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Tln.s paper rev1ews the methodolog1cal development and results of three years of 

farm test1ng of new technology 1n the bean and cassava programs of the Centro 

Internac1onal de Ag11cultura Trop1cal (CIAT) Farm test1ng 1s the log1cal ex-

tens1on of the research evaluat1on process once a technology has been 1dent1f1ed 

on the exper1ment stat1on and reg1onally tested for adaptat1on Farm test1ng l.S 

an espec1ally 1mportant component of the research process 1n develop1ng 

countr1es where communl.catl.on l1nks between farmers and researchers are '~eak 

and farmers often do not have the 1nformat1on or management exper1ence to 

comb1ne and mod1fy var1ous technology components adapt1ng exper1ment statJ.on 

observatl.ons to the1r own env1ronments and productJ.on systems The research 

problems at the farm are dJ.fferent from those at the exper1ment stat1on or 1n 

regwnal tr1als so there are 1mportant dl.stJ.nctJ.ons l.n des1gn and analys1s 111 

the farm tr1als The evaluatJ.on process developed here successfully 1dent1f1ed 

the technology adopted by farmers For the unsuccessful technologJ.es 1nfo1ma-

t1on was prov1ded from the farm trl.als to the breeders and other scJ.entl.sts on 

further des1gn requ1rements The results of the farm tr1als substantl.ally 
'<..;.. "'-..,) ¡,...... f 

mod1f1ed the pol.Lcy recommendat1ons aN=ed---ijt -u.tlJ..l.:ung the results fFsiR tl>e • 

exper1men~/statJ.on or reg1onal tr1als 
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I N T R O D U C T I O N 

Farm y1elds of 57 to 93 percent of exper1ment stat1on results have been reported 

1n Austral1a 1n the s1Xt1es (Dav1dson and Mart1n 1965) Not only are absolute 

y1elds generally reduced 1n the movement from the exper1ment stat1on to farms 

but also the relat1ve y1eld compar1son between treatments can be reverséd 

Inputs dependent upon other 1nputs or excellent management often do not funct1on 

as well or at all under farm cond1t1ons (for an example w1th fert1l1zer and 

water control see Barker 1978 p 50) These documénted y1eld d1fferences 

between the exper1ment stat1on and the farm 1n new technology performance are 

one bas1s for extend1ng the research process 1nto farm test1ng Moreover 

comparat1ve y1elds are an 1nadequate cr1ter1on for evaluat1on of the potent1al 

of new technology s1nce farmers are not y1eld max1m1zers To measure the d1f-

ferences 1n y1eld response and to 1ncorporate econom1c and systems analys1s 

researchers are 1ncreas1ngly mov1ng off the exper1ment stat1on 1nto reg1onal 

and farm tr1als 

In the next sect1on after rev1ew1ng the roles of reg1onal and farm tr1als 

evaluat1on cr1ter1a for farm tr1al analys1s are proposed Then 1n the second 

sect1on performance of the new technology 1n the bean and cassava programs 1s 

analyzed w1th these cr1ter1a 

A METhODOLOGY FOR FARM TESTING AS A COHPONENT 

OF THE RESEARCH PROCESS 

The d1ffus1on of best farmer pract1ces may 1ncrease 1ncome of those farmers 

w1th s1m1lar resources (B1ggs 1980 p 141) however larger 1ncome ga1ns are 

expected from the 1ntroduct1on of new 1nputs Theqe new 1nputs are e1ther 

developed or adapted at the publ1c sector exper1ment stat1on or at sorne 

pr1vate sector equ1valent Once a new technology 1s 1dent1f1ed at the ex

per1ment stat1on adJustment to d1fferent env1ronments becomes the research 

problem of the reg1onal tr1als s1nce the effect of most b1olog1cal and chem1cal 

agr1cultural technolog1es 1s 1nfluenced by cl1mat1c edapn1c and other factors 

1nclud1ng d1seases and 1nsects Intens1ve management on the exper1ment stat1on 
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may even accentuate the d1fferences between exper1ment stat1on and farm cond1-

t1ons Most exper1ment stat1ons are managed 1n such a way that over t1me so1l 

structure fert1l1zer weeds pests and d1seases are qu1te d1fferent to farmers 

f1elds (Byerlee et al 1979 p 7) Befare reach1ng the farmers' f1elds and 

after the exper~nent stat1on reg1onal tr1als compare new technology treatments 

w1th farmers pract1ces Once the reg1onal tr1als have 1dent1f1ed a l1m1ted 

number of new technology comb1nat1ons evaluat1on passes to the f1nal stage the 

farm tr1als (F1gure 1) 

The d1fferences between reg1onal and farm tr1als can be 1llustrated by 

1dent1fy1ng the research quest1ons left unanswered 1n a reg1onal var1ety tr1al 

In most reg1onal var1ety tr1als a number of new var1et1es are compared w1th 

one or more local var1et1es at sorne 1nput level Th1s 1nput level 1s generally 

ne1ther the very h1gh level of the exper1ment stat1on nor the low level often 

found on farms 1n develop1ng countr1es It 1s sorne arb1trar1ly choosen 1nter

med1ate level bet~een the two Exper1ment stat1on 1nput levels are often very 

h1gh so that 1nd1v1dual 1nput effects can be analyzed for the1r max1murn effect 

w1thout other factors constra1n1ng y1elds For rnany of the food crops farmers 

1n develop1ng countr1es ut1l1ze low dens1ty low 1nput systems w1th low but 

stable y1elds requ1r1ng few 1nputs except fam1ly labor 11th farrners' 

cultural pract1ces the effect of any one 1nput change such as a new var1ety 1s 

expected to be m1n1mal or at least very d1ff1cult to measure 

t)~1cally are accompan1ed w1th recommendat1ons for both h1gher dens1ty and h1gher 

1nput ut1l1zat1on than those of the farmer Hence 1t 1s appropr1ate that the 

1nput level of the var1ety tr1als 1s between the levels of the exper1ment 

stat1on and the farms 

Reg1onal var1ety tr1als are useful for evaluat1ng adaptat1on of a large 

number (often more than 20) of new mater1als and 1dent1fy1ng several new 

mater1als for on-farrn test1ng The research quest1on of the reg1onal var1ety 

tr1als 1s whether there 1s a d1fference between one or more of the new 

var1et1es and the farmers var1ety(1es) Breeders generally concentrate on 

the absolute s1ze of the y1eld d1fference and agronom1sts custornar1ly ut1l1ze 

sorne var1at1on of analys1s of var1ance to evaluate the stat1st1cal s1gn1f1cance 

of the y1eld d1fference The reg1onal var1ety tr1als leave a nJmber of 

1mportant quest1ons unanswered there may be qual1tat1ve d1fferences between 

the new and the comrnerc1al var1et1es reflected 1n the Market pr1ce hence y1eld 

cornpar1sons are not always an appropr1ate select1on cr1ter1on the 
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~nput level ut~l~zed ~n the reg~onal var~ety tr~als ~nclud~ng the cho~ce of 

cropp~ng system may not be more prof~table than the farmers pract~ces e~ther 

w~th the commerc~al or the new var~et1es even 1f one new var1ety and the 

accompany~ng 1nputs 1s more prof1table than present farmer pract1ces there may 

be other constra1nts 1n the farm1ng system prevent1ng adopt1on of the new 

technology reg~onal var1ety tr1als do not take ~nto account the large between 

farm var1ance ~n the performance of new technology These problems are over-

come by extend1ng the research process onto farm tr1als In the spec1f~c case 

above one or more new var1et1es are obta1ned from the reg1onal var1ety tr1als 

and placed on a large number of farms 1n the target area at d1fferent ~nput 

levels and compared w~th the farmers var1ety at these ~nput levels 

Befare spec~fy1ng ~n more deta1l the d1fferences 1n the analyt1cal tech

n1ques of the farm tr1als w~th reg1onal tr1als ~t ~s useful to rev1ew the types 

of agronom1c tr~als and the stages of analys1s There have been three pr~ary 

approaches to analyze agronom~cal exper~ents The f~rst approach of the 

factor1al exper~ments has already been ment1oned for var1ety tr~als but 1s 

equally appl1cable 1n other agronom1c tr1als (Table 1) The second approach of 

the opt~al 1nput level has prol1ferated s~nce the F~ft~es w1th the ~ncreased 

soph1st1cat1on of econom1sts 1n d1fferent1al calculus Unfortunately 1n agr1-

culture opt~al levels are not very mean1ngful unless var1at1on 1n y1eld perfor

mance due to weather 1nsects and d1seases 1s also 1ncorporated 1nto the 

analys~s The 1nfluence and probab1l1ty levels of these stochast1c factors 1s 

d1ff1cult to measure (To 1ncorporate r~sk 1nto farm dec1s1on mak~ng and the 

analys~s of exper~ental data see Anderson et al 1977 Anderson 1973 and 

D~llon 1977) Where the new technology has already been adopted on farms 

d1v1s1on of the y1eld gap between the phys1cal max~um on the farm 1n an ex-

per~ent and farmers' y1eld ~nto var1ous components 1nclud1ng the 

techn~cal and econom1c capac1t1es of the farmer 1n comb1n1ng h1s ~nputs and 

respond1ng to econom1c s1gnals and the d1fferencc between a phys1cal and an 

econom~c max~um 1s useful (Barker 1979 Herdt and Mandac 1979 Hcrdt and 

W1ckham 1075) However 1n evaluat1ng the potent1al of new technology the 

opt~al recommendat1ons generally come from response surfaces wh1ch do not 

adequately 1ntegrate the ~portance of the stochast~c factors ~n sh1ft1ng the 

funct1on 

Both the factor1al and the opt~al level exper~ents can 1ncorporate 
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TABLE 1 

PRINCIPAL TYPES OF AGRO~O~ EXPERIMENTS ANALYTICAL TECHNIQUES 

AND TI!E R,ESEARCH PROBLEMS 

Types of tr~als 

Stages of analys~s and 
the research problems 

Var~ety 

Fert~l~zer 

Herb~c~de 

Other Defens~ve Chem~cals 
Dens~ty 

Seed Qual1ty 
T1m~ng of Pract~ces 
Assoc~ated Cropp~ng 

funus One 
Plus One 

Factor~al Exper1ments -

Is there a s~gn~f~cant y~eld effect from the 
a 1nput stud~ed w~th other 1nputs held 

constantb? 

Opt1mal Input Level -

a b 
w~th other ~nputs held constant and known 
1nc~dence levels of the stochast~c factors 
(weather d~seases and 1nsects) what ~s the 
opt1mum level of the ~nput stud~ed? 

Evaluat~on of Comb~ned Inputs -

Are the comb~ned treatments prof~table 
compared w1th farmers pract1ces? 

a/ Both factor~al and opt1mal 1nput level exper1ments can cons~der more than one 
~nput at a t1me however the analys~s usually emphas1zes the separat~on of 
1nd1v1dual 1nput effects and ~nteract~on terms 

b/ There ~s a debate on the level of the ~nputs held constant If a h~gh or ex
per1ment stat~on level ~s ut~l~zed then the max1mum phys~cal y~eld effect on 
the farmers f~eld can be est1mated for the 1nput stud~ed If the farmers' 
level of other 111puts ~s ut~l~zed then the y~eld effect 1nd~cates the 
potent~al of th~s ~nput alone to ~ncrease y~elds w~th farmers present ~nput 
use and cultural pract~ces (Fl~nn 1980) 

Source 

The stages are taken from the d~v~s1on 
ut1l1Zed m Cll!NYT (Byerlee et al 

of types of farm tr~als customar1ly 
1979 F1gure 2) 
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severa! 1nputs and analyze 1nteract1on effects However unless the cr1t1cal 

var1ables determ1n1ng y1elds have already been narrowed down for a reg1on the 

evaluat1on of a large number of factors (more than three) can lead to very 

large 1nd1v1dual exper1ments thereby d1scourag1ng the researcher from under

tak1ng many farm exper1ments One of the pr1nc1pal ref1nements after three 

years of farm tr1als 1n the As1an r1ce network was to s1mpl1fy the exper1mental 

des1gn and 1ncrease the number of repl1cat1ons (farms) to more adequately 

reflect the env1ronmental and management factors lead1ng to the large y1eld 

var1ance w1th1n product1on reg1ons for a g1ven technology (Barker 1979 p 22) 

The three year exper1ence of !RAEN (Internat1onal R1ce Agroeconom1c Network) 

1nd1cates that at least 20 farms are needed for a study area 1f an acceptable 

degree of prec1s1on 1n est1mat1on of y1elds 1s to be ach1eved (Gomez et al 

1979 p 37) The IRAEN s1multaneously ut1l1zed factor1al and comb1ned 1nput 

( management package ) tr1als 10 the same reg1ons In the CIAT exper1ence 

there has been a two stage process of a very few factor1al tr1als per reg1on 

to f1rst narrow down the number of 1nputs 1n the comb1ned treatments Then a 

large number (10 to 15) of comb1ned 1nput tr1als were 1mplemented 1n each pro-

duct1on reg1on For example the factor1al or reg1onal tr1als 1dent1f1ed the 

appropr1ate herb1c1de for a spec1f1c so1l type and a l1m1ted number of new 

var1et1es (two or three) for a spec1f1c reg1on (Table 1) 

S1nce there are a large number of research problems 1n the farm tr1als 

the evaluat1on 1s a complex process 1nvolv1ng severa! analyt1cal techn1ques 

(F1gure 2) The standard stat1st1cal test of the s1gn1f1cance of the d1fference 

between one or more new technolog1es and the farmers' pract1ces 1s f1rst 

ut1l1zed One 1mportant qual1f1cat1on should be put on th1s analys1s There 

1s noth1ng sacred about 5% or 1/ probab1l1ty levels for Type I error Type I 

error 1s the reJeCt1on of the null hypothes1s when 1t 1s true and Type II 

error 1s the acceptance of the null hypothes1s when 1t 1s not true For a g1ven 

number of observat1ons demand1ng a lower Type I error w1ll 1ncrease the 

probab1l1ty of a Type II error These are pract1cal or appl1ed dec1s1ons and 

not governed by sorne 1ron law of stat1st1cs The cho1ce of probab1l1ty levels 

should be determ1ned by the costs of a m1stake of Type I or Type II and not by 

trad1t1on 

The pr1nc1pal research problem of farm tr1als 1s the prof1tab1l1ty of the 

new comb1ned treatments Can the farmer make money w1th the new technology? 
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One 1nput changes are expected to have l~ttle effect ~n agr1culture due to the 

~nterrelated or systems nature of crop product~on A mod~f~cat~on ~n one part 

of the system prec~p~tates other changes For example ~ncreased dens~ty ~n 

Ant~oqu~an bean product~on requ1res better d1sease control due to h1gher 

anthracnose 1nc1dence Moreover w~th h1gher dens1ty an ~mproved support 

sybtem or less v1gorous var~et1es and mod1f1cat1ons 1n methods of perform~ng 

the other cultural pract1ces such as weed~ng and spray1ng also are necessary 

(CIAT 1980 and 1981) In summary the farm tr1als move away from the reduc

tlon~st approach of most b1olog~cal research 1n wh1ch the effects of 1nd1v~dual 

factors are 1solated to the hol1st1c approach of the analys1s of the effects of 

1nput comb1nat1ons (D~llon 1976) The new product1on systems must g~ve h~gher 

returns than the farmers 

al-ays 1dent1f1ed 

but the contr1but1on of 1nd1v~dual components ~s not 

Bes1des prof1tab~l1ty the new technology comb1nat1on must f1t 1nto the whole 

farrn system A new technology may be h1ghly prof1table 1n budget1ng analys1s 

but st1ll less profltable than another alternat1ve or 1t may have h1gh seasonal 

labor requ~reoents when fam1ly labor 1s not ava1lable and h1red labor 1s very 

expens1ve ~breover the off-farm resource requ1rements such as cap1tal may 

be very h~gh Programm~ng analys~s cons~ders the whole farm context w1th the 

d1fferent alternat~ves and resources ava~lable to the farmers Programm1ng 

analys1s 1s very data and computer 1ntens1ve hence an alternat1ve methodology 

has been suggested of ut~l1z1ng large plots and farmer management to 1dent1fy 

labor or management constra1nts (Zandstra 1979 p 149) However farm model1ng 

through l1ner or more soph1st~cated programm1ng enables the cons~derat~on of 

more constra1nts at a reduced cost of f1eld operat1ons Moreover an evaluat1on 

of the potent~al f1t of new technology 1nto the farmers' system by observ1ng 

farmer ut~l1zat1on makes ~ery strong assumpt1ons about the sample select~on of 

potent1al adopters and the farmers ab1l1ty to 1nstantaneously adJust h1s 

resource allocat1on when presented w1th new alternat1ves The assumpt~on of 

~nstant opt1mal manager~al adJUStment to the new act1v1t1es and resource 

comb~nat1ons 1nvolved ~n thc 1ntroduct~on of new technology 1gnores the 

phenomenon of learn~ng by do1ng whereas sens1t1v1ty analys1s 1n programm1ng can 

handle d1fferent management ab1l1t1es 

At any stage of the evaluat1on process a new technology may be unsuccessful 

Before return1ng to the des1gn process 1n the exper1ment stat1on or reg1onal 

Slte strat~f1cat1on of farms where the technology 1s and 1s not successful 



10 

1s attempted A large sample s1ze w1th each farm treated as a repl1cat1on 1s 

ut1l1zed to overcome one maJor research problem of farm tr1als the large between 

farm var1at1on of new technology performance For example d1ffus1on between 

farms of new var1et1es of wheat and corn has been shown to be pr1nc1pally 

related to d1fferences (somet1mes subtle) 1n so1ls cl1mate water ava1lab1l1ty 

or other b1olog1cal factors (Perr1n and W1nkelmann 1976 p 893) Th1s 

strat1f1cat1on can be done w1th a pr1or1 theoret1cal cons1derat1ons or 

stat1st1cal search1ng dev1ces such as cluster analys1s or mult1ple regress1on 

Obv1ous examples are fert1l1zat1on on so1ls of d1fferent fert1l1ty or a stress 

res1stant var1ety on s1tes w1th and w1thout the part1cular stress If the 

strat1f1cat1on 1dent1f1es a sub-group of farms w1th a part1cular set of 

cond1t1ons 1n wh1ch the technology was successful then the evaluat1on process 

can be resumed for th1s sub-sample To summar1ze rather than m1n1m1ze non-

treatment var1ance the farm tr1als analyze the sources of th1s var1ance to 

1dent1fy the farm level factors effect1ng the econom1c performance of the new 

technology 

The research process proceeds from the exper1ment stat1on to reg1onal 

tr1als and f1nally to farm level evaluat1on Feedback from the farm enables a 

d1rect farm level 1nput 1nto future technology des1gn as well as test1ng the ne~ 

technology under the var1ab1l1ty of the farm cond1t1ons 1n the target area 

(G1lbert et al 1980) Once the technology has passed the econom1c and 

systems cr1ter1a the research evaluat1on process 1s term1nated and suggest1ons 

can be made for extens1on (F1gure 1) The farmers' goals are undoubtedly more 

complex than max1m1z1ng prof1t nevertheless these s1mple econom1c cr1ter1a 

and the f1t of the new technology 1nto the product1on system move the evaluat1on 

closer to the farmers goals than the convent1onal y1eld max1m1Zat1on cr1ter1on 

The farm test1ng separates the technology flow 1nto three parts technology that 

passes all the cr1ter1a and 1s recommended to the extens1on serv1ce for all 

farms 1n the target reg1on technology that passes these cr1ter1a only on farms 

w1th certa1n character1st1cs and therefore 1s appropr1ate for extens1on only on 

those farms or w1th certa1n restr1ct1ons and technology wh1ch does not pass 

these cr1ter1a and hence returns to the b1olog1cal sc1ent1sts for further 

mod1f1cat1ons In the next sect1on th1s methodology 1s appl1ed to var1ous new 

technolog1es 1n the Bean and Cassava Programs of CIAT 
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RESULTS OF THE FARM TRlALS IN COLO~BIA 1978-1980 

In 1977 a ser1es of potent1a1 new technolog1es were 1dent1f1ed based upon 

exper1ment stat1on and reg1onal tr1al results 1n two maJOr crop programs of 

CIAT From 1978 to 1980 farm leve! exper1mentat1on ~1th these technolog1es was 

undertaken 1n both the f1eld bean and cassava programs Th1s sect1on sum-

mar1zes the pr1nc1pal results of these tr1als ut1l1z1~g the methodology of the 

prev1ous sect1on (F1gure 2) 

ln both crop programs the effect of fert1l1zer depended upon the or1g1nal 

so1l fert1l1ty and the crop rotat1on W1th strat1f1cat1on of the farm tr1als 

accord1ng to these factors sub-samples were 1dent1f1ed 1n wh1ch fert1l1zat1on 

had a s1gn1f1cant effect on y1elds (Table 2) On twentv percent of the bean 

producers 1n the Hu1la farm tr1als and 1n all of the forn tr1als 1n Restrepo 

1ncreased fert1l1zat1on was h1ghly prof1table but substant1ally 1ncreased the 

cap1tal requ1rements (CIAT 1979 1980) ln the low fertlllt) so1ls of the 

marg1nal coffee reg1on 1f the cap1tal were ava1lable prof1t max1m1z1ng bean 

producers would ut1l1ze much h1gher fert1l1zat1on levels accord1ng to the 

programm1ng analys1s (Stab1le 1979 and CIAT 1980) There was a )leld 

response to cassava fert1l1zat1on on the poor so1ls of the Colomb1an coast 

however fert1l1zer use was unprof1table on both trad1t1onal and new var1et1es 

there (Sanders and Lynam 1980a p 8) 

In crops produced pr1nc1pally by small farmers for local food markets 

w1thout pr1ce supports the ut1l1zat1on of more fert1le so1ls (beans) or rota

tlon (beans and cassava) trad1t1onally has been subst1tuted for fert1l1zat1on 

Reg1onal fert1l1zat1on tr1als often show a dramat1c ph\s1cal response by 

select1ng s1tes where the 1n1t1al fert1l1ty levels are extreoely low (CIAT 

1979 p C-47 48) W1th such large d1fferences between reg1onal tr1als and 

farm s1tes the 1mportance of the farm tr1als before mak1ng recoomendat1ons 1S 

obv1ous To produce beans 1n the lower fert1l1ty so1ls as 1n marg1nal coffee 

areas chem1cal fert1l1zat1on w1ll have a h1gh return and w1ll be necessary or 

y1elds w1ll be extremely low (Stablle 1979) In the future as area expans1on 

becomes more d1ff1cult the prof1tab1l1ty of the subst1tut1on for land w1th 

fert1l1zer w1ll 1ncrease 

Clean seed was reported to 1ncrease y1elds on the exper1roent stat1on by 



Crop 
P og am 

BEAUS 

CASSAVA 

TABLE 2 

EVALUATION OF NEW TECHNOLOGY IN THE COLOHBIAN FARH TRIALS OF THE SEAN ANO CASSAVA PROGRAHS 1978 1980 

New Tecl'l olog es 

Fe t1l zatlo 

Clea o lmp o d Se d 

lnpro ed Agro omy 

H gher densl ty 
Ch n e 1 e nt ol of 

d ases and s ts 

lnoc lat o 

New Var let les 

Fcrtlllzatlon 

lmpro ed Agro omy 

H1ghe 
S t k e 
\le d 

de s 1ty 
t eatment 
o tr 1 

NeR va 1eties 

r ON FARH EVALUATION CRITERIA --~~~ 
F' t to F rmers 

S g f ca t P of table p od t o Systcm f Id 1 S 

S mple st at f d by 
t a 1 so 1 f rt 1 1 1 ty 

NO 

VES 

NO 

For most varletfes 
For o e var ety 

Somet 11nes 

YES 

YES 

NO 
YES 

s b sampl 

YES 

Pr e d1scou t rnakes lt 
nprof table campa ed w th 

f rn rs ar t es Taste 
eq r n ts are fa1rly 

r1gfd for colo a d sced 
SIZ 

NO 

Hfghly prof1table 
cash o t !ay 

small 

NO d to a s bstantlal 
p e d seo t lmpo 
tan ce of s ta rch co tent 
a d sta h ~a nte a e 
w th lo g r t me 
the gro d as br ed g 
c. te a 

S bsta t ally J e eased 
cap tal requ eme ts 

Hu la low rate of retu 
Ci""to pr ce collapse at 
ha vest 
A t oq la H1gh de sity 
m kes e lt ral op tlo s 
no e d fflc 1 t 
P st epo H gh e p tal e 
q eme ts s so 1 fe t 1-

ty thc most 1 m t g 
co stral 

Large ma agement requ re 
me ts 

Farme Adoptlo 

H Ita Hlghe de slty 
~spray g 

~ tioq a Change of 
eh m 1 co t ols b t no 
d s1ty 1 e e s 
R st po H ghe de sfty 
a d p ayl g but st1ll 
1 ttle fe t llzatlo 

-... 
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85~ and to be a maJor factor 1n reg1onal tr1als on 84 hectares 1n Guatemala 

where bean y1elds were 1ncreased from 515 to 1 545 kg/ha (CIAT 1975 pp 124 

and 151) CIAT has c1early demonstrated the maJor y1eld 1ncreases poss1ble 

s1mply by us1ng clean seed (TAC 1977 p 31) The report above recommended 

that CIAT help nat1onal programs develop the capac1ty to produce clean seed 

pr1nc1pally upon the bas1s of these exper1ment stat1on and reg1onal results 

In the Colomb1an farm tr1als four d1fferent types of 1mproved seed were tested 

1n two reg1ons over two years on approx1mate1y f1fty farms Two of the seed 

sources for the farm tr1als were produced w1th 1rr1gat1on 1ntens1ve rogu1ng 

of s1ck plants and h1gh levels of management and chem1cal protect1on In 

general there was no y1eld effect on the farms from any of these 1nvestments 

to 1mprove seed qual1ty There 1s st1ll a def1n1t1onal problem of clean seed 

as even w1th large 1nvestments 1n 1rr1gated seed product1on common mosa1c v1rus 

1nc1dence was 2 to 8/ from one reg1on and 25 to 40/ from another 

former level 1s above the max1murn 1nc1dence allowed 1n the U S 

Even the 

however 1t 

1s unl1kely that 1t would be prof1table for e1ther the pr1vate or the puol1c 

sector 1n Lat1n Amer1ca to 1nvest more 1n seed product1on fac1l1t1es than was 

done for the seed product1on ut1l1zed 1n these farm tr1als When res1stance 

to th1s v1rus 1s obta1ned 1n a new var1ety another analys1s of the farm level 

return to clean seed would be appropr1ate Nevertheless the prev1ous 

pol1cy recommendat1on for clean seed product1on by nat1onal programs was 

premature as 1t was not poss1ble at the farm to subst1tute 1mproved seed 

qual1ty for a bean var1ety res1stant to common mosa1c v1rus As a footnote 

to these contrast1ng results between the exper1ment stat1on and the farm were 

the reg1onal tr1als 1n Bean Agronomy 1n three s1tes 111 1976 wh1ch also showed 

a non-s1gn1f1cant y1eld effect from clean seed (CIAT 1977 pp 40-42) 

S1nce clean seed d1d not even successfully pass the reg1onal tr1al test 1t 

should not have gone onto the farm tr1als much less been recommended to 

nat1onal programs 

Improved agronomy pract1ces of both beans and cassava 1nclud1ng h1gher 

dens1ty and better d1sease and 1nsect control w1th e1ther spray1ng 111 beans 

or stake treatment 111 cassava gave s1gn1f1cant y1eld 1ncreases 1n the farm 

tr1als and were h1ghly prof1table 1n the budget1ng analys1s In the whole 

farm conteAt the return on cap1tal from the 1Mproved bean agronomy was very 

low only 11 percent However comb1n1ng th1s 1mproved bean agronomy 

technology w1th new storage technology to avo1d the post-harvest pr1ce collapse 

gave reasonable rates of return to cap1tal 33 to 69 percent (Table 3) 



Table 3 

Farm lncome (Pesos) 

lncomc lncrease (~) 

Caprtal Borro~rng (Pesos) 

Return en an Addrtronal 
Un 1 t of Cap 1 ta 1 

lncomes Credlt Requrrcments and Returns te Capital from Var1ous 

Uew Technologles on Sma11 Farms Southern Hulla 1979 

Typ 1 cal Farm 
(2 4 ha) 

76,796 

-
9,333 

-

lntroductron of 
Hrgh Technology 
Ca•urra Coffee 

106,881 

39 
18 593 

o 11 

lntroductJon of Hrgh Tech~ology Caturra 
plus VarroJs Bean Technologlcs 

~onoculture Bcan~ 
-lmprovcd Agronomy 

(MB 1 A) 

118 319 
11 

26 532 

o 11 

~erA 

plus SO% 
Storage 

134,519 
14 

30 000 

o 33 

M61A 
plus 100% 

storage 

155 219 
15 

30,000 

o 69 

Sourccs Thc typrcal farm cstrmate rs synthcsrzcd from farm d1ta collcctcd 1n Hurla Colombra 1n 1979 The 
rrnp1cts of ncw tcvhnology an. thc profrt 11l1XII11171ng lrnca1 proqramm1ng rcsults from thc modcl farm 
wrlh ncw tcchnologrcs rntroduccd ~cqucntr1lly 

Scc Arcra and Sandcrs 1980 CIAT 1981 and Arc1a 1980 

... 

..... 
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Cap1tal requ1rements were 1ncreased by over three t1mes and the farmer has to 

wa1t another four months to sell h1s beans Nevertheless the 1mproved agro~omy 

technolog1es 1n beans successfully passed the three evaluat1on cr1ter1a and are 

presently be1ng adopted by farroers 1n all three reg1ons w1th mod1f1cat1ons 

(Table 2) W1th a very small cash outlay the 1mproved agronomy cassava 

technology 1ncreased 1ncome by 65k 1n the bu~~t1~g' calculat1on however 

management requ1rements are substant1al a d has been -----observed as yet on the Colomb1an coast (San Lynam 1980a pp 7 and 8) 

Nevertheless th1s ent1re 1mproved agronomy package plus good so1l preparat1on 

has been adopted on several Cuban state farms 

~ ~~IL .v-c....LW *'..Ll, 
(Cock personal commun1cat1on) 

In reg1onal tr1als excellent responses to 1noculat1on w1th Rh1zob1um for 

n1trogen f1Xat~on 1n beans have been obta1ned (CIAT 1978 p B-41 and Table 
of trus paper J 
~ W1th the same var1ety and alt1tude as 1n the reg1onal tr1als farm tr1als 

were carr1ed out over two years on 30 farms The 1noculated treatment gave 

lower y1elds and lower net 1ncome than the check \Ht'l n1trogen 1n sp1te of the 

lower fert1l1zer costs of the 1noculated treatment (Table 4) 

there were heavy 1nfestat1ons of one root rot (fusar1ID) not encountered 1n the 

reg1onal tn.als The farro tr1als helped 1dent1fy the need for a fung1c1de 

to control fusar1um w1th a m1n1mal negat1ve effect on the Rh1zob1um 

The pr1nc1pal product or most 1nternat1onal centers 1s new var1et1es 

comb1ned w1th 1mproved agronomy (for the reasons for the comb1nat1on see 

Evans 1980 p 396 Kawano and Jenn1ngs 1980 p 13 ff) In 1977 var1etal 

development was more advanced 1n the cassava than 1n the bean program Several 

new var1et1es more than tr1pled farmers mean y1elds (CIAT 1978 p C-44) In 

the cassava farro tr1als ene new var1etal select1on and 1mproved agronom' 

outy1elded the trad1t1onal var1ety w1th the farmers cultural pract1ces b) 

108/ however the y1eld advantage was much smaller over the trad1t1onal 

var1ety w1th 1mproved agronomy only 27/ Unfortunately the lower starch 

content of the new var1et1es resulted 1n a 40 to 60/ pr1ce d1scount s1nce the 

new var1et1es could only be sold on the 1ndustr1al starch market hence the) 

were less prof1table than the 

pract1ces (Sanders and Lynam 

trad1t1onal var1ety w1th 1mproved cultural 

1980a pp 11 ff) Horeover the stard content 

of the farmers var1ety was more stable over t1me and under stress than the 

new var1et1es Cassava spo1ls rap1dly after the harvest and snall cassava 
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Tablc ~ Regronal yreld trlals farm trrals prlces and net lncomes from 

lnoculatron wlth Rhrzobrum and from drfferent varretres 

La Selva and El Carmen Antroqura 1979 and 1980 

lnoculatrona, 1979 

Yrelds of the check wtth nttrogen 

Average yrelds of the three best 
Rhazobtum tratos 

Average yrelds of the tnoculated 
treatments at two dens1t1es 

Varretal effect, 1979 

Farmers varrety (Cargamanto) 

G 5653 (Ecuador 299) 

G 2333 

Varretal effect 1980e 

Farmers varrety (Cargamanto) 

E 1056 

G ~727 

Regrona1 
tnal 

Farm tnals 

yrelds Ylelds 

3 386 

3 58~ 

159 

635 

1 9~7 

159 

2 307 

793 

(kg/ha) 

1 999 

1 6~9 

2 183 

1 708 

1 075 

2 287 

9~7 

2 007 

Net 1 ncorre 
(Col $/ha) 

87 121 

59 827 

102 373b 

6 901b 
(58 171) ~ 
(65 770) 

9 579b 
(22 671)~ 
(30 270) 

31 619f 

20 5859 

(29 358) h 

16 617° 
(25 390)h 

a Thc selectton from thc land race Cargamanto was uttl tzed 10 the tnocula 
teon compartson Reg1onal trtal y elds were wtth arttftctal support and 
htgher tnputs than the farro trtals All tnput levels Pxcept •noculat•on 
wcre tdent1cal rn the farm traals On the check wtth nttrogen both chemt 
cal ferttl 1zcr and chtcken manurc were employed In the tnoculatcd trcat 
ments P20s and K20 werc cmployed at the same levels as tn the combtncd 
chemtcal and organtc fcrtlltzers tn the check Wlthout nttrogen 

b The prtce rece1ved by farmers for Cargamanto was 75 pesos/kg Farmcrs 
estrmatcd that tic two small red varrctrcs G 5653 and G 2333 would 
rece1ve approx1mately 30 p sos/kg on thctr local markcts lncome calcula 
t1ons werc also made at only a small pr1cc d1scount for these new var ct1es 
Sce footnote e 

e Nct 1ncome was reest•mated w1th a m1n mal prece d1scount from the 75 Col 
$/kg of Cargamanto to 60 pesos/kg for thcsc two small sceded varect1cs 

d The costs of thc new var•et1es were reest matcd w1th thc assumpt1on that 
no spray1ngs wcre ncccssary The pr1cc of 60 Col $/ha was reta1ned 

e Thcse are the same reg1onal var1ety tr1als reportcd for 1979 1n Roman 
ct al 

f The mean pr1cc rcce1ved by farmers for Cargamanto was 45 pcsos/kg 

g Farmers est1matcd that these largcr g a1n s ze select1ons would rece1ve 
~O pcsos/kg (E 10>6) and 38 pesos/~g (G ~727) 

h Thc costs for the prod ct1o of thc selcct1ons were recst1mated w1thout 
thc costs of chcm•cal protect1on aga nst d1seascs and 1nsects 

Sources 

The reg anal tr1al observat ons were taken from Alberto Roman et al 
1980 pp 25 and 50 and CIAT 1981 



17 

producers sell the1r harvest over a long t1me per1od beyond the opt1mum phys1cal 

matur1ty leav1ng the cassava 1n the ground unt1l the sale Hence not only 

starch content but also 1ts ma1ntenance over t1me beyond matur1ty were both 

1nd1cated as 1mportant select1on character1st1cs for cassava breeders espec1al

ly 1n the adverse agr1cultural env1ronments such as the north coast of 

Colomb1a character1st1c of small farmer cassava product1on 1n Lat1n Amer1ca 

In the evaluat1on of bean var_et1es the results were s1m1lar though the 

d1fferences were not as dramat1c as 1n cassava In reg1onal tr1als of cl1mb1ng 

beans the y1elds of the farmers' var1ety were 1nfer1or to those of the new 

select1ons however these y1eld results were reversed 1n the farm tr1als w1th 

the farmers var1ety outy1Pld1ng all four new select1ons 1n 1979 and 1980 

(Table 4) In the reg1onal tr1als no chem1cal control of d1sease was employed 

and the farmers var1ety 1s espec1ally suscept1ble to anthracnose Farmers 1n th1s 

reg1on ut1l1ze h1gh levels of fung1c1de so the farm tr1als 1ncluded th1s 

1nput The pr1ce d1scount for the new bean select1ons as compared w1th the 

farmers' var1ety was substant1ally reduced from 1979 to 1980 (see the footnotes 

to Table 4) as the cl1mb1ng bean breeder began select1ng larger mottled seeds 

closer to those of the farmers' var1ety In 1980 one new select1on gave 

approx1mately the same net 1ncome as that of the farmers var1ety ~ the same 

y1elds of th1s select1on could be ma1nta1ned w1thout spray1ng (1ncome 

compar1sons underl1ned 1n Table 4) The farm tr1als 1nd1cated to the breeder 

other y1eld constra1nts not observed on the exper1ment stat1on Moreover 

the pr1ce d1scount was substant1al for the sma1ler seed s1ze of the new 

var1et1es 1n 1979 Taste preíerences are very 1mportant 1n determ1n1ng the 

prof1tab1l1ty of both bean and cassava techno1og1es 

In one s1te a new var1ety w1thout commerc1a1 potent1al 1n Co1omb1a but 

w1th mu1t1p1e res1stances was ut1l1zed to test the d1sease res1stance emphas1s 

of the bean program Th1s var1ety outy1e1ded the farmers' var1ety w1th and 

w1thout chem1ca1 contro1s Regress1ng the y1e1ds of th1s var1ety on the 

1nsect and d1sease 1nc1dences across farms 1nd1cated a second generat1on 

constra1nt of substant1al y1e1d 1osses from Web B11ght Obta1n1ng res1Stdnce 

to th1s d1sease wou1d have 1ncreased y1e1ds by a mean va1ue of 1 6 t/ha w1th 

th1s var1ety 1n th1s reg1on and seme&ter (CIAT 1981) Bes1des techno1ogy 

evaluat1on farm tr1a1s he1p 1dent1fy y1e1d constra1nts wh1ch then become 

breed1ng requ1rements for new mater1al (Sanders and Lynam 1980b pp 14-16) 
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Only the 1mproved agronomy comb1nat1ons successfully passed all three 

cr1ter1a and 1s be1ng accepted by farmers (Table 2) ~1s d1ffus1on of bean 

agronomy onto Colomb1an farms 1n three reg1ons 1s one val1dat1on of the 

screen1ng cr1ter1a ut1l1zed to evaluate the farm tr1als Farmers undoubtedly 

have other ob]ect1ves bes1des prof1t max1m1Zat1on constra1ned by the1r 

resource ava1lab1l1t1es and other alternat1ves however new technology 

sat1sfy1ng these cr1ter1a apparently w1ll be adopted at least by sorne farmers 

The farm tr1als and the screen1ng cr1ter1a also appear to be effect1ve 1n 

1dent1fy1ng appl1ed research problems and other des1gn requ1renents of new 

technology for breeders and other sc1ent1sts at the exper~ent stat1on 
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e O N e L U S I O N S 

When agr~cultural research ~s undertaken on crops w~thout h~gh levels of env1ro~ 

mental control ~ e w1thout 1rr1gat1on or h1gh 1nput levels substant1al y1eld 

var1at1on between exper1ment stat1on reg1onal tr1als and farm tr1als can be 

expected These d1fferences 1n s1tes not only reduce y1elds absolutely but also 

the relat1ve y1eld compar1sons between d1fferent treatments and farmers 

pract1ces can be reversed The cases of clean or 1mproved seed 1noculat1on 

and new select1ons of cassava all clearly 1llustrate the 1mportance of 

evaluat1ng the performance of new technology on the farm Not only was y1eld 

performance of new technology often very d1fferent at the farm than 1n the 

reg1onal tr1al but also the farm ~s the appropr1ate level of the research 

process to do econom1c analys1s and to respond to the systems quest1ons 

The bottom l1ne of new technology evaluat1on 1s the prof1tab1l1ty and the 

f1t 1nto the farmers' system of the new 1nput comb1nat1ons Th1s type of evalua

t1on ~s also the f1nal stage of agronom1c test1ng 1n the farm tr1als of both 

IRRI and CIMMYT In IRRI the As1an network of farm tr1als d1fferent1ated bet1 eeP 

the factor1al component to separate 1nput effects and the management package 

component to evaluate the prof1tab1l1ty of d1fferent 1nput comb1nat1ons (Gomez 

et al 1979 pp 33 34) The CllillYT stages of agronom1c analys1s were already 

summar1zed (Table 1) In the CIAT tr1als the analys1s of th1s f1nal stage of 

farm test1ng has been extended 1nto programm1ng and regress1on analys1s of the 

treatment y1elds between farms to 1dent1fy the second generat1on constra1nts 

Recomb1nat1ons of technolog1es already ava1lable 1n a reg1on are unl1kely 

to lead to large y1eld 1ncreases However there 1s a demand for farm level 

adJUStment of new technology and substant1al y1eld ga1ns are poss1ble from th1s 

adJUStment Th1s on-farm f1ne tun1ng of new technology concentrates on 

1mprov1ng management and adapt~ng for env~ronmental d~fferences (Zandstra 1979 

PP 138-143) Env1ronmental adaptat1on 1nvolves the adJUStment of 1nput use 1n 

response to the on-farm and off-farm resources ava1lable to the farmer and the 

cl1mat1c and econom1c cond1t1ons of the reg1on The y1eld ga1ns from f1ne 

tun1ng depend upon the 1ncreased y1eld potent1al of the new 1nput from the 

exper1ment stat1on Farm test1ng 1s appropr1ate for the feLdback to researchers 

on the new technology performance and to spec1fy further research requ1rements 
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by 1dent1fy1ng other constra1nts to y1eld 1ncrease Farm test1ng can also l1nk 

farmers 1nto the research des1gn process and serve as a f1nal check on the 

econom1c v1ab1l1ty of new technology Howevcr farm test1ng beg1ns w1th the 

exper1ment stat1on output and therefore has to be well l1nkcd to th1s pr1mary 

research un1t (Byerlee et al 1979 p 3 Zandstra 1979 p 143 B1ggs 1980 

p 135) 
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