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Crop research in the International Centers is predominantly organized into 

commodity divisions with the principal output being high yielding1 varieties. 

Within the commodity division the specific crop programs revolve around breed-

ing. The breeding itself is a probability game with the following procedures: 

[;:::J--------,-!L...--~---~l. A world wide collection of germplasm is obtained so that there is sufficient 
.- '::::.! " .... (o~ ~ ~ genetic variability that some interesting characteristics can be combined 

CJ = 
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from different parental sources. 

The authors are Agricultural Economists in the Bean and Cassava Programs 
of CIAT (Centro Internacional de Agricultura Tropical). The customary 
disclaimer that this paper ref1ects on1y the views of the authors and 
not necessarily of CIAT applies. We are indebted to HQward Schwartz, 
Douglas Laing, and Anthony Be110tti for comments on an earlier draft. 

1/ Some combination of disease and inseet resistanees is often one of the 
primary objectives of breeding programs. By reducing the yield variance 
mean yields also increase over time. Similarly, those breeding exelusívely 
for yields have to take díseases and insects into account at sorne point in 
their selection and evaluation programo Hence, mueh of the ·argument over 
breeding for high yields or resistances is largely semantic generating more 
heat than light. The techniques are different as resistance breeding in
vol ves exposing the plants to very high levels of the disease (or insect) 
whereas breeding for yields alone may not involve such high exposure levels. 
Nevertheless, breeding for yields still involves repeated trials to insure 
that sufficient exposure to the major yield constraining factórs has occur
red. Whether exposure is guaranteed through inoculation or obtained through 
r€peated tríals in representative environments, the final product should be 
the same, a high yielding variety with resistance or tolerance to the "re
levant constraints". The process of identification of these "relevant cons
traints" ís the subject of this papero 
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b. The identification of the desired characters to overcome specific cons-

traints to yield increase is made. The "relevant constraints" on the 

production side are sorne combination of disease and insect pests, soil 

and water conditions, and plant characteristics2. 

The "relevant constraints" can be imposed by consumer condítions, such 

as taste preferences 3, as well as production factors. 

c. The germp1asm is screened for the characteristics identified in B. 

The best potential parents are identified4. 
, ~ ... JIIIWN1l''' ~i'., ..... ""~".",,, .. ~(~ .. tw.tf~)""~"''''''~~'''~, \, _"4 h~' ,- ~ ,'-lo .... ,. ....... ' ,~,,"'", ... ó.,' ~-•• ,h., .• ,.,+<:,.., ... , ... , .. _"~\,_" ... "Or-'.J_~~ .. N.;-\",, .... ,,;"'!"':""" __ >'~ .,,,,~",-,~.-,, I t ' , • 

d. These parents then enter into a series of crossing and selection trials 

until varieties emerge with the maximum of the desired characteristics5. 

f/ For example, rice breeding at IRRI was principally concerned with building 
shorter, sturdier varieties to respond to higher fertilizer levels without 
lodging and with complete water control through irrigation. Breeding re
search was a1so directed at four diseases and three pests. Finally, non
photoperiod sensitivity was desired; however, this is a different type 
of characteristic sought principally by International Centers in order to 
give wider adaptability to the new material. 

See P.R. Jennings, "The Amplification ... " p. 186; and P.R. Jennings, "P1ant 
Type ... " pp. 13-15. 

3/ Consumers may not eat or may offer a lower price for a bean of a specific 
color, size, or texture. In the case of cassava consumers would be expect
ed to prefer lower HCN tontent, a longer shelf life, and a high starch con
tent. 

~ At this stage the se1ection process (before the initiation of the breeding 
program) may identify cultivars with a sufficient number of characteristics 
to be released into evaluation trials. Where there is high yielding abili
ty but insufficient resistances to disease and soi1 factors, these cultivars 
can be tied to cultural practices and re1eased as "improved varieties" . 

~ There are two basic types of breeding programs involved in variety crosses . 
The pedigree methodo1ogy selects a best variety, the recurrent parent, and 
through the gene transfer techniques adds characteristics from other vari
eties. The alternative is bulk-breeding methodologies in which a group of 
selections are randomly crossed, the intent being through proper recurrent 
selection to shift the characteristics of the population toward those de
sired. In both cases with seed propagated crops pure lines, those in which 
the characteristics breed true and do not segrega te in the next generation, 
are the end resulto The choice between the two methodologies become especial
ly important in breeding for disease resistance, and thus is dependent upon 
the identification of the releveant constraints and the most appropriate 
type of resistance. 
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e. The varieties (or segregants) are released to National Institution for 

either dissemination, trials in different agro-climatic conditions, or 

further crossing for desired regionspecificcharacteristics6 A critical 

component here is the feedback by the National Institutions into a better 

definition of the future "relevant constraints" and to a lesser extent 

their dispatching of new plant material, either their selections or new 

crosses. With these entries into B and A the process becomes circular. 

'A'The"comparativeadvantage--of' the International' Centers'is'lhat' there"are' 

apparently economies of scale to germplasm collection, screening, and cross

ing7. The potential disadvantage of International Centers in relation to 

National Institutions is in their restricted ability to diagnose desired 

varietal characteristics for a series of specifíc regions in a large number 

§I Another important output of International Centers is their collaboration 
with National Institution scientists. The International Centers are 
increasingly utilized for training younger scientists from various na
tional organizations in developing countries. This process facilitates 
the contacts for the successful operation of E aboye. 

ZI Part of the comparative advantage is physical. A larger breeding team 
can specialize more and thereby produce a much larger number of crosses. 
Similarly, the interaction between agricultural disciplines should be 
useful for problem definition and solving. 

However, the most important advantage of International Centers may result 
from the "minimum critical investment". Breeding requires highly trained 
personnel and specialization in a specific crop, is expensive, and is a 
long term investment. National governments in developing countries gener
al1y have few trained agricultural scientists and have to be concerned 
with many crops. Moreover, research is genera11y given a low priority 
in public expenditures and decision makers in developing countries tend 
to prefer investments with a short payoff period, 

The advantages of the International Centers are team size, specialization, 
large sca1e funding and continuity. This combination is considered by 
international donors to have a higher probability of reaching the "mini
mum critical investment" for breakthroughs in new varieties than similar 
funding of most national systems. Nevertheless, a functioning national 
research capability is necessary for the success of International Center 
research. 
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of developing countries9. 

The crucial decisions are in the definition of the "relevant constraints" 

and thus the breeding strategy. The rest is a more mechanical process of 

col1ecting germplasm (Al, screening and crossing (e and 0)9, and disseminating 

(e). International eenters are continual1y in a process of gathering, refining 

and digesting this information about the "relevant constraints" for the cri-

tica1 breeding decisions. 

§! One dilemma of International Centers is the development of a methodO-
10gy for obtaining more systematic definition of the "relevant 
constraints" from National Institutions before the new material is released. 
The present tactic is to begin releasing something as soon as possible such 
as the better selections (under el or "intermediate technology". 

The final product of Internationa1 Centers is improved germplasm. These 
improved varieties, to the extent possib1e embody genetic solutions to 
overcoming the major constraints on productivity. However, in the pro- • 
cess of mounting a breeding program, the other agricultural sciences genral-
1y identify a series of practices, which increase yie1ds under experiment 
station conditions. Examples of these "intermediate technologies" are 
clean seed production, ferti1izer response and spacing alternatives, her
bicide recommendations for different soild types, and insect and disease 
control measures. 

By identifying intermediate techno1ogies that are profitab1e at the farm 
level the International Centers can bui1d up better institutional ties 
with National Institutions and encourage more Nationa1 Center input into 
research design at International eenters in the ear1y stages of the process. 

Unfortunately, experiment station technology is not always relevant to farm 
level conditions. The technology may not be profitab1e, it may not fit 
into the existing farming systems, or it may increase risks much more than 
farmers are wi11ing to accept. Hence, farm level testing is critical to 
eva1uate whether the "intermediate techno10gy" is relevant and the extent 
to which varieta1 characteristics are necessary to raise yie1ds. 

'Ji Oefiniton of the "relevant constraints" determines the characteristics that 
are bred and se1ected for and in part the choice of breeding methodology. 
The choice of methodology becomes critical when a primary constraint is 
identified to be the stability of disease resistance. Where this require
ment is critical a breeding strategy seeking stable horizontal resistance 
must usually employ a bulk breeding methodology. However, such a strategy 
in the early stages usual1y ex1udes development of high yie1ding genotypes 
along plant ideotype lines. For a discussion of the resistance issue as 
defined in terms of the dichotomy of horizontal versus vertical resistance 
see R.A. Robinson, Plant Pathosystem3. 
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This inforrnation gathering can be divided into three stages: 

l. Processing available country level data. The Macro Stage. 

2. Undertaking farm level studies of production constraints in different 

agro-climatic zones and farming systems. The Micro Stage. 

3. Supplementing the information above with the subjective judgement of pro

gram scientists based upon experimental data and knowledge of the target 

area. The Critical Inference Stage. 

~ .. ....,.,,_ .... .Th.e,.object i ve .~af. th i $" pape r,js. J9 pro 'd.de ¡::a,se,.hj,$,tor;ies.J~f.,~hg"r..Clle.,,().t.t.9!!?~ 

three types of information in the design of research for beans and cassava 

in CrAT. Obviously, this process is continua11y evolving so that the paper 

is on1y our snapshot of the present situation. 

The Melero Stage: 

The avai1able macro data is sketchy. Production data is unrealiable when 

home consumption is important or when there is little wholesale market bulk

ing or storage and thus no comparative data collected in market channels. 

Area is rarely exactly measured and these crops are often produced in multiple 

cropping systems. Information on agricultural systems is rarely produced. 

Nevertheless, the macro data is useful to indicate trends and to make same 

inferences about strategy. 

BEANS 

The rate of increase of bean production in Latin America (0.5%) has not kept 

up with the population growth of 2.8 percent; hence per capita consumption has 

declined and imports into the region have increased by 30 percent over the 

last decade. Brazil dominated Latin America bean production with 54 percent 

of production and Mexico has 26 pereent. Yields have been stagnant or 

decreasing in most of Latin Americ~ hence production increases ha ve come prin-

• 
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cipally from area expansiono However, Mexico and Colombia have significantly 

increased their yields due apparently to the success of their national pro

grams in producing new varieties 10 . (see Figure 1 and Table 1) . 

For all the Latin American countries mean yields show extreme fluctuation 

(see Figures 2-5). This extreme annual variabil ity is the principal chracteris-

tic of Latin American bean production. 

Any research strategy for bean production in Latin America has to concentrate 
,- '.~.*~.Y'>"",:~~,,,,,~,,,,,,!" • ..,. ",.U""'~, .. " j.,O ... ':" ........ 'w~_"' .. " ',."'-1 , .• '!'~'r ... "~'I'i ,"_" '._'" ,,_ ''')''-'''''.'~''''i~~, ~-IO, .. ~ .. i>" • ".--_\0","'1.,"''''', .';.¡o~'R".~~~'_" . .,;, _,' '_". ' •. ,'lo,",'. ~ ,;, ,~ 

on BraZll and MeX1CO. The extreme yleld vanatlon lndlcates the Í'"lsklness 

cf bean productionll The next step in bean information gathering is a more 

systematic identification of the factors responsible for these extreme yield 

fl uctuati ons . 

CASSAVA 

Cassava production in the 1963-75 period increased at an annual rate of 1.3%, 

well below the population growth rateo This rate of production increase was 

due to a more than proportional increase in area planted as yield levels de

clined on the average by 0.7% per year (see Table A-5 in the Appendix). Though 

the yield trend showed a slight decline there was little year-to-year yield 

variation, as is shown in figure 6. Moreover, average yield levels of approxi

mately 13 tons per hectare were significantly below the genetic potential 12 

1Q/ J.H. Sanders y Camilo Alvarez P., pp. 18, 26. 

111 Bean area but not yields would be sensitive to changes in national policy 
or economic conditions. Substantial between year fluctuation in bean yields 
would not be expected in response to changes in relative or absolute profi
tabil i ty. 

~/ Cassava yields in the CIAT regional trial network average approximately 
25 to 30 ton s per hectare. 
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Figure 1. 
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a/Data on Bolivia, Cuba and Uruguay were omitted because of inconsistencies. 

Source :. J.H. Sanders y C. Alvarez P. 
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.Tab1a l. Ratesa of Inerease of Bean Produetion, Area and Yie1ds in 

Latin Ameriea, 1965-1976 

Country Rate of Incr~üse of 
Yieldb Produetion Area 

Brazil -0.41 2.00 -2.41 
Mexico 1.13 -2.07 3.20 
Argentina 16.17 14.89 1.28 
Guatemala 4.35 2.60 1. 75 
Colo¡nbia 6.77 3.26 3.50 

/,., .~", Chile'·,··" ""'. ....... ,.",.' '-,- <" , :, ". " "", -o .'69, ,f'."> . . 2,:75·' ~- .. ~'t·t·-3 .. 45 ' 
Honduras -0.48 1.72 
Nicaragua 0.79 -0.57 
Haiti LOl 0.24 
El Salvador a.93 6.27 
Peru -3.21 -2.04 
Paraguay LOS 6.65 
Venezuela -4.32 -1. 75 
Dom1n1can Republie 3.30 1.05 
Ecuador 0.46 0.54 
Cuba 0.35 0.58 
Costa Rica -2.21 -4.25 
panama -6.33 -4.01 
Uruguay -2.66 -0.65 

Latin Amer1ea 0.54 0.84 

~I Theae rates were estimated with a semi-log model, 

LY = A+bJ( 

where LY i. the log to tha baSé e, 

"A 11 and "b h are parameters and 

X is th. trend 

-2.20 
1. 36 
0.77 
2.66 

-1.17 
-5.59 
-2.56 

2.25 
0.08 
0.93 
2.04 

-2.32 
-2.01 

-0.30 

The Jtb" values are multiplied by 100 to give th~ percentage 
growth rateo. 

b/ Sine .. Y = A! whera 
y 

y i5 production, A 15 area , nnd A 
A y 

then LY = LA + LX ' where L is the log operator. 

Differentiating with respect to time gives 

3Y/Y = "AlA + a(Y/A)/Y/A 
3t 3t 3t 

ia yields, 

These are the rat€3 of increase of product~0n, drca) and 
yields. The rata of increase of yields was calculated as 
the rate of increase of produ~tion minus the ratc of in
crease of area. 

Source: ·J~H" Sanders y C. Al\'ar-ez P. 

.. •• -'¡ - ,',.' '" 
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~/The rates of increase were testen for statistical sig
nificance at the level of 80 percent vith the "t" 
test. See the equation discussed below Table l. 
Mexico also had statistically significant increasing 
yields but it vas included in Figure 2. 

Source: J.H. Sanders y C. Alva!'ez P., op.cit., p.23 
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Low and relatively static yield levels and marginal production increases 

through expansion in area, indicative of relatively low supply elasticities, 

are suggestive of a low level production equilibrium characteristic of much 

small-scale agriculture in developing countries. 13 

Cassava production, though widely distributed throughout the tropical region 

of Latin America, is concentrated in Brazil, whichaccounts for 85% of total 

production. Adding in the other two major producers, Colombia and Paraguay, 

~~raj.~es tbis figure to 92% (5ee Table,.A~.4, i,n ~h~l\pP.~n.9!~t,. "wgh,1r each, ~f , 

these countries cassava production is further concentrated in particular 

regions, the Northeast of Brazil being the largest producing area in Latin 

America. Since cassava yields reasonably well under a wide range of agro

climatic conditions, competition with other crops heavily influences where 

cassava is grown. Low prices of cassava relative to other crops (see Table • 

A-15 in the Appendix) would suggest that cassava's comparative advantage is 

in the poorer agricultural areas where there are few other cropping alterna-

tives. As cassava is not easi1y mechanized, indication5 are that cassava 

tends to be concentrated not on1y in poorer agricultural areas but a150 

where smal1-scale agriculture as well predominates, ego in the Northeast of 

Brazi 1. 

A 10w supply elasticity, falling per capita supp1ies, and declining yíeld 
':'-'~"·'M ¡_ •• -,", .\.\, ··-'.:~:;11,/· \.J''-I;:l 

1evels would be a principal means of maintaining per capita consumption 

Cassava, more so than most other annual crops in Latin America, is pro
duced pri marily on sma ll-sea 1 e farms. See J. K. Lynam, "Opti ons for 
Latín American Countries in the Development of Integrated Cassava Pro
ducti on Programs 11 , p. 222 -223. 
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Figure 6. AVERAGE CASSAVA YIELDS IN LATIN AMERICA AND 

THE THREE MAYOR PRODUCING COUNTRIES, 1963-1975. 
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levels 14 . However, such productivity increases must be derived from small-

scale farm systems and under relatively unfavorable agricultural conditions. 

Improving productivity requires an understanding of the factors that are 

constraining yields and this must be done through farm level data. 

The Micro Stage: 

Farm level constraints to the introduction of new technology have been measured 

in two ways, the Benchmark and the Gap approaches. In the Benchmark approach 

""t~~~j~iXo'~ i~"yields onfar~er~; fields with p';ese'ntc~(;p'pjng"sysieins' anct va

rieties is analyzed in order to identify factors limiting yields 15/. The 

Gap approach attempts to explain the difference in the yields under the new 

technology between the experiment station and farmers' fields. This technique 

has been utilized in the Philippines in regions where the new rice varieties 

of IRRI have been disseminated 16/, but can also be undertaken with farm 

14/ It might be argued that area expansion is a possibly cheaper and more 
equitable means of expanding cassava production. The potential for on
farm area expansion is probably limited. Cassava is basically a small 
farm crop which implies that labor constraints at critical periods, farm 
diversification, and in some instances limited cultivable area are li
miting factors to cassava area expansiono New land development for cas
saya, on the other hand, is restricted by cassava's high perishability, 
high transport price, and the long distances from urban centers. Produc
tivity increases appear to be a more efficient means of maintaining per 
capita consumption levels. 

This technique is expected to 
yielding varieties unless the 
to the specific constraint. 

~/ R.W. Herdt and T.H. Wickham. 

understate the yield losses of ne~;, higher 
new variety were more resistant or tolerant 
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-level experiments17/. At the time of CIATls farm level survey in Colombia 

neither new varieties for release nor a clearly identified "intermediate 

technology" 18/ were available in the Bean and Cassava Programs. Hence, it 

was necessary in the initial phases of technology design to use the Bench-

mark approach. 

Farm level surveying of productivity constraints in beans and cassava was 

~ndertaken in 1973-1975 with teams of agronomist trained by their respective 

programs to recognize and measure disease, insect, and weed incidence, to 
• j • " 

take soil tests, and to measure all inputs and yields. 

BEANS 

One hundred and seventy-seven farm interviews were made in the principal 

" . --

zones of Colombian bean production. Colombian bean production can be divided 

into two principal systems (Table 4). There is a large farm, single cropping, 

high input use system for export production (black beans) in the Valle. In 

the other three regions farms are smaller, there is less use of input and 

more use of multiple cropping, and production is for domestic consumption (red 

beans). There is surprizingly little difference in bean yield equivalents between 

the two systems in spite of the greater specialization and higher input use inf 

the valle111. 

]]j For an example of the use of farm level experiments see 
Research Institute, Constraints to High Yields on Asian 
Interim Report, Los Baños, Philippines, 1977. 

International Rice 
Rice Farms, An 

18/ See footnote 7 for a description of "intermediate technology". 

Elsewhere the single cropping and multiple cropping systems were compared. 
One explanation for a multiple cropping system or at least for diversification 
is as a risk avoidance mechanism. Large farmers due to greater wealth can take 
more risks. They utilize more inputs and specialize. See Camilo Alvarez P., 
"Análisis Económico ... " for a description of the two systems. 
The risk avaidance hYDothesis was tested with two years of experimental data 
fram CIAT from 20 experiments. It was found that at the Colombian prices 
single cropped beans were more profitable and riskier than the beans-corn 
erop eombination. See C. A. Francis and J~ Sanders. 
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Table 4. Characteristics of Bean Producers in the Four Colombian Regions Studied, 1974-75. 

Mean Farm R E G I O N S 

Characteristics Valle lIu i1 a Nariño Antioquia 

Total area l (has) 91.7 29.5 9.2 4.4 
erop area (has) 40.5 6.8 3.1 1.7 
Bean area (has) 22.6 4.1 1.8 1.5 
Systems of Bean single cropped 30% single bean/corn 54% beans/corn 
Production2 

lLevet a./tea41 [beanS/corn/Potatoes 
70% beans/corn 46% beans/corn/arracacha 
(Siop,ütg taltdl others 

Type of bean Black-Bush Red-Bush Red- Bus1: Red-Climhing 

Yields for 
single croppetl 906 805 
beans (kg/ha) 

Yields of bean 
834 732 723 5 

equivalent (kg/ha) 3 • 
2754 6 

2 
This is the total area available to the farmar. 
With more than one system of beans, percentages refer to 'the number of farmers in 

l 

~ 

5 

6 

each category. 
Bean equivalents are ealeulated by utilizing prices of other commodities relative 
to beans as follows: 

Yield(beans) + Priee (corn_)_Yield(maize) = Yield(bean equiv.) 
Priee (bean) 

The bean erop in the Valle regíon ean be grown in 3.5 months and followed by another 
erop. 
Refers to the first intereropping combination of beans/maíze. 
Refers to the second intereropping combination of beans/maize/potatoes, beans/maize/ 
"arraeaeha" and others. 

Source: CIAT, Annual Rapart 1976, Ca1i. Coldmbia, p.A-74. 
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Table 5. The Estirnated Value of the Production Losses frorn the 

Principal Diseases and Insects in Colombia, 1974-75. 

Diseases 

Rust 

Angular Leaf Spot 

Virus (Cornrnon Bean Mosaica) 

Anthracnose 

Powdery Mildew 

Root Rot 

Ernpoasca 

Thrips 

Estirnated Value of Production Loss in 

Valle 

1,171 

552 

749 

Huila and Nariño 

(1,000 dollars) 

222 

400 

282 

250 

207 

537 

510 

a/This wai not a positive identification as there are sorne subtle 
- differences between the types of viruses, which the interview

ing agronornists were unable to differentiate. 

Source: N.R. de Londoño, et.al DO. 17, 18. 
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The constraints limiting bean yields intthe types of systems were evaluated 

utilizing production function analysis (Figures 7 and 8). Assuming that 

the samples were representative of the regions the economic losses associated 

with the disease and insect pests in one production season in these regions 

~ere substantial (Table 5). There are a series of disease and insect pests 

attacking beans with differences between the two regions. 20 There appears 

to be a very high payoff of obtaining resistance to any one or a combination 

of the aboye constraints. 21 ,.. o-
, "",*""'Y'~'Jw.y .... ,)o." •• ", .. ,,,,"~'''''''' ~ i>~ ,. 

,",..".1' r ,"., '~'''.'''.,,'¡'',,", * .... , •• n .. t\.4 .. ',¡."', .... .>j.,.,,~~~ .. ¡y.~ 
, ~ .... !I'M.r't' .... ,<+.J,,f,~ ... ,.>-) .. ¡ .. , ..... ~. } 

,- ·_· ... -"'App;:'Q;r;;tely, 95 percent of the beans produced were so ld with hemE: consump-

tion less than ene percent of production 22 With the high bean prices in 

Colombia and the risk from storage insects the farmer did not obtain the 

nutritional benefits of increase bean consumption. 

CASSAVA 

Three hundred cassava producers in five different regions in Colombia were 

interviewed. Two regions (zones 1 and 111) were mountain areas but where 

cassava was produced below 1500 meters. The other regions were a high, rol1-

ing valley region within the Andean range where coffee predominated (zone lI), 

a coastal area (zone V), and a "new land" expansion area in tre eastern jungle 

and savanna region (zone IV) (see Figure A-3 in the Appendiz). The sample incor-
----_._-------
20/ Since these results are time and location specific, this type of snapshot 

of yield constraints would be much more useful if H could be obtained 
for a series of regions over a longer time periodo However, these field 
surverys are expensive. Each of the 177 farms was interviewed three or 
four times by agronomist trained to identify the insect, disease and 
weed problems of beans. 

flI Norha Ruiz de Londoño, et ~. 

221 Camilo Alvarez P., "Análisis Económico ... " p. 14 . 

... '~ ; 7 e ___ _ 
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porated the diversity in agro-climatfc conditions which prevails in Colombian 

cassava production23 . 

The study found that cassava production was based upon a minimum of purchased 

inputs and relied principally upon farmer-owned resources. Purchased inputs 

(insecticides, fertilizers, purchased seed material, herbicides, fungicides 

and tractor rental) accounted for only 8 percent of the total variable costs, 

with family labor being costed at the prevailing wage rate (see Table 6). 

There were no clearly distinguishable categories of production systems, as 

''''-waS1:ñe''case'''''ftoean's';''~The''hnly' l:liS ti ntti on'úsefLil 'i'n"'thi s'éóntext-;-S' be~' '''''' .. , ." 

tween zones 1, III and V which were predominately small-scale producing areas 

and zones II and IV which were predominately medium-to-large scale producing 

areas. The small-scale producers on the average had a higher per hectare labor 

utilization but operated at a lower cost level than large-scale producers. 

Multiple cropping with cassava tended to be more important in the small-

farm areas although even in these areas monocropping predominated. However, 

the differences in input utilization and management systems between small 

and large farm areas were not large enough to account for the difference in 

yields that occurred. 

The sample survey confirmed the low productivity of cassava production in 

Colombia. Average yield levels were 6.2 toos per hectare (fresh weight) as 

compared with consistent yield of over 25 tons per hectare of CIAT selections 

in the Colombian regional trials. 24 The variation arounl:l this mean was large, 

a standard deviation of 6.5 tons., which reflected principally the yield 

differences between producing regions (see Table 8). As differences in input 

utilizatien were not significant, other productivity censtraints appeared te 

231 Zones 1 and 111 accounted for 46 percent of total cultivated cassava area 

• 

in Colombia; zone 11, 8 percent; zone IV, 13 percent; and zene V, 33 percent. 

241 CIAT, Annua 1 Report 1976, p. B-51. 
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Table 6. Charaeteristies of Cassava Produetion 
1973-75 

Syste~s 

i , 
Zones: , 

c.· Unit 
I II III I;V 

l 
¡ 

• Farm Size Ha. 6.1 39. 1 11. 1 51.4 
Utilizable Land lIa. 4. 1 38.1 5.4 4 S:. 9 

Area in Crops lIa. 3.4 24.7 3.4 11:. 6 

Area in Yuca Ha. 2 • 8 6.9 2.0 9;. 5 
· Area in Pasture Ha. .7 13.4 2.0 3{.3 

Total Labor 
~lan - da ys/lla . 10S.4 81. 2 82. 1 65;.4 

Utilization 
{ 

Pereent of Farmers , 

Using "leehanized ~ O 76.6 3.4 76:.4 
, ' Land Preparation ¡ 

¡ 
Variable Cost Col.Pesos/Ha. 3068 5019 3954 40r 6 

¡, 
Purehased Inputs • 

as a Pereent of % 10 12 4 ! 8 
Variable Cost 1 , 

~ , 

in ColoMbia, 

Average 
v 

18. 3 26.9 

15. 2 21. 9 

7.0 10.4 

4. O S . 1 

8.2 11. 5 

90.8 85.2 

54:5 41.3 

3543 3968 

5 8 

Souree: Caleulated from R.O. Diaz y P. Pinstrup-!\ndersen p. B-12 (see Figur:e 
A-3 for,a map of these Colombian Production zones). 

¡ 
t 

! 
í , 
\ . 
" 

l 
, 

} 
¡, 
, 

1 
" 
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be responsible for the yield variation. 

Table 8. Yields of Cassava by Colombian Zones, 1973-1975 (see Figure A-3 in 
the Appendi x l. 

Average 

Zone 1 4.4 

lone II 12.6 

lone III 3.0 

lone IV 6.2 

lone V 3.7 

A\'erage 6.2 

Source: R.O. Díaz and P. Pinstrup-Andersen, p. 1-2. 

Standard 
Deviation 

3.3 

9.8 

2.6 

3.8 

2.8 

6.5 

Estimating a detailed production function, the factors limiting yields of 

cassava were del i neated. The "re levant constrai nts 11 were scd 1 factors and 

diseases (see Tab1e 9). Purchased inputs, p1ant popu1ation, and weed control 

I~ere not significant, which would indicate that yield limiting factors were 

not due to differences in management and farming systems. Rather, inter

regional differences in soi1 and climate, which were in turn associated with 

favorable environments for different pathogens, appeared to be more important 
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than variation in input use. 25 

Where the principle cassava diseases were found, tnere was a large reduction 

in yield, but none of these diseases were very widespread. Control of either 

Superelongation or Phoma Leaf Spot would result in an increase of almost 3.5 

tons per hectare on affected farms. Control of Cassava Bacterial Blight would 

have added a further 0.75 tons to yields on affected farms. However, none of 

these diseases affected more than five percent of the cassava area. Thus, 

based on this single periQd sample, 'control °ot' these"diseas'es w6uld intrease 

average yields in the country by no more than 5 percent or 0.3 tons per 

hectare (see Figure 9). On1y for individual farmers in areas where these 

diseases were prevalent would disease control have had a large impact on 

yield. Though not a major constraint on yields, pathogens did have the po

tentia1 of becoming a serious constraint, especially with the introd~ction 

of new varieties. 

Intercropping a150 resulted in a yield reduction of 1.8 tons per hectare. 

As 31 percent of the cassava area was grown in association with other crops, 

switching to monoculture added on1y 0.6 tons to national yield levels. More-

over, profitability and labor constraint considerations enter into whether 

such a recommendation should be made. If cassava and maize (the major form 

---'---------
Experimental trials at CIAT have shown that cultural practices such as 
plant population, weed control, and use of ferti1izer do ha ve a signi
ficant impact on yield. These findings would not contradict the conclu
sions here as variation in cultural practices wou1d be expected to have 
an impact on yield levels of the high yielding varieties used at CIAT. 
Moreover, within this farm sample there was a relatively small variation 
in cultural practices. This would imply that cultural practices may 
~ecome ~ m~ch more important factor with the release of new high yie1d-
1ng varletles and that there is a potential impact with these intermediate 
technologies using regional varieties. See CIAT, "Cassava Production ... " 
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Table 9. Yield Losses in Cassava for the Different t 
Colombia,n 

Average Percent of Factors Losses 1 Area 
(Ton/ha. ) Affected 

Superelongation 3.45 4 

Leaf Spot 3.41 4 

Lack 6f 
Phosphorus 2.21 63 

P1anting system 1.89 31 in Association 
SoH ACidity 1. 74 58 

Leaf Cutter Ants 1.20 2 

Bacteria1 B1ight 0.75 5 

TOTAL 

Soi1 Texture 1. 46 75 

Excess Rainfa11 0.77 48 

i 
f 
1 

Per Rectare: 
Losses , . , 

,~ 

Ton/ha. %21 , 
: -
--

0.13 2 • .j 
0.13 2.i 

~. 

1.39 13.2. 

0.59 8.6 

1.01 13.9: 

0.02 0.4: 

0.04 0.6; 
f 
~ 

3.31 34.8: , 
i 

1.09 14.91 -, 
0.37 5. 6~ 

! , 

Regions t 1973-1975. 

Estimate of 
Total Losses 

Tons a 

(milIion) 

22.77 

22.44 

229.84 

97.02 

166.65 

3.96 

6.27 

54 B. 95 

180.67 

61.05 

Value (05$)' 
(milIion) 

1.40 

1. 38 

14.15 

5.97 

10.26 

0.24 

0.38 

33.78 

11.13 

3.76 

1/ Average losses for farmers with the prob1em. j 
~/ This percentage was based upon the average yie1d plus 10sses due to the particular 
- factor. The average yie1d for Colombia in this year was 6.2 tons/ha. 
3/ This estimate was based upon the 165,000 hectares of cassava p1anted in Colombia in 
- 1974. 
~/ This estimate was based upon an exchange rate of Co1.$25/do11ar. 

Source: R.O. ·Diaz and P. Pinstrup-Andersen p. J-5. 
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bf crop association) intercrop yields are expressed in terms of cassava 

equiva1ents, differences in yields between monaculture and intercropping 

were insignificant26 

As Figure 8 i11ustrates, differences in soi1 factars accounted for much of 

the difference between current average yie1ds and potential yields based upon 

current varieties and systems of production. High soil acidity, low levels 

of phosphorous, and heavy soil texture al1 contributed to 10wer yields. 27 From 

60 to 70 percent of the cassava in the sample was grown under these conditions. 

The principal area where these poor soi1 conditions were not found was in zone 

JI, the zone with the highest yields. 28 

Most cassava was thus grown on either highly acidic or 10w fertility status 

soils or both. Cassava does perform relatively well compared to most other 

crops under such adverse soi1 conditions. Since cassava is grown primari1y • 

on soils unsuitable for other crops, the crop appears to have a comparative 

advantage under such unfavorable agricultural conditions. 

Removing all the factors that constrain productivity raises yields to only 

11 tons/hectare, wel1 below the 25 ton average of initial selections in 

ClAT's regional trials. The principal constraint on increasing productivity 

in cassava production appeared to be the genetic yielding ability of current-

ly employed varieties. Moreover, cassava was grown under relatively poor 

26/ Camilo Alvarez P., "Análisis Comparativo ... " pp. L-1-24. 

27/ In the regression all three factors entered as dummy variables. Phospho
rus was stratified aboye and below 15ppm, soi1 acidity aboye and be10w 
a soil pH of 5.0, and soil texture between the predominance of light or 
heavy texture so;ls. 

281 A dummy variable was put in the regression equation for zone 11. As 
expected the coefficient was significantly different from zera. 
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agro-climatic conditions, especially acid, infertile soils. The program, 

therefore. faced a difficult choice in developing hígh yielding varieites: 

either selecting varieties for high genetic yield potential under very good agro

climatic conditions, thereby potentially tying yields to favorable production 

conditions or to fertilizer utilízation, or selecting varieties for specific 

tolerances to unfavorable agricultural conditions. 

In this case the probabílity of adoption of a high input technology had to 

'be weighedin research "design, especíally any technical packagethat neces-

sarily re 1 i ed on hi gh fertil izer inputs. Di sease and el imati e factors make 

ferti 1 i zer use a ri sky i nves tment and, as we 11, cassava product i on areas were 

in general smal1-farm areas where capital constraints playa large role in 
. 29 

adoptlon. A minimum input breeding and selection strategy was therefore 

chosen. However, there was no empírical base for making a decision about the 

environmental conditions for selection, which thus had to be left to the cri-

tical inferences of the scientists. 

The Cri ti ca 1 Inferencé Stage 

The available Macro and Micro data indicate sorne general directions in both 

~rograms but still leave gaps in the definition of the "relevant constraints". 

These gaps have to be bridged by inferences about Latin American production 

of these two commodities. These inferences come frorn members of the team 

29/ Only 20 percent of the farmers in the sample used ferti1izer. Fertilizer 
utilization was at low dosage levels and was encountered primarily in the 
larger farm areas of zone 11, where c1imatic conditions were as well both 
favorable and stab1e, and to a lesser extent among the farmers in zone IV. 
When there is adequate land for rotation or resettlement, high fertilizer 
prices, and an unknown response to fertilizer, it is not surprizing that 
most farmers do not utilize fertilizer. Sorne mining of the available 
nutrients would be expected, thereby requiring shifting land use. This 

• 

was collaborated by the sample as only 15 percent of the farmers planted 
cassava on land that had py'eviously been in this crop and 55 percent of the " 
farmers planted cassava on land that had formerly been in pasture. 
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andotherswith experience in Latín America. Obviously. it is important to 

verify or reject these inferences with the collection of better field data 

in the future. 

Finally, the definitíon of a "relevant constraínt" ís not sufficient for it 

to be included in research designo The other necessary component is the 

subjective decision of the breeder that the desired characteristics to over-

come. the "relevant constraint" can be successfully incorporated into the 

''''-'''''''''''';;'~t;;i'~ 1'."··"'F~~"e·;~mplf=';' '{ t 'j s 'ñot"poss i 61 ¡no·'breéd>(ór "YertrC'á l' 'res í Stante 

to a given disease íf none of the germplasm col1ection shows resistance. 30 

Moreover, as the number of "relevant constraints" increases, the length of 

the breeding process is extended and the probability of success declines. 

Efficiency questions about the breeding process often arise and priorities 

must be seto Again the breeder must make the relevant judgement between number 

of characteristícs sought and probabilíty of success. 

BEANS 

The inferences for Latín America are the following: 

A. Sean color preferences are very different between countríes and fairly 

ri gi d. 

B. Bean production is predominantly encountered on small farms. ExcEptions 

to this are bean productíon in Chile and Argentina (3.6 percent of Latín 

30/ This potential gap between definition and incorporation of "relevant 
constraints" in the breeding process becomes especial1y crucial when 
breeding for disease and pest resistance. It is quite likely that the 
broad objectives of a breeding pro'gram at international centers - that ís, 
biological efficiency in plant type, wide adaptabílity, and stab1e. mul
ti-resistance- are inconsistent with one another because of differences 
in breeding methodologíes necessary to achieve any one objectice. 
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American bean production) and on the Peruvian Coast. Occasionally with 

high export or domestic prices larger producers have temporarily moved 

into bean production. This occurred in the Valle of Colombia in thE 

sixties'and early seventies 31 • 

C. The small bean producers use few inputs but they locate on the more 

fertile soi1s. These farms are often on slopes with substantial inclines 

'"' ....... , ... ,.,.w~~.,6ú1·'beá.n'·proétu·cers.,¡¡void Hié'rowl áríd; 'frÓpic'¡ilsbil s~~"'_'_'M"'"''''''"''' '". " 

D. Most bean production is either in associated or relay cropping with corno 

In the former system there is potentially direct competition for light 

and nutrients as the crops are p1anted at approximately the same time. 

At the low input levels customarily utilized the competition is resolved 

by very wide spacing. In the relay system the beans are planted along

side the mature corn to utilize the stalk for support. There is little 

competition in this system. 

E. Beans can be divided into four ideotypes32 : 

al A short season bush bean to fit into a rotation with irrigation or 

to take advantage of a short rainfall periodo 

b) A long season bush bean. This is a high yielding type suitable for 

large scale, mechanized production but sensitive to rainfall variation. 

e) A prostrate bean with more resistance to rainfall stress. This is 

• 

very useful when water control is not available and rainfall is variable. 

31/ N.R. de Londoño et al, pp. 4,5. 

32/ This extremely useful 
of CIAT Sean Program, 
pp. A-67, 68. 

division ~las made by Douglas Laing, Physiologist 
For further detai 1 see, CIAT, Annua 1 Report 1976. 
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d) A c1imbing bean. The long growing season enables high yields to be 

achieved. This type is predominantly encountered on smal1 farros at 

higher altitudes. 

F. The major disease prob1ems in Latin America are Cornmon Bean Mosaie, Com

mon Bacteria1 Blight, Rust and Anthracnose. The major insect pests are 

Empoasca,33 and storage insects (Bruchids) (see Tables A-l3 and A-14). 

The crucial operating decisions of the Bean Program were that beans of 

'~._h·"'_···many·, co 1 ors. and pl ant·.·types. ·wou 1 d be· sought. " .. ~Second 1y ,·,h i gh ,.1 nput, packages 

wou1d not be relevant unless beans were able to move into the better soi1 

areas of Latín America where large farmers predominated. $ince beans had 

not been able to capture these areas previously and hígh value export crops 

with a long tradition of research and developed infrastructure for marketing 

would ha ve to be displaced, the potential for beans to enter these areas on 

anythíng more than a short term basis was considered to be a "long shot". 

Hence, a diversification strategy was necessary to hedge against the pos

sibility that a new Type B variety would not be sufficiently profitable to 

break into the prime agricultural areas or to stay in these areas when high 

prices declined. 

Given the riskiness of bean production and the prevalence and seriousness of 

a series of diseases and one insect, the principal objective of the research 

strategy would be to achieve resistance to a multiplicity of diseases in beans 

• 

33/ These inferences in F. were based upon the identifieation by the scientists 
working in bean production in Latin America of the diseases and insects in 
their respective countries (see Table A-13 and A-14). After this survey 
was taken Golden Mosaic became an important problem in the principal 
bean production regions of Brazil and Central America. 
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óf various colors and ideotypes. Both vertical and horizontal resistances 
34 were sought depending upont the particular pest The use of some vertical 

resistances in beans can be justified for the following reasons: 

l. the discontinuous nature of bean production and the multiplicity of ideo

types shou1d provide sufficient epidemic control s~ould a particular 

vertical resistance break down, and 

2. there are a number of methodological problems with beans in breeding for 

The first point stresses the fact that the spread of bean diseases is 1i-

mited because beans in Latin America, unlike graios, are produced in widely 

separated pockets. Also, it is unlikely that any one bean variety will 

become widely distributed due to preferences for different colors and ideo

types. Thus, any breakdown of vertical resistance will tend to be localized 

and thus more easi1y managed with less economic stress. Secondly, saurces 

resistance to many different species of diseases are available in beans. 

Even if a vertical resistance breaks down, the benefits of a few years of 

successful protection are often much greater than the costs of the reslstance 

breeding. In one season in only the Valle area resistance to Rust would 

have increased the value of bean production by ayer one million dollars. 

Vertical resistance may be necessary for those diseases, such a~ Common 

Mosaic, Anthra~nose, Bacterial Blight, and Angular Leaf Spot, which are 

seed transmitted. 

34/ In Rust and E~poasca tolerance or multi-gene resistance is presently 
being sought simultaneously with vertical resistance to Rust. For a 
discussion of the characteristics and trade-offs between vertical and 
horizontal resistances see R.A. Rabinson, "Th e Pathosystem .•. ". 
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CASSAVA 

The inferences for cassava in Latin America are the following: 

A. No sustained research on genetic improvement of cassava had been under

taken in latín America. Moreover. the diversity of the germplasm col

lection suggested that there was substantial scope for increasing yield

ing ability through genetic means. The primary priority of the breeding 

program was to deveJop widely adapted. high yielding varieties. 

B. Improving the efficiency. and thus the yield. of the plant by selection 

for harvest index (the ratio of root weight to total plant weight) became 

the major breeding objective. However, since this selection process 

reduced "excess" leaf formation and thus the tolerance of the plant to 

pathogen attack, disease (Cassava Bacterial Blight and Superlongation) 

and pest (thrips and mites) resistance became the second breeding priority. 

C. The breeding methodology relied on stringent parent selection. controlled 

crosses, and one primary selection for genetic yielding ability under 

good agricultural conditions and a second selection in a high-pressure 

disease environment. The basis for genetic improvement with each cycle 

is principally proper selection of parent with desired characteristics 

and for disease resistance. selection under high pathogen pressure. 

D. The principal target areas are the more unfavorable agricultural produc

tion zones. The principal target group is small-scale farmers. New 

technology thus was based on a mínimal level of purchased inputs and pro

mising varieties required evaluation under the range of typical production 

conditions. Thus, the regional and international yield trials were cru-

cial to identification of high-yielding widely adapted varieties. 
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E. The fresh human consumption market is considered to be the primary source 

of demand and as such consumer characteristics are quite rigid. Post-

harvest durability is a key factor influencing quality and therefore retail 

price. Other characteristics are HCN content, root size, and starch 

and fiber contento Al1, except root size to a limited extend, are genetic 

characteristics. 

F. Given the genetic yield potentia1 of cassava, the possibility existed of 

. 'flooding urban marketsforfresh cassava and causing prices to drop pre

cipitous1y. Expansion of alternative markets appeared to be necessary 

requiring simu1taneous deve10pment of processing and utilization techno-

logy. 

P1ant characteristics necessary for higher yielding ability under conditions 

of poor soi1s and climate and few inputs were perceived to be the principal 

"relevant constraints". Cassava was expected to ha ve a reasonab1y high 

level af horizontal resistance to the majar diseases and pests, thereby allow

ing the primay focus of the breeding program to be put on yielding ability35. 

The selection and breeding strategy for cassava is thus lito prOduce hundreds, 

or thousands, if passible, of recombinations which yield more than 50t/ha 

at CIAT from as many diverse parents as possible and to evaluate these hybrids 

35/ See R. A. Robi nson, "The Pathosystem ... ", pp. 16-17. The reason for the 
highlevel of horizontal resistance in cassava is due to the fact that 
vertical resistance did not have a chance to evolve in cassava; rather, 
natural se1ection had to be based solely upon horizontal resistance. 
Because cassava 1s vegetatively propagated (a clonel and is not season 
bound, there is both spatia1 and sequential continuity of identical 
host tissue. ff resistance were vertical and broke down there would 
have been no evolutionary survival value, thus the necessity for horizontal 
resistance in its evolution. This factor provides support for the usual 
generalization that cassava is highly resistant to diseases and pests, 
though as CIAT trials have shown this may not be so fer any ene particular 
cultivar against al1 pathogens. This result would be expected to be due 

• 

to differences in the pathosystems in which the different varieties evolved. 
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under great environmental diversity, and at the same time, incorporating as 

much disease and pest resistance as possible in the whole population"36 

This strategy thereby selects for high genetic yielding ability and is de

signed to select for yield stability and wide adaptability by evaluation over 

varied environmental conditions. 

Research on low cost cultural practices including plant density, planting 

technique, disease, insect, and weed control, and fertility maintenance has 

'alsó been stressed. All of these focus tm thequick 'release of newtechnolo

gy packages that combined with the high yielding cultivar will be adaptable 

to a wide range of tropical conditions. The hybrids tested and selected under 

the diverse conditions of the regional trials will then be used in the second 

phase of the breeding program to incorporate disease resistances as well as 

characteristics important in final demand, especially high starch, low HCN 

content and post-harvest durability. Breeding for cassava characteristics 

that correspond to market preferences thereby becomes an important component 

of the research strategy. Post-harvest technology development as well be comes 

essential in order to ensure that increased yields and production are not 

• 

corstrained by a large price decline due to limited fresh market demand potential. 

CONCLUSIONS 

Information processing is a continual process in International Center Pro

grams. The principal focus is to achieve a more solíd empírical s~pport 

(or rejection} of the critical inferences. First, these are made explicit 

as in this paper and then evaluated with more systematic data collection. 

36/ CIAT, Annual Report 1976, p. B-40 
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Since cassava is a simpler commodity than beans due to fewer ideotypes and 

fewer differences in taste preferences, fewer inferences were necessary. 

Beans require much more data collection to evaluate the relative importance 

of disease and insect pests, ideotypes, and tastes. Cassava will undoubtedly 

require more research on demand, marketing, and processing whereas none of 

these appears to be particularly pressing for beans. Moreover, identificationofthe 

major agro-climatic conditions under which cassava is produced and the eva-

1 uati on of hybri ds under these conditi ons appears .to, be essenti aL 

In the commodity programs there is a natural evolution to farm level data 

collect;on utilizing the Gap approach so that the programs can test the re

levance of experiment-station-generated practices and new varieties (segre

gants or cultivars) under farm level conditions. 

In the evolution of crop technologies there has been two highly emotional 

discussions. The first is over the income distribution consequences of the 

new technologies. The data in this paper indicate that both commodities 

are essentially produced by small farmers primarily outside of the prime 

agricultural areas of Latin America, Except for temporary circumstances of 

high prices the authors consider that these two commodities even with im-

proved varieties will not break into the prime agricultural areas. There 

are just too ma~y' other more profitable commodities in these areas with long 

traditionsof research and a developed marketing infrastructure37 . Research 

• 

37/ Another possible region for the expansion of cassava production is the un
explaited frontier areas, sueh as the Llanos in Colombia and the Mato Grosso 
region in Braz;l. There are many faetors which will ínfluence the movement 
of cassava into these areas, one of the prícipal ones being government po
liey. The recent establishment of large cassava areas in Mato Grosso by 
PETROBRAS (The nationa1 petroleum company) ís a case in point. There the 
government has consciously selected large scale cassava production schemes, 
thereby giving little weight to the income distribution consequences. Tech
no109Y design in this case cannot overcome the affect of government interven
tion in the choice of scale of production but on the other hand, neither shou1d 
technology design be based on parameters set by government policy where they 
contradiet those set by economic forees. 
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design for these two commodities therefore must reflect two objectives: increased 

productivity and maximizing technology adoption in the target area . 

The second emotional issue is oyer the choice of breeding strategy, principal

ly because it involyes the interplay of so many disciplines. Nevertheless, a 

breeding strategy for varietal development at international centers needs to 

addres s three ma in concern s : 

l. What particular emphasis will give the largest increase in expected yield 
y ~." - .. 

levels, 

2. What are the assumed input levels under which crosses are selected. and 

3. Are the risks of pathogen epidemics upon release of new varieties suf

ficiently minimized? 

The first issue usually involves a debate over yield YS. resistance breeding. 

The second issue is linked to the income distribution debate but essentially 

argues the efficiency question in terms of maximizing yields (under limited 

conditions) vs. maximizing adoption. The third issue has in the past not 

been so fiercely debated, but ranks as an emerging debate in the future, as 

the wide distribution of the new high yielding varieties reduce the variability 

of the genetic base and thereby increase disease pressure. This debate will 

probably be focused around horizontal vs. vertical resistance breeding stra

tegies. 

The debate ayer yield vs. resistance breeding in beans and cassava is well 

defined. Clearly. the two commodities are very different. Beans are an 

extremely risky crop subject to a series of disease and insect pests and very 

sensitive to water shortages in critical periods. Moreover, the seriousness 

of the bE'an diseases is aggravated over time by the seed transmission af the 

• 
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most important diseases. Hence, it appears of primary importance to reduce 

the yield variance of beans. Cassava yields do not show as rnuch between 

year variation, there appear to be fewer insect and disease pests, and there 

is sorne tOlerance of those pests in the existent cultivars. In cassava it 

is rnuch easier to justify a principal emphasis on those plant characteristics 

leading to higher yiélds. 

Where resistance strategy is chosen, the question of the stability of the 

r~sistance needs some consideration. Beans are a 'short ~éa~on crop with' a . 

variety of colors and ideotypes, and scattered in widely distributed pockets 

of production throughout Latin America. It is doubtful that the problem of 

genetic uniforrnity will apply to beans. The optimum strategy for beans 

appear to be an integrated plant protection package designed around bClth 

sources of resistance. Simultaneously, physiology and breeding are collabo

rating to identify the,se plant characteristics which can be selected for in 

arder to increase yields. 

• 

With the development of efficient high-yielding varieties, the cassava pro

gram must focus more of its attention on disease resistance. With the develop-

ment of biologically efficient plant types, there is a tendency for plant 

tolerance to decline 38 . Moreover, cassava is a long season crop, making 

pesticides impractical. Pathogen control though cultural practices in most 

38/ The development of a biologically efficient plant attempts to achieve 
a balance between leaf and root production. In many varieties there is 
excess leaf production, which reduces potential root production. However. 
this excess leaf production provides the predominant tolerance mechanism. 
That is. these varieties can sustain severe leaf attacks with little de
cline in yield. See J.H. Cod. 
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cases requires maximal diffusion to be affective. Thus, resistance is usual-

1y the only practica1 solution. Furthermore, beíng a clone cassava ís prone 

to the hazards of genetic uníformity. Thus, wíth the re1ease of the new hígh

yíeldíng varieties, yie1d variabilíty will undoubtably íncrease without resístances 

to the important pathogens. The breedíng program through choice of parents for 

crosses and through selection in a hígh-disease pressure site is responding to 

the prob1em. 

Wi th the deve 1 opment ofwi de 1y adapted, hi gh-yi el di ng. hybri ds that can reenter 

the breeding process, more emphasis can be put on disease resistance. Hypothe

sízed horizontal resistance, which substantially reduces heritability of re

sistance, a potentially broad spectrum of diseases that vary by envíronment, 

and the tendency for the genetic base of the breeding program to narrow, makes 

evaluatíon in a diverse network of regional trials essential. In the future 

high yielding lines may have to feed into a separate network of crossing and 

selectíon sites designed to ensure adequate pathogen resistances. 

In summary, different relevant constraints and different crop characteristics 

point to different strategies for cassava and beans while nevertheless producing 

the same output, a stable high yielding variety not dependent on high levels 

of purchased inputs. 
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Table A-l. Production of Dry Beans in Latin America, 1964-66 

to 1974-76~/ 

Country 

Braz;i.l 
MexÚ:o 
Argentina 
Guatemala 
Colombia 
Chile 
Honduras 
Nicaragua 
Haiti 
El Salvador 
Peru 
paraguay 
Venezuela 
Dominican Republic 
Ecuador 
Cuba 
Bolivia 
Costa Rica 
Panama 
Uruguay 
Puerto Rico 

Latin America 

Average 
(1964-66) 

Average 
(1974-76) 

-------- 1000 tons --------

2129.7 
917.3 

32.3 
44.0 
39.0 
87.6 
,50. O 
39.0 
40.6 
15.0 
46.3 
30.0 
43.0 
25.0 
28.0 
25.0 
14. O 
18.6 

6.0 
3.3 

• 2. O 

3635.4 

2117.0 
1046.7 
131.7 

77 • 7 
7S.0hl 
73.3 
53.7 
52.7 
44.0 
37.3 
35.7 
42,3 
37.3 
35.0 
28.3 
23.7el 20.7-
16.0 
4.0 
2 ocl 
2:0cl 

3956.1 

al These arithmetic averages are estímated on the basís of data 
from the USDA-ERS. For those for which the USDA-ERS does not 
have information (Argentina, Haití, Cuba, Uruguay 
and Puerto Rico) data from the rAO was used. 

~I These dáta were based on information from the Ministry of 
Agriculture (2), (3) and (4) below. 

el Average 1974/75 • 

Source: Translated from J. H, Sanders y C. A1varez P., "Tenden
cias de la Producci6n de Frijol en Amlrica Latina-II", 
mimeo, CIAT, Calí, Colombia, Julio 1977, p.2 
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Table A-2. P~oduction, Comrnerce and Consumption oí Le~umes~1 in 

Avvi.age 11963-65) 

Net Apparent 
Proouction +Imports Idornestic per capita. 

'l'otal~/ -Exports~ consump- conaump-
tion tiony 

----------- 1000 tons -------- - kgjyr.-
E ~poJt.teu : 

Argentina 85.0 -18.2 66.8 3.0 
Chile 106.0 -27.1 7S .9 9.5 
Mexico 975.7 -22.9 952.8 23.1 Honduras 48.7 -18.0 30.7 13.9 
Colombia 90.7 2.4 93.1 5.2 
Peru 103.7 1.8 105.5 9.3 
Bolivia 21.0 0.3 21.3 5.3 

lmpolttelt<l : 

Cuba 27.3 61.5 88.8 11.8 
Vene'Zuela 46.3 32.4 78.7 8.8 
Costa Rica 18.3 1.0 19.3 13.4 
Brazil 2123.0 7.9 2130.9 26.6 
D. Republic 47.3 5.4 52.7 14.8 
Panama 7.0 3.4 10.4 8.7 
Guatemala 43.0 2.3 45.3 10.1 
Uruguay 7.0 1.5 8.5 3.2 
Nicaragua 35.7 -2.0 33.7 21. 2 
El Salvador 14.3 15.2 29.5 10.3 Haití 43.3 0.5 43.8 10.6 Paraguay 45.0 -1.0 44.0 22.7 Ecuador

fl 65.3 0.1 65.4 13.3 Others- 18.7 23.2 41.9 5.2 

L"U. Amelt~c" 3972.3 69.7 4042.0 16.9 ._--------, 

li¡ 

11 
¡: I!. 

;11 , ,~ . " i 
1 
1 
¡ 

¡ 

': ¡ 

Latin ~erica. 

, 

'f 

i 
i 

, 
P~odJction 

Total~.1 

-----------
• 
¡ 

132.3 
97 .0 

1313.3 
51.4 

I 143.6íé' 
88.0 
29.3 
i , 
• 
J4.0 
41.0 
n.7 

23Ü .7 
64, O 
f4.7 
74.3 
}5.0 
4&.3 
37.3 
83.3 
52.0 
p.7 
16.0 

47b4.9 

Auelt4ge 11973-75) 
,.'. 

Net 
+Imports domestic 
-ExportsC/consump-

- tion 

1000 tons --------

-58.4 
-25.1 
-12.4 

-4.4 
-2.8 
-1.7 
-O.O!o1 

92.7 
30.0 
17.3 
17 .0 

4.0 
2.0 
3.0 
0.5 
3.6 
3.3 
O.O!o1 
0.0 
0.1 

21.9 

90.6 

73.9 
71.9 

1300.9 
46.9 

140.8 
86.3 
29.3 

116.7 
71, O 
31.0 

2349.7 
68. O 
6.7 

77.3 
5.5 

51.9 
40.6 
83.3 
52.0 
53.8 
37.9 

4795.5 

{lo 
;-tw . " ' 

'"tIll' 
illl 

Apparent 
per capita 
consurn~

tion>!. 

- kg/yr. 

2.9 
7.2 

22.4 
15. 1 
5.7 
5.7 
5.7 

12.8 
5.7 

16.0 
22.2 
14. O 

4.1 
13,4 
1.8 

23,7 
10. 1 
16.6 
20.7 
7,6 
4.0 

15.1 

t 
w 
1:> 
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Table A-2. Production, Commerce and Consumption of Lagumes~1 in Latin 'Amaric". 

AveJt"'!)1/. [1963 - 6 5) 

Net 
Production +Imports ,domes tic 

Total!::.! -Exports~ consump-
tion 

----- .. ----- --

----------- 1000 tona --------
EltpoJtte.Jt..\ : 

Argentina 85.0 -18.2 66.8 
Chile 106.0 -27.1 78.9 
Hexico 975.7 -22.9 952.8 
Honduras 48.7 -18.0 30.7 
Colombia 90.7 2.4 93.1 
Pe.ru 103.7 1.8 105.5 
Bolivia 21.0 0.3 21. 3 

ImpoJt~Vt4 : 

Cuba 27.3 61.5 88.8 
Venezuela 46.3 32 .4 78.7 
Costa Rica 18.3 1.0 19.3 
Brazil 2123.0 7.9 2130.9 
D. Rcpublic 47.3 5.4 52.7 
Pt"\nama 7.0 3.4 10.4 
Guatemala 43.0 2.3 45.3 
Uruguay 7.0 1.5 8.5 
Nicaragua 35.7 -2.0 33.7 
El Salvador 14.3 15.2 29.5 
Haiti 43.3 0.5 43.8 Paraguay 45.0 -1.0 44.0 
Ecuador!1 65.3 0.1 65.4 
Others- 18.7 23.2 41.9 

L ",Z'¿11 A"H'.J¡,'¿e a. 3972.3 69.7 4042.0 
. ----

App21rant 
par capita 

consump-
tion,y 

- kg/yr.-

3.0 
9.5 

23.1 
13.9 

5.2 
9.3 
5.3 

. 
11.S 
8.8 

13.4 
26.6 
14.8 
8.7 

10.1 
3.2 

21. 2 
10.3 
10.6 
22.7 
13.3 

5.2 

16.9 

Production 
Total:'/ 

132.3 
97.0 

1313.3 
51. 4 

143.6l!/ 
88.0 
29.3 

24.0 
41.0 
13.7 

2332.7 
'64. O 

4.7 
'74.3 
. 5. O 
,48. :> 
37.3 

'83.3 
52.0 
53.7 
16.0 

4704.9 

Ave~",ge (1973-75) 
,~ 

Net 
+Irnports domestic 
-ExportsC/consump-

- tion 

1000 tons --------

-58.4 73.9 
-25.1 71.9 
-12.4 1300.9 
-4.4 46.9 
-2.8 140.8 
-1.7 96.3 
-O. O~I 29.3 

92.7 116.7 
30.0 71 . O 
17.3 31.0 
17.0 23,19.7 

4.0 68.0 
2.0 6.7 
3.0 77.3 
0.5 5.5 
3.6 51.9 
3.3 40.6 
O. O~' 83.3 
0.0 52.0 
0.1 53.8 

21.9 37.9 

90.6 4795.5 

Apparent 
per capita 

consum¡:>
tionfl 

- kg!yr.-

2.9 
.7.2 
22.4 
1 5. 1 
5.7 
5.7 
5.7 

12.8 
5.7 

16.0 
22.2 
14.0 
4.1 

13.4 
1.8 

23.7 
1 O. 1 
16.6 
20.7 
7.6 
4.0 

15.1 

a: 
W 
1:) 



, 

Figure A-l. Area of Beans in Latin Amer!ca, 

(loaD Has 1 
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(The statistic in parentheses represents the average 
annual growth rate for 1965-1976), 

Source: J.H. Sanders y C. AIvarez P., op.cit., 
p.19. 
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Cont. Table A-2. 

al Contains all the legumes as define by FAO in the Table A-2 in 
"Production tendencies of beans in Latin America-I". 

bl Arithmetic average estimated on the basis of USDA-ERS (1), (2) 
and FAO (3). 

el Arithmetic average estimated on the basis of FAO (4). 

dI This statistic is estimated on the basis ofUSDA-ERS (1), (2) 
and FAO (3), (4) and (5) • 

el Arithmetic average estimated on the basis of USDA-ERS (1), (2) 
and FAO (3), and (5). 

fl Includes Guyana, Jamaica, Surinam, Trinidad and Tobago, Puerto 
Rico and other islands in the Caribbean not mentioned \.;rhich 

··_ ... '· ... ··produce"'and1or"fmpart· "legurnes . in' ·L·atih. "Americá;-~'~''''''''''''''''''''"'''''''' ,> 

fil It is estimated on the basis of the !1inistry of Agriculture (6), 
(7) and FAO (3). 

hl Less than 50 tons. 

Note: 

Source: 

In order to estimade (d), popu1ation data from USDA-ERS 
were used. When data were not available from USDA-ERS 
for sorne countries, data from FAO were used. The 
population average for Latín Ameriea in the two periods 
was: 

1963-1965 ; 239.156 (thousands) 
1973-1975 = 316,035 (thousands) 

J.H. Sanders and C. Alvarez P., op,cit., p.4 

'." ,,, 
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Tab1e A-3. Bean Area in Latin America, 1964-1966 

to 1974-1976~.I. 

Brazil 
Mexico 
Argentina 
Chile 
Guatemala 
Colombia 
Honduras 
Nicaragua 

El Salvador 
Peru 
Venezuela 
Ecuador 
Paraguay 
Dominican Republic 
Cuba 
Bolivia 
Costa Rica 
Panama 
Uruguay 
Puerto Rico 

Latin America 

Average 
(1964-66) 

Average 
(1974-76) 

----- 1000 has. ------

3243.0 
2149.3 

36.9 
62.3 
86.0 
72 .0 
74.0 
59.0 

27 .0 
58.3 
88.7 
64.7 
32. O 
38.3 
36.7 
9.0 

49.3 
19.0 
5.0 
4.0 

6:147.7 

4140.3 
1679.7 

129. O 
74.3 

103.0 
l04.3cl 

78,0-
71. 3 

52.7 
56.7 
83.0 
65.7 
59.0 
43.7 
35.0b l 
9.0~1 

35.7
bl 14.0-

4.01::/ 
4.01::/ 

6882,6 

al These arithmetic averages were estimated from 
TabIe A-7 of the "Bean Production Tendeneies 
in Latin Ameriea-I". 

bl Average, I97~/75. 

el This average vas ealcuIated en the basis 
data frem the Ministry of AgrieuIture in 
Colombia, (2), (3) and (4) eited below. 

of 

SeuI'ce: J.H. Sanders y C. AIvarez P., op.eit., p.22 

• 
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Table A-4. Per-Capita Production of Cassava (1973-75) and;Product:l.on (1,000 tons) for 

1 
Latin American Countries. 1963-1965 and 1973-1975. 

t 
. ... 

1973-75 1963-1965 ¡ 1973-1975 , 

Country Per-Capita Cassava % Total ~ Cassava % Total Product1on 
oi Cassava Production Production~ Production Production 

---kg.--- (1000 tons) ! (1000 tons) .. , 
Paraguaya 446.3 1320 4.8 

, 
1117 3.6 

Brazil e 245.4 23866 85.9 , 25986 84.3 · French Guyana a 69.0 6 O , 4 O , 
Ecuador c 56.8 215 0.8 396 1.3 
Co1ombia d 54.3 733 2.6 1353 4.4 
Bo1ivia s 45.2 143 0.5 233 0.8 :g 
Dominican Republic b 35.0 153 0.5 169 0.5 (.; 
Peru a 31. 6 461 1.7 .. 479 1.6 -'t::' 
Haití a 28.7 111 0.4 144 0.5 
Cuba a 25.2 180 0.6 234 0.8 
Panama a 24.7 19 0.1 40 0.1 
Venezuela a 24.5 318 1.1 301 1.0 
Guyana a 17.7 10 O ~ 14 O , 
Honduras a 14.2 24 0.1 , 44 0.1 , 
Argentina a 10.2 244 0.9 ¡ 261 0.8 
Jamaica e 9.4 9 O , 19 0.1 
Guadalup,,-, a 8.6 5 O 1 3 O 
!1artinique a 8.4 3 O 3 O , 
Nicaragua a 8.2 13 O 1 18 O 
Costa Rica a 5.2 10 O ~ 10 O 
Trinidad and Tobago a 5.2 4 O t 5 O 
Surinam a 4.9 2 O í 2 O , 
Barbados a 4.1 1 O • 1 O ¡ 
El Salvadora 3.7 9 O , 15 O , 
Puerto Rico a 1.7 6 O !; 5 O 
Guatemala a 1.2 5 O 

, 
7 O , 

· , 
TOTAL 126.4 27870 100 30863 100 

• 
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Cont. Tab1e A-4 

9/ 

FAO. Anuario de Producción, 1973, Vo1.27, Roma, 1974 
and PAú. Anuario de Producción, 1975, Vol.29, Roma, 1976 

Secretaría de Estado de Agricultura. Instituto Inter
americano de Ciencias Agd.colas. Diagn6stico del Nercadeo 
de Víveres en la República Dominicana. Documento No.13, 
Versión Preliminar - Marzo 1977 • 

Ministerio de Agricultura y Ganadería. Direcci6n de Pla
nificaci6n. Departamento de Estadísticas, undated 

nepartamento Administrativo Natural de Estadística, 
(DANE), Boletín Mensual de Estadística, No.276, Julio, 1974. 

el USDA-ERS. Indices of Agricultural Production for the 
Western Hemisphere, Excluding the United States and Cuba, 
1963 through 1972, Statistica1 Bulletin 264, Washington, 

--.... ,,' ''"''''D .. C;'~' ~May "197 3' and 'Indices 'oi 'Agricul'tural "Product:ibn4 "for' "," '. 
the Western Hemisphere. Excluding the United States and 
Cuba. 1966 through 1975, Statistica1 Bulletin 552, 
t"1ashington, D.C., May 1976. 

. ~, ' ' . 
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Table A-S. Cassava: Annual Production Growth Rate, Area 

and Yields from Latin American Countries, 

Country 

1963 -1975. 

Rate of 
Production 
Increase 

Barbados O 
Costa Rica -0.6 
Cuba 2.4 
Dorninican Repub1ic 1.4 
El Salvador 4.9 

Rate of 
Area 

Increase 

-3.3 
3.0 
2.6 
1.9 

Rate of 
Yie1d 

Increase 

2.7 
-0.5 
-1.2 

3.0 
"""'~~"~. »Guadalupe ~ ._,'; .. , '!'rh. ~¡", ". r,,~, -",~ h'- 2.9 """'" " ... , ,.,,~ .. '.",,':o::' "";J".~I"_~'_;"""'''''f.=' .'''' ..... ; ....... ,,,",.,,. '.~.y", ., 

Guatemala 3.1 
Haiti 2.8 
Honduras 6.0 
Jamaica 5.2 
Martinique O 
Nicaragua 3.1 
Panama 8.2 
Puerto Rico -2.4 
Trinidad and Tobago 2.6 
Argentina 0.7 
Bolivia 5.1 
Brazil 1.2 
Colombia 5.5 
Ecuador 7.5 
French Guyana -0.4 
Guyana 3.8 
paraguay -1.1 
Peru 0.4 
Surinam 1.1 
Venezuela -0.4 

TOTAL 1.3 

2.4 
1.3 
3.6 

-2.9 

2.4 
9.8 

-7.6 

0.1 
4.3 
2.1 
3.8 
5.2 

O 
O 

-0.7 
-2.1 

4.6 

2.1 

0.7 
1.5 
2.4 
8.1 

0.7 
-1.6 

5.2 

-0.2 
0.7 

-0.9 
1.6 
2.2 

-3.9 
3.8 

-0.4 
2.4 

-5.1 

-0.7 

Source: Derived from the same sources as in Table A_4 . 
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Table A-6. Departments Included in the Analysis, Number.of F~rmers, Heíght above Sea Level, 

Average Temperature, Area Under Observation ~nd Area of the 

Zone Departments 
Included 

I 

Ir 

IIr 

IV 

V 

Cauca 

Valle, 
Quindio 

Tolima 

Meta 

Atlantico 
Magdalena 

TOTAL 

PERCENTAGE 

Area 
(has. ) 

6.534 

6.529 

8.182 

11.167 

9.110 

41.522 

25 

Projected Cassava Production Regiqn 
·t. 

No. of 
Farrners 
in the 
sarnple 

61 

64 

59 

55 

44 

283 

Average 
height 
above 

sea level 

--(ml--

1230 

1200 

815 

370 

30 

Average 
Temp. 

(OC) 

22 

22 

26 

27 

30 

4 

;. 
'Pratected 
bepartrnents 

Nariño 

Area 
(has. ) 

4.178 

Risa~alda y Caldas 6.271 

Cund!namarca, Huila 
Antiaquia, Santan-
der, Santander Norte 57.603 

Amazona, Arauca, 
Caqueta, Putumayo, 
Vaupes, Vichadada, 
Guainia, Boyaca 

San ~ndres, Sucre, 
Guajira, Choco, 
Cardoba, Cesar, 
Bolivar 

i 

> 

10.404 

45.022 

123.478 

75 

Total area 
of the 
regian 

10.712 

12.800 

65.785 

21.571 

54.132 

165.000 

100 
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Table A-7. Technologies Characteristic of Two Systems of Bean 

Production, Valle and Huila-Nariño, 1974-75. 

They use: 
~; 

(Percentage of 
farmers) 

Insecticides 
Fungicides 
Improved Seeds 

Beans Alone 
(Valle) 

Beans in 
Association 

(Huila -Nariño) 

87 8 
100 3 

52 2 
_ ...... +",1· ,"/ ... '.Fertilizer ","" '",,~~., ,-,,',', , .~ ~"",.,' '" ;.' ,m , , , , •• 84 ., .. '" ...... ., .. '''''''''''''·~·· .. :·,~·,8 .... ""¡~"', •. , <,' '" -l'. ,1', 

Herbicides 

Irrigation 
Mechanized land preparation 

They receive: 

Credit 
Technical assistance 

Labor used: 

(Man-days/ha/harvest) 

Type of labor used: 

Own (% total labor) 
Contracted (% total labor) 

Average yields: 

Beans (kg/haJ 
Maize (kg/ha) 
Bean equivalent (kg/ha)~/ 

• 

32 O 

25 
100 

87 
70 

28.7 

1 
99 

906 

906 

O 
22 

47 
12 

110 

45 
55 

599 
711 
806 

1/ Bean prices estimated at Co1.$13.70/kg. and maize Col.$4.0/ 
/kg. 

Source: Translated from N.R. de Londoño y P. P~nstrup

Andersen, "Barreras a los Incrementos de Pro
ductividad de Fríjol a Nivel de Finca en 
Colombia", CIAT, Cali, Colombia, mimeo, Julio, 
1977, p.S. 
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Table A-B. The Most Important Bean Diseases, 
, ! 

Valle, 'Huilá and Nariño, 1974-1975. 

BI!.an4 Atonl!. Bl!.an~ in A44oeiation 
..:. .1. 
,-

Diseases Valle :Nariño Huila 

lst.V 2nd.V lst.~V 2nd.V lst.v 2nd.V 

----------------- peltce:ntage on 6altm4 --------------
> 

Rust (Ultomyce& pha&eot~l 94 94 26 16 68 70 

Grey B10tch (Celte04pOlta 
va.l1detty&t~) O 3 63 53 45 55 

Floury Spot (Ramatalt4a pha&eot4l1al O O 10 47 12 74 

Powdery Mi1dew (EItY44phe potygOl14) O O O O 8 26 

Anthracnosis (Cottetottt'¿c.ham :t tútdemu.th'¿anu.11 ) O O 37 42 50 54 

Root Rot* 39 13 31 5 8 O -1':::.-

Angular Leaf Spot (l&aIt4op4'¿4 
\;;) 

gltúeatal 74 100 3~ 79 27 76 

Bacterial B1ight (Xa.nthornana.& 
, , 
• phaóeoH) 55 84 53, 79 38 76 

Virus"'''' 10 19 21 11 26 3 

Leaf Spot*** (atteltl1a.1tü) O O 16 5 19 8 

, 
* Rhizoctonia, Sclerotium 1 
** Without identifying the type of virus, it cou1d be J cornmon mosaie or rugose 

mosaico 
*** Alternaria, Ascochyta. 

< 

Source: Trans1ated from Norha R. de Londoño et al. ¡ op. ci t, p.124 

• 
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Table A-9. The Most Important Insects Identified in the Bean 
Cultivar, Valle, Huila and Nariño, 1974-1975. 

Beans Alone Beans in Association 

Insects Valle Nariño Huila 

First Second First Second Fir'st Second 
Visit Visit Visit Visit Visit Visit 

-------- pe./tce. n.ta.g e. 06 6a.Jtm4 -------_ .. --
~: 

FoUa.ge. Sl.I.l!ke)t4 

Thrips 39 36 68 63 81 77 
Empoasca sp. (adults) 61 97 68 79 93 89 
Empoasca sp • (nymphsl 36 87 63 95 88 100 

.. _ ..... " Aphids , .. ', ,,..-, ·I.·~" •. " ' .' ~ '-' '" . ·32 . . 6 ....... -···~37"····.~.-53 .. ,·,,,·"· .. ·51· .·82 
White Fly 62 26 47 26 47 42 

Le.a6 Bo Ite.Jt4 

Agromyza sp. , 
Lirionyza sp. 26 42 58 32 62 51 
Hemichalepus sp. O 43 47 5 65 35 

FoUa.ge Ea.;CeIt4 

Estigmene sp. 13 13 O O 1 4 
Trichoplusia sp. O 55 5 O 16 34 
Hedylepta sp. 6 16 O O 7 24 
Chrysomellida 36 52 53 16 11 5 

AUa.ch. ;Che V.in e..& 

Heliothis sp. O 16 O 16 O 3 
Trichop1usia sp. O 32 O 16 O 32 
Maruca sp. , Epinotia sp. O 48 O 5 O 49 
Diptera O O O 26 O 7 

AUa.ck ;Che. Seedtblg.& 

Earthworms 13 O O O 14 3 
Crickets 13 O O O 7 O 

l.!.i te4 

Tetranychus sp. O O O O 23 45 

Source: TransIated from Norha R. de Londoño et al, op.cit •• p.13 
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Table A-ID. Losses in Yie1d and Production of Beans due to Selected Factors. Beans Alone (Valle), 

Variable 

Rain 

Rust 

Bacterial B1ight 

Empoasca kraemeri 

Angular Leaf Spot 

Certified Seed 

1974 (second semesterl. 

Losses in the 
p10t complete 

1y affected
(kg/hal 

416 

307 

total 

315 

538 

186 

Percentage 
of area 
affected 

42 

56 

12 

35 

15 

41 

Average Yield 
Losses 

kg/ha %a 

175 : 16.2 

172 16.0 

137 ;_ 13.1 

110 10.8 

81 ~ 8.2 
76 . 7.7 

Production 
Losses 
(ton. ) 

2168 

2130 

1697 

1362 

1003 

941 

Va1ue of b 
Losses US$ 

(1000) 

1192 

1171 

933 

749 

552 

517 ~ 
Variable Costs 18 100 18- 1.9 223 123 4::: 
Plant Popu1ation 14 100 14 1.1 173 95 

a/ The percentage was determined on the basis of average esti~ated yields plus the 10ss due to 
- each factor (see Appendix Al . 

~/ At US$550/ton. 

~ 

Source: Per Pinstrup-Andersen, Horha R. de Londofio and Hario Infante. nA Suggestad Procedure 
for Estimating Yie1d and Production Losses in Crolisn. Pest Artic1es & News Summaries 
(PANS), 22(3), p.3S9-365. 

• 
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Table A-H. Yield and Production Losses in Beans due to Selected Pactors. Beans/Maize 

(Huila and Ñariñol, 1975 (second semesterl. 

Variable 

presence of rnaize 
Topography 
Thrips 
Empoasca 
Virus 

Plot not previously 
cultivated 

Anthracnosis 
Mildew 
Root Rot 

Angular Leaf Spot 
Inadequate rain 

Losses in the 
plot complete 
ly affected

(kg/hal 

217 
76 

194 
c 

539d 

66 
Total 
Total • 
Total 

Total 
46 

Population of Bean Plants 5 

Percentage 
of area 
affected 

100.0 
62.0 
25.0 

100.0 
32. O 

39.0 
4.7 
3.4 
2.1 

0.5 
31.5 

100.0 

Average Yield 
Losses 

kg/ha %a 

217.0 26.6 
47.1 7.3 
48.5 7.5 
51.0 7.8 
38.0 5.9 

25.7 4.1 
26.8 4.2 
23.7 3.8 
19.7 3.1 

21.1 3.4 
14.2 2.3 

5.6 1.0 

.t. 

Production 
Losses 
(ton. l 

4991 
1083 
1115 
1173 

874 

591 
616 
545 
453 

485 
327 
129 

Value of 
Losses 

US$b 
(l000) 

2286 
496 
510 
537 
400 

270 
282 
250 
207 

222 
150 

59 

a/The percentage is calculated on the basis of the average estirnated yield plus the loss 
- due to each factor (See Appendix Al • , 
b/A price oE US$45B/ton is estimated. (Col.Pesos 30 per~each US$l. 
SiIt is impossible to define what is a plot completely affected with Empoasca. 
d/It was not possible in the function to estimate losses: in a plot completely affected 
- with the virus. The variable used only considered if there were an incidence or not 

of the virus. The data appear as experimental results of artificial inoculations. 
(See CIAT, Annual Report 1975, Cali, Colombia) p.C-42., 

Source: ClAT, Informe Anual 1976, Cali, Colombia, p. ~-77. 
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Tabla A-I2. Sa1eotad Soil Characteristics on the Cassnva Samp1ed 

(average by zona) • 

Organic mattcr (%) 

Less than 4'3* 

Phos~horus (ppm) 

Less than 15 ppm* 

Potassium (meqll00g) 

,"" "Less than 0.30 meq I 
1100 g* 

A1uminum (rneq/100g) 

pH 

Less than 5.5* 

Sodiurn saturation (í,,) 

Calciurn I magnc'sium 

Exchilnge capaci ty 
(meqllOOg) 

*Pcrccntage of farms. 

I 

5.22 

26.20 

1.78 

100.00 

0.21 

80.30 

4.37 

100.00 

1.46 

1.66 

20.33 

II 

3.69 

75.00 

32.$9 

35.90 

0.45 

37.50 

0.06 

12.50 

0.46 

5.42 

15.26 

III 

5.33 

32.20 

2.62 

100.00 

0.26 

76.30 

0.84 

83.10 

0.18 

2.67 

24.08 

IV 

3.53 

60.00 

21.36 

v 

1. 93 

97.70 

69.66 

72.70 31.80 

0.12 0.22 

94.60 81.80 

2.84 0.06 

89.10 

O. ,18 

2.65 

11.80 

6.80 

5.16 

4.37 

9.75 

lauree: CIAT, Annu.l RODort 1975, Cali, Colombia, 1976, 
p.E-5 . 
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Tabla A~13. Major diseases of Beans (Phasaolus vulgaris) and 
their importanee by eountry i~ Latin Amaríea. 

,~ 
~ 

" ,i: o --;¡ ~ ~ 

~ " ~ '" .D c:: - E = " ~ a 
" ~ " -5 ::: E :¡j, .;: ;; - e ~ " 1: 

" '3 ;5 Vl 
,~ ~ u 

~ 
~ 

(5 Z " " '" W '-' ¡¡¡ :t: "- "-

Mosak Virus I CÚlTIfnon) + + + + + + + + + +- + 

Mosaic (Ycllo\V) 1- ¡. +- + 

Cummon BiI~ht (Xan[!t(}mu!l{j~) + + .¡ + + + 

Rust (Uromye(,sJ + + + +- + + + ¡- j- I-

\Veb Blighl (77wnurof1JlOruus) + ¡- I + -1-

:\nthr::lcnost! r('ollctntricJ¡wn J + + + + + + j- + + + 

Angular Lco.l Spol + + + i- + .+ + + + 

Pnwdery Mihkw {/:r:n1fJ/¡1.! I + + + + + + 1- +- + 

. -

." :o 
" ~ 
" :.:: 
= ~ 
~ 

E 
e 

O 

+ 

+ 

+ 

'Souree: CIAT, Bean Produetion SysternsPrograrn, Series FE-No.S, 
Calí~ Colombia, May, 1975, p.~ 

+ Disease is of major importance 

- Disease is of no particular importanqe 

• 

F r~qllcncy 
Country 

12 

~ 

;¡t.. 
7 

--l::: 
ji ~ 

5 

10 

') 

9 



• 

• 

, ''-,'' ,; ," 

, 

• 

Table A-15. Prices Received by South American Producers of 

Cassava and Price Indices for Competing Crops, 

1969 

Price of Price Indices1 

Country Cassava Paddy $US/M.T. Potatoes Rice Wheat Maize 
" 

Argentina 24.3 95 270 177 166 

Bolivia 36.6 175 198 230 320 

Brazil . , .9.5 555 698 1147 350 

Colombia 49.7 141 209 231 148 

Ecuador 36.0 172 217 267 244 

Paraguay 21. 4 445 334 371 265 

Peru 31.8 194 401 365 275 

Venezuela 55.3 210 224 181 123 

South America 2 
12.7 380 581 478 324 

• 

!/ Price indices based on cassava price in ea eh country equa1 
to 100. 

2/ Prices weighted by produetion. 

Sou~ce: rood and Ag~icultu~al O~ganization of tne United 
Nations (rAO), Perspective Study of Ag~icultu~al 
Development tor Latin Ame~ica, Rome, 1972, 
p.II-94 • 

• 
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cor"PARISON OF POTENTIAL YIELDS ON FARI'IERS I FiELDS HITH 

YIELDS AT CIAT. 

.' ." 

. Fertil i zer 

CIAT Varieties 1I 

Local Varíety with 
Agronomic Practices 

Farmer 
Technology 

Nedia Luna 

16.6 

14.6 

12.1 

7.4 

CI,IlJ Varíetiesll with 
Agronomic Practices 

and vii thout Fertil i zer 

CIAT 

33.2 

1I el.le 40 and ~, COL 22 



FIGURE TRENOS IN PRICES OF CASSAVA FLOUR IN BRAZIL al 
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!I Cassava flour, average wholesale price, Sao Paulo. 


