judging the benef i ts  and costs at  the farm level  o f

these pol ic ies.  The date on pol lc ies toward aqr ieu l_:ura1 associat ions

and extension worlt would 3ive useful indications on the problems to be

faced 1n the extension of new technology and the prospects of farmer

groups being able to become effective in credit provislon, input supply

and/or ou.tput narke t!ng.

Soclo logis ts  and anthropologls ts  r rould be usefu l .  par t lc ipants ln

definlng the social data suggested in IC. They have developed vays of

measuriag the influences of tradltion on the way things are done as

well as deflnrng fandly structures and their influence on future labor

avai lab i l l ty  and roLes of  nales and females in  var- j_cus act lv i t ies.

Mlgratlon patterns can effect and is affected by multiple eropping

systems (see (25)). Age structure is impoltant in determinlng available

labor through tirE as rrell as the number of econonrically productive

people versus those that are too young or ol"d tc wcrk (caL1ed dependabili ty

rat lo) .  th is  rat io  should be carculated on a '  indrv idual  farn i ly  basis

rather than the traditionaL \otestern concept.

The ecor.omlc envl.ronment analy.is shoulC refLect the abillty of

people and goods to rTrove in and out of the area as well as what facllltles

are present  for  possib le s torage of  produce.  Tt l l  s  la t ter  polnt  ls

lnportant ln determining lrfietbor farrners would have an ability to hold

certain crops t! be sold during hlgher prlce perl-ods. Often the best

time, in terms of physical productivity, to glow certain crops wtthin
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a systern is also when irre crop ls widcly gtown and hcnce is harvested aE
lower ptices. Tenure;; .r.nd credit arrangements are p,.rt of the set of

variables that detenr,; i1e :ire w.ry :._n ,;h.ich glins from new technology are
dls t r lbuted.  Tenure c ' - - ta  :hould ref lect  nct  onl i  Laud owner,  tenant ,
par t  leoant ,  and lanC,1_ecs l : "bor  propor t ions,  but  a lso how the costs and
productlcn are sharec by crrp, hcw people get access :o land to rent and
wtrat informal sanciions are involved ln continuing tenure arrangenents.

The credlt information should include calculatlng the real. cost of credlt
(28) ,  sources of  loans,  how people get  accegs to these sources,  and
limlts on its use. The level of lrving can be measured from data collected
elsen'here ln termg of cash lncome, food consuned, housing quantl ty and
quality, and other consuner items present in the householcl. This

neasurelGnt ls especlally ir0portant if the analysls 15 to be used as a
basel lne.

Resources and their allocation form the centlaL :oncern for cropping
systefi research. Land ordnership and use pattern Cistributions rrou ld
resul t  f rom the data tcL lected under  I I  A.  T:hese var ieb les are a lso

important in determining who migh! galn fron new technology as well as
how land ownershlp anC use night change as a result :f the adoptlon of
nett technology. Surprisingly, many surveys do not include land values
as par t  o f  the data cc l lected.  Hol rever ,  th is  is  one . , f  the val iabLes

that may change si.gnificantly rd.l th the lntroductl,rn cf neh, technology

and, glven certaln policies, rnay be the resource that ,,captures,, nuch
of the beneflts. parcel size helps ln defining the Llnits of certaLn
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equlpnent developnent as well as undergtanding crl:eria used by fanetrs
to decide land a l locat ion to var ious crops.  The measures of  var lous
physica l  and chemlcal  character is t ics c f  the land and solar  radlat lon 's
best  done by the physl ( :a l  sc ient is ts  and rd11 not  be drscusaed fur ther
except to comnen t that they are extrenreLy lmportant in deterninlng
crlpplng system6. :ihe type of irrlgatlon and amounts typlcally available
through tlne to the area belng studied is of utnost inportance. Ttrls
data nay be available thlough lrrlgation associatlons or goverrEnt
agencies. It should be collected for several years to observe the
variablllty in anount and tining. ffow the distrlbution of water is
decided upon would be a part of this effort and is the topic of substantlar
soclology wotk.

Labor avallability, use, and r{7age s should

hlted or famlly; and full or part time helpers

be

by

idenr l f ied by sex;

crop and other
a c t l v i t l e s .  T h t s  d a t a  i s  a l s o  n o t e d  i n  I I I  A  3 ,  I I I  B  2 , I I I  C ,  a n d
I I I  E 5.  The prof i le  of  labor  use for  cropplng act iv i t ies dur lng the
year should be cornpared to the profile in otirer maj or .actlvr lie s of the
fanlly. Thls glves one an lndication of the true slack perlods for
Iabor use as contrasted to the labor use patterns in the cropplng
act lv l t les only .  Quest ions re lat lve to  labor  use ln  nonfarm act lv l t les
should also be asked to determine the opportunlty cost cf using more
labor at certain tlmes in the cropplng system. One rray of doing this
is to ask farnl ly members svery Erro neeks wire ther they sought non-farm
eurpl.oynent. ff fhey dlc, one vould need to ask how many days did thev
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. lran t to nork and how neny days oere they successful in flnding work.

Then the wage they received would be rmrltiplieJ by the prcbabllity of

flndlng empLo)rment to arrive at the opportunlty cost of Labor for that

tno veek per lod (see (20)  for  rnore deta i ls  on th is  procedure) .

Power avallablLity and cost glves an indj.cation of the flexiblltty

farners have to petfcrm certaln tasks by using relatively more labor

versus more porrer. If quite 10w por*et/land ratios are found, cropplng

systern deve loF'ent might i-nlttally be more labor lntenslve wlth eome

effort spent on encouragtng snal1 equipnent developrEnt. The flow of

operatlng capital data ls helpful in diagnoslng probleas involved in

lnvesting in material inputs or larger capltal j.tens. Incone tirE

proflles comblned rtri th ess(:ntial expendrture time proflres would assrst

in the determination of the amount of money avallabLe at partlcular

tices for tnvestmenLs that Lright be requlred by ner0 cropptng systen

technology,  Of  course the ievel  o f  debt  and savings is  a lso helpfu l  in

naktng k lnd of  d : lagoosis  (see (13)  for  a d iscussion on the pr lb lems of

gettlng this infornrrtion) "

The aval lab i l i ty ,  qual iEy and cost  of  nra ler ia1 inputs such as

fer t i l lzer ,  pest ic ides,  seeds,  and t^ : rb ic ides are inrpor tant  factors in

determining constralnts faced by farrners. A spatial anal.ysls by

geogfaphers or  other  soc la l  sc ient ls ts  to  ind icate t l r lF ,  d ls tance,  and,

cost of reaching supply points would glve a deeper understandlng of the

avallablllty of these inputs and thelr real cost to the farrners. Output

marketing characterlstics should reflect the products that have been
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traded, the reltability of the narket, lf farmers receive quallty prlce
dlfferentlals, r{rha t practices are lnvolved in exchs.nge, and how farncrs

obtaJ-n prlce informa,tirn. Farrn 1eve1 pflces over tine should also be
col lected as lDany secondarr  data sources ref lect  wtro iesale pr lces.  A
fu l l  d iscusslon of  these . . ,ar iab les is  incLuded in  Aree Wlboonpongsers

paper at thls semlnar. An analysls of price trends through tlr€ is
helpful ln indlcating which conrnodltles nay become more competltive

through tlnp. Data on the averag€ varlatlon of prlces r,ri thln the year
as6is ts  ln  determln ing the potent la l  prof l tab l l i ty  of  developing cer ta ln

varLeties that can be harvested at certaLn times to take advantage of
hlgher price periods. Correlatlon of prlces among crops betng consldered

ln the progtam help inrircate if crop dlverslficatl0n would be expected to
decrease pr .ce r isks substant ia l ly .  I f  the pr ices of  possib le a l t€rnat lve

crops are htghly posittvely correlated lrtth each cther and tradltlonal

crops, crop dlverslflcation cannot be expected to decrease this rtsk a
great deal. Some inforrnatlcn should by gathered cn the capaclty and
ut l l izat lon of  the {nput  and output  market ln8 gycrem . ls  mr l t ip le  cropping
developncnt  is  l ike ly  to  af fect  these subsLant ia l ly .  I f  there are
substant ia l  procesl r ing f l  rns in  the areas processing schedules should
al6o be knom.

I'armers r management practices

perfornnnces slgnlficantly. These

attitudes toward change, rlsk, and

characterlstlcc and new technolog)z

themselves and thelr families. It

affect thelr cropping systems I

practlces result partly from farmers I

debt; their peroeptions of crop

as wel l  as the pr ior i t ies they have for

ls  d i f f icu l t  to  measure,  in terpret
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and ver l  fy  data co lLected on these factors.  psychologls ts  and soclo logls ts

have developed sorne measures and techniques that seen to be 4elevant for

these concerns,  I resonst  s tudy (1L)  would be a speci f lc  example that  is

instructlve to review for cr,:pping systems prigrams. He sought,.to identlfy

and rank criterla used by farmers in seLectrng c"ops, then identrfy these

characterlstics of cropc as perceived by farmers and verrfy the relation-

ghip be tlseen the declsion criteria, crop characteri s tlcs, and crop choLces

actually nade by farmers. The ldentiflcation and dEasurenent of the

relative lmportance cf social and economlc factors affectlng cropplng

lDtensi ty  was a lso at tempted.  In  th is  ef for t ,  a t t i tudes toward r isk,

nerr technology and the outsr.de world were neasured and lntegrated into a

rndel. Ttre se data should be collected and analyzed to give a feellng for

what farmers thlnk are lmportant criterla for chooslng crops, and how

they percelve these characterlstlcs for the crops they know. Sone of

tl ' is knowledge can be gained frorn spending time with farmer s rn infornrar

dlscussLons about their farm buslness.

The cropping system is  a par t  o f  a  larger  set  of  actLv i t les that

requlre tl 'ne and resources fron the househcld. i,rany of these resources

can be easl ly  t ransfered among act iv i t ies in  which the houserrcrd par t ic l -

pates. To estirnate the amoun t and ccst of resources that are or couLd

be all.ocated to a cr.pping eystem requises knowledge cf these alternative

activlEles. These include famlly area upkeep, collrnrni ty cortrnl tflEnts,

and nonfarm actlvlties. Analysis of the nonfarm rabor data was discussed

ln the pr€lvious sectiorr. AlL income sources shoul-d be ldentlf,lett to be

able to undGrstand financiaL resoulces available for investnEnt.
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The llvestock enterprlse ls almost ahrays integrated lrith ctopping

act lv i t les.  I t  is  inpcr laut  to  understand how these enterpr ises re late

to each other ln terms of : competition for cash, land, and labor; and

conplementarity with respect to scll fertlLity and crops and by products

conauned. Values of this camplernentary aspect should be measured becauee

changes in cropping systems r{'i l l l ikely affect these relatlonshlps

substantially, expecially, if crop residues change from appropriate

anlrlal food to nonedlbl.e residues. A simple tno enterprise budget is

useful to lnitially analyze the lnput and output relatlonshlps betrreen

crops and livestodk as they exist on the farms.

An analysis of the cropplng systems pre€ent on the farms forms the

heart of this step. All cropping areas should be ldentified by crop

and varlety. An understandlng of the characteri'tlcs of rocal varletles

ln c€rms of growlng seascn, residue yields, tolerance tc r,rra ter and

drought stress is extrenely lmpcrtairt. The agricuLtural scientists

should fur ther  def ine t ' i re :e factors.  Sequen.e c f  crcps by p lots  is

lnportant not onl.r' in defining current systems, but also in correlatlng

sol l  and other  character is t lcs wi th the farmerrs crop choiees.  Agaln,

agtlcultural sclentists sthould tal(e leadership in deflning the specLfic

data to  be col lected on the var iab ies in  I I I  F.  Economlsts  ought  !o

particlpate ln placing, for each crop and system, approprlate costs to

resources (land, labor, equiprFnt and supplies) and values to output

sold, consumed, and by-products utilized. To obtain reasonable estlfiates

of these cotrtinuous vallables rd11 requlre collecting data at dlfferent
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polnts in time. rf enough cbservatrons are avarrable, productlon functlon

estimaLes by crops can be made to deternine contributi.ons of varl.oug

tesources to the cutfrrt of particular crons. Labor can be disaggtegated

lnto land preparat ion,  care c f  crop,  anr i  haavest inB c lasses to see i f

labor  use is  opt ina l  among these var i tus act iv i t les.  prof l t  funct ion

analysls can also be done tr judge if farrners are efflciently allocatlog

resources accord lng to pr ice d i f ferences as r rc l l  as technlca l  factors

(see (23)  for  a good d iscussicn of  th is  rethoC and i ts  usefu lness) .

Returns of these existing systems can be determined ancl conpared emong

crops and systems by caleulating the follor{rlng:

(1) net lncorne t,rith and lrlthout labor costs lncluded;

(2)  returns per  uni t  o f  land;

(3) returns per hour of labor;

(4) returns per unit of cash lnvesEnent; and

(5) returns for any input thaE seems to be limitlng such as

water ,  or  labor  at  a  cer ta ln t ine

Ttrese arternatrve r€asures give one a perspectit/e for the beneflts farnnrs

recelve froin the current :;ys tems. They will also en:ble one to compare

the ner.systems wtth the existing ones on a number of arlteria rather

than just yleld or net income.

other important neasures involve determLning the stabili.ty and

adaptabillty for crops and systems. stablltty refers to the varlablllty,

ln terms of yields cr net Lncomes, of a crop or systen la one envlroftDent

over tltrE.- Adaptabll.ity refers to the varlabillty of yields or net
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incones of crops or systeras at one point in ti[e over varLous locations.

Stablltty has obvious iuportance to farr€rs and researcllers while

adaptablllty is more i;rportant to research programs i.nvolved ln a number

of  d i f ferent  envi ronments.  I f  there is  d ivers i ty  j .n  envi ronments sanpled

in th ls  s tep,  i t  could be usefu l  to  der ive adapta l r : r i , ty  coef f ic ients for

varlous crops and systems. This could be done oy cornparlng coefflclents

of  var la t ion of  y ieLds ar long crops at  d i f ferent  locat ions.

5tabi l l ty  has important  impl icat tons for  cropplng system programs

as i t  is  a  factor  ln  deterrn in ing r tsk.  Iv leasures of  s tabi l l ty  for  the

current crops and systens would be usdful for comparison w.l th new

technology as l t  ls  being adopted.  I f  secondary l ime ser les data ls

avallable, stabillty neasures can be developed from these. One suggested

method of  dolng th is  to  ca lcu late coef f lc ients of  var lance of  y ie lds

for one crop ln the same location between two time intervals to see if

l ts  y ie ld s tabi l i ty  wac increaslng or  decreasing.  Coef f ic ients of

var ia t ion of  y ie lds ( the percent  var la t ion f ron thei - r  means)  could

indicate the re lat ive var iance among crops in  t l :e  came locat ion over

t l rn .  r f  secondary da:a is  noi  avai lab le,  ih ic  coul i  arso be done by

asking farners the i r  ju< lg-rents about  Ehe y ieLd va!- ia : ion of  cer ta ln crops.

Thege measures would gi\re one a comperetive feeling for the yield risks

among crops. The same prccedure could be done to caleulate price

variaclons faced by farner s by uslng secondary data. If sophistlcated

analys ls  is  possib le,  y- . :e ld  and pr ice probabi l i ty  d isr r lbut lons can

be sampled using Monte Carlo techniques to arrive ac a gross returns
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dlst r ibut ton f rom which typ ica l  eash costs can be 3ubtracted to determine

the probabi l l ty  d is t r ibut ion of  adJusted net  reeurns,  these d ls t r ibut l .ns

by erops could be corrpared among crops using npans and variance comparison

tests .  Farmers wi l l  i_n gerera l  prefcr  arr  n l ternat i_vc i f  i t  has an equal

mean for net income and lcwer variance than other options or if it has

the same variance and a higher mean than other aiternatlves.

Another  r isk cr i ter la  is  the expected value of  the loss funct lon.

th ls  ls  the amoun t  o f  loss expected i f  y le lds and/or  pr lces are so los

as to not cover the cash costs of the crop activity. larners subjective

JudgrEnts about  the probabi l l ty  of  obta in lng cer ta in y ie lds could be

obtalned and compared witir prices he receives and cash input costs he
has to see how much l.re mlght expect to lose if hr.-s gross returns were

not  adequate to cover  h is  cash costs.  This  ve lue is  in  monetary uni ts

and can be cornpared a.inon3 crops anC systems. A related analysls would
be to plot a net inc()rJe frequency distributirn for each crop and system

among farrners. This \douLd entail chcosing aet inclme intervals on the

hor izonta l  ax is  and percentage of  occurance on the ver t lca l  ax1s.  These

dist r ibut ions couLd be , ,ac! . !e<:  uO, '  to  cumr lat ive Ci iJ t r i .bu i ions to sho '

the percentage of times crops or systems ha,i returns of at least certain

net income levels. Cf course means and vartances could be calculaled

and compared. References (1g) and (28) can be coneut ted for more details

on the subJect of risk and its (Easurernent.

The last  c lass of  var iab les to congtder  has been labeled as needs.

InfonMtion on sources of carbohydrafes and plateins (whether purchased



or grown on the farni) has irnportant impllcetions for the impact of

changlng the content  of  croDping systems.  Taste 1 lso p lays an important

ro le in  determln lng :he acceptabi l l_ ty  of  new var ie t ies par t icu lar ly  for

rice. The amount and :i,:i lrg of carh requirenents f,or consumption items

ls iopor tant :  (1)  tc  iudge . rva i lab le invesiment  funds (as d lscussed

previously) ;  f2)  to  113ve ba;eLine neasures to see r l t ra  t  e f fects  increased

incomes had on these iten,;, and (3) to have a basls to ccmpare the use

of credlt to purchase these goods over tlne.

Econcmic anthropologists have done several studles that focus on

understanding why farmer s do as they do. These social scientlsts advice

and/or  par t ic ipat lon par t icu lar ly  in  specl f lc  indepth case studles rnay

be valuable (see (6)  for  exomples) .

The large amount of data mentioned in this discussicn and outllned

in Appendix table 1 shoul.d be considered r^ri th respec: to the objectlve

of  the cropping system prcgram. Therefcre,  cer ta in pr ior t ies can be

establlshed as to desire fr:r obtaining them and zccul.:tcy needed. Sone

of the lnfornation c:m be obtained by rne point in tire surveys r,rrhl le

others requlre more cont!.nu.il1s neasurements. A se.npl e classlficatlon ls

lnc luded in  3db1e 1to r i l lus i : ra te hc ' r  these var iab les might  be organized.

Each program staff would have to do this classifieacion based on thelr

orm objectives and assessr€nts. Reference (2) glves detailed lnstructioag

of horr these measurement night be taken.



Deslgn of Techno logy

wt th a better undexstandlng of the situaticn the farrner faces and
!0tty he operates in certa_in ways, the design cf ner{ cropplng sysfens caE
be more effective in develcp!.ng technology that can gnd r.rl l l be adopted
by the f,arnrer. These systens can be deslgned to use certaln resources

note fully, be compatible r^r.l th the farmers lctivities and needs, and

ref lect  h ls  preferences for  cer ta in qual i t les.  SorE nay feel  a l l  these
quallfications 1lmit the area for research so severly that nothing can
be done. Ttrere is vaLlCity in this criticism. Sone judgnent ls required

to detereine wttat condl ti.ons can be changed ln the experlnental process.

Tt ls  l l lust rates the usefu lness of  c lass l fy lng condl t ions or  var lab les
as to the difficulty of changlng them (see Appendix table l). Certatn
condi t lons or  var iab les moy have a l ready been c lass l f iea l  as qui te

difftcult to change (determinants) and these shoulC be considered as
flxed ln the shorE run.

The design of  nov te.hnology is  e cre; l t ive prccess that  is  d i f f icu l t
to  character ize.  I t re  soc ia l  sc ient is t  should be i .m. : Ived in  decld lng the
contents and process cf thls step in an ex snt.. \,ray rlther than being an
evaluator in an ex post f.rshion" Economists can :ssist in narrowlng do!,rn
the options to be actually tried in deeign to those .nost promising so
research resources are not spent on components w?rich are nct feasible

because of obvlous problems rrt th profltability or lack of resources.

This can be done by ccmparlng farner costs and expected benefits of
lmpl€mendng the proposed change and the requlrement the change would



place on his management abili 'cy. The first compari-scn could be done uslng

par t ia l  budget ing n i th  re lL is t ic  assumpt lons abcrr t  y ie lds the farmer might

obta ln.  In  th ls  analys is ,  farmer costs for  inp lenent ing the proposed

change would i r rc lude the d i rect  ccst  (seeds,  fer t i l izer ,  lnsect lcrdes)

and opportuni ty ccsts of diverting certaln resou?ces such as tabor frorn

other activities. The c:mplexi ty of change woulcl describe the changes in

management required to move fron tradltiDnal to the nener cropping systems

(see (4)  for  a deta i led descr ip t ion of  th ls  type of  s tudy) .  In  genera l ,

hlgher expected net gain alternatlves would be preferable to pursue

conpared to lowet net galn alternatives if they involve equal nanagement

complexl ty. Or, if alte"nafives have equal expected net gains, the ore

wlth less management cornplexities shourd be pursued. Economists can

also sugg€st opportun{ties that exlst in the fonn of underutillzed labor

at certain times or higher output prices that rnzry occur durlng certaln

seasons. If labor peak use cf the new systens can be changed from peak

seasons of  t rad l t ionel  systems,  the eccnomic ccst  of  labor  would be

lorer  (see (21)) .  1 lh is  is  cne of  : :he re: r_<ons d3ta ; r ,  )ppor tunicy cost  of

labor through tlne was inportant to obtain in the :nalysis step,

Another way to assirri :in the research search pr:)cess is to alevelop

nodels !ftich help in determining which of the many tireoretlcalLy possible

systems shoul .d be invest igated fur ther .  These modelc cor ld  aLso ass is t

ln  est imat lng the s ize of  e f fects  and in teract ion of  speci f lc  factors

wlthln the cropplng system !*lose action cannot be readtly determlned by

dlrect rneasures. certain systems science techniques can be utilyzed !o
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simrlate drfferent mgf;hrre reglmes and probabrrity of crlmatrc patterns

that could be combined r^rl th certaln lnput requlrenEnts, socloeconoaic

condi tion6 and output price levels to help define feasible systems.

Thls kind of effort requlres rellable and relevant data, approprlate

theoreilcal conceits, 4ompetent personnel, aid adequate conputer facil.itles,

!{hlle these prerequlsl tes nay not be present in nany programs, thig

rne thod has large potential. for savlng substantlal labor and other reaourceg

versus investlng rn lndrvidual research proglams for separate envlroru.n!8.

References (25) and (17) are helpful understandlng thls potentlal uslng

cltoatlc analysls and system aclence technlques tn general.

As components are tested and integrated into systems, econoBlgts

should be involved ln evaluatlng these nev systems relative to several

ctlterla. Ttese would include:

(1) ner gain/hecra"e

(2) returns to cash inveshrpnt, Land, and Labor or

particular llurlting re s.Lrrce s

(3) cash cost requirencnts

(4)  s tabi l i ry  of  resource usa (par t lcu larLy Labor)  over  t l rp

(5) cornpatlblllty rrt th the lnDut and output market structure.

These crlteria should be

I|l th crlterla tc be utlllzed

record, orgaoLze, and analyze

the ltu!.tlple Cropplng project

conpatlble $.1ch farrEr preferences and

ln the farn testlng step. Forms.uged to

economic evaluation of systens deslgn at

at Chlang Mal Unlversity are glven

ln appendlx table 2 through 4. rndrvldual programs wtrl have to dewl ae



their or{Tt, dependlng on tesearch deslgn and resources avai.Lable to

u t l l l z e  1 n  t h l s  p r o c e s  s .

SotrE spectal prchleiri arise in economlc eval.uatlon of cropping

systems versus s ingle crcps.  One of  these is  the cost ing of  cer ta ln

practlces that have carry over effects to follo$lng crops. For exanple,

neking b€ds for planting one crop nay actual.ly be a partial cost to the

followtng crop if the beCs are reuged for that crop. An lndlvldual croD

evaluatlon would show the first (second) crop rri th higher (lorrer) coscs

than were approprlate. The eane problen occurs rri th fertll ity interac-

tl.ong of crops followlng legurnes. Should the legues gtoss value be

lncleased to account for thts input furnlshed to the follordng crop?

Ttre ansroer ls yes, but to accuratery trEasure thls contrrbution ls

difflcult. These exampleo indlcate that croppiEg systemsr evaluatlon

ls rbre compllcated chan slngle crop accountl:.ng.

On- farm Te s tlns

The technology deslgned ln experinental plcts.rarely can be taken

dlrectly to farmers withcut further testing ln the farm envirofilEnt.

The criteria to use in <lecidlng vrhich systems can be taken to the faftt

lncludes the contidence researchers have in the technical feasibiLity

and the Judgnpnt that the systems are economlcally productlve and flt

trlghin fartr€rs r resource and institutlonal constralnts.

Ttls step can be divided into

research persdnnel uEnagerent and

twio phases - cn- farrn testlng with

fartrpr testing.
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The on-farm research management trlals are usuaLly conducted to test

various comblnations of pracllces on cropping system perfonrurnce. Ttris

nay lnclude research Cesigns Ea analyze, for exanple, the effects of

d l f ferent  insect  manaaement  s t rateglcs,  t i  l lage pract ices,  fer t l l l ty

levels ,  and var le ty  d i f ferences.  This  wcul<!  enta i l  s ix  t reaEnents -  one

rrl th new reconmendations, ?nother r{r"i th 1ll practice lnd the other four by

dropplng indivldually the nen recormrendatlon and adding the farner practlce.

Tte factors chosen to vary should be onees that farIIEr s are able to

change as rclL. Suggested designs for thls klnd cf experinent are given

in (7) .  At  th ls  s tage,  the areas to be ut i l lzed for  these tesrs should

be large enough to gather reasonably accurate lnfonnation on l-abor use.

The nlninum slze ls thought to be at least ! ral. Economl.c records

should be kept on the lbor, equlpment, and supplies used by tlme perlod

as rtell as the value of Droductlon. 0f course data on soil type,

rainfall, etc. should be defined by the agrlculturaL sclentlsts. Ttre

results of the tests rr'culd be calculated for each treatnent a9 :

(1) net lncdnes per ral nlth 3nd fithout costlng labor

(2) returns tc' 1an.1, labcr and cash expenlit' jreg

(3) reaource use prcflLes through tlne

Ttre se results would allow one to Judge the relative net lncome of each

of the treatnents and gheir assoclated cash requlrements. Thls cotrparlson

nlght lndicate that certain treatments, rrrhile having slightly hl.gher net

lncomes, requlre far higher cash costs. Ttrerefore, farmer s might be

aore llkefy to choose the lower cash costs alternative and acceDt the
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sughtly lower net lncone that it entails (see

varlance 9ou1d be estimated the expected value

to these a l ternat lves as d iscussed prev lously .

(8)) ,  I f  soDe y le ld

of a :r-oss could be asslgned

I t  ls  at  th is  polnt  in  the test lng process that  par t ia l  budget ing

becomes a useful tool. For each treattn€ni of the experinent one can

determine the average ylel..l of the repllcations and thetr gross benefltg.

Then, varlable costs (bcth money and opportunity cost) can be assigned

and subtracted from the gross beneflts to arrlve at the net beneflts of

each treatnent. If there was not charge rrade in the varlable costs for

rhe cost  of  capi ta l ,  these net  benefr ts  can be carcurated as a return

to inveshnent  capi ta l .  i f  th is  ca lcu lated rate of  return to  capl ta l  is

belql the real lnterest r,f tes the farmer rnust pay, then rre can safely

conclude that farmer s wlll not consider this alternative. llowever, lf

the rate of return tc investeC capital in several alternatlves is above

the real lnterest rate, hlu nuch hrgher would lt hava to be to be attractlve

to farnlers? They know that in sos,. years these rates of return wrll not

conE about because of variance in ylelcls and/or prlces. One estinate (19)

is that farners requrre abcut 20 percent hrgher retumo than the dlrect

cost of capltal. Thls is corrElonly called the risk premium. Ttre followlng

calculatlons are an exarnple :



Fanner borrows for fertil lzer :

lnterest on Loan for 6 tnnrhs (L27./yt)

servlce charge ,rn.J other expenses to get lcan =

Tota l  reol  cost  of  capi taL

risk premlum

Mlnlnnrm return to cepital the farmer mrst
have to lnvest in the alternative

'1 ,000 baht

50 bahr

50 baht

r t %

20 7.

31 7"

Another way to an"1lyze the risk invorved rn the drfferent treatr.nrs

ts to take the worst two results from each treaesent. this asgumes that

there are several experiments rr'lth the sar* treah*nts. A calculation of

the net beneflts (or losses) of each wou lal rweal how nr.rch farnrers rnlght

expect if thelr experlence lra s similar to the rrorst of the experinents.

Thls ls simllar to the expected loss concept discussed in step 1. It nay

turn out that sonF of the highest net galn treafinents also have the nDst

dlsastrous effects j.f certain thlngs happen. llolrever, sorp alternatives

nay have high net gains ond relatively harrnless rnorst caseg. Itrese are

ltkely to be qulte attraclive alternatives to farncrs, Anyone lnvolved

ln economic analysis of on-farm testing should str_dy reference (L9)

caiefully.

T*re returns to lesources and

decldlng shether certain llnitlng

rsqulred durlng tLmes of high use

thei r  use prof i les would be usefu l  ln

factorg rlere productlvely used or

on other aceivities on the farm.

provldes a better perspecttve

to each other and rrt th

Fanner testlng of new cropplng systems

of the performance of new systerns compared
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tradltional systems, of farners t abllity to fiBna_ge these ner0 aystems, and

of the possLble constraints certain lnstitutions may place on adoption.

At this levcl of testing Lhe areas on whlch farmer s test the systems

should be large enough to provlde a reasonabLe assessment ot the problerns

of operatlng these systems. Subsidles and glfts of inputs should be

avoided if posslble. Certaln guarantees may oeed to be nade to ellcit

cooperatton. ?artlcipants rlay have to be selected to obtaln a dlstribution

of farrn slze, soll type, accesg to nater or other i&portant crlterla. The

sane data should be recorded at frequent intervals as described above ln

fhe on-farm research nanagement trials. It would also be preferable to

record the labor use of thc partlclpant ln all his actlvltles whlle he is

testlng the new system. Notes should also be kept on the dlfflculty of

selltng products and obtaining inputs at required tlmes. If adequate

lnfornatlon ls not avallable on tradttlonal cropping systems nsnagelEnt

and performance, selected samples of these should be surveyed a6 rrel1.

In stnnnary, thls step night lnvolve the follo$r.ing procedure.

(1) It nust be decided what characterisLics are ,jeslrable to inclucle

in the design, such as farm sLze classes, different proportions

of ttne the famlly ruorks on the farm, income clasges, sol1

dlfferences, access to rrater, etc, The proportion Df particlpants

selected ln each class of the characteristlcs coul-d be taken to

reflect lrha t lras found ln the general survey taken in step 1.

(2) Fanrcr particlpants should be selected wtto will corrtri t a

slgnlfieant part of theLr fafin to grordng a ne!' ayatem recomlenaled



by the resear:h prograo.

(3) Resource use and productlvity ln the new system as the fafiEr

fll:lnages it r,ust be recorded as well as the difficulty of

se l l ing products and obta in ing inputs at  requi red t is€s.  The

partlcipant farmers I labor and operating capital use ln all

actlvitles durlng the tine of testing tbe new systeros could also

be recorded.

(4) fnforrnation referred to tn (3) nnrst be recorded for far:rner s

growing traditional systens and not testing the new systems.

I'l-re experlence of the village program of the lfultlple Cropping

Project at Chiang Mai is that farrners testi.ng the new systems

adopt nany of the recomnendatlons on theit tradi tional systems

being grorfir on other parts of the farm. Therefore, they do not

constltute a good sarnp le for observing traditional patterns.

The data resulting from thls procedure $ourd alro'one to make

several klnds of analysis. Flrst, comparisons of nei: incomes and re turrrg

to resources among new 6ystems and betveen new and traditioDal systems

can be rnade as the farrers managed them, Resource use proftles could be

conpared between ner^7 and traditlonal systems to c-DsenTe D:ssible resouace

constraints at different tlmes of the year shen the new and traditlonal

systems are nanaged at the same tlme. If rionfarrn enlPlo]n€nt is prevalent

ln the area, one could compare returns to labor ln the new gystem to see

if they nere competitlve wrth labor value in nonfarn !rD!k at different

tltrps lD the year. The actual management cornplexity of these systems
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could be judged frorn the participants experience. Those particular aspectB

of managenent that were not implemented should be anr lyzed in further

design and cesting research. If the farircr tcsting program were spread

over  d l f ferent  envi roninen:s,  adaptabi l i ty  coef f lc ients could be calcu_

lated. These would give ind_r'_callons as to how adantable the nev systena

were to different envtronnents r*ren rnanaged by farrerc. The irnpllcations

of these coefficlents sculd be the need for rnore or Less speclflc

erwlronroent testing on various systems and hence how lridespread they ntght

be lncluded in extension pxograms.

Stablllty coefficients for net income of syst€ss through tlr€ coula

be derlved lf the far,rcr testlng occurred over a number of years. The

sources of variance of the net lncolre could be separated lnto prlce and

yleld varlatlon. Further analysis cf slgnificant yield vartatlons !r9u Ld

also aeed to be done.

Agaln lt would be l_ns:ructive to compare thc ne$ systems and tradi_

tlonal systems \ri th resiect to nDt ooly average net incomes but also the

varlance rrithln each system. Comparlsons of the h^ro \rorst outcones for

eaeh system might a-Lso reveal the expected disastrcus results.

Pre lirninary Judgments regarding the abitity .! tite input and outpul

rnarketlng systems to support the new systems coulcl also be nade. The

data collected ln this stage rrould also form a baels from whleh estinates

of the beneflts of changing the lnfrastructure could be derived. tror

exa'nple r Lf spfayers and insecticides rrere not avallable to farmers, an



estin:rte of their value co.dl.d be made from deta tollected ln th€ on- far-rr

trlals. Thls estirnate oould be usefui in .leternininl the possible

benefits of supplying these lni,uts and what the t]-ning and level of dernand

ntght be. Other examFles for creCit, small equipnFnt or marke t outlets

for  new proCucts could a lso bc c i tea.  These k inds of  analyses would be

usefll ln fornulating e:{tenslon program requlrenencs.

Dependlng on the design for these farmer testing trlals, other

analysls could be done. If there were different farm slzes, income

levels, or tenure arrangenents represented by the participants, the

differences ln experience and results should be considered. Questlons
would lncLude the follcwing: Were there diffetences among classes in

tetulns to various factcrs of f)roductlon and why? How rrere the costg

and returns distributed arnong landLorC and tenant for the new systems

contrasted to the traditional systems? ifere there dl.fferent experienc€g

get t ing access to inpuis  such as seed and credi t?

Ifurther social science research at this stage ccruld include obtalnlng
partlclpant farmer s reacticns tc the systems {:hey tested as to how they
felt the systems met their needs and non- par ti cipancs reactiong to l{rha t
they observed wlth respect to the neir systens. comparative characteristlcg

of the farners who Cid anC not voluuteer to partlcipate in the testlng

prog?aa could be useful in sharpenlng extensLcn strategies for the next
stage. Inforrnation flows about the new technolcry could also be analyzed

ln this step' Analysis cf how rnrch lnfornratlon the non-par ti cipants received
abcut the ne\r techncl.3y and how tbey obtarned that infornation would

a s

1n



5Jt

also be he1pfu1.

Extenslon personnel should be involved in this

becone fam{ llar L'lth the ner,r technoLcry. Tnis kinC

be qulte valuable to prepare them for the extension

on a ndder scale.

step 60 they can

of training would

of thi s techoology

Extenslon and eva luatlon

As the new cropping system technology is validated by farrner testlng,

extensLon programs should be planned. Whlle the leaclership role ln

deflning and lrnplenenting these programs nay rest wlth institutlons

oEher the ctbpplng s]'stem research group, the research people have irryor tant

contrlbutlons to nake. Theee contrlbutions can be clivtded Lnto trfil

categories, preprcgram planning and furthe! evaluation of the technology

adopt lon process.  Socia l  sc ient is ts  have important  ro les to  p lay ln

both these categorles.

The preprogram llanning aspect lrour.d incluae training cf extensr.on

vorkers and developtng requlrements that need to be met by enabllng and

aervice lnstitutions lf the technology .i-s to be ariloptecl. !fuch cf the

traintng of extcnslcn 'acrkers would involve agriculturar scientrsts and

these topics wiLl nct be cllscusse<! further. SocLal sclence training

should lnclude helping excension rrorkers galn skilLs at analyzing farmer

and comnunl ty sltuatlons. Thls could lnclude survey technlques,

conBunlcatlon ski11:, extension strategLes, and farm nanagenrent analysis.

Although farrn nanagement tralnlng is very iEportant in effectlve
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extenslon rqork, it is often neglected in training programs for extension

workers. I,thi le not a1-1 extenslon nersonnel at the flrm level need to be

farm nnnagemen t experts, they do neeC an appreclaiion for role farn

budgeting aftalysls can play in helplng farmers decicle about alternatives.

Thls tralning ccukl include preparlng enterprise and partlal budgets,

famlly lnccme and expendl.ture plans, and interrediate farm plans (3-5 year

perspecttve). Thrs kinri of training and work wo'lcr need to be supported

by some farm rnanagement extension speciallsts at a higher level. The

analyses dlscussed in the farmer testlng secClon rrith respect to

infornatlon flows anc characteristtcs of farrrer s wilrtng to test the new

technology could help 1n thls traintng program relatlve to. extensLon

strategles. Extension deparbnEnts in mlnlstries and universities should

be able to provlde instluctors for the subjects rele_ted to extenslon

strategies whl le  scc lo logis ts ,  psychologis ts^ and coi ru:uni  ca t ions

specla l ls ts  would be helpfu l  in  the other  areas.

The forrnrlation of institutronal support requr:re.r for successful

extensron of nev cropping system technology requires inter-lns ti tu tional

cooperat ion.  Tt re ro le c f  the socla l  scrent is t  invor .ves ass is t ing in

estlnatlng the level 3nd timing of requirements that mlst be furnlshed

as the nerr systens are extended. In cropping system technol.ogy extenslon,

the tlnlng of input ancr filarketing servlces are even more inportant than

in single crop ptograms. with lnforrnatlon derived frorn farner testlng

regardlng inpuc requlrements and timlng, thls larger nrograffidng task

_ IrrtlL be baied on more accurate inforrnation. Ttre speciflc content of thls



process wlll vary among programs, but some

exlst. First is the requlrement for vrater

conrnon elements are 
, 
llkely to

as to a..io!nt, time, and place
lf the prcgram Ls o,rerating in an irrigated are4. Changing the water
dts t r ibut lon pat tern l lay . ) : r  d l f f icu l t  as l t  ls  prcbably  or iented to
servlng the traditional systems (note data classification in appendlx
table i.). A second exar{rle wouLcl be credit. If the systems require
quick turn over ln crops, oredit may have tc be provided in a n're tlrEly
nay. Data collected and analyzed ln step I and 3 on farrn household LncolE,
expenaes and cropping systems would be a basls for thls analysls.
Slnilar examples could be given for seed, fertil lzer and other lnputs.
output market concerns woulcl need to be consLdered especlally lf new or
minor crops \rere to be involved or if the productlon of certah conmodl_
ties requirlng substantlal processing or handling wer to be lncreased.

The second category of thls step includes further evaluatlon of
technology by analyzlng the adoption process. Fortunately, there is
a large arnount of literature on thls broad toplc (see (24) anC (22) for
a rev ien of  constra lnts  to  adcpt lon studies) .  Basi3al ly ,  these research
ef for ts  have been.r iented towarr l  understanding the ad.pt lon process
I tse l f ,  factors ccnstra! .n ing the process,  and consequences of  adopt ing
the technology. Since the develoFnent of this cropplng technology was
oriented to production of technology that f{t farnErs preferences,
resources and hard to change constraints, the implementation wll1 face
fewer constralnts and be rrlder spread than otherwise. A srnall rnrl.tldlsr
cipllnary resea?ch team of an agrlcultursl sclentlst, economist, and



Eociologist and/or psychologist should carefully design a study ln an area

lrrtrere extension efforts are to be madc to nonltor the progress, problems

aud tmpacts of these efforts. SlDtlar neasurenenta and deslgas ag

dtacussed ln step 1 and the farner tegtlag program ehould be roade before

and ourlng the extenslofl effort (see (10) for aa exauple of thls klnd

of proJect on nes rice technology). the queetlon is not slErply if the

nert technology ls adopced or oot aa there are varylng degrees of adop-

tlon and different parts of nelr technology. therefore, in monltorlng

this ptocess, it ls iEportant to deftne the parts of the new technolory

(ne!r varlettes and ferttllty levele, different land preparatlon

technlques etc.) and the degree to Lrhl ch lt ls adopted (percentage of

area, proportlon of parts adopted, and frequency over tloe). The lnfor-

Eatlon regarding the partlcular aspects that have aod have not been

adopted ls lqortant $1th respect to understandlng constralnts. If, for

e:taEple, sorDe aspects are almost ahrays not adopted wh1le the adoption

of other parts is rnrch more varlable, the flrst set of aepects may be

considered unproductlve by farners or pervaslve lnatltutlonal coolrtrainta

that prevent thep from gelng finplerented may not have been renoved.

For those parte of nerr technology that have been adopted by some farere

and not others, further analysis as to the characterlstlcs of, thoge that

hsve and have not should be done. In thls research $e are not eo lnterea-

ted ln sinply ldentlfyllg charactertsttcg of farrnet s assoclated ni!h

technology adoptlon as lre are at understandl.ng more preclsely lrtte t thoge

batrlers -are. It oay be straller farrets and/or tenantg do not have as

easy access to Borre lnputs as larger landomers. Or, locatlon varlables
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oay explaln the varlance in that certaln services are not reachLng some

areas.  See (8)  for  an ln terest ing exaElp le of  research on constra lnts  to

rice ylelds. If there are certain important categories of farrcrs thac

have not adoFted the technology, thelr sltuations should be aoalyzed as

to why and rJork could begin on develoFlng systems that are more relevant

to them.

Consequences of the new technology shouLd be measured wlth respect

to the effects on production, incomes, empro)rment and their dlsttibutlon

as wel l  as on nutr l t ion and use of  inputs.  I f  these s ludies cont inue

over tlne, lmpressions regarding the variability in incomes can al-so be

Eade.  Specl f lc  quest ions would lnvolve the ef fects  on the level  and

etructure of employrnent and its relation to equipment use changes since

enp lolmen t problerns are of increasing concern now. The dlstributlon of

beneflts among lncor.e claeses and land ownershlp categorles nith regpect

to slze, and orrmer, tenant, and landless laborer groups are also

lfiportant to know to Judge the "deslrability', of the new technology frorn

a pollcy vie'"rpoin i. The capital accunrlation proceas needs to be

trDnitored as roell to estinate the size of gains and the r{,ays they are

utlltzed ln terns of increased farm invesErnent, nonfarm lnvestnent,

and/or coneumer goods. Since rnultLple cropping is already being

rradvertlgedrr by the popular press (9) as a revolution tn locreaslng

productlon and equtty, the documentetion of tts effects on the€e varlables

urst be nade s-o fu ture policy can be based on what actually is occurring

rather than on wlshful thinktng (see (L4) for general dlscusslon on these

i ssues) .



538

I.l l der effects on employment and incone ln industries buylng outputs
from farrner s and supplylng them with inputs and consumer goods can be
est lnated '  Ex post  measures of  the returns t3 inveshnent  in  the research
progran can be nrade from the baseline data developed in step I and the
resul ts  of  the exters ion pr6g;6s1 (see (15)  for  a d iseussion of  technlques

that  can be used) .

SU}I}ARY

Successful development and implementation of new cropping system

teehnol0gy requl res that  , , .crar .  and agrrcu l tura l  sc lentrs ts  work c10sely
together .  How th is  might  be brought  about  involves severa l  pr lnc lp les.

Among then are:

(1) stmllar levels cf, experience and conpetence among social and

agr ieul tura l  sc ient i  s ts  ;

(2)  representat ion . : f  the d lsc ip l lnes concerned in  the procesg of
conceptuarizing the progra' objecti.ves and rrethods and settlng

P o l i  c y ;

(3)  d l -  s  semina t : . ,cn of  in format ion on the prcglamrs progress to a l l

concerned !

(4)  Jo lnt  br ie f ing sessions for  v is i tors ;

(5)  an open at t i tude about  the contr ibut ions of  o ther  d lsc lp l ines;

and

(6)  compar ib le personal i t ies.

rhat lre nu6t work together should be no surprise. Farmrg have to rrDut
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It all together" 3nd ne can heLp by cooperating in the developnent and

evaluat lon of  cropping systems.  One of  the sub-d lsc ip l lnes that  ts  a

key to this lntegratlon- flrnlr nanagement-needs to be emphasized ln the

research and training programs.

Flgure 1 glves a sumrary view of the research procesa that can be

employed in cropplng systems research programs along wlth the genetal

contr ibut lons socla l  sc ient ls ts  can rnake ln  each of  the steps.  Tt re

role then of soclal scientists can be surmnarized to be one of

(1) helplng to understand the ratlonale of tradltlonal farnLng

pract ices and constra lnts  on product lv l ty ,

(2) asslstlng in designlng research on systems that \fl l l nake

them more easl ly  adopted,

(3)  evaluat lng potenrra l  systems as to the i r  l ike l thood of  adopt ion,

(4)  eet imat lng the requi rements of  new systems wl th respect  to

lnst l tu t lons re lat lng to the farmer,

(5) helplng to understand constraints on adoption, and

(6)  est lmat ing the consequences of  the technology as i t  is  adopted.
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APPendlx

lab1e l .  ExanPle of  c lassl f lcal loo of  Data Needs

(see the enal  of  th ls table for  explanat lons of  scales and headlngs)

Classt f lcat lon

Var lable character ls t lcs Relatlve InDortance of Data

chang€
dl f f t -
cut ty

c y  o f
abt l l ty

Basel lne Ceneral Spec l f ic

I , Envlronment
A. Publ lc  pol icy

l .  output  and lnput  Pr lces
2. Nuober of extenslon workers

and tlalnlng
3.  Ag.  assoclat lons
4.  Product lon or  other sPeclal

purpose canPalgtls
B,  Phystcal

l .  Topoglaphy
2,  a l t l tude
3 .  r a h f  a l l

a.  Pat tern
b.  teEpetature

4.  temperature
5.  sol l  c lassl f icat ton

C. Socla l
'  1.  t radl t ions

2.  co@unity s lze
3.  connunl ty organlzat ions
4.  educat lon
5.  Elgrat ion
6.  comunl ty facl l l t les
7.  fanl ty st lucture

age

relat lonshiP
D. EconoEtc

l .  r o a d s
2 .  t ! a n s p o r t a t l o n
3.  tenure al rangeroents
4.  level  of  ] tv lng
5.  storaSe caPacl ty
6,  credi t  ar langeEents

SP
SP

SP
c

SP
S P

c
c
c

SP

SP
SP
SP
SP
c

SP

SP
S P
SP

S P
SP

C
c

SP
c

3
2

3
I

3
2

3
I

3
l

3
I

I
I
I
I
I
I
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Classl f lcat lon

var lable character ls t lcs Relat lve Inpoi tance of  Data

chsnge
d t f f l -
cul ty

frequen-
cy of

abl l l ty

Basel tne Genersl Speci f tc

I I .  Resource s
A. Land

l .  a r e a
2.  value
3 .  p a r c e l  s 1 2 e
4. var lous physical  and

chenical  neasures
B. I r r lgat ion

I .  t y p e
2. amount available through

! 1 D  e
c.  Solar  radiat ion neasuted ln

var ioua
D. Labor aval lable

l .  fani ly
2 .  h i r e d
3.  rages tn casn and/or  k ind

E. Power
1. anirlal nuober and value
2.  oachlne type and cost
3 .  s e r v i c e  f a c i l i t i e s

F.  Operat ing capi ta l
l .  c a s h  f l o v
2,  c€di t  and debt  amount and

3 .  s a v i n g s
. . . . . ,  . ,  - . ' I ; "

^ o c r i . i . l a s  " . . . 1 "  . r .  \

2 .  a v a i l a b i l l t y
3 .  r e l i a b i  l i t y

H, output  markets
l �  p r o d u c t s  p u r c h a s e d
2 .  p roduct  gradlng
3 .  p r i c e s  p a d i
4 .  b u y i n g  p r a c t i c e s
5.  infornat ion suppl ied
6 .  r e  l i a b i l  i t y

I .  l lanagement
I .  a t  t  i t u d e s  t o r a ! d  c h a n g e
2 .  s t  t  i t  u d e s  t o r a r d  r i s k
3 .  p r  b r i t i e s
4  .  i n f o r m a t i o n  s o u r c e s
q  r r , , < r  . f  ^ ! ! r s i . l a  n P ^ n l c

6 .  a t  t i t u d e s  t o v a r d  d e b t
I I I .  A c t i v i t i e s

A. Fan1ly resource requirements
l .  Land-House and Yard area
2 .  W a t e r
3.  Labor t ine

I
I
I
I

t
2

I

3
3
l

3
3
I

3
3

3

I
2
2

2
2
I
2
2
I

2
2
I
J

I
2

I
I
2

SP
SP
SP
SP

c

c

SP
SP
SP

SP

SP

c
c

c

c
c

SP

c
c
c

SP
SP
c

SP
SP
SP
SP
SP
SP

S P
SP
c

R
R
R

NR

R
R

R

R
NR

R

R
R
R

R
R

R

R
R
R

R
R
R
R
R
R

R
R
R
R
R
R

R
llR
NR

I
I
2
2

I
I

I

1
I
I

I
I
I

I
I

I

I
I
I

I
I
I
I
2
2

3
3
2
2
3
2

3
2
2

2
2
I
I

2
2
2

I
I
2

I
2

2

I
I
2

I
I
I

2

3
l
2
2

2

3
3
2

I
I
I
I

I
I

I

I
I
I

I
I
I

I
I

I

I
I
I

I
I
I
I
2
I

I
I
I
I
I
1

3
l
t
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Classl f lca!1ol !

V a r i a b l e  c h a r a c t e r l s t i c s Relatlve ftipo!tance of Data

change
d r f f  i
culty

frequ€n-
cy of

ab111ty

Bssellne c€nera1 Specl f ic

B. CoEnunlty coEmltrents
I . ta:<
2.  labor by fant ly  nember
3,  cash

C..  Non-farn econolnic act lv l t les
l .  t iEe by fani ly  roenber
2 .  r a g e s
3. adount earned by fanlly Eer
4,  type of  occupat ion
5.  at tenpts to do of f  far ln

work over t loe
D. Other lncorne sources
E. L ivestock -  for  each type

|  . . c h  r o n , ,  i  r a i o n  r

2. land requirenent
1  . r ^ n  r p ^ , , i r o n - ^ r

4. by-product  requireDent
5. .  labor lequirement
6.  product ion and value
7.  sales and consunpt lon

F. Clopplng systen
i .  area by c lop and var iety
2.  sequence of  crops by var ie l
3.  seed nanageoenr
4 .  lnsect  nanagement
5.  d lsease managenent
6.  physical  soi l  manager ent
7.  chemical  soi l  nanagem€nt
8.  vater  nanagenent
9,  harvest  nanagement

costs should be at tached to .each

croP ca lender
systen caLender

N e e d s
A, food

1..  anount and source by fant l )
2 .  t a s t e  p r e f e r e n c e s  o f  h o n e

produced food
3..  anount purchased versus

B. Conswer i tens-expendi ture
I  l .  housing
2 .  c l o t h i n g

4 -  e d u c a t l o n
5 .  h e a l t h  c a r  e
b .  o t n e r  e x P e n s € s

C .  S o c i a l  a c c e p t a n c e
2 .  n o n s  o f  n a t l o n
2 .  n o r n s  o f  c o n m u n i t y

rv.

2
2
2

3
I

$er 3
3

?
1
3

i ' i
t ?
l i
t i
l.' ':" "*
t i
I
I' t
l z

3

3
3
3
3
2
3

I
I

c

,;

'i
,;

I ' i
l : i
t : ;
l :
l , i
t : ;

c
SP

c

c
c

S P
c
c

S P
SP

R

R

NR
R
R
R
R

R

NR
R

NR
NR
N R

R
R

R
R

NR
NR
N R
NR
N R
l'r R
NR

R
R

NR
R

NR

R
NR
NR

R
NR
NR

R
R

2
2
2

I
I
I
2
I

I

2
2
2
2
2
I
I

I

I
I
I
I
!
I

2
2
2
2
2
2

I
I

I

I

I

2
2
2

I
I
I

3
2

3

2
2
2
2
2
2
2

I
I
I
I
I
I
I
I
I

3
3
J

3
l
3

3
3

I
I

I
2

2

I
I
I

I
I
I
I
I

2

I
I
I
I
I
i
I

I
I
I
I
I
I
I
I
I

2
2
2
2
2
2

I

I



The change dl f f lcul ty  scale r€fers to the abl l i ty  of  the farDer or  lesearch

progran to change the values of  the var iables.

I  -  nost  d l f f icul t  to chsn8e
2 -  moderately d l f f icul t
3  -  l e a s t  d i f f l c u l t

The f requency of  neasurenent scale lefers to the need to oeasure a var lable

once (sP) or  ieverat  t imes (c)  dur lng a vear to obtaln accurate data '

Tbe abi l i ty  to rebenber scal€ lefers to the l lkel lhood of  a respondent

renenber ing accurately (R) or  not  (NR).

The retat ive lnPortance to a lata scale refers to the need to obtain certa ln

I  e v e - t s  o r  a c c u r a c ) .

I  -  nust  have accurate informat lon
2 -  should have accurate lnfornat ion
3 -  should have Seneral  lnfornat ion
4 -  helPful  to have sone inforDat ion

A basel ine stud) '  is  used to Beasure certa ln var lables so that  later  measure-

ment wi l l  a l loD conpar isons over t ime.

A Seneral  study is  to Provide resear;hers wi th knovl-edge of  'haracter is t ics

of  farneis and their  environnent over the area of  concern of  the c lopplng systetns

A speci f tc  stu i ly  refers to case studles of  certa ln farners to bet ter  understand

why they do as theY do.

Classl f lcat lon

Var lable character is t ics Relat ive Inportance Data

change
dl  f f  i -
cul ty

c y  o f t o Bssel tne ceneral s p e c l f i c

D .  S t a b t l l t y

2.  food product lon
E. IEp mvenent

I .  incol te
2.  coonunl ty serwices
3.  food product lon
4.  consumer l terns

S?
SP

S P
SP
SP
SP

R
R

R
R
R
R

2
2

2
2
2
2

2
2

2
2

2
2
2
2
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Flgule l .  Cropptng Systen Research Prograe Process and Ceneral  Contr^-

of  Socia l  screntrsts .17

t /
These steps ovel lap in t ine and
going back to previous steps for

resul ts in later  steps nay require
fur ther analys1s.

Analysls of  farnersr  s l tuat lonsand act ioDs -  step I

l .  Deslgn surveys
2.  understand governnent pol tcy ef fects
3.  analyze far .ners I  buslness
4.  analyze s i tuat ions surrornding farners

Deslgn of  technology -  step 2

l .  help def ine potent la l ly  product ive res€arch

2,  assess potent ia l  resource use or  msnagenent

l .  e v a l u a t e  a l r e r n a ( I v e s  b e l n S  d e v e l o p e d

farn test lng and evaluat ion -  step 3

I .  evaluate component product lv i ty
2.  evaluate al ternat ive t reatEents and

nanager!€nt  conplexi ty
3.  compare net  benef i t  leve1s and r lsks

of  a l ternat lve systens
4.  prel imtnary est inate of  lnf rastructure
5.  a\a lyze adopt ion process
6,  prel intnary est inate of  consequences

l .  Preprogran planning fo- '  lnst l tut lonal

2.  t ra in ing of  extension personnel
3.  evaluat ion of  constra lnts on adopt lbn
4.  evaluat ion of  consequences
5. measurenent of  research product iv i ty

Extension and evaluat ion -


