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P E F A C F;
 

In cooperation with researchers in national agricultural research 
prograns, CRMNYT ha sought to develop procedures which help to focus 
agricultural research squarely on the needs of farmers. The process 
involves rollaboration of biological and social scientists (for the most 
part cconorni.sts) for identifying groups of farmers for whom technologies 
are to hrdeveloped, defining their circumstances and problems, screening 
this information for research opportunities, and then irrplementing the 
resulting ri iearch program on experiment stations and in the fields of 
representative farmers. 

The Ins;tituto de Investigaciones Agropecuarias de Panama (IDIAP) is 
a yoang instH-iution, having been created in 1975, with the basic goal of 
reaching lPanamanian farmers with technologies appropriate to their 
spcJ f v agIro:cconomic circumsta ces. With thj.s goal in mind, agreementan 
was soughr witlh C] for cooperative in area-specific,FAYT. work an on-farm 

research pr<rr.m-, r-ho first one of its kind to be carried out in Panama, 

and one wl .s expected to serve as a source of methodological and 

orqani-.atij,zj_ experience in this type of research. The model program was 
designed for th1 arca of Caisan under the leadership of IDIAP and with 
t;cliriica] sujpo -- from CI4MYT, drawing on the experiences of other 

couli.'uries where national proqram and CIMrvYT staff were jointly engaged in 

farm-level. rescarch. 

The essntial elements of the process which emerged were: 1) the 
identifica-.ion of potential research areas in terms of national 
prioritries, 2) the organization of exploratory survey work, 3) the 
delineat ion of tentative recommendation domains, 4) the imp].ementation of 
rrnre I. surveysirtrev- where needed, 5) the prescreening of information 
to identify le-verage points for biological research, 6) the initiation of 
on- farm e:rp.rimentation under conditions of representative farmers and 
orierited - the survey process, 7) the adlustnent of subsequent 
exprO_imnitton in temps of yearly results, and 9) the orientation of 
relevani- exprVerinent station research in terms of the findings from the 



surveys and on-farm experiments. These are the themes around which the 
description of the work in Panama is organized. 

The report describes the collaborative work undertaken in Caisan, 
the results in terms of technology development and farmer adoption, and 

the present and potential implications for the organization of IDIAP 
activities and allocation of resources. Fnphasis is given to 
pre-screeninq and to the process through which annual trials were 

adjusted on the basis of earlier experimental results. We believe that 

the Caisan experience offers solid evidence of the utility of on-farm 
research and provides another example of how such research can be planned 

and carried out within a larger research program. 

The selection of areas and farmers for this study was heavily 

influenced by national research priorities, especially by a desire to 
cammit few resources in a convenient area so as 1olimit the cost of 
testing a new process. The process itself is readily applicable to 

limited or extmnsive aitas and, prudently managed, is cost effective in 

either case. 

Similar reports from other countries, based on their varied 
experiences, will follow in the near future. It is hoped that they will 

encourage an ever wider application of on-farm research as decision 
makers see the utility of the process and the aitermative forms for its 

implinentat ion. 

Rodrigo Tarte, Donald Winkelmann, Director, 
General Director, Economics Program,

IDTAP CIMT 



NATTONJ, D1ORKI. "r7f RWI AND ',-fl TNSTTTYIONAT, ORCANTZATTON OF IDTAP 

Panacm has characteristics which distinquish the country from the 

rest of Central America. First, the effect of the Panarm Canal on the 

econm has led to the development of an important financial and 

ccn-ercial sector qeared toward international trade; this is reflected in 

the relative importance of the seni ces sector within the cotntrv's gross 

national prcduct (about 65%). Second, Panama's rich natural resources, in 

relation to its population of some ioo million, and its ecoloical 

diversity offer the rx-tential for self-sufficiency in Food production. 

The a-iricul tural pol icy oF the aovernme.nt durinq the nast ercade is 

a clear indication of its intention to increase domestic production of 

basic grains to qatisfy the risinq per capita Level of cnnsnrption of the 

oru.iinc population. In particular, the governmenit's oricing oolicy has 

stim-ulated dc st.(c qraii production for imf",oo:r. substitution. In the 

early 107Os, relative prices o- hasic r-aiiis increased as a result of a 

.ovesustained proqram ;f ncnt-cruaranteed prices. In addition, the 

rroqrams of MIDA, BDA, and TMA -- were broadened and qeared ta:ard 

production and inccme -rc-h stri])ution objectives. 

Until 1975, agricul tural research had been carried out by the 
rMinistry of A\qrlcl]ltural Pevelorxxfnt (MTDA) , i:he University o Panama, 

and various i)ubl]ic and private institutions. Then the Agricultural 

Research Tnstituite of Panaa- (TDTAP) was created for the puroose o' 

consolidat-inq rese-arch forces to effetivelv reach Panama's farmers; 

research scientists fr MDA 'Formed its nucleus. 

A cluideline of the institution was that of fosusing research on 

sr--cifi c roqions and crops for the clevel-oinent nf technol-ocies 

appropriate to representative farmers in areas defined as hih national. 

nriorities. Research cotld thus be concentrated on the rest imurtant 

Mini s.ter o de Desarro] lo Aropecuario, nanco de nesarrollo 
7\qropecuiiario, an6 Instituto de Mercado Aqrope2cuari o. 

http:aovernme.nt


farmer problens and the scarce resources of TDIAP used to best advantage. 

Its 	 activities %,.ce planned in a sequential. pattern to permit 

rethodological adjustments as experience war gained and to provide a 

frameork for the training of a corps of national on-farm researchers. 

In 1978, the first such program began in the area of Caisan with the. 

cooperation of CIMMYT and a former CMI 1YT trainee was assiqned as 

coordinator of the program. At the same time, the issues which would 

shape TDIAP's institutional oroanization were being discussed and Caisan, 

its first area-specific, on-faim project, was expected LC) be a source of 

experience for the development of research procedures for IDIAP. 

The Caisan program was planned and carried out strictly within the 

limits of the human and financial resources normally available to TDID.P. 

Thus, the coopTrati7on of CTMMYT (deve lopTment of procedures and 

in-service training) was designed in such a -. ay as to not exceed 

normal resource allocation for area-specific r)roqrarnrs. 

Since the Caisan Program .,as designed to be one of learning by 

doing, no detailed, predetermined methcxoloqy was specified for use in 

the various research staqes. Nevertheles;s, r'ertain characteristics were 

defined which conditioriv:c Lhe nrocedures to he fo]llc i. They were: 

1. 	 To be area r:recifIc with the purpose of increasinq, in the short 

run, productivity and income of representative farmers of Caisan. 

2. 	 To use a farming system perspective, focusinq on priority crops and 

concentrating on the nest p.-cmi s ng research opoor-tt.uiti.es 

2/ 	 For more detail. see Martinez, Juan Carlos, and Custavo Sa.n, 

"Evaiuaci6n Econ6mica de los Prograr as per Area del TDTAP: ELI Caso 
del 	 Proqran do Caisan". Doc'mmnnto Preliminar, CIM.YT, Mxico, 
Dicienbre 1982, Section III.
 

2
 

http:opoor-tt.uiti.es


in terms of their potential for increasing productivity and incore. 

for target fanrers. / 

3. 	 To use on-farm research procedures including: a) surveys to 

ascertain farmer circumstances and prevailing cropping patterns, aMd 

b) on-farm experiments carried out on fields of representative 

farmers and featuring major research opportunities identified 

through the surveys. 

II. 	 THE CAISAN PROGRAM: PLANNING STA7GE 

In the following sections, the lessons learned in carrying out the 

Caisan program will be described in terms of methodology used and 

specific technologies developed for the farmers of the area. 

Information Gathering at the Farmer Level 

In order to understand the agroeconomic circumstances of farmers in 

the Caisan area, available secondary information was analyzed as a first 

step. The area includes about 10,000 hectares with some 300 farmers from 

the ccmrunities of Fila Caisan, Caisan Arriba, Primavera, Caisan Centro, 

Plaza Caisan, Alto la Mina, Bajo la Mina, Caisan Abajo, and Bajo 

Chiriqui. 

The acricultural zone is concentrated in the western part of Caisan, 

where the land is flat or sliqhtly hilly. The rest of the area has 

irregular elevations and is used for perennial crops or for livestock. 

The annual average rainfall is 4,000 rm, and the teirperature ranges from 

18'C 	in the dry season to 220C in the rainy season.
 

3/ 	Byerlee, D., L. Harrington, and D. Winkelnann, "Farming Systems 
Research: Issues in Research Strategy and Technology Design." 
American Journal of Agricultural Economics 64 (5): 897-904, 1982. 
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The soil of the region is of relatively homoqeneous fertility, beinq 

of volcanic origin with a sandy texture and granular structure. It is 

deep black soil, well drained and with a high organic content. The most 

important crops are maize in the first cycle (March to Septerber) and 

beans in the second (October to Januarv). Thes were to constitute the 

target crops of the program. 

Within the framework provided through secondary information, an 

informal survey was made to get further information about the farmers of 

tjhe area, their nrevailinq production systems, and their most important 

prodlction nrob]ems. 

The exploratory survey led to a formal survey, more rigorously 

focused on the production problems of the area. It was designed to 

clarify certain aspects of prevailing production conditions which were 

identified in the exploratory survey and would be of value for further 

research. q7he informal survey took place in Auqust, 1978, and the formal 

survey in December of the same year. 

The formal. survev concentrated on maize in the first cycle within 

the maize/bean rotation system. The survey sample was taken from a list 

of farmers included in the 1970 National Census and urnated during the 

informal survey; a random sample of 52 farmers was selected for 

interview. 

The formal survey verified and, in some cases, quantified the 

hNrotheses formulated fromn the informal survey. lmost all of thr farmers 

produced nmize (9%) and, of those, the majority rotated the crop wit-. 

beans on the same plot (70%). This confirmed the relative imxrtance of 

the tarnet crops, maize in the first cycle and beans in the second. 

It was found that beans were planted after the mize harvest and 

after complete seed bed preparation. Therefore, within this cronpina 

system, the two crops presented a minimum of interaction. 

4
 



Use of Survey_. lnic.vition to pl Work,n ,.r iircntal 

I Definit ion rf Pecm i.ndation Donmins--Wi.th the results of the 

questionnaire in hand, the first task was that of developing tentative 

reccmneindat ion domains, qroups oF farmers whose acroeconi~.c 

ci.rciunstances were sufficiently simlar to oermit the developme.nt of 

reccuwaendat-inns va]lid for all mebers of the group. 4/ The first Ii-ne of 

differentiation was bh' location. Secondarv information had shc .rn that 

BaTo Chirio]i hfadcaqroamatic characteristi.cs similar to the rest of the 

zone, hut. that access roads into the area were often i.rpassable, posing 

serious market ac-ss diffictflties. This led to the hypothesis that 

farmer circ:ifrMtaeTV-s for Ba-'io ChiriRul. (Reconmirrnda-tion Domain 1) were 

different than those of the rest of the studv area (Reccm .ndation fomain 

2). 

This hyt hesis was verified by the results of the s.riev which 

showed that 'her, were marked differences in the use of inputs bv farmers 

of the txk.o ar.as (Table I) lecause of the differences, technolocgies 

feasible <,r 'The two oroups f r the near future were di-frerent. Since the 

Caisan reseiarch pnrr:ram s-aff \.Torked -'ith limited resources, efforts were 

concentrated on Pecomyenration Domain 2. 

TABE 1. First Definition of Pecormendation Domains: Coparison of 
Mai.ze Production Practi-ces for Ralo Chi.rioui and the Rest of 
the Caisan A:ea, Maize, First (7vcle 

RFCC) 4ENDAp [Oi,] PFMNWn]DATTON 
DMAIM 1: DOMAIN 2: 

TFCINh]OITfVITC,T, PRT\(CTTCF PATO- OITRTOITT REST OF THE APA 
(perjecent of - armerys using the practice) 

Mechanized Iand I reparati.on 0 74 
Use of !erhicides 0 66 
Use of . ... 0 57 
Use of 11n.ecticides 0 20 

Source: Caisan farm survey, Decejdber 1978 

4/ vurlee, Dere4-, Michael Col linson et a], "Planninq Technoloqies 
Appropriate to Farmers: Concepts and Procedures." CMIMTYT, Mexico, 
198].
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2. Psearch C12portunities--As mentioned earl ier, experimentation must 

be. carried out in relation to the representative aqroeconomic 

circmustances of the recoprnendation domain(s) , concentrating on the most 

promnusing research opportunities in terms of potential increases in 

productivity and farm inconm. 

The info.-mation obtained from the farmers themselves, al.onq with the 

perceptions of the researchers, made possible the limitincj of restearch 

components to a miniimun number for incorporation in the on-farm 

experiniviita] phase. Those technological compoients h-o be incorxrated in 

the first rold of trials wore determined as wlell as ,te-ntative ideas for 

future research cycles to be verified during the first :-ound of trials. 

2.1 Technological Components for the First Cycle of On-Farm Emperirments 

Weed Control --- Weeds constituted a Tmjor prohi n ill Caisan maize 

production. 'Tenatural fertility of' the oil plu.; the ainipl]i rainfall ed, 

to a hiqh incidence of weeds in farmers' fields--a pronrem i5arl 

perceived by tl, f7-.nynrs themselve.; and confi-rnmc by ',he fonwl] ur-,e 

(Table 2). Given the socioeconomic circnumstances of representative 

TABLE 2. Limiting Factors In Mraize Procluction Accrdiinq to Faners 

PROB,,WAS 

Weeds 
No. 
30 

GRADE 
SERTOUS 
Reports 

(F 

% 
85.7 

TN.T SITY 
1I' SFERIOS 

No. Re ;rts%'I
3 H.6 

qT,PAY, R
No. 

33 

F.POTS 

c4.3 

Tedqing 27 77.1 6 17.1 33 94.3 

Shortage of 
Farm Labor 18 51.4 7 20.0 25 71.4 

Erosion 
I[nsec~ts 

11 
10 

31.4 
28.6 

1.0 
9 

2R.6 
25.7 

21 
19 

60.0 
54.3 

Tack of 
Machinery 14 40.0 2 5.7 16 45.7 

Other 6 17.? 7 20.0 13 37.2 

Source: Caisan farm survey, December 1.978 
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farmers, e.g., scarcity of farm labor and hiqh labor cost, timely 

weedinq bv hand was not feasible. 

Caisan farny.rs, from ther point of view of the weed problem, faced a 

situation that ma, h- defined as "transitional"--they were already 

seekinq i-t-hods ot:her than hand weeding to improve overall weed control 

and 	 increase the productivity of the limited farm labor force. For that 

reason, i-he majori-tv were already using 2,4-D in applications of one 

liter per hectare, 30 days after plantinq. 

As a result or this situation, there was an opportunity for 

developing, in the short term, alternative technoloqies in chemical weed 

control for increasinq maize production and ]al-bor productivity, with 

cl.ear econpl c hone fivt. for the farmr. These alternatives were initial ly 

centered ,itound th ise(, of a selective herbicide, atrazine, although 

other chemical control possibilities were also analy.' A. 

Sa A-- all- of the farmers used "manteado" 

planting, i ,,jularly spaced hand plan'ting. The hi lls were spaced about 

one meter arvr11-, with four seeds per hill, thus giving a density of about 

40,000 plant, per hectare at seeding. 

In this case, the research hyothesis was related to the weed 

control. problem. rhie irreqular planting arrangement made chemical. weed 

control difricul t and so proqramn researchers propo~sed planting in rows. 

It was a:. felt that adequate chemic'a 1 weed control would permi. a 

greater p lantl densi ty than thati used by" the -armier. 

Fertili~z-er Pui~ramn-;--As a r-il t of the survey, the problem of 

fertil ier use. was- seen ho hr'e sever::] di ti.nct acets:-.

1. 	 Frrin the rp iduction point o ,dew, the ramer secrreci tr, be '-,m liar 

with ,he o ert i- no, ,rthol]ss, laraeuse chemica I Aizers; a 

percentage (42") did not- use any. Those .io used Ier11 7erc "TO)1 

7
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applied it at a rate well belc the recommended 400 lbs/ha of
 

10-30-10 or 12-24-12. The hypothesis of the researchers was that 

response to fertilizer, if any, would not be substantial.
 

2. 	 From the point of view of credit policy, the maize proqran in the 

area had emphasized two things, mechanization and fertilizer use. 

While mechanization had been fully adopted by t1he farners, the same 

was not true of fertilizers. As the bank was experiencinq a hiqh 

rate of repayment default in the area, it was jinportant to cl arifv 

the importance of fertilizer use in the Pemnarrendation Domain, 

especially as to whether, considerinq the farmers' practice (low 

dosage), the rate of return associated with additional fertilizer 

use would be greater than the opportunity cost of capital. 

Lcy1ainq--The strong winds in the area, particularlv during June and July, 

represented an imiportant risk in the production process. In the farmrs' 

eyes, lodging was one of the most important problems, second only to 

weeds (Table 2). Table 3 shcws the rrequencv of wind damnaqe in the last 

five years, and the months in which it occurred. Nearly RO% of the 

reported cases of wind damage took place during June or July. The 

freTuencv of danmqe was variable, although during the aiven p-erio'd all 

the farTers had suffered some damaqe on at least one occasion, the 

manitude of har-vest losses dep-ending on the size of the affected area 

and also on the s tate of maturity of the maize at the tine. rnDna the 

elelmants that contributed to increased incidence of wind damaqe in the 

zone was the excessive heiqht (usually over 3.5 meters) of the 1m"Oze 

vari-ety used by the farmers. 

Tn spite of the fact that other shorter varieties had been tried in 

the area (a)nq them Tocumen 7428), they had not been accepted by the 

Larmers. Accordiing to reports they were not sufficient>, resistant to the 

excessive humidity characteristic of the area--the ears rotted and the 

husks did not close well--and yield did not surpass that of the local 

varietv. 

Tn vi w of the experience of the farmers with other varieties, it 

was decided not to experiment with new varieties in the first staqes of 

8
 



"AnTY. 3. Date and Treouencv of Tcdqing 

NUITBFR OF YFULFS IN WIICH WTND DAMAGE ITN OCCtRRED
rnN! ! TN r lAST VEWYFARS 

No 
1 2 3 4 5 Response Total 

May 2 1 - - - - 3 

June 6 - 2 - 5 - 13 

July 1 4 3 - 5 - 13 
August 1 - - - 2 2 5
 

Total i0 5 5 - 12 2 34
 

Source: Caisan Farm survey, December 1978
 

the work, hut to desiqn a mrxest program for the reduction of the Plant 

heiqht ot the local variety. From the surve,;, it was believed tha-, in 

the short term, the increase in productivity anri income from other 

research c(ompononL. (such as weed control and plant density) would be 

superior to tiht from the use of new varieties. 

2.2 Technolcical Conionents Bevond the First The foreqoing(Cvc...-

section has pr(-sned the prescreeninq of technological ccarwonents for 

inclusion in I-he First cycle of maize experiments. 'The idea was to 

concentrate- the research on a minimum nurer of new technological 

components which could e managed bv the researchers assigned to '-he 

proqram . thus cmdckly result in feasible technological altcr.at-ives 

fnr tiair-t faBy'rr. v the very nature of the research stratexT, it is 

clear that the selection of technological components did not exhaust all 

of the prohlms of the area nor did it complete].v determine the future of 

the research. 
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In particular, there was concern about erosion as reported by the 

farmers (Table 2) and confirmed by direct observation; this together with 

the lack of nmachinery and scarcity of farm labor led to the consideration 

of future research on zero tillage as an alternative to the conventional 

tillage nresently oracticed. 

Tt was decided to postpone the incorporation of tillage Practice as 

an exoerijmental variable until more information could be obtained to 

permit the validation of hypothes.es associating it with chemical weed 

control. The technical aspects of the practice needed to be better 

understcxd] ht-fore becominq involved in the relatively more cOMP.ex 

research iss, es associated] with zero tillage. 

Tnforriition qenerated at the planning stage had not fully clarified 

the naaure and maqnihude of the insect problem, particularly soil 

insects. It was hoped that the first cycle of experi nents would shed 

cadditional. lich on this research issue for inclusion in future phases of 

the rosoarch progrcm. 

Research StrjitacTy and Trial Management 

Throuqh the prccess described in the previous section, -ive 

technological c(mgpnents were selected for inclusion in the initial 

stages of experir-ntation: 

1.) Weed control. 

2) 'STatial arranqement - density 

3) Nitroqen r.uLiremnts 

4) Phosphonn.rrequirefTnts 

5) Teqinq 

It was decided that the last coponent would be handled separately 

from the others in a special maize improvement program to reduce plant 

height. If successful, the effort would permit a reduction in the 

1.0
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production risks associated with lodging. Given the nature of plant 
breeding, the payoffs from this effort would be in the intermediate term. 

The remaining research components, all involving on-farm trials, 
were organized into two groups according to the nature of the problem 
beinq addressed, the time period in which research payoffs could be
 
expected, and the research priority assigned to the component.
 

The first group included the components weed control and spatial 
arrangement-density which were expected to play a 
key role in the program
 
in terms of their potential for increasing productivity and income. Also, 
the problems to be confrontcd in the two areas were strictly ones of 
production; no limitations were anticipated in terms of policy or
 
availability of inputs. Research on the componerts was set for the near 
terT with results leading to recormendations expected after two cycles of 
experimentation. Th'. above cenqiderptJons led to these two components 
being asigned first priority in the research program. 

For the medium-term research horizon, and of second priority in the 
initial r( sr2arch phase, were the components of nitrogen and phosphorous 
requirerrerts. Interest in those components was not restricted to the 
area of production, Kit was also related to agricultural policv. Credit 
program-s in the region had traditionally emphasized the use of 
fertilizers; nevertheless, even though the farmers were familiar with 
fertilizers, almst half did riot use them, and of those who did, anrunts 
less than those recommended were used. There was no evidence 
of
 
fertilizer response in the area, and the perception of the researchers 
was that, giwen the natural fertility of the land, even if such a 
response existed it mirlht not be substantial. Therefore, the inclusion in 
the research program of fertilizer treatments as experimental variable.
was addressed more ma farmers. Thistaards policy .ers than nore complex 
nature of the fertilizer problem (production/pol icy issues) decided the 
medium-term horizon assigned to thi.s group. 

The qroupinq of the components was not merel.v tiaxonomic, bui- rath, r 
had implications for the management of the experiments. The four 

11
 



-ARTPE 4. Eynerimental Strateqy and Trial Management: Prescreening of Technological
 
Components, Timing of Research, Purely Production Problems vs Production
 
Prohlems Associated with Aqricultural Policy, Management of Experimental and
 
Non-experimental Variahles
 

I 

PRESCREENED COMPONENTS 


A) WEED CONTROL
 

3) PLANT DENSITY AND 

SPATIAL DISTRIBU-

TION.
 

C) NITROGEN REQUIREMENTS 


D) PHOSPHOROUS REQUIRE-

MENTS. 


E) LODGING 


I4 

PROBLEM NATURE 


PRODUCTION 


PRODUCTION-

AGRICUTURALC 


AGRICULTURAL 

POLICY 


BREEDING 


EXPLORATORY TRIALS (2 ) LEVEL TRIALS 

TIMING OF ,__ 

RESEARCH COMPONENTS RANGE OF NON-EXPERI- COMPONENTS NON-EXPERI-

INCLUDED EXPERIMENTAL MENTAL VA- INCLUDED MENTAL VA-
VARIABLES RIABLES. RIABLES. 

SHORT 
TERM 

A 
B 

FP AND 
ALTERNATIVE 

FPA 
FP 

MEDIUM C 
FP+ I 

TERM D D and 
FP+H1+DI 

MEDIUM PROGRAM TO REDUCE PLANT HEIGHT OF LOCAL VARIETY 
TERM 

Source: Caisan proqram, maize, first cycle
 

(FP--farmer practice; ,TT--improved practice in weed control DI--improved practice in
 
spatial distribution-density)
 
Check levels on experimental variables in all trials = FP
 



technoloaical con-wonents were incorporated as experimntal variables in 

uniform trials of an exploratory nature, with the main effects and 

interactions studied through a factorial arrangement 24 , in relation to 

the faners' practice. The exploratory experiments were complemented by 

levels trials in which exT-xeriments were carried out on various types of
 

herbicides, amncuts and times of application, and application rates for
 

nitrogen and phosphorus.
 

In the trials incorporatiing weed control and spatial. 

arrangement-density as experimental variables, the nature and levels of 
non-experifrntal variables were set at the prevailinq and r2presentative 

practice; of area fanx-rs. This allowed the results of the trials to be 

evaluated directly in terms of their potential impact for representative 

farmers in the recormendation domain.
 

The fertilizer studies, oriented toward the medium term, were 
handled "as if" the farmers were goinq to adopt the improvted weed control 

alternatives to be deoeloped by the program. The rerearchers were 

confident that this would occur because of the information available 
throuqh the initial. suirvevs. Consequently, these variables were fixed at 

improved levels; the check levels in the experimental variables were in 

all cises the 7orrespondinq farmer practice.
 

iII. FIRST CYCIE T4ESUTFTS AND THEIR IMPLICATIONS 

Expiorator/ Trials 

The exploratory trials of 1978 attempted to analyze the agroeconomic 

impact of the ne.: technological components for representative farners in
 

the recxrclndation domin, as well as to see the interactions among the 

components. The exploratory analysis had a double purpose: 1) to verify 

the hypothe-es set. at the planning stage of the program in the 

identificaltion of priority pro' lems, and 2) to analyze the agroeconomic 
-
feasibility o developing corresponding technological alternatives. In 

other words, the hope was to identify the priority problems and, at the 

same tirre, contrihute information for their eventual solutio,-. 
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Thuis, six trials incorporatinq four of the five technological 

components chosen as priorities for the first cycle of experiments were
 

carried out, utilizinq an incompletely randomized block design with a 

24factorial arranqement of and without replications. The criteria for 

fi-ing the levels of experimental variables was that 1) farmer practice 

was always used as one level, and 2) the other level was one that would 

pe;mit the detection of main effects and interactions should they exist. 

The reasons for not replicatinq the trials in each locality were of 

diverse nature: Ii) in choosing between statistical vigor (mre 

replications per si.te) and a wider sanpling within the recommendation 

domain (nore localities), the research team gave more weight to the 

latter; 2) rerar(ircher3 felt that trial. plot size requested of farmers 

should he mnin-ml in the initial stage of the research, wien the farmers 

were not accpiainted wif-h either the staff or the nature of the nrooram; 

3) research ;tes were carefully selected to fit characteristics of the 

reccmmendation domain, prestuMnabl leading to less across-site variability 

and allcr,%inq sites '-o be treated as replications once across-site 

consistency 'ac verified; and 4) the design-arrangement of the trials 

contained "li(xiren" replications which permitted partial statistical 

analvsis per ilo:ajit' if necessary. 

Of the t-rials, one was eliminated because of unusual damage by 

animals; of t}.e rcitining experiments, the lowest average yield was 

obtained usinq present farmer practices (2.9 t/ha) while the greatest 

yields were obtained when all alternatives to the farmers' practices were 

includedI (6.1 t/ha). Table 5 shows the results by location and the 

average for the recommendation domain.
 

Table 5 also illustrates the potential impact of the factors
 

considered. On the one hand, there is marked yield advantage for the 

alternative herbicide and planting distribution-density practices, with 

the averaqe yield advantage being 0.9 tons per hectare for each 

component. On the other hand, the effect of chemical fertilizer use is 
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TABLE 5. Exploratory Trials: Main Effects by location
 

ANS OF AVERAGE YIEMD 
TREATMENTS AVERAGE YIELDS BY IJCATION FOR THE 

TII III r7 V RFMMDA
(tons/ha, 14% humidity) TION DOIATN 

H 4.1 3.8 3.8 3.6 4.1 3.9
 
H° 
 5.4 5.3 4.8 4.0 4.7 4.8
 

Main E.fect 1.3 1.5 1.0 0.4 0.6 0.9
 

D 4.3 3.8 3.4 3.6 4.2 3.9 
D 5.3 5.2 5.2 4.0 4.5 4.8
 

Main R.fect 1.0 1.4 1.8 0.4 0.3 0.9 

N 4.9 4.3 4.3 4.0 4.3 4.3
 
N0 4.7 4.7 4.4 3.6 4.5 4.4 

Plain F-fect -0.2 0.4 0.1 -0.4 0.2 0.1 

P 4.7 4.7 4.2 3.7 4.0 4.3
 
P0 
 4.9 4.4 4.5 3.9 4.7 4.5 

Main E fect 0.2 -0.3 0.3 0.2 0.7 0.2 

Source: Caisan trials, first cycle, 1979
 

(H--cheical weed control; D--spatial arrangement-density; N--nitrogen; 
P--phosphorous; 1 -- improved practice; o -- other practices) 

practically nil, with positive and ri-egative values around zero, depending 

on the location. With this consistency in results obtained across 

locations, a statistical. analysis was carried out for the group of
 

ePperiments, treating the locations as repetitions. The results are 

presented in Table 6. 

One can clearly see the high significance obtained for the weed 

control. and planting distribution-density components. The interaction of 

the t ,o components was statistically significant at the 10% level ',hich, 

even if not conclusive, clearly indicates a research path to he 

continued]. Since each factor of the interaction is highly siqniFicanL, 

the aqronomic explanation that stens from this relationship would seem to 
be that more efficient weed control might eliminate weed conpeptition 
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TABIS 6. Exploratory Trials: Combined Anova for the Five locations 

DEGREES OF SUM OF MEFAN 
SOURCE OF VARIATION FREEMM SQUARES SQUARES F. CALC. 

Repetitions 4 8.r531 2.1383 2.2688 

Blocks 5 2.4207 0.4841 0.5136 

H 1 19.7011 20.9031* 

D 1 19.5031 20.6930* 

N 1 0.0211 0.0224 

P 1 0.9901 1.0505 

HD 1 2.8501 3.0240 

HN 1 1.0811 1.1471 

HP 1 0.0061 0.0065 

DN 1 0.0781 0.0829 

DP 1 0.0361 0.0383 

NP 1 0.0001 0.0001 

HDN 1 2.1451 2.2760 

HDP 1 0.5611 0.5953 

HNP 1 0.2101 0.2229 

DNP 1 3.0031 3.1863 

Error 56 52.7798 0.9424 

TOTAL 79 113.9400 

CV= 22% 

Source: Casian trials, first cycle, 1979 
* Sianificance 0.01 

(H--chenical weed control,; D--spatial arrangement-densit,; N--nitroge-n; 
P--phosphorous) 
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for light, space, and perhaps nutrients, allowinq a more densely planted 
and better distributed plantinq alternative. 

With respect to the nitrogen and phosphorous components, Table 5 

showed that there was virtually no impact on yield. The statistical 

analysis (Table 6) also indicates that there were no significant
 

differences in yield due to the use of those chemical nutrients. There is
 

an aqronomic exnlanation for this fact, resulting from certain 

characteristics of the reconrendation domain. First, Caisan is a 
relatively new maize production area with good soil structure and high 

natural fertility. In addition, in the maize/bean rotation, the bean crop 

probably contributes nitrogen to the 7maintainance of natural soil
 

fertility; there could also be a residual effect from the phosphorus 

applied to the beans in the second cycle (around 10 kilos of N, 40 kilos 

of P205 , and 10 kilos of K20).
 

In analyzincg the economic feasibili tv of the technological 
alternatives incorporated in the exploratory trials, the aqron(onic impact 

was used as the basis. In this manner, the comnonents that sheled 
significant yield impacts and first order interactions (weed control and7 

spatial arrangement-density) were analyzed for their economic viability 

as compared to Ile actual farmer practices in the recorm-endation domin. 
Table 7 show!= that the 111 and D alternatives presented an ample margin 
of profitability, with marginal rates of return (MRR) of around 700%. 

Based on the interactions detected in the agrononic and statistical 

analyses of the components, the DWR of HID1 suggests that the components 

should be considered together. 

Up to this point, the empirical evidence from the analysis of the 

first cvcle of exploratory trials indicated, with an ample marqin of 
confidence, clear opportunities for the development of new technoloqical 

alternatives for chemical weed control and spatial arranqement-densitv.
 

For the rest of the variables considered in the explorator, trial s, 

(nitrogen and phosphorous), there were no significant differences in
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MTE 7. 	 Fconomic Analysis of Exploratory Trials: Viability of 
Alternative Technologies in Chemical. Weed Control and Spacial 
Arranqemnt-Density* 

TFCHNOT.DGICA, AT-TEPATTVES 

ONCEPT 	 HoD° 1 1D H 

Yield, ton/ha 3.6 4.2 4.2 5.5
 
Adjusted Yield (-10%) 3.24 3.78 3.78 4.95
 

GROSS PENEFIT ($114/ton)** 369.36 430.92 430.92 564.30 

VARIABLE 	 CSTS (VC) 15.23 23.05 31.57 39.39 

Weed Control
 

2,4-r) ($1.63/1t: 1.63 1.63 
Gesaprim ($7.19/2.5 kg) 17.97 17.97 

Planti.nq
 

Seer]inq Rate, kq/ha 13.00 16.00 13.00 16.00
 
Cost/ha (.S0.22/ka) 2.86 3.52 2.86 3.52
 
Lalxor, cays/ha 3 5 3 5 
Labor ($3.58/clay) 10.74 1.7.90 30.74 17.90
 

N] F BENEFIT (NR) 354.13 407.87 399.35 524.91
 

Increase 	in NR 5374 117.04
 
Increase in VC 7.82 16.34 
Marginal Pate of Return 687% 716% 

Source: Caisan trials, f ist cycle, 1979 

* Ni troen ani phosphorous renuirements show.no qrificant 

differences between treatmnts and so were not included in the 
economic analysis 

** Field Price of rmri-ze 
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yields. Without qoing through the economic analvsis of the data, it can 

he tentatively inferred from the aqronomic responses that the fan.nrs' 

practice was the most reasonable technological alternative. 
5/
 

In short, the exploratory trials confirmed the original preliminary 

identification of the problems facing farmers in the recormndation 

domain and, at the same time, permitted the exploration of alternative 

technologies that promised significant economic benefits for the farmer. 

Levels Trials
 

Complementing the information from the exploratory tr;i al s, the
 

levels experiments provided greater depth and detail about the behavior
 

of some of the experimental variables considered in the e.ploratory 

experimrents. For the first ccle, levels trials were carried out for: a) 

types of herbicides and dosages, h) types of hcerbicides and application 

timinq, and c) levels of nitrogen and phosphorus. 

Types of Herbicides and D)osaqe--nTo herbicide by dosaqe trials were 

planted usinq a compilete random-ized hlock desiqn with four repetitions. 

The variables considered were apolication dosages -ind ccxminations of 

Cesapri.m 80, Prcm] , Alachor, and 2,4-D, incliding in the trials farther 

practice (2,4-D 30 days after planting).. The results shcYed significant 

differences for both locations (at the -i%significance level) between the 

farnrs' practice and the alternative chemical. controls considered. in the 

experinnts. The analysis by l.ocation shcwed that the farmer could 

significantly increase his vields bv using al ternativo methods of 

chemical conf-rol. The cc-mbined analyses from the two locations shr-F 

siqnificant differences in the treatments. 

With these results, economic analyses were carried out fnr the 

locations, both individually and ccmbined. The Gesaprim 80 treatrnt, 

5/
 
-
 rik- ise, if we act "as if" th dlifferenceq wore -jqnji_'jcant and 

ccmplete the economic analysis, we will find that the increase in 
yield far from compensates the costs incnrred in the purchase ard 
application of the chemical nutrients under consideration. 
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using a 2 kq/ha anpl ication during Lhn pre-erwrgen,-:e2 stage, was superior 

to the other alternatives, with a marginal, rate of return greater than 

1250% at each location as w-ll as in the cornhined analysis. This chen~ical. 

control- alternative is the same as that used in the exploratory trials, 

except that, in the latter case, the dosage was slightly higher (2.5 

kg/ba). This application rate showed an equally high marginal rate of 

return. 

Both groups of experimental trial s (exploratory and levels) showed
 

consistent results for thi s e~xperih-ntal_ variab e, both in the 

qualitative (tvpx2 oF herbhicicde) and quantitative (dosage) aspects, and 

confirncd the via)i 1itv for the fanrrr of more efficlent alternatives of 

weed control. 

nMoeq of IIerlitcides and Tirinq of ApI ication--wqo herbicide experiments 

were cornducted to cormare alternative apn].catior tmir, patterns, using 

a cx.m]n.ete randmdzed hlock de(si cm wi t1l f-our repetitions. The 

applications were r 0i:l,5 0, '0, atd 3 days aft-er nlanting,0 , and 

Gesaprim 80 and 2,4-D (includinq the fr.rmr'. oractJ cc) were used as well 

as a check treatmnt of no che ical contr.ol 

In both e-ri.mlntrn, ]roblcms with l.odgij .g du1e to high winds 

affected th(e accuracv of the r-esults. The Icxginci problems occurred near 

plant maturit, and, conseqi ently, the imrvct on a;reraae vield levels was 

not grey . Nverthel]ess, f rcn the Point of vicwv of -rial. rnnagerent, the 

presence of lodqe-d plants within the plots affected the accuracy of the 

agronomic and yield data obtained fr t-he trial s. 

With this qualification, significant differences were not found for 

the different treatnmntw, (2y.c/cpt when conTpared to the check treatnent. 

The inforration obtained from this circp of eceriments did not 

contribute to the clarification of the issues involved as had ben the 

case in the precedinq trials. 
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Levels of Nitrogen and Phosphorous--Two nitroqen by phosphorus level s 

experiments were planned. The design utilized was the complete randomize-d 

block with an incomplete factorial arrangement and three repetitions. 

These included .ive levels of nitrogen and phosphorus (from 0 to 150 

kg/ha) with a density of 37,500 plants per hectare. An additional 

treatment was added which consisted of intermediate level applications 

of nitrogen and phosphorus with a density of 50,000 plants per hectare.
 

The statistical analysis in both cases indicated that no significant 

differences existed between treatments. In this group of experiments scxe 

management problems were also experienced, e.q., insect attack and minor 

animal damage. In spite of those problems, the consistency of tho results 

with those previously reported for the exploratorv trials added support 

to the original hypothesis that there were no significant differences in
 

yield due to the use of nitrogen or phosphorus.
 

Integratinq Stcy__and R-:,:eriwntal Results 

The n-ot.hodeo y used in the program included, after each cycle, the 

integration of the information from the surveys with the results of the 

on-farm experiurents. The data were reviewed, new hby otheses formulated, 

and new lines of research charted, both for the on-farm research program 

and for exporimt-nt station research. Wnere appropriate, recomimendations 

for fari-rs were made as well as those fo-. agricultural policy. 

The ex)lorator, trials showed significant first order efects for 

herbicides and spatial arrangement-density and, to a lesser degree, 

interactions xtwenen those variables. The rnarqinal rates of return for 

the research corxpngents, planting 50,000 plants/ha and usinq (?"esaprin R0 

at 2.5 kg/ha, were abo-ve 700%. This confirmed the hyv)othesi.s that rlear 

opportunities e,: isted in these tcchnolcKfical comp(onn t r he 

development of viable alternative technoloqies for represent-ative farlm-rs 

to increase the rroductivitv of the land and labor devoted to naize 

production. 
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The 	 results of the levels trials on herbicides were qualitatively 

(types of herbicides) and quantitatively (dosage of 2 kg/ha in this case) 

consistent with the results of the Cxpiorat-orv trials. This, alnriq with 

the high ecorlo,,ii rv icn of profita ];itv for the various ccmpfonents, led 

TDTAP to formulate recommendat.ions for area farmers after only one cycle 

of experimenms. 

The use of chemvical fertilizers, in the explo,,tor. trials as we].l 

as in levels trials, gave a nons!icni i!ncant resyxrine cnnFi ring the 

oriqinal hvylthesis formulated in the planninq staqe--he use of nitrogen 

and phosphorous, separately as well in coirbina-tion, resulted in reqative 

miarqinal rates of return. These r-e .; reuvined the san even when 

fertilizer was used with improved weed control and spatial 

arranae:nvnt-dens it v practices. 'M i . represented a chall enge for 

recoin.ndati(,n:- on tic us e, of fertilizers, at least until the information 

obtained in Hie first cycle could he confirmed in later cycles. Tt also 

placed programssuggeste! that s pivphan.i on fertilizer use Kr credit he 

re-examined. 

Finally, the results obtained using the local nize variety in the 

first cycle of trials confirmed the hyffthesized yield potential of the 

farmers' variety.
 

For the future orientation of the research prwCarUn, the results of 

the first Cycle, together with the di,-iqnostic survevs done in the 

planning stame, suggested the following .ires oF research for the second 

cycle: 

1. 	 Given that the hypothesis about the aqroeconami., impact of adequate 

weed control seemed to he validatd., and considering erosion 

problems and the lack of machinerv, it was dec:i'ie( to iJncorxrate 

the tillage system as an exTprinntal variable in the next cycle. 
T his would entai l analyzinq the prevaJ 1ing conventional til lage 

s'/stem (rrchanized) against an alternative of zero tillage with 

chemical weed control. 
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2. 	 Given the impact obtained fron the trials on herbicides and spatial 

arrangement-density, and the interactions observed between the 

components, the levels experiments for the next cycle would examine 

the 	variables jointly (herbicides by density) in order to determine
 

more 	 precisely the relationships between them and confirm optimum 

levels.
 

3. 	Given the efficiency shown by the contact herbicide, Gramoxone, in 

the control of prevalent weeds in the bean cycle and its relative 

lower price, it would be incorporated into the program as a 

complement and/or alternative to Gesaprim 80. 

4. 	 Given the impact that Gesaprim had in the first cycle, and the 

prevalent nize/bean rotation system, it was decided to analyze the 

residual effect that Gesaprim had on the bean crop, using a 

factorial arrangement (dosage of Gesaprim per days after its 

application in which beans are planted). Tn order to save time and 

reduce research costs, this factorial arrangement would be carried 

out on the border rows of the herbicide by density trials. The 

hypothesis was that high precipitation would eliminate any residual 

effects on the beans. 

5. 	Given the impact of spatial arranaement-density, plant population 

would be more closely monitored in future experiments, particularly 

during the first month of crop developmei-it. 

6. 	 Given the results of the fertilizer trials, plus the nedium-term 

horizon used for those variables, experiments would be carried out 

on continuous plots to analyze, in the longer term, the iqmact on 

natural soil fertility of more intensive production practices in the 

maize/bem crop rotation. 
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IV. BEYOND THE FIRST CYCLE: TECHNOIOGY VERIFICATION, TRANSFER, AND 

ADOPTION 

Research results described in the previous section provide a solid 

basis for the orientation of the Caisan research program in subsequent 

cycles. Further, they provide empirical evidence of the utility of the 

research methodology used by the program. Accordingly, the same research 

strategy was fol.owed for subsequent research cycles. 

Most 	Important Implications of the Second and Third Cycle of Trials 

The most important change in the second cycle of trials was the 

inclusion of till.age systems as an experimental variable. The tillage 

experimental variable was incorpcrated in the exploratory trials in place 

of weed control, although the latter variable continued to be part of the 

"lcvels" trials. 

The 	 hypothesis regarii i.!j zero tillage as an alternative to 

conventional tillage was that it would be "cost saving" rather than 
"yield increasing." In particular, researchers felt its use as an 

alternative technology would have the fol.4ing cesults: 

1) 	 Maintain basically the same vield levels. 

2) 	 Reduce the cost of tillage practices per hectare and, 

consequently (if point one is verified) , reduce average 

production costs.
 

3) 	 Significantlv reduce soil erosion, identified in the intial 

planning phase as a problem by both farmers and researchers. 

4) 	 Relieve the small. farmer of having to depend on contracted 

mechanization service for land preparation.
 

5) 	 Increase farmers' tim. flexibility at planting by considerablv 

shortening the time required for land preparation. 

6) 	 Decrease the carpetence of weeds during the first weeks of 

plant stand development, as a result of rer days between land 

preparation and planting. 
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With these hypotheses about zero tillage, four exploratory trials 

were planted that included this variable along with spatial arrangeiment

density and nitrogen and phosphorous requirements. The results of three 

of the trials (one was lost due to heavy lodging) confirmed the results 

of the previous cycle with respect to the last three variables. The nea 

e\primental variable, the tilaqe system, shcwed statistical],, 

significant differences (5%) in yield levels at only one of the harvested 

locations. In that case, the main effect was posii.ve, with hig! 2r yields 

for zero tillage. In the other two locations, no siqnificant differences 

were encountered nor did across-site analysis sh'^A significant yield 

differences. The results, therefore, were consistent with the research 

hypothesis that zero tillage would not significantly affect yields. 

With respect to the econoric dimension, Table 8 shows partial 

budgets for conventional tillage and zero tillage assuming that yield 

would remain the same under both til.aqe -;srenis. A comparison of the 

costs associated with the two systems shcyvs t-hat zero tillage results in 

a 44% reduction as ccxparcyi ito the con 'entional tillaqe system. This 

reduction i.- only in terms of immediate savings, not taking into account 

the irlicit cost of erosion associated with conventional tillage, a cost 

clearly apparent to representative farmers in the area. 

In the levels trials, three herbicide by plant density and three 

fertilizer trials were planted. Tle herbicide by density trials were 

included to confirm the interactive effects observed for those variables 

in the exploratory trials conducted durinq the First cycle. Also the 

herbicide, Granmxone (paraquat), was included in order to compare its 

effectiveness with the previotslv used herbicide, Gesaprim 80. 

Unfortunately, the loss of a considera)le nLnrber of plots in the 

levels trials due to heavy lodginq made it impossible to ca-rv out the 

quantitative analysis, and onl' the field observations made (luring the 

growinq stages were available for use by the research team. (The lodqinq 

crcurred late and had little impact on yield. It did, however, make 

ireasurement so difficult that there were dotubts as to accuracy.) lose 

observations indicated that both the preeme)roence applications of 
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TABLE 8. Exploratory Trials: Partial Budgets for Conventional and Zero 

Tillage Systems
 

ACTITVTY AMOUNT UNIT COST VARJABLE COSTS 

Conventional Tillage 45.00
 

Plowing, 3 Passes 3 hrs, tractor 15.00 45.00
 

Zero Tillage 26.0' 

Chopping 2 days 4.00/day 8.00
 

Herbicide 1.8 liters 5.00/1 9.00
 

Lahor, Herbicide 2 days 4.00/day 8.00 
Appl ication
 

Rent, Backpack Sprayer I (lay 1.00/day 1.00 

Source: Caisan trials, first cycle, 1980
 

Gesaprim and the postoitergence applications of Gramoxone provided 

effective weed control. The same. effectiveness was not observed for 

2,4-D, confir,-rrc, the results obtained in the previous cycle. With 

respect to the residual effects of Gesaprim on the subsequent bean crop, 

the trials shcT>ed that after 90 days there was practically no residual 

toxicity in the .tol. 

Once again, fert li-er trials showed no economic response, 

rein frcing previous conclusions on those components. These results, 

together with an increased fk-xibilit' in the credit program operating in
6/ 

the area, - rni;, lead, in the near tern, to a decrease in fertili7er use 

with no effect on yields. Tn spite of the incidence of risk factors, risk 

analysis wa- not needed because: 1) so of the alternatives were cost 

saving and 2) the others inplied only sPall additions to variable costs 

but had high rankinqs in benefits. 

6/ 
- Starting in 1980, the credit program for maize deemphasized 

fertilizer use. 
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The above results had the following implications for the orientation 

of the program in the third cycle of experiments: 

1. 	 Add the control of soil insects as an experimental variable in 

the exploratory trials. The spatial arrangement-density 

variable proved to be significant for yield potential in the 

two previous cycles, and insect control would help assure 

improved plant stand.
 

2. 	Maintain tillage systems and spatial arrangement-density as 

experimental variables in the exploratory trials. The second 

experimental variable is related to soil insect control and 

demands more frequent countings of plant population during the 

first onth after planting to determine the effectiveness of 

the insecticide control.
 

3. 	 Maintain phosphorus requirements as an experimental variable in 
the exploratory trials, but eliminate nitrogen.
 

4. 	Repeat the herbicide by plant density trials that were lost in 

the previous cycle due to heavy lodging. Also, repeat the 

experiiments on residual toxicity to beans on the border rows of 

those trials.
 

5. 	 Continue the medium-term fertility studies on continuous flat 

land plots (slope less than 5%) and initiate fertilizer trials 

on sloping lands (slope more than 5%). 

6. 	 For evaluating technological alternatives, conduct verification 

trials (based en information obtained in the first two cycles) 

combiring tillage systems, spatial arrangement-densitv, weed 

control, and fertilizer use.
 

7. 	Enlist representative farmers to plant demnstration plots on 
zero tillage, under the supervision of the research team but 

with 	costs assumed by the farmers therselves.
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With this basic orientation, experiments planted in the third cycle 

included: five exploratory trials; four levels trials on herbicides by 

density, which also tested residual toxicity to beans on the border rows;
 

three fertilizer experiments on continuous flat land plots, and two 

...experiments on- sloping land; 'three, verification -trialsi and: three
 

demonstration plots on zero tillage.
 

There were adverse growing conditions throughout the area during 

this cycle, with drought, insect attack (Agrothis sp., gallina ciega), 

and heavy incidence of Helminthosporiu spp. These factors made the 

analysis of trial results difficult. Among the experimental variables 

included in the exploratory trials, insect control. treatment using an 

insecticide showed a strong marginal rate of return due to the heavy 

incidence of insect attack. In other years, when insects are not as 

prevalent, there might be. little return to insecticide application. 

Consequently, insecticide use represents "insurance" for adequate plant 

stand although the probability of insect attack has not been clearly 

assessed. For the other variahles, the analysis of exploratory and levels 

'trials verifiet the conclusions of previous cycles.
 

Verification Trials
 

The three verification trials conducted during the third cycle 

combined the best technol ogical alternatives identified in the 

exploratory and levels trials, and were designed to confirm their 

agroeconomic viability for representative farmers. Consequently, the plot
 

size in the verification trials was larger than in the previous trials 

and the farmers had greater participation in their management.
 

In accordance with the results of the first two cycles of
 

experimentation, the verification trials included technological
 

alternatives on tillage systems, chemical weed control, spatial 

For a detailed description of these results see Martinez, Juan 
Carlos, and Jos6 Ronn Arauz, "Innovaciones Institucionales en la
 
Investigaci6n Agricola Panamefia: El IDTAP en Caisan". Forthcoming.
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arrangemnt-density, and fertilizer applications. In light of the fact. 

that the new herbicides were already displacing 2,4-D in the area, the 

incorporated farners' weed control practice was changed to that of 

Gramoxone use. The rest of farmrer practice was kept as defined at the 

planning staqe. The design of the three verification trials was as 

follows: 

1. Farrrer Practice (FP) 

a) Conventional tillage
 

b) Chemical weed control with Gramoxone: 1 It/ha 30 days after 

planting 

c) Fertilization: 200 lbs of 10-30-10 at planting 

d) 40,000 plants per ha, planting arrangement "mateado," hills 

about one meter apart, four seeds per hill 

2. Technological Alternative I (TA 1) 

a) Zero tillage
 

b) Chemical weed control with Gesaprim 80: 2 kg/ha after planting
 

c) No fertilization
 

d) 50,000 plants per ha, planted in rows
 

3. Technological Alternative 2 (TA 2)
 

a) Zero tillage 

b) Cem-dcal weed control with Gesaprim 80: 2 kg/ha after planting 

c) Fkortilization: 200 lbs of 10-30-10 

d) 50,000 plants per ha, planted in rows 

According to previous research results, it was hypothesized that TAI
 

would successfully ccxrpete with FP in terms of decreased cost per ha, but 

only marginally in terms of yield. TA 2 implied greater costs per ha than
 

TA 1, due to fertilizer application, and increase in yield was not 

expected to be significant. 

The yields, variable costs, and net benefits associated with the 

three production alternatives considered in the verification trials
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planted at three locations are shown in Table 9. As can be seen from the 

data, yields varied considerably across locations and were particularly 

affected by the degree of disease incidence (Helmintjosporium spp.). The 

combined economic analysis indicates that TA 1 dominated the other 
-
'alternatives." When- the trial results from Location 1-were re moved from-,--

the across-site analysis (it had the most serious disease incidence), TAl 

showed even greater dominance. These results confirmed, therefore, that 

the superiority of alternative TA 1 was basically due to decreased costs 

per hectare (zero tillage, no fertilizer).
 

Demonstration Plots
 

During the third cycle, three representative farmers in the, area 

agreed to grow their crop using zero tillage. These demonstrations, to be 

fully valid, were to be totally managed by the cooperator with only scue 

technical advice from the research team. 8 The cooperating farmers paid 

for the majority of the production inputs and assumed production risks; 

_DIAP paid a portion c the herbicide cost. The research team maintained 

informal contact ith the cooperators throughout the growing season, 

particularly during zero tillage practices, in order to monitor their 

reactions to the use of. the new technology.
 

The size of the denrnstration plots varied between one and two 

hectares. The type of zero tillage practices followed for each 

demonstration plot varied slightly accorCing to previous land management
 

(animal grazing or not) and the level of weeds encountered. Only in 

Location 1 was it necessary to clear weeds and stubble from the previous 

growing cycle before herbicide app3ication. In Location 2 farm animals 

had grazed the land after the previous bean crop harvest. The amount of 

Gramoxone used for the demonstrations varied between 1 and 2 lt/ha. In 

consef-unce, the cost of zero tillage varied between $19.25 and $26.50 

per hectare, with the average being lower than the $26/ha cost estimated 

during the analysis of the 1980 exploratory trials (Table 8). 

8/ The level of farmer interest in the new technological alternative is
 
shown by the fact that some cooperators tested the tecnology on 
their own without any technical assistance from the research team.
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TABLE 9. Economic Analysis of Verification Trials 

OONCEPT TECHNOLOGICAL ALTERNATIVES
 

Yield, t/ha 
Location 1 (heavy disease) 
Location 2 (light disease) 
Location 3 (light disease) 

Average Yield, t/ha 
Ajusted Yield (-10%) 
GROSS BENEFIT ($13/ton)* 

VARIABLE COSTS 


Soil Preparation 
FP (3 tractor passes) 
Chopping, 2 days 
Gramoxone (.5 t/ha) 
labor (herb. app., 2 days) 
Pent, Backpack Sprayer 

Planting 

Seedinq Pate, kg/ha 

Cost/ha ($0.33/kg) 

Tabor, days/ha 

Tabor ($5/day) 

Weed Control 

Gramoxone (1 it/ha) 
Gesaprim (2 kg/ha) 

Fertilizer 
200 Ibs 10-30-10 
labor, 2 days 

NET BENEFIT 


FP TA 1 TA 2 

1.91 1.42 2.93 
4.25 4.24 3.89 
2.86 4.02 3.34 
3.01 3.23 3.39 
2.71 2.91 3.05 

524.70 563.40 590.50 

126.70 65.60 129.50 

48.00 29.30 29.30 
48.00 
- 10.00 10.00 
- 8.30 8.30 
- 10.00 10.00 
- 1.00 1.00 

19.30 30.30 30.30 
13.00 16.00 16.00 
4.30 5.30 5.30 
3 5 5 

15.00 25.00 25.00 
5.50 16.00 16.00 
5.50 -

- 26.00 16.00 
53.90 53.90 
43.90 - 43.90 
10.00 - 10.00 

398.00** 497.80 461.00** 

Source: Caisan trials, first cycle, 1981
 

* Field price of maize 
** Dominated alternatives 

Farmer Res ense: Adoption of Recommended Practices 

Evidence from CTMMYT technology adoption studies shows that, when 

technoloqical recommendations are not adopted by farmers, it is usually 
because at least som component in the recommendation is not consistent 

with the circumstances of the farmers to whom the technoloqv is 
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directed. 9! The Caisan research program was guided by the principle that 

the best guarantee For the adoption of recommrended technologies was to 

assure that farmher circumstances were taken into account from the 

outset, leading to recormendations which were appropriate to those 

circumstances. 

The relationship between the researchers and representative farmers 

was central to the research paradigm of the Caisan project . This 

interaction began wi the survev sequence, and continued through the 

on-farm exp]riments and the moni toting of the idnption of the 

recommendations der ived Qom the program. 'hus, the research process 

began and ended with the Farmer.
 

The techno]xy, t:rans;Fer process fo]]c .ed in the prolect involved 

farmer field ay: at (!eixprifTnt and deninstration sites to discuss the 

alterna i ve Krchnologies involved. Wi th these eleme s, and the degree of 

communication which existed between farrrers in tnle area, -/ their 

response excc,-c,] init.i a ! exy acta ens. Pvnrm.nre, farni rs themselves 

played an vy<e role in the procesp. of tochnelcqy enrration. For 

examle, cco<eratinq farTers mdxified the Crm:v<oxone container so that it 

could be used as. a applicator in the field. Similar farmer--originated 

adaptations c .-curredl in -cn r i. age, ,gtu Farvers (orticularlv larger 

landholders) found it difficult to fNd the labor rccixuired by the manual 

chopping o old .dtands,the initial :,eo of the zero tillage alternative. 

In consultation with the research :A, Miey used a light harrcwing pass 

instead of hand choppinq to cul: bwl (-he weeds- and crops residues, thus 

arriving at a minimum tillanc system. 

Given the resp:rse of r:epresent- ive farmers to the technological 

alternatives J-veloTed through I re eacch project, IDXAP decided, after 

only three cycles of research activity, to conduct an -valuation of the 

9/ Perrin,:rwn, P.K. , and .I,. Wink( "Trrqed i.ments to Technica] 

Progress ()r 
A-ri cultural 

Siw]i 
corn 

versus 
cs, 8 :5, 

I,ae 
97r. 

Fqarms, " American Journal of 

_0/s 

buying 

wrce 

inputs and 

orIaniz,', in t 

otaininq credit. 

"J:,luntas Agrari as,," mainly for 
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TABLE 10. Adoption Survey: Levels of Recommended Technologies 

TECH OLGICA. ALTERNATIVES FARMERS MATZE AREA 
(percent) 

Appropriate Weed Control 61.4 60.9
 
Planting in Rows/Hiaher Density 70.5 62.7
 
No Fertilizer Used 79.5 79.5
 
Zero or Mininum Tillage 43.5 23.0
 

Source: Caisan survey, first cycle, 1982
 

project, including the assessment of the social rate of return for its 

investment in the program. 1- The evaluation focused on two basic 

aspects: 1) the impact on area farmers cf the adoption of recomrrendations 

formulated by the program, and 2) the methodological and institutional 

spil lovers of the program to other regions of the country. 

The evaluation included an adoption survey related to the 

technologies generated by the project. Table 10 illustrates the level of 

adoption by 1982 for four of the components. Through contrast with data 

from the original 1978 survey, the patterns of adoption over time were 

also derived. 12-/ The difference in the percentage of farmers 

adopting minimum or zero tillage (43%), and its percentage of cultivated 

area (23%) , reflects the fact that small landholders had the least 

difficulty in adopting the practice. This was probably because they 

relied on hand labor, and the adoption of minimum or zero tillage 

practices was appropriate to their circumstances. In contrast, those 

farners ith larger holdings had more difficulty in switching to minimum 

11/ Martinez, Juan Carlos, and Gustavo Sain,"Evaluaci6n Econ6mica de los
 
Programas de Investigaci6n en Fincas del IDIAP: El Caso de Caisan", 
CTIMMYT and IDIAP, 1982. 

12/ Ibid., Section TV. 

33 



or zero tillare hocause .ai'nr constraints were wore serious for them, and
 

a mechanized zero tillaqe alternative was not yet available. 

(Subsequently, IDIAP purchased mechanized zero/mininum tillage equipment 

for examination in the project area starting in 1983.)
 

The hiqh rate of adoption of recommended practices amona Caisan 

farmers, particularly considerinq that the research project had only been
 

in operation for four years (three cycles), stands as testimny to the 

validity of the research methodology which led in such a short time to 

the development of appropriate technology for target farmers--the final 

judges of the usefulness of production-oriented research.
 

V. CONCLUSIONS: COST EFFICTENCY J'ND TMPITCAT.TON OF THE CAISAN PROGRAM 

Within national agricultural research programs there has been 

considerable progress during the last five years in the relative
 

importance of on-farm resv,c:uh activities and the operational developrmnt 

of of methodologies for its implementation. As this process evolves, 

methodological and technological problems are resolved and new ones take 

their place, amronq thEn that of the institutionalization of on-farm 

research within national research structures. The starting point for this 

institutionalization process has been the experience arising from the 

ongoinq on-fam research programs, programs which have usually been 

managed in the initial stage by ad-hoc technical groups from within the 

research structure. From CIMIYT's perspective, the process builds from 

the bottom up--from basic nmithodological ideas to on-farm research 

experiences to the institutionalization of these activities within the 

national program. Tn other words, it goes from on-farm research actions 

to an articulated on-farm research program. 

IDIAP and Caisan illustrate this process. The institutional strategy
 

of IDIAP provided the framework for the development of Caisan. The 

progress of the program and the methodological experiences arising from
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it were closely followed b the national directing staff and intensively
 

discussed by researchers and directing staff in national meetings, field
 

days, and regional workshops.
 

In this way, the Caisan program reinforced the initial orientation 

of IDIAP towards site-specific, on-farm research. Also, in the
 

methodological dimension, it provided concrete experiences, not only in 

terms of what to do in on-farm research (surveys, experiments, etc.) but,
 

more important, how to do it, i.e., the informal survey leading to a 

well-focused formal questionnaire, the prescreening of best-bet
 

technological components based on the assessment of farmer circumstances,
 

and the management of experimental and nonexperimental variables within 

the trials.
 

The program has provided solid evidence of the validity of the 
research procrdures used. Farmer response, in terms of adoption of 

resultinq technologies, is proof of the degree to which program 

recommendations fitted their circunstances. Also, the speed at which 

adoption tcok place is a clear indication that the research opportunities 

incorporated in the program were in fact ihportant production problems 

for representative area farmers.
 

The best indicator of the cost efficiency of the methodoloqvr 

utilized is the social rate of return on the investment required to 

implement the program; the evaluation carried out in 1982 orovided this 

information. 13/ In fewer than four years, even assuni nq no fiurther 

adoption after 1982, the social. returns (hasically accruinq to area 

farmers) were mwich greater that the amunt invester by IDTD\. The rate of 

return, using the most conservative figures, was 188 percent, clearly 

exceeding the opportunity cost of capital. When less conservative 

assumptions were made, the rate of return rose to 332 percent. 14/ These 

13/ Ibid. 

-4/ Ibid. 
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results, tocqether with experiences of other mountries, 1r. reaffirm that 

the approach used was efficient for reaching taroet Farmers witl 

appropriate technologies in the near term. 

lhi.]e the Caisan program was being carricod out, IDTAP was goinq 

through a systenmtic planning effort which resulted in an nrganization of 

its act.\itves into Programs (Aariciiiture and T.vest-o<k), Sub.)roqrams 

(crops roupings--for example, hasiu (Irains) and Crirr).-i tv I'. search 

Projects. While these were the groupinnis at the national 1esel, they were 

cut across h the Regional Pesearch Proxjrams 1.,hose basick-nerational unit 

was the area-specific, on-farm research project. --- The central 

mrnnaqement ,7as organi. ewd with a Dirc.r-or Coneral, a Deputy Director 

c("eneral. and ,1ational Directors for Agricultural research, Livestock 

Production Research, P1 anni nq, Transfer of Technol.(gy, Administration and 

Soecia] Projects. 

The area-specific, on-farm research activities haive gone through 

cons.ideriO)Ie expaa-i C: 5ce 1978 when the Cai-san procram was Iegi.-n with 

only ti;o national researchers. At present they include five priority 

areas in ariclture, involving the work of 24 national researchers, and 

three riority areas in livestock with 21 res-archers. 

Wh 1e this lTckvtJh rino a.; th- . given suchleaves dnuli: to inirort-ance to 
activ.ita:s I, iDIAP, it: also brinqs to the surface a set of pressing 

issues nn the institutional i.ation oF on-farm research which demand the 

attention of TDTAP central manaqeir-,nt. For tLO reason, a worksheo for 

T-TAP directinq staff was otganized, wi-th the cooperatinn of CT.?AYT, for 

an int-nsive discussion of the _issues (organizational , ;nagerial , and 

15/ f-0' exaImrl e s:.ee FY!Ciardo Moscardi et al , "Creatinq an On-Far.m 

Research Proc ram in Eriiador. The Case oF TNTAP'.s Prcr_.uction Re.ecIrch
 
Procram." CTMMVYT Econnicr Prcg]rmn Working Paper, ,'anuar , ]9R3.
 

"Plan 7nial de Trabajo 1982", TDTAP, Panama, May 19?.
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technical) arising from the field experiences in on-farm research. 7/ 

While the discussions were centered around Caisan, other experiences from 

IDLAP and INTAP, Ecuador were considered as well. The mvinq from on-farm 

research actions to an articulated on-farm research program had presented 
many difficulties, some of which were intensively discussed through the 
workshop. Institutional adjustments may follow pending an internal "self 
evaluation" meeting of IDIAP to be held in the near future.
 

From these experiences, several points PiTerge for consideration for 

the consolidation of efficient on-farm research operations within IDIAP. 
On the methd]ological front, it would seem that the diagnostic phase 

should concentrate on those areas important for the experimental- phase. 
Also, research should begin with prevailing farming systems, tryin a to 
develop, for tarqet crops within those systems, simple technological 

alternatives rather than complete packages on complete alternative 
systems for the farmer. This respond.s to t} : nca.n-erm time preference 

prevalent in the political and institutional environment of TDIAP, i.e., 

results arrived at in three years are preferred to those taking ten 

years. 

Also, there is a need for the assimilation by new staff rembers who 
have joined IDTAP of the methodologies used For on-farm research as those 

activities have expanded. This has multiplied the in-service trainina 

demands to a point where they cr.n no longer be satisfied by the 
training provided in international centers; it brings about the need for 

alternative mechanisms for in-countrx training. 

Closel,, related Io the previous point, as the ad-hoc on-farm 

research technical groups are institutionalized, coverincg m re areas and 
involvinn nr( per-onnel, the problem of the nmnageent of on-Farm 

research activities hecomes more c.n. x. Amnng other thinas, it requires 

---	 Manaqing the Institutionalization of On-Farm Research within TDITP. 
A Workshop for Di recting Staff. TDIAP-CTI.A"r, Voican, Chiricai, 
Panama, Felhruar!/ 23-25, 1983. 
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qreater technical supervision of new area programs, in order to 

capitalize on the methodological experiences fran the earlier ones. This 

sugqests a sequential type of development of these activities, in which 

efforts are concentrated initially in few areas with a "built in" 

mechanism of on-the- job training which oermit a progressive extension of 

the work to new areas. In this process, the more-experiences 

practitioners will become supervisors. Accordingly, training should be 

addressed to those practitioners with the potential of becoming 

supervisors. 

Also, a national on-farm research program demands a decentralized 

style of management to provide the logistic and financial support 

required by increased off-station field operations. IDIAP has already 

moved in that direction, decentralizing management to three regional 

research centers which are being organized and equipped. This 

decentralization will have implications for financial management, for 

example, field researchers may have access to a rotative fund for a more 

autonomous and time efficient coverage of oaerational costs. 

Finally, from an organizational point of view, close links are 

required between area-specific, on-farm research and national crop 

research and extension activities. The formulation of farmer 

recomvendations (often agronomic in nature) is the responsibility of the 

area specific on-farm research teams. The role of extension in this 

process should be clearly defined since more results will be forthcoming 

from the ongoinq research operations. In the case of Panama, this will 

involve the National Directorate of Technoloqv Transfer of TDIAP, as well

18/
 

as MIDA's extension network. L' Ideally, extensionists should 

participate in the planning phase of the research, and then have an 

increasing responsibility as new technological alternatives are qenerated 

in the experimental phase. At least, extensionists should assume cLear 

responsibilities in the technology verification and demonstration stages, 

with assistance and eventual training from the on-farm researchers. Under 

this arrangement extensionists would work closely with farmers, and would 

18/ Extension services are a direct program activity of MIDA. 
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become completely familiar with the technological alternatives developed 
and tested. In our view, this type of linkage (integration) is essential 

for an effective transfer of improved technological alternatives to 

farmers. 

The stratey of IDTAP has heen to emphasize on-farm research in the 
initial stages of institutional development. The relative importance of 

station research has, accordingly, decreased as more human and financial 

resources have been allocated to off-station work. As on-farm research 
activities prove to be successful, in term of impacts in productivity 
and income of target farmers, IDIAP may find itself in a position to 

attract more political attention and financial support for expanding its 
experimental station research programs. This strengthening of station

based research is an important element for generating a continuous flow 
of improved technological components. As the central managenent of 
IDIAP moves to resolve these issues, the institution will come closer to 

realizing its full potential for benefiting Panamenian farmers ind the 
society as a whole. 
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