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Crop research 1n the Internat1onal Centers 1s predom1nantly organ1zed 1nto 

commod1ty d1v1s1ons w1th the pr1nc1pal output be1ng h1gh y1eld1ng1 var1et1es 

W1th1n the commod1ty d1v1s1on the spec1f1c crop programs revolve around breed-
u~ :Pi:'l'~t•ww-.>\1\ p lf4A"'~i 11f1JIM wo ~ WJ 'f'l 1\..,... X. ~t- ¡;.."" "" -ó:.~llo.~t,')ftl \10'0 "'ff"~~~lr .;.M.~~ 

1ng The breed1ng 1tself 1s a probab1l1ty game w1th the follow1ng procedures 

a A world w1de collect1on of germplasm 1s obta1ned so that there 1s suff1c1ent 

genet1c var1ab1l1ty that sorne 1nterest1ng character1st1cs can be comb1ned 

from d1fferent parental sources 

* The authors are Agr1cultural Econom1sts 1n the Bean and Cassava Programs 
of CIAT (Centro Internac1onal de Agr1cultura Trop1cal) The customary 
d1scla1mer that th1s paper reflects only the v1ews of the authors and 
not necessar1ly of CIAT appl1es We are 1ndebted to Howard Schwartz 
Douglas La1ng and Anthony Bellott1 for comments on an earl1er draft 

11some comb1nat1on of d1sease and 1nsect res1stances 1s often one of the 
pr1mary obJect1ves of breed1ng programs By reduc1ng the y1eld var1ance 
mean y1elds also 1ncrease over t1me S1m1larly those breed1ng exclus1vely 
for y1elds have to take d1seases and 1nsects 1nto account at sorne po1nt 1n 
the1r select1on and evaluat1on program Hence much of the argument over 
breed1ng for h1gh y1elds or res1stances 1s largely semant1c generat1ng more 
heat than l1ght The techn1ques are d1fferent as res1stance breed1ng 1n
volves expos1ng the plants to very h1gh levels of the d1sease (or 1nsect) 
whereas breed1ng for y1elds alone may not 1nvolve such h1gh exposure levels 
Nevertheless breed1ng for y1elds st1ll 1nvolves repeated tr1als to 1nsure 
that suff1c1ent exposure to the maJor y1eld constra1n1ng factors has occur 
red Whether exposure 1s guaranteed through 1noculat1on or obta1ned through 
repeated tr1als 1n representat1ve env1ronments the f1nal product should be 
the same a h1gh y1eld1ng var1ety w1th res1stance or tolerance to the re 
levant constra1nts The process of 1dent1f1cat1on of these relevant cons 
tra1nts 1s the subJect of th1s paper 
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b The 1dent1f1cat1on of the des1red characters to overcome spec1f1c cons 

tra1nts to y1eld 1ncrease 1s made The relevant constra1nts on the 

product1on s1de are sorne comb1nat1on of d1sease and 1nsect pests so1l 

and water cond1t1ons and plant character1st1cs2 

The relevant constra1nts can be 1mposed by consumer cond1t1ons such 

as taste preferences3 as well as product1on factors 

e The germplasm 1s screened for the character1st1cs 1dent1f1ed 1n B 

The best potent1al parents are 1dent1f1ed4 
~·~Pf'oly, .y "A-10¡1~ j!( '~~)\, '14- ,V..ol\\101 "" '*' \. ,.,.. ""' .., .. ""'"' .... ~ ~o¡f~ ~ ~~~ ~ "-\"""' 

d These parents then enter 1nto a ser1es of cross1ng and select1on tr1als 
5 unt1l var1et1es emerge w1th the m x1mum of the des1red character1st1cs 

fl For example r1ce breed1ng at IRRI was pr1nc1pally concerned w1th bu1ld1ng 
shorter sturd1er var1et1es to respond to h1g~er fert1l1zer levels w1thout 
lodg1ng and w1th complete water control through 1rr1gat1on Breed1ng re
search was also d1rected at four d1seases and three pests F1nally non
photoper1od sens1t1v1ty was des1red however th1s 1s a d1fferent type 
of character1st1c sought pr1nc1pally by Internat1onal Centers 1n order to 
91ve w1der adaptab1l1ty to the new mater1al 

See P R Jenn1ngs The Ampl1f1cat1on p 186 and P R Jenn1ngs Plant 
Type pp 13-15 

11 Consumers may not eat or may offer a lower pr1ce for a bean of a spec1f1c 
color s1ze or texture In the case of cassava consumers would be expect
ed to prefer lower HCN content a longer shelf l1fe and a h1gh starch con
tent 

11 At th1s stage the select1on process (before the 1n1t1at1on of the breed1ng 
program) may 1dent1fy cult1vars w1th a suff1c1ent number of character1st1cs 
to be released 1nto evaluat1on tr1als Where there 1s h1gh y1eld1ng ab111-
ty but 1nsuff1c1ent res1stances to d1sease and so1l factors these cult1vars 
can be t1ed to cultural pract1ces and released as 1mproved var1et1es 

~ There are two bas1c types of breed1ng programs 1nvolved 1n var1ety crosses 
The ped1gree methodology selects a best var1ety the recurrent parent and 
through the gene transfer techn1ques adds character1st1cs from other var1 
et1es The alternat1ve 15 bulk-breed1ng methodolog1es 1n wh1ch a group of 
select1ons are randomly crossed the 1ntent be1ng through proper recurrent 
select1on to sh1ft the character1st1cs of the populat1on toward those de 
sued In both cases w1th seed propagated crops pure l1nes those 1n wh1ch 
the character1st1cs breed true and do not segregate 1n the next generat1on 
are the end result The cho1ce between the two methodolog1es become espec1al
ly 1mportant 1n breed1ng for d1sease res1stance and thus 1s dependent upon 
the 1dent1f1cat1on of the releveant constra1nts and the most appropr1ate 
type of res1stance 
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e The var1et1es (or segregants) are released to Nat1onal Inst1tut1on for 

e1ther d1ssem1nat1on tr1als 1n d1fferent agro-cl1mat1c cond1t1ons or 

further cross1ng for des1red reg1onspec1f1Ccharacter1st1cs6 A cr1t1cal 

component here 1s the feedback by the Nat1onal Inst1tut1ons 1nto a better 

def1n1t1on of the future relevant constra1nts and to a lesser extent 

the1r d1spatch1ng of new plant mater1al e1ther the1r select1ons or new 

eros ses W1th these entr1es 1nto B and A the process becomes c1rcular 

The comparatlve advantage of the Internat1onal Centers 1s that there are 

apparently econom1es of scale to germplasm collect1on screen1ng and cross-
7 1ng The potent1al d1sadvantage of Internat1onal Centers 1n relat1on to 

Nat1onal Inst1tut1ons 1s 1n the1r restr1cted ab1l1ty to d1agnose des1red 

var1etal character1st1CS for a ser1es of spec1f1c reg1ons 1n a large number 

&! Another 1mportant output of Internat1onal Centers 1s the1r collaborat1on 
w1th Nat1onal Inst1tut1on sc1ent1sts The Internat1onal Centers are 
1ncreas1ngly ut1l1zed for tra1n1ng younger sc1ent1sts from var1ous na 
t1onal organ1zat1ons 1n develop1ng countr1es Th1s process fac1l1tates 
the contacts for the successful operat1on of E above 

Zl Part of the comparat1ve advantage 1s phys1cal A larger breed1ng team 
can spec1al1ze more and thereby produce a much larger number of crosses 
S1m1larly the 1nteract1on between agr1cultural d1sc1pl1nes 5hould be 
u5eful for problem def1n1t1on and solv1ng 

However the mo5t 1mportant advantage of Internat1onal Center5 may re5ult 
from the m1n1mum cr1t1cal 1nve5tment Breed1ng requ1re5 h1ghly tra1ned 
per5onnel and 5pec1al1zat1on 1n a 5pec1f1c crop 15 expen51ve and 15 a 
long term 1nve5tment Nat1onal governments 1n develop1ng countr1e5 gener
ally have few tra1ned agr1cultural 5c1ent1sts and have to be concerned 
w1th many crops Moreover research 1s generally g1ven a low pr1or1ty 
1n publ1c expend1ture5 and dec1510n makers 1n develop1ng countrle5 tend 
to prefer 1nvestments w1th a short payoff per1od 

The advantage5 of the Internat1onal Centers are team s1ze spec1al1zat1on 
large scale fund1ng and cont1nu1ty Th1s comb1nat1on 15 cons1dered by 
1nternat1onal donors to have a h1gher probab1l1ty of reach1ng the m1n1-
mum cr1t1cal 1nve5tment for breakthroughs 1n new var1et1e5 than s1m1lar 
fund1ng of most nat1onal systems Nevertheless a funct1on1ng nat1onal 
research capab1l1ty 1s necessary for the success of Internat1onal Center 
research 
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of develop1ng countr1es9 

The cruc1al dec1s1ons are 1n the def1n1t1on of the relevant constra1nts 

and thus the breed1ng strategy The rest 1s a more mechan1cal process of 

collect1ng germplasm (A) screen1ng and cross1ng (C and D) 9 and d1ssem1nat1ng 

(e) Internat1onal Centers are cont1nually 1n a process of gather1ng ref1n1ng 

and d1gest1ng th1s 1nformat1on about the relevant constra1nts for the cr1-

t1cal breed1ng dec1s1ons 

~ 1 ' 

~ Dne d1lemma of Internat1onal Centers 1s the development of a methodO-
logy for obta1n1ng more syster1at1cdef1n1t1onofthe relevant 
constra1nts from Nat1onal Inst1tut1ons befare the new mater1al 1s released 
The present tact1c 1s to beg1n releas1ng someth1ng as soon as poss1ble such 
as the better select1ons (under C) or 1ntermed1ate technology 

The f1nal product of Internat1onal Centers 1s 1mproved germplasm These 
1mproved var1et1es to the extent poss1ble embody genet1c solut1ons to 
overcom1ng the maJor constra1nts on product1v1ty However 1n the pro-
cess of mount1ng a breed1ng program the other agr1cultural sc1ences genral
ly 1dent1fy a ser1es of pract1ces wh1ch 1ncrease y1elds under exper1ment 
stat1on cond1t1ons Examples of these 1ntermed1ate technolog1es are 
clean seed product1on fert1l1zer response and 5pac1ng alternat1ve5 her 
b1c1de recommendat1ons for d1fferent so1ld type5 and 1n5ect and d15ea5e 
control measure5 

By 1dent1fy1ng 1ntermed1ate technolog1e5 that are prof1table at the farm 
level the Internat1onal Centers can bu1ld up better 1nst1tut1onal t1e5 
w1th Nat1onal In5t1tut1on5 and encourage more Nat1onal Center 1nput 1nto 
research de51gn at Internat1onal Centers 1n the early stage5 of the proce55 

Unfortunately exper1ment stat1on technology 1s not alway5 relevant to farm 
level cond1t1on5 The technology may not be prof1table 1t may not f1t 
1nto the ex15t1ng farm1ng sy5tems or 1t may 1ncrease r15ks much more than 
farmers are w1ll1ng to accept Hence farm level test1ng 15 cr1t1cal to 
evaluate whether the 1ntermed1ate technology 15 relevant and the extent 
to wh1ch var1etal characterl5tlC5 are nece55ary to ra1se y1elds 

~ Def1n1ton of the relevant constra1nt5 determ1nes the character1st1cs that 
are bred and 5elected for and 1n part the cho1ce of breed1ng methodology 
The cho1ce of methodology become5 cr1t1cal when a pr1mary con5tra1nt 1s 
1dent1f1ed to be the 5tab1l1ty of d1sea5e resl5tance Where th1s requ1re 
ment 1s cr1t1cal a breed1ng strategy seek1ng stable hor1zontal res1stance 
must usually employ a bulk breed1ng methodology However such a strategy 
1n the early stages usually exludes development of h1gh y1eld1ng genotypes 
along plant 1deotype l1nes For a d1scuss1on of the res1stance 1ssue as 
def1ned 1n terms of the d1chotomy of hor1zontal versus vert1cal res1stance 
see R A Rob1nson Plant Pathosystem, 
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Th1s 1nformat1on gather1ng can be d1v1ded 1nto three stages 

1 Process1ng ava1lable country level data The Macro Stage 

2 Undertak1ng farm level stud1es of product1on constra1nts 1n d1fferent 

agro cl1mat1c zones and farm1ng systems The M1cro Stage 

3 Supplement1ng the 1nformat1on above w1th the subJeCt1ve JUdgement of pro

gram sc1ent1sts based upon exper1mental data and knowledge of the target 

area The Cr1t1cal Inference Stage 

~~~~The obJect1ve of th1s paper )S t9 prov1de ~~seA~1~tor,1es~~~~he~ol~~of~t~ese 

three types of 1nformat1on 1n the des1gn of research for beans and cassava 

1n CIAT Obv1ously th1s process 1s cont1nually evolv1ng so that the paper 

1s only our snapshot of the present s1tuat1on 

The Mtcro Stage 

The ava1lable macro data 1s sketchy Product1on data 1s unreal1able when 

home consumpt1on 1s 1mportant or when there 1s l1ttle wholesale market bulk 

1ng or storage and thus no comparat1ve data collected 1n market channels 

Area 1s rarely exactly measured and these crops are often produced 1n mult1ple 

cropp1ng systems Informat1on on agr1cultural systems 1s rarely produced 

Nevertheless the macro data 1s useful to 1nd1cate trends and to make sorne 

1nferences about strategy 

BEANS 

The rate of 1ncrease of bean product1on 1n Lat1n Amer1ca (O 5%) has not kept 

up w1th the populat1on growth of 2 8 percent hence per cap1ta consumpt1on has 

decl1ned and 1mports 1nto the reg1on have 1ncreased by 30 percent over the 

last decade Braz1l dom1nated Lat1n Amer1ca bean product1on w1th 54 percent 

of product1on and Mex1co has 26 percent Y1elds have been stagnant or 

decreas1ng 1n most of Lat1n Amer1c~ hence product1on 1ncreases have come pr1n 



,-

6 

c1pally from area expans1on However Mex1co and Colomb1a have s1gn1f1cantly 

1ncreased the1r y1elds due apparently to the success of the1r nat1onal pro
lO grams 1n produc1ng new var1et1es (see F1gure 1 and Table 1) 

For all the Lat1n Amer1can countr1es mean y1elds show extreme fluctuat1on 

(see F1gures 2-5) Th1s extreme annual var1ab1l1ty 1s the pr1nc1pal chracter1s 

t1c of Lat1n Amer1can bean product1on 

Any research strategy for bean product1on 1n Lat1n Amer1ca has to concentrate 
.-l'IJ":;i"rf' '( ~ >4'*1 ,¡¡, ""' ~ <tf~ ).r,.-.'l>'l ~ 

The extreme y1eld var1at1on 1nd1cates the r1sk1ness 

cf bean product1on11 The next step 1n bean 1nformat1on gather1ng 1s a more 

systemat1c 1dent1f1cat1on of the factors respons1ble for these extreme y1eld 

fluctuat1ons 

CASSAVA 

Cassava product1on 1n the 1963-75 per1od 1ncreased at an annual rate of 1 3% 

well below the populat1on growth rate Th1s rate of product1on 1ncrease was 

due to a more than proport1onal 1ncrease 1n area planted as y1eld levels de 

cl1ned on the average by O 7% per year (see Table A-5 1n the Append1x) Though 

the y1eld trend showed a sl1ght decl1ne there was l1ttle year-to-year y1eld 

var1at1on as 1s shown 1n f1gure 6 Moreover average y1eld levels of approx1 
12 wately 13 tons per hectare were s1gn1f1cantly below the genet1c potent1al 

1Q1 J H Sanders y Cam1lo Alvarez P pp 18 26 

l!! Bean area but not y1elds 
or econom1c cond1t1ons 
would not be expected 1n 
tab1ll ty 

would be sens1t1ve to changes 1n nat1onal pol1cy 
Substant1al between year fluctuat1on 1n bean y1elds 
response to changes 1n relat1ve or absolute prof1-

~/ Cassava y1elds 1n the CIAT reg1onal tr1al network average approx1mately 
25 to 30 tons per hectare 
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F2gure 1 Bean Product2on 2n Lat2n Amer2ca Braz2l and Mex1co 1965-76a 

(lOO O tons) 
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-
(The number 2n parentheses 2s the geometr2c rate of 2ncrease over the per2od 
above) 

a/Data on Bol2v1a Cuba and Uruguay were om2tted because of 2ncons2stenc2es 

Source J H Sanders y C Alvarez P 
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Tab1e 1 Ratesa of Increase of Bean ProductJ.on Area and Yie1ds in 

LatJ.n America 1965-1976 

Country RQte of Inc-aase of 
Yieldb ProductJ.on Are a 

Brazil -o 41 2 
Mexico 1 13 -2 
Argentina 16 17 14 
Guatemala 4 35 2 
Colo-nbia 6 77 3 
Chile ~o 69 2 
Honduras -o 48 1 
NJ.caragua o 79 -o 
HaitJ. 1 01 o 
El Salvador 8 93 6 
Peru -3 21 -2 
Pataguay 1 os 6 
Vene¿uela -4 32 -1 
Dom1.n1can RepublJ.c 3 30 1 
Ec.uador o 46 o 
Cuba o 35 o 
Costa Rica -2 21 -4 
Pa'larna -6 33 -4 
Uruguay -2 66 -o 

LatJ.n Amer1.ca o 54 o 

~/ These rates were est~mated w~th a sem~ log rnodel 

LY A+bX 

where LY ~s the log to the base e 

A and b are parameters and 

X J.S the trend 

00 -2 
07 3 
89 1 
60 1 
26 3 
75 -3 
72 -2 
57 1 
24 o 
27 2 
04 -1 
65 -5 
75 -2 
05 2 
54 o 
58 o 
25 2 
01 -2 
65 -2 

84 -o 

The b values ar mult1pl1.ed by lOO to g1vc thP percentage 
growth rates 

41 
20 
28 
75 
50 
45 
20 
36 
77 
66 
17 
59 
56 
25 
08 
~3 
04 
32 
01 

30 

'E/ S J.nce Y 

then LY 

whcre 
y 

+ LA 
Y 1~ product1on A 1s area 

where L 1s the log o¡crator 

y 
and A 1.,. y1elas 

D1fferent1at1nb w1th respect to t1me g11es 

3Y/Y 

at 
3A/A a(Y/A)/Y/A 
--+ 

at at 

Thesc are the ra of 1ncrca of product 0n at ~ and 
y1elds Tle rate of l~Crea e of y1 ld was cülculat da 
the rate of 1"1Crea e of Frod~ct1on mJ... u ti e ate of 1n 
crease of area 

So urce J il Sander y C Al\ar r 



F1gure 2 

(kg/hl) 
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S 

Bean Y1elds l.n Latl.n Amer1ca Braz1l and 

Mex1co 1965-1976 
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J H Sanders y C Alvarez P op c1t p 23 

Bean Y1elds 1n Latl.n Amer1can Contrl.es wJ.th S1gn1~ 

J.cantly a Increas1nd YJ.elds 1965-197l! 1 

G at ala g 75¡ 
E 1 S 1 ado 66 
Nt ca agua ( 1 36) 

Rep b11ca 
o i f ca a (2 25) 

Colombia (J 50) 

-- ----------. 
Costa Rica (2 04) 

10 5 Year 

{The number 1n parentheses l.S the geometrl.c rate of J.ncrease) 

a/The rates of 1ncrease were test~rl for statJ.stJ.cal sJ.g
nJ.fl.cance at the leve! of 80 percent w1th the t 
test See the equat1on dl.scussed below Table 1 
Mex1co also had statJ.stJ.cally sJ.gnl.fl.cant 1ncreas1ng 
y1elds but l.t was 1ncluded l.n F1gure 2 

So urce J H Sanders y C Alvarez P , op cl.t , p 23 
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F>gure 4 Bean Y1clds 1n Lat1n Amcr1can Contr1es w1th 

Y1elds 1965 76 

(Kg/ha) 
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Low and relat1vely stat1c y1eld levels and marg1nal product1on 1ncreases 

through expans1on 1n area 1nd1cat1ve of relat1vely low supply elast1C1t1es 

are suggest1ve of a low level product1on equ1l1br1um character1St1c of much 

small-scale agr1culture 1n develop1ng countr1es 13 

Cassava product1on though w1dely d1str1buted throughout the trop1cal reg1on 

of Lat1n Amer1ca 1s concentrated 1n Braz1l wh1chaccounts for 85% of total 

product1on Add1ng 1n the other two maJOr producers Colomb1a and Paraguay 

ra1ses th1s f1gure to 92r (see Table A-4 1n the Append1x) W1th1n each of 

these countr1es cassava product1on 1s further concentrated 1n part1cular 

reg1ons the Northeast of Braz1l be1ng the largest produc1ng area 1n Lat1n 

Amer1ca S1nce cassava y1elds reasonably well under a w1de range of agro

cl1mat1c cond1t1ons compet1t1on w1th other crops heav1ly 1nfluences where 

rassava 1s grown Low pr1ces of cassava relat1ve to other crops (see Table 

A 15 1n the Append1x) would suggest that cassava s comparat1ve advantage 1s 

1n the poorer agr1cultural areas where there are few other cropp1ng alterna-

t1ves As cassava 1s not eas1ly mechan1zed 1nd1cat1ons are that cassava 

tends to be concentrated not only 1n poorer agr1cultural areas but also 

where small-scale agr1culture as well predom1nates eg 1n the Northeast of 

Braz1l 

A low supply elast1c1ty fall1ng per cap1ta suppl1es and decl1n1ng y1eld 
v ' ~' r rl 

levels would be a pr1nc1pal means of ma1nta1n1ng per cap1ta consumpt1on 

Cassava more so than most other annual crops 1n Lat1n Amer1ca 1s pro
duced pr1mar1ly on small scale farms See J K Lynam Opt1ons for 
Lat1n Amer1can Countr1es 1n the Development of Integrated Cassava Pro 
duct1on Programs p 222 223 
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F1.gure 6 AVLRAGL CASSAVA YILLDS IN LATIN AMERICA AND 

THE THREE MAYOR PRODUCING COUNTRIES, 1963-1975 
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So urce Food and Agr~cultura1 Organ~zat~on of the Un~ted 
Nat~ons (FAO) Anuar~o de Producc~on Rome 1973 
and 1975 
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levels 14 However such product1v1ty 1ncreases must be der1ved from small 

scale farm systems and under relat1vely unfavorable agr1cultural cond1t1ons 

Improv1ng product1v1ty requ1res an understand1ng of the factors that are 

constra1n1ng y1elds and th1s must be done through farm level data 

The M1cro Stage 

Farm level constra1nts to the 1ntroduct1on of new technology have been measured 

1n two ways the Benchmark and the Gap approaches In the Benchmark approach 

var1at1on 1n y1elds on farmers f1elds w1th present cropp1ng systems and va

r1et1es 1s analyzed 1n order to 1dent1fy factors l1m1t1ng y1elds~ The 

Gap approach attempts to expla1n the d1fference 1n the y1elds under the new 

technology between the exper1ment stat1on and farmers f1elds Th1s techn1que 

has been ut1l1zed 1n the Ph1l1pp1nes 1n reg1ons where the new r1ce var1et1es 

of IRRI have been d1ssem1nated 161 but can also be undertaken w1th farm 

14/ It m1ght be argued that area expans1on 1s a poss1bly cheaper and more 
equ1table means of expand1ng cassava product1on The potent1al for on
farm area expans1on 1s probably l1m1ted Cassava 1s bas1cally a small 
farm crop wh1ch 1mpl1es that labor constra1nts at cr1t1cal per1ods farm 
d1vers1f1cat1on and 1n sorne 1nstances l1m1ted cult1vable area are l1-
m1t1ng factors to cassava area expans1on New land development for cas 
sava on the other hand 1s restr1cted by cassava s h1gh per1shab1l1ty 
h1gh transport pr1ce and the long d1stances from urban centers Produc
t1v1ty 1ncreases appear to be a more eff1c1ent means of ma1nta1n1ng per 
cap1ta consumpt1on levels 

l§! Th1s techn1que 1s expected to understate the y1eld losses of ne~ h1gher 
y1eld1ng var1et1es unless the new var1ety were more res1stant or tolerant 
to the spec1f1c constra1nt 

~/ R W Herdt and T H W1ckham 
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level exper1mentslZI At the t1me of CIAT s farm level survey 1n Colomb1a 

ne1ther new var1et1es for release nor a clearly 1dent1f1ed 1ntermed1ate 

technology 181 were ava1lable 1n the Bean and Cassava Programs Hence 1t 

was necessary 1n the 1n1t1al phases of technology des1gn to use the Bench 

mark approach 

Farm level survey1ng of product1v1ty constra1nts 1n beans and cassava was 

Lndertaken 1n 1973 1975 w1th teams of agronom1st tra1ned by the1r respect1ve 

programs to recogn1ze and measure d1sease 1nsect and weed 1nc1dence to 

take so1l tests and to measure all 1nputs and y1elds 

BEANS 

One hundred and seventy seven farm 1nterv1ews were made 1n the pr1nc1pal 

zones of Colomb1an bean product1on Colomb1an bean product1on can be d1v1ded 

1nto two pr1nc1pal systems (Table 4) There 1s a large farm s1ngle cropp1ng 

h1gh 1nput use system for export product1on (black beans) 1n the Valle In 

the other three reg1ons farms are smaller there 1s less use of 1nput and 

wore use of mult1ole cropp1ng and product1on 1s for domest1c consumpt1on (red 

beans) There 1s surpr1z1ngly l1ttle d1fference 1n bean y1eld equ1valents between 

the two systems 1n sp1te of the greater spec1al12at1on and h1grer 1nput use 1nf 

the Valle 191 

For an example of the use of farm level exper1ments see Internat1onal R1ce 
Res e a re h I n s t 1 tu te ;;C""o=-n s::..t::..:r__,a:.,:1,;;nc.::t.:;;.s _t"'o"--'-H'-'1-"g"-'h---7Y 1~e""'l'-'d=-=s'--"o'-'-n--'A'-"s"--1c::a:.:..n~R-'-1 "-c e"---'F__,a:.:...::rms An 
Inter1m Report Los Baños Ph1l1pp1nes 1977 

181 See footnote 7 for a descr1pt1on of 1ntermed1ate technology 

Elsewhere the s1ngle cropp1ng and mult1ple cropp1ng systems were compared 
One explanat1on for a mult1ple cropp1ng system or at least for d1vers1f1cat1on 
1s as a r1sk avo1dance mechan1sm Large farmers due to greater wealth can take 
more r1sks They ut1l1ze more 1nputs and spec1al1ze See Cam1lo Alvarez P 
Anal1s1s Econom1co for a descr1pt1on of the two systems 

The r1sk avo1dance hypothes1s was tested w1th two years of exper1mental data 
from CIAT from 20 exper1ments It was found that at the Colomb1an pr1ces 
s1ngle cropped beans were more prof1table and r1sk1er than the beans corn 
crop comb1nat1on See C A Franc1s and J--H-- Sanders 
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Table 4 Character~st~cs of Bean Producers in the Four Colombian Reg~ons Stud~ed 1974-75 

Mean Farm 
Character1st1Cs 

Total area1 (has) 

Crop are a (has) 

Bean are a (has) 

Systems of
2 

Bean 
Procluct1on 

Type of bean 

Y1elds for 
s1ng1e cropped 
beans (kg/ha) 

Y1elds of bean 
equ1valent (kg/ha) 3 

Valle 

91 7 

40 S 

22 6 

R F r I O N S 

Hu11~ Nar1ño 

29 S 

6 ~ 

4 1 

9 2 

3 1 

1 8 

s1ngle croppecl 30~ s1ng1e hean/corn 

Black Bush 

906 

4 

{ Leve.t'. .:vtect4 J 
70 beans/corn 
{ s.eo p-<.ng .t'.ctnd) 

Recl-Bush 

805 

834 

Red Bu~h 

732 

Th1s 1s the total area ava1lable to the farmer 

Ant1oqtna 

4 4 

1 7 

1 S 

54/ heans/corn 

[

beans/corn/potatoes 
46% heans/corn/arracacha 

others 

Recl-C1lmh1ng 

723 5 

2754 6 

2 W1th more than one system of beans percentages refer to the number of farmers 1n 
each category 
Bean equ1valents are calculated by ut1l1z1ng pr1ces of other commod1t1es relat1ve 3 

~ 

S 

6 

to beans as follows 
Yleld(beans) + Pr1ce (corn_)_Yleld(malze) = Yleld(bean equ1v ) 

Pr1ce (bean) 
The bean crop 1n the Valle reg1on can be grown in 3 5 months and followed by another 
crop 
Refers to the f1rst 1ntercropp1ng comb1nat1on of beans/ma1ze 
Refers to the second 1ntercropp1ng comb1nat1on of beans/ma1ze/potatoes beans/ma1ze/ 
arracacha and others 

So urce CIAT Annual Report 1976 Cal1 ColCmb1a p A-74 
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Table 5 The Est1mated Value of the Product1on Losses from the 

Pr1nc1pal Diseases and Insects in Colomb1a, 1974-75 

Estimated Value of Product1on Loss 1n 

Valle Hu1la and Nar1ño 

Diseases (1,000 dollars) 

Rust 

,.........., Bacterial Bl1ght 

Angular Leaf Spot 

Virus (Common Bean Mosaica) 

Anthracnose 

Powdery M1ldew 

Root Rot 

Empoasca 

1,171 

933 

552 

749 

222 

400 

282 

250 

207 

537 

Thr1ps 510 

a/Th1s was not a pos1t1ve 1dent1f1cat1on as there are sorne subtle 
- d1fferences between the types of v1ruses wh1ch the 1nterv1ew-

1ng agronom1sts were unable to d1fferent1ate 

So urce N R de Londoño et al op 17 18 
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The constra1nts l1m1t1ng bean y1elds 1n the types of systems were evaluated 

ut1l1z1ng product1on funct1on analys1s (F1gures 7 and 8) Assum1ng that 

the samples were representat1ve of the reg1ons the econom1c losses assoc1ated 

w1th the d1sease and 1nsect pests 1n one product1on season 1n these reg1ons 

~ere substant1al (Table 5} There are a ser1es of d1sease and 1nsect pests 

attack1ng beans w1th d1fferences between the two reg1ons 20 There appears 

to be a very h1gh payoff of obta1n1ng res1stance to any one or a comb1nat1on 

of the above constra1nts 21 

,.,-... w ..,.,..,'",..,~~ ... >* 
~· -"" p .... ~..... • ~Wof r-•·· 

~ Approx1mately 95 percent of the beans produced were sold w1th homr consump 
22 t1on less than one percent of product1on W1th the h1gh bean pr1ces 1n 

Colomb1a and the r1sk from storage 1nsects the farmer d1d not obta1n the 

rutr1t1onal benef1ts of 1ncrease bean consumpt1on 

CASSAVA 

Three hundred cassava producers 1n f1ve d1fferent reg1ons 1n Colomb1a were 

1nterv1ewed Two reg1ons (zones I and III) were mounta1n areas but where 

cassava was produced below 1500 meters The other reg1ons were a h1gh roll 

1ng valley reg1on w1th1n the Andean range where coffee predom1nated (zone II) 

a coastal area (zone V) and a new land expans1on area 1n tre eastern Jungle 

and savanna reg1on (zone IV) (see F1gure A-3 1n the Append1z) The sample 1ncor 

201 S1nce these results are t1me and locat1on spec1f1c th1s type of snapshot 
of y1eld constra1nts would be much more useful 1f 1t could be obta1ned 
for a ser1es of reg1ons over a longer t1me per1od However these f1eld 
surverys are expens1ve Each of the 177 farms was 1nterv1ewed three or 
four t1mes by agronom1st tra1ned to 1dent1fy the 1nsect d1sease and 
weed proble~s of beans 

211 Norha Ru1z de londoño et al --
221 Cam1lo Alvarez P Anal1s1s Econom1co p 14 
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porated the d1vers1ty 1n agro cl1mat1c cond1t1ons wh1ch preva1ls 1n Colomb1an 

cassava product1on 23 

The study found that cassava product1on was based upon a m1n1mum of purchased 

1nputs and rel1ed pr1nc1pally upon farmer-owned resources Purchased 1nputs 

(1nsect1c1des fert1l1zers purchased seed mater1al herb1c1des fung1c1des 

and tractor rental) accounted for only 8 percent of the total var1able costs 

Wlth fam1ly labor be1ng costed at the preva1l1ng wage rate (see Table 6) 

There were no clearly d1St1ngu1shable categor1es of product1on systems as 

~~~wastne case'ln~beans~ The-only'dlstinctlOn useful 1n thls~context lS be

tweenzones I III and V wh1ch were predom1nately small scale produc1ng areas 

and zones II and IV wh1ch were predom1nately med1um-to large scale produc1ng 

areas The small-scale producers on the average had a h1gher oer hectare labor 

ut1l1zat1on but operated at a lower cost level than large scale producers 

Mult1ple cropp1ng w1th cassava tended to be more 1mportant 1n the small 

farm areas although even 1n these areas monocropp1ng predom1nated However 

the d1fferences 1n 1nput ut1l1zat1on and management systems between small 

and large farm areas were not large enough to account for the d1fference 1n 

y1elds that occurred 

The sample survey conf1rmed the low product1v1ty of cassava product1on 1n 

Colomb1a Average y1eld levels were 6 2 tons per hectare (fresh we1ght) as 

compared w1th cons1stent y1eld of over 25 tons per hectare of CIAT select1ons 

1n the Colomb1an reg1onal tr1als 24 The var1at1on around th1s mean was large 

a standard dev1at1on of 6 5 tons wh1ch reflected pr1nc1pally the y1eld 

d1fferences between produc1ng reg1ons (see Table 8) As d1fferences 1n 1nput 

ut1l1zat1on were not s1gn1f1cant other product1v1ty constra1nts appeared to 

231 Zones I and III accounted for 46 percent of total cult1vated cassava area 
1n Colomb1a zone II 8 percent zone IV 13 percent and zone V 33 percent 

24/ CIAT Annual Report 1976 p B 51 
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Table 6 Ch~racter1st1cs of Cassava Product1on Systems 1n ColoFbla 

1973 75 ~ • ~ ¡ 
1 

Z o n e s ' f 
Un1t Average 

I II III r-v V , 
~ 

~ 

Farn S1ze Ha 6 1 39 1 11 1 S<l: 4 18 3 26 9 
' 

Utl11 able Land lla 4 1 38 1 S 4 4S 9 15 2 21 9 

Area 1n Crops !la 3 4 21 7 3 4 1 1 6 7 o 10 4 

Area 1n Yuca Ha 2 ~ 6 9 2 o g, S 4 o S 1 

Area In Pasture Ha 7 1 3 4 2 o 34 3 8 2 1 1 S 

Total Labor '!an da ys/!la 105 4 81 2 82 1 65 4 90 8 85 2 Utilization 

Percent of Farmcrs 
Us1ng lechaniZ ed o 76 6 3 4 76 4 54 S 41 ' Land Preparat1on 

Vanablc Cost Col Pesos/Ha 3068 5019 3Q54 40P6 354 3 3968 
~ 

Purchascd InTJuts 
as a Percent of 10 1 2 4 fS S 8 
Var1able Cost ~ 

ff 
~ 

Source Calculated from R O D1az y P P1nstrup-l\ndersen, p B-12 (see F1gure -
A 3 for a map of these Colomb1an oroduct1on zones) ~ 

¡ 

~ 
~ 

" 
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be respons1ble for the y1eld var1at1on 

Table 8 Y1elds of Cassava by Colomb1an Zones 1973 1975 (see F1gure A-3 1n 
the AppendlX} 

Average Standard 
Dev1at1on 

..... '>\ ~ ~ .. ~ " 
.pf Y1elds 

Zone 1 4 4 3 3 

Zone II 12 6 9 8 

Zone III 3 o 2 6 

Zone IV 6 2 3 8 

Zone V 3 7 2 8 

A1erage 6 2 6 5 

Source R D D1az and P P1nstrup-Andersen p I-2 

Est1mat1ng a deta1led product1on funct1on the factors l1m1t1ng y1elds of 

cassava were del1neated The relevant constra1nts were sc1l factors and 

d1seases (see Table 9) Purchased 1nputs plant populat1on and weed control 

were not s1gn1f1cant wh1ch would 1nd1cate that y1eld l1m1t1ng factors were 

not due to d1fferences 1n management and farm1ng systems Rather 1nter 

reg1onal d1ffereoces 10 so1l aod cl1mate wh1ch were 10 turo assoc1ated w1th 

favorable eov1roomeots for d1fferent pathogeos appeared to be more 1mportaot 



25 than var1at1on 1n 1nput use 

13 

Where the pr1nc1ple cassava d1seases were found there was a large reduct1on 

1n y1eld but none of these d1seases were very w1despread Control of e1ther 

Superelongat1on or Phoma Leaf Spot would result 1n an 1ncrease of almost 3 5 

tons per hectare on affected farms Control of Cassava Bacter1al Bl1ght would 

have added a further O 75 tons to y1elds on affected farms However none of 

these d1seases affected more than f1ve percent of the cassava area Thus 

based on th1s s1ngle per1od sample control of these d1seases would 1ncrease 

average y1elds 1n the country by no more than 5 percent or O 3 tons per 

hectare (see F1gure 9) Only for 1nd1v1dual farmers 1n areas where these 

d1seases were prevalent would d1sease control have had a large 1mpact on 

y1eld Though not a maJor constra1nt on y1elds pathogens d1d have the po

tentlal of becom1ng a ser1ous constra1nt espec1ally w1th the 1ntrod~ct1on 

of new var1et1es 

Intercropp1ng also resulted 1n a y1eld reduct1on of 1 8 tons per hectare 

As 31 percent of the cassava area was grown 1n assoc1at1on w1th other crops 

sw1tch1ng to monoculture added only O 6 tons to nat1onal y1eld levels More-

over prof1tab1l1ty and labor constra1nt cons1derat1ons enter 1nto whether 

such a recommendat1on should be made If cassava and ma1ze (the maJor form 

Exper1mental tr1als at CIAT have shown that cultural pract1ces such as 
plant populat1on weed control and use of fert1l1zer do have a s1gn1-
f1cant 1mpact on y1eld These f1nd1ngs would not contrad1ct the conclu
Slons here as var1at1on 1n cultural pract1ces would be expected to have 
an 1mpact on y1eld levels of the h1gh y1eld1ng var1et1es used at CIAT 
Moreover w1th1n th1s farm sample there was a relat1vely small var1at1on 
1n cultural pract1ces Th1s would 1mply that cultural pract1ces may 
become a much more 1mportant factor w1th the release of new h1gh y1eld 
1ng var1et1es and that there 15 a potent1al 1mpact w1th these 1ntermed1ate 
technolog1es us1ng reg1onal var1et1es See CIAT Cassava Product1on 
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Table 9 Yield Losses in Cassava for the D~fferent Colomb~an Regions ~73-1975 

Factors 

Superelongat~on 

Leaf Spot 

Lack of 
Phosphorus 

Plant~ng system 
~n Associat~on 

So~l Ac~d~ty 

I.eaf Cutter Ants 

Bacter~al Bl~ght 

TOTAL 

So~1 Texture 

Excess Rainfall 

Average 
Losses 1 

(Ton/ha ) 

3 45 

3 41 

2 21 

1 89 

1 74 

1 20 

o 75 

1 46 

o 77 

Percent of 
Are a 

Affected 

4 

4 

63 

31 

58 

2 

5 

75 

48 

Per Hectare
Losses 

Ton/ha %2 

o 13 2 2 

o 13 2 1 
~ 

1 39 13 2 

o 59 8 6 

1 01 13 9 

o 02 o 4 

o 04 o 6 

3 31 34 8 

-
1 09 14 9 

o 37 5 6 

Est~mate of 
Total Losses 

Tons 3 

(million) 

22 77 

22 44 

229 84 

97 02 

166 65 

3 96 

6 27 

548 95 

180 67 

61 05 

Value (US$)" 
(million) 

1 40 

1 38 

14 15 

5 97 

10 26 

o 24 

o 38 

33 78 

11 13 

3 76 

:/ Average 1osses for farmers w~th the problem 
2/ Th~s percentage was based upon the average y~eld plus 1osses due te the part~cular 

factor The average yield for Colomb~a ~n th~s year was 6 2 tons/ha 
~/ Th~s estimate was based upon the 165 000 hectares of cassava planted in Colomb~a ~n 

1974 
~/ Th~s est~rnate was based upon an exchange rate of Col $25/dollar 

So urce R O D~az and P P~nstrup-Andersen p J-5 



\ 

nruru 9 CA~ \VA Ylll\l!i ArO IA<TOR<; Rlc;ION'llllf JDI~ 

YII LD 

(T /11 

lO 9 

lO 6 

lO 2 

9 6 

8 6 

S 

S 

8 

9 

8 

7 S 9 

6 2 o 

S e 

.. 

Ylllll J..llll/CTION'i fOimHIIA l'lB 1975 

lliSfAo;;[') 

n.CtSSIVF 1 ATI r 

1 NTER CROrt'I Nr 

SOIL ACIDITY 

HEAVY SOlL 

' ; TEXTURE 

PHOSPHORUS 

ACTUAL YIELD 

OF CASSAVA 

e 1 1 r o , 

p J-5 

,., 
"' -

d p p 

LOS'il I~ YII:LD 

(T s/11 ) 

o 

o 

o 

1 

1 

" 

1 

JO 

37 

59 

01 

09 

39 

1 A J 



\ 

14 

bf crop assoc1at1on) 1ntercrop y1e1ds are expressed 1n terms of cassava 

equ1va1ents d1fferences 1n y1e1ds between monocu1ture and 1ntercropp1ng 

were 1ns1gn1f1cant26 

As F1gure 8 111ustrates d1fferences 1n so11 factors accounted for much of 

the d1fference between current average y1e1ds and potent1a1 y1e1ds based upon 

current var1et1es and systems of product1on H1gh so11 ac1d1ty 1ow 1eve1s 
27 of phosphorous and heavy so11 texture a11 contr1buted to 1ower y1e1ds From 

60 to 70 percent of the cassava 1n the samp1e was grown under these cond1t1ons 

The pr1nc1pa1 area where these poor so11 cond1t1ons were not found was 1n zone 

II the zone w1th the h1ghest y1e1ds 28 

Most cassava was thus grown on e1ther h1gh1y ac1d1c or 1ow fert111ty status 

so11s or both Cassava does perform re1at1ve1y we11 compared to most other 

crops under such adverse so11 cond1t1ons S1nce cassava 1s grown pr1mar11y 

on so11s unsu1tab1e for other crops the crop appears to have a comparat1ve 

advantage under such unfavorab1e agr1cu1tura1 cond1t1ons 

Remov1ng a11 the factors that constra1n product1v1ty ra1ses y1e1ds to on1y 

11 tons/hectare we11 be1ow the 25 ton average of 1n1t1a1 se1ect1ons 1n 

CIAT s reg1ona1 tr1a1s The pr1nc1pa1 constra1nt on 1ncreas1ng product1v1ty 

1n cassava product1on appeared to be the genet1c y1e1d1ng ab111ty of current 

1y emp1oyed var1et1es Moreover cassava was grown under re1at1ve1y poor 

261 Cam11o A1varez P Ana11s1s Comparat1vo pp L-1 24 
271 In the regress1on a11 three factors entered as dummy var1ab1es Phospho

rus was strat1f1ed above and be1ow 15ppm so11 ac1d1ty above and be1ow 
a so11 pH of 5 O and so11 texture between the predom1nance of 11ght or 
heavy texture so11s 

281 A dummy var1ab1e was put 1n the regress1on equat1on for zone II As 
expected the coeff1c1ent was s1gn1f1cant1y d1fferent from zero 
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agro-cl1mat1c cond1t1ons espec1ally ac1d 1nfert1le so1ls The program 

therefore faced a d1ff1cult cho1ce 1n develop1ng h1gh y1eld1ng var1e1tes 

e1ther select1ng var1et1es for h1gh genet1c y1eld potent1al under very good agro

cl1mat1c cond1t1ons thereby potent1ally ty1ng y1elds to favorable product1on 

cond1t1ons or to fert1l1zer ut1l1zat1on or select1ng var1et1es for spec1f1c 

tolerances to unfavorable agr1cultural cond1t1ons 

In th1s case the probab1l1ty of adopt1on of a h1gh 1nput technology had to 

be we1ghed 1n research des1gn especially any techn1cal package that neces

sar1ly rel1ed on h1gh fert1l1zer 1nputs D1sease ard cl1mat1c factors make 

fert1l1zer use a r1sky 1nvestment and as well cassava product1onareas were 

1n general small-farm areas where cap1tal constra1nts play a large role 1n 
29 

adopt1on A m1n1mum 1nput breed1ng and select1on strategy was therefore 

chosen However there was no emp1r1cal base for mak1ng a dec1s1on about the 

env1ronmental cond1t1ons for select1on wh1ch thus had to be left to the cr1 

t1cal 1nferences of the sc1ent1sts 

The Cr1t1cal Inference-stage 

The ava1lable Macro and M1cro data 1nd1cate sorne general d1rect1ons 1n both 

~rograms but st1ll leave gaps 1n the def1n1t1on of the relevant constra1nts 

These gaps have to be br1dged by 1nferences about Lat1n Amer1can product1on 

of these two commod1t1es These 1nferences come from members of the team 

291 Only 20 percent of the farmers 1n the sample used fert1l1zer Fert1l1zer 
ut1l1zat1on was at low dosage levels and was encountered pr1mar1ly 1n the 
larger farm areas of zone II where cl1mat1c cond1t1ons were as well both 
favorable and stable and to a lesser extent among the farmers 1n zone IV 
When there 1s adequate land for rotat1on or resettlement h1gh fert1l1zer 
pr1ces andan unknown response to fert1l1zer 1t 1s not surpr1z1ng that 
most farmers do not ut1l1ze fert1l1zer Sorne m1n1ng of the ava1lable 
nutr1ents would be expected thereby requ1r1ng sh1ft1ng land use Th1s 
was collaborated by the sample as only 15 percent of the farmers planted 
cassava on land that had prev1ously been 1n th1s crop and 55 percent of the 
farmers planted cassava on land that had formerly been 1n pasture 
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and other5 w1th expenence 1n Lat1n Amen ca Obv1ou5ly 1t 1s 1mportant to 

ver1fy or reJeCt the5e 1nference5 w1th the collect1on of better f1eld data 

1n the future 

F1nally the def1n1t1on of a relevant con5tra1nt 15 not 5uff1c1ent for 1t 

to be 1ncluded 1n re5earch de51gn The otrer nece55ary component 1s the 

subJect1ve dec1s1on of the breeder that the des1red character1st1cs to over

come the relevant constra1nt can be successfully 1ncorporated 1nto the 
........... l lt ..,..,.. ~ .,. .. * ~ ~ - ~ 

new matenal For example 1t 15 not po5s1ble to breed~forvffifcal re51stance 

to a g1ven d15ease 1f none of the germplasm collect1on 5how5 res15tance 30 

Moreover as the number of relevant constra1nt5 1ncrea5e5 the length of 

the breed1ng proces5 15 extended and the probab1l1ty of 5ucce55 decl1ne5 

Eff1c1ency que5t1on5 about the breed1ng process often ar15e and pr1or1t1e5 

must be 5et Aga1n the breeder mu5t make the relevant Judgement between number 

of character15t1C5 5ought and probab1l1ty of succes5 

BEANS 

The 1nference5 for Lat1n Amer1ca are the follow1ng 

A Bean color preference5 are very d1fferent between countr1e5 and fa1rly 

B Bean product1on 15 predom1nantly encountered on small farms Exc€pt1on5 

to th1s are bean product1on 1n Ch1le and Argent1na (3 6 percent of Lat1n 

Th1s potent1al gap between def1n1t1on and 1ncorporat1on of relevant 
constra1nt5 1n the breed1ng proces5 become5 e5pec1ally cruc1al when 
breed1ng for d1sease and pe5t re51stance It 15 qu1te l1kely that the 
broad obJect1ve5 of a breed1ng program at 1nternat1onal center5 - that 15 
b1olog1cal eff1c1ency 1n plant type w1de adaptab1l1ty and stable mul
t1 re51stance are 1ncon515tent w1th one another because of d1fferences 
1n breed1ng methodolog1es nece55ary to ach1eve any one obJect1ce 
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Amer1can bean product1on) and on the Peruv1an Coast Occas1onally w1th 

h1gh export or domest1c pr1ces larger producers have temporar1ly moved 

1nto bean product1on Th1s occurred 1n the Valle of Colomb1a 1n the 

s1xt1es and early sevent1es31 

C The small bean producers use few 1nputs but they locate on the more 

fert1le so1ls These farms are often on slopes w1th substant1al 1ncl1nes 
............... '"....... ~ p ,., ... 

but bean producers avo1 d the 1 ow1 and troin ca 1 so1l s ""'"' ............. 

D Most bean product1on 1s e1ther 1n assoc1ated or relay cropp1ng w1th corn 

In the former system there 1s potent1ally d1rect compet1t1on for l1ght 

and nutr1ents as the crops are planted at approx1mately the same t1me 

At the low 1nput levels customar1ly ut1l1zed the compet1t1on 1s resolved 

ty very w1de spac1ng In the relay system the beans are planted along 

s1de the mature corn to ut1l1ze the stalk for support There 1s l1ttle 

compet1t1on 1n th1s system 

E Beans can be d1v1ded 1nto four 1deotypes32 

a) A short season bush bean to f1t 1nto a rotat1on w1th 1rr1gat1on or 

to take advantage of a short ra1nfall per1od 

b) A long season bush bean Th1s 1s a h1gh y1eld1ng type su1table for 

large scale mechan1zed product1on but sens1t1ve to ra1nfall var1at1on 

e) A prostrate bean w1th more res1stance to ra1nfall stress Th1s 1s 

very useful when water control 1s not ava1lable and ra1nfall 1s var1able 

31/ N R de Londono et al pp 4 S 

Th1s extremely useful 
of CIAT Bean Program 
pp A 67 68 

d1v1s1on was made by Douglas La1ng Phys1olog1st 
For further deta1l see CIAT Annual Report 1976 
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d) A cl1mb1ng bean The long grow1ng season enables h1gh y1elds to be 

ach1eved Th1s type 1s predom1nantly encountered on small farms at 

h1gher alt1tudes 

F The mctJOr d1sease problems 1n Lat1n Amer1ca are Common Bean Mosa1c Com-

mon Bacter1al Bl1ght Rust and Anthracnose The maJar 1nsect pests are 

Empoasca 33 and storage 1nsects (Bruchlds) (see Tables A-13 and A 14) 

The cruc1al operat1ng dec1S1ons of the Bean Program were that beans of 
L r- ~ b~# many colors,and plant types would be sought ~econdly h1gh 1npu~ packages 

r ' 
1 1 
~ 

would not be relevant unless beans were able to move 1nto the better so1l 

areas of Lat1n Amer1ca where large farmers predom1nated S1nce beans had 

not been able to capture these areas prev1ously and h1gh value export crops 

w1th a long trad1t1on of research and developed 1nfrastructure for market1ng 

would have to be d1splaced the potent1al for beans to enter these areas on 

anyth1ng more than a short term bas1s was cons1dered to be a long shot 

Hence a d1verslf1cat1on strategy was necessary to hedge aga1nst the pos 

s1b1l1ty that a new Type B var1ety would not be suff1c1ently prof1table to 

break 1nto the pr1mf agr1cultural areas or to stay 1n these areas when h1gh 

pr1ces decl1ned 

G1ven the r1sk1ness of bean product1on and the prevalence and ser1ousness of 

a ser1es of d1seases and one 1nsect the pr1nc1pal obJeCtlve of the research 

strategy would be to ach1eve res1stance toa multlpl1c1ty of d1seases 1n beans 

These 1nferences 1n F were based upon the 1dentlf1cat10n by the sc1ent1sts 
work1ng 1n bean product1on 1n Lat1n Amer1ca of the d1seases and 1nsects 1n 
the1r respect1ve countr1es (see Table A-13 and A-14) After th1s survey 
was taken Golden Mosa1c became an 1mportant problem 1n the pr1nc1pal 
bean product1on reg1ons of Braz1l and Central Amer1ca 
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of var1ous colors and 1deotypes Both vert1cal and hor1zontal res1stances 

34 were sought depend1ng upont the part1cular pest The use of sorne vert1cal 

res1stances 1n beans can be JUst1f1ed for the follow1ng reasons 

1 the d1scont1nuous nature of bean product1on and the mult1pl1c1ty of 1deo

types should prov1de suff1c1ent ep1dem1c control s~ould a part1cular 

vert1cal res1stance break down and 

2 there are a number of methodolog1cal problems w1th beans 1n breed1ng for 

The f1rst po1nt stresses the fact that the spread of bean d1seases 1s 11-

m1ted because beans 1n Lat1n Amer1ca unl1ke gra1ns are produced 1n w1dely 

separated pockets Also 1t 1s unl1kely that any one bean var1ety w1ll 

become w1dely d1str1buted due to preferences for d1fferent colors and ldeo

types Thus any breakdown of vert1cal res1stance w1ll tend to be local1zed 

and thus more eas1ly managed w1th less econom1c stress Secondly sources 

res1stance to many d1fferent spec1es of d1seases are ava1lable 1n beans 

Even 1f a vert1cal res1stance breaks down the benef1ts of a few years of 

successful protect1on are often much greater than the costs of the res1stance 

breedwg In one season 1n only the Valle area res1stance to Rust would 

have 1ncreased the value of bean product1on by over one m1ll1on dollars 

Vert1cal res1stance may be necessary for those d1seases such a Common 

Mosa1c Anthracnose Bacter1al Bl1ght and Angular Leaf Spot wh1ch are 

seed transm1tted 

In Rust and Empoasca tolerance or mult1 gene res1stance 1s presently 
be1ng sought s1multaneously w1th vert1cal res1stance to Rust For a 
d1scuss1on of the character1st1cs and trade-offs between vert1cal and 
hor1zontal res1stances see R A Rob1nson The Pathosystem 
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CASSAVA 

The 1nferences for cassava 1n Lat1n Amen ca are the follow1n9 

A No susta1ned research on genet1c 1mprovement of cassava had been under-

taken 1 n Lat 1n Amen ca Moreover the d1 vers 1 ty of the germp 1 asm e o 1 

lect1on suggested that there was substant1al scope for 1ncreas1ng y1eld 

1ng ab1l1ty through genet1c means The pr1mary pr10r1ty of the breed1ng 

program was to develop w1dely adapted h1gh y1eld1ng var1et1es 
'- - ...... .), ... ~ \. .vov.-;. M-o- ""' 

Improv1ng the eff1c1ency and thus the y1eld of the plant by select1on 

for harvest 1ndex (the rat1o of root we1ght to total plant we1ght) became 

the maJor breed1ng obJect1ve However s1nce th1s select1on process 

reduced excess leaf format1on and thus the tolerance of the plant to 

pathogen attack d1sease (Cassava Bacter1al Bl1ght and Superlongat1on) 

and pest (thr1ps and m1tes) res1stance became the second breed1ng pr1or1ty 

C The breed1ng methodology rel1ed on str1ngent parent select1on controlled 

crosses and one pr1mary select1on for genet1c y1eld1ng ab1l1ty under 

good agr1cultural cond1t1ons and a second select1on 1n a h1gh pressure 

d1sease env1ronment The bas1s for genet1c 1mprovement w1th each cycle 

1s pr1nc1pally proper select1on of parent w1th des1red character1st1cs 

and for d1sease res1stance select1on under h1gh pathogen pressure 

D The pr1nc1pal target areas are the more unfavorable agr1cultural produc 

t1on zones The pr1nc1pal target group 1s small-scale farmers New 

technology thus was based on a m1n1mal level of purchased 1nputs and pro 

m1s1ng var1et1es requ1red evaluat1on under the range of typ1cal product1on 

cond1t1ons Thus the reg1onal and 1nternat1onal y1eld tr1als were cru 

c1al to 1dent1f1cat1on of h1gh-y1eld1ng w1dely adapted var1et1es 
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E The fresh human consumpt1on market 1s cons1dered to be the pr1mary source 

of demand andas such consumer character1st1cs are qu1te r1g1d Post 

harvest durab1l1ty 1s a key factor 1nfluenc1ng qual1ty and therefore reta11 

pr1ce Other character1st1cs are HCN content root s1ze and starch 

and f1ber content All except root s1ze to a l1m1ted extend are genet1c 

character1st1cs 

F G1ven the genet1c y1eld potent1al of cassava the poss1b1l1ty ex1sted of 

flood1ng urban markets for fresh cassava and caus1ng pr1ces to drop pre

c1p1tously Expans1on of alternat1ve markets appeared to be necessary 

requ1r1ng s1multaneous development of process1ng and ut1l1zat1on techno-

logy 

Plant character1st1cs necessary for h1gher y1eld1ng ab1l1ty under cond1t1ons 

of poor so1ls and cl1mate and few 1nputs were perce1ved to be the pr1nc1pal 

relevant constra1nts Cassava was expected to have a reasonably h1gh 

level of hor1zontal res1stance to the maJor d1seases and pests thereby a1low-

1ng the pr1may focus of the breed1ng program to be put on y1eld1ng ab1l1ty35 

The select1on and breed1ng strategy for cassava 1S thus to produce hundreds 

or thousands 1f poss1ble of recomb1nat1ons wh1ch y1eld more than 50t/ha 

at CJAT from as many d1verse parents as poss1ble and to evaluate these hybr1ds 

35/ See R A Rob1nson The Pathosystem pp 16-17 The reason for the 
h1gh level of hor1zontal res1stance 1n cassava 1s due to the fact that 
vert1cal res1stance d1d not have a chance to evolve 1n cassava rather 
natural select1on had to be based solely upon hor1zontal res1stance 
Because cassava 1s vegetat1vely propagated (a clone) and 1s not season 
bound there 1s both spat1al and sequent1al cont1nu1ty of 1dent1cal 
host t1ssue Jf res1stance were vert1cal and broke down there would 
have been no evolut1onary surv1val value thus the necess1ty for hor1zontal 
res1stance 1n 1ts evolut1on Th1s factor prov1des support for the usual 
general1zat1on that cassava 1s h1ghly res1stant to d1seases and pests 
though as CJAT tr1als have shown th1s may not be so for any one part1cular 
cult1var aga1nst all pathogens Th1s result would be expected to be due 
to d1fferences 1n the pathosystems 1n wh1ch the d1fferent var1et1es evolved 
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under great env1ronmental d1vers1ty and at the same t1me 1ncorporat1ng as 
36 

much d1sease and pest res1stance as poss1ble 1n the whole populat1on 

Th1s strategy thereby selects for h1gh genet1c y1eld1ng ab1l1ty and 1s de

Slgned to select for y1eld stab1l1ty and w1de adaptab1l1ty by evaluat1on over 

var1ed env1ronmental cond1t1ons 

Research on low cost cultural pract1ces 1nclud1ng plant dens1ty plant1ng 

techn1que d1sease 1nsect and weed control and fert1l1ty ma1ntenance has 

also been stressed All of these focus on the qu1ck release of new technolo

gy packages that comb1ned w1th the h1gh y1eld1ng cult1var w1ll be adaptable 

to a w1de range of trop1cal cond1t1ons The hybr1ds tested and selected under 

the d1verse cond1t1ons of the reg1onal tr1als w1ll then be used 1n the second 

~hase of the breed1ng program to 1ncorporate d1sease res1stances as well as 

character1st1cs 1mportant 1n f1nal demand espec1ally h1gh starch low HCN 

content and post-harvest durab1l1ty Breed1ng for cassava character1st1cs 

that correspond to market preferences thereby becomes an 1mportant component 

of the research strategy Post-harvest technology development as well becomes 

essent1al 1n order to ensure that 1ncreased y1elds and product1on are not 

corstra1ned by a large pr1ce decl1ne due to l1m1ted fresh ~arket demand potent1al 

CONCLUSIONS 

Informat1on process1ng 1s a cont1nual process 1n Internct1onal Center Pro

grams The pr1nc1pal focus 1s to ach1eve a more sol1d emp1r1cal s~pport 

(or reJeCtlon) of the cr1t1cal 1nferences F1rst these are made expl1c1t 

as 1n th1s paper and then evaluated w1th more systemat1c data collect1on 

361 CIAT Annual Report 1976 p B 40 
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S1nce cassava 1s a s1mpler commod1ty than beans due to fewer 1deotypes and 

fewer d1fferences 1n taste preferences fewer 1nferences were necessary 

Beans requ1re much more data collect1on to evaluate the relat1ve 1mportance 

of d1sease and 1nsect pests 1deotypes and tastes Cassava w1ll undoubtedly 

requ1re more research on demand market1ng and process1ng whereas none of 

these appears to be part1cularly press1ng for beans Moreover 1dentlflcat1onofthe 

maJar agro-cl1Mat1c cond1t1ons under wh1ch cassava 1s produced and the eva 

luat1on of hybr1ds under these cond1t1ons appears to be essent1al 

In the commod1ty programs there 1s a natural evolut1on to farm level data 

collect1on ut111z1ng the Gap approach so that the programs can test the re

levance of exper1ment-stat1on-generated pract1ces and new var1et1es (segre

gants or cult1vars) under farm level cond1t1ons 

In the evolut1on of crop technolog1es there has been two h1ghly emot1onal 

d1scuss1ons The f1rst 1s over the 1ncome d1str1butlon consequences of the 

new technolog1es The data 1n th1s paper 1nd1cate that both commodltles 

are essent1ally produced by small farmers pr1mar1ly outs1de of the pr1me 

agr1cultural areas of Lat1n Amer1ca Except for temporary c1rcumstances of 

h1gh pr1ces the authors cons1der that these two commod1t1es even w1th lm

proved var1et1es w1ll not break 1nto the pr1me agr1cultural areas There 

are JUSt too many other more prof1table commod1t1es 1n these areas w1th long 

trad1t1ons of research and a developed market1ng 1nfrastructure37 Research 

Another poss1ble reg1on for the expans1on of cassava product1on 1s the un 
explo1ted front1er areas such as the Llanos 1n Colomb1a and the Mato Grosso 
reg1on 1n Braz1l There are many factors wh1ch w1ll 1nfluence the movement 
of cassava 1nto these areas one of the pr1c1pal ones be1ng government po-
llCY The recent establ1shment of large cassava areas 1n Mato Grosso by 
PETROBRAS (The nat1onal petroleum comoany) 1s a case 1n po1nt There the 
government has consc1ously selected large scale cassava product1on schemes 
thereby g1v1ng l1ttle we1ght to the 1ncome d1str1but1on consequences Tech 
nology des1gn 1n th1s case cannot overcome the affect of government 1nterven 
t1on 1n the cho1ce of scale of product1on but on the other hand ne1ther should 
technology des1gn be based on parameters set by government pol1cy where they 
contrad1ct those set by econom1c forces 
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des1gn for these two commod1t1es therefore must reflect two obJect1ves 1ncreased 

product1v1ty and max1m1z1ng technology adopt1on 1n the target area 

The second emot1onal 1ssue 1s over the cho1ce of breed1ng strategy pr1nc1pal 

ly because 1t 1nvolves the 1nterplay of so many d1sc1pl1nes Nevertheless a 

breed1ng strategy for var1etal development at 1nternat1onal centers needs to 

address three ma1n concerns 

1 What part1cular emphas1s w1ll g1ve the largest 1ncrease 1n expected y1eld 

levels 

2 What are the assumed 1nput levels under wh1ch crosses are selected and 

3 Are the r1sks of pathogen ep1dem1cs upon release of new var1et1es suf-

f1c1ently m1n1m1zed? 

The f1rst 1ssue usually 1nvolves a debate over y1eld vs res1stance breed1ng 

The second 1ssue 1s l1nked to the 1ncome d1str1but1on debate but essent1ally 

argues the eff1c1ency quest1on 1n terms of max1m1z1ng y1elds (under l1m1ted 

cond1t1onsl vs max1m1z1ng adopt1on The th1rd 1ssue has 1n the past not 

been so f1ercely debated but ranks as an emerg1ng debate 1n the future as 

the w1de d1str1but1on of the new h1gh y1eld1ng var1et1es redLce the var1ab1l1ty 

of the genet1c base and thereby 1ncrease d1sease pressure Th1s debate w1ll 

probably be focused around hor1zontal vs vert1cal res1stance breed1ng stra

teg1es 

The debate over y1eld vs res1stance breed1n9 1n beans and cassava 1S well 

def1ned Clearly the two commod1t1es are very d1fferent Beans are an 

extremely r1sky crop subJect to a ser1es of d1sease and 1nsect pests and very 

sens1t1ve to water shortages 1n cr1t1cal per1ods Moreover the ser1ousness 

of the bean d1seases 1s aggravated over t1me by the seed transm1ss1on of the 
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most 1mportant d1seases Hence 1t appears of pr1mary 1mportance to reduce 

the y1eld var1ance of beans Cassava y1elds do not show as much between 

year var1at1on there appear to be fewer 1nsect and d1sease pests and there 

1s sorne tolerance of those pests 1n the ex1stent cult1vars In cassava 1t 

1s much eas1er to JUSt1fy a pr1nc1pal emphas1s on those plant character1st1cs 

lead1ng to h1gher y1elds 

Where res1stance strategy 1s chosen the quest1on of the stab1l1ty of the 

res1stance needs sorne cons1derat1on Beans are a short season crop w1th a 

var1ety of colors and 1deotypes and scattered 1n w1dely d1str1buted pockets 

of product1on throughout Lat1n Amer1ca It 1s doubtful that the problem of 

genet1c un1form1ty w1ll apply to beans The opt1mum strategy for beans 

appear to be an 1ntegrated plant protect1on package des1gned around bcth 

sources of res1stance S1multaneously phys1ology and breed1ng are collabo

rat1ng to 1dent1fy thcse plant character1st1cs wh1ch can be selected for 1n 

order to 1ncrease y1elds 

W1th the development of eff1c1ent h1gh-y1eld1ng var1et1es the cassava pro

gram must focus more of 1ts attent1on on d1sease res1stance W1th the develop

ment of b1olog1cally eff1c1ent plant types there 1s a tendency for plant 

tolerance to decl1ne38 Moreover cassava 1s a long season crop mak1ng 

pest1c1des 1mpract1cal Pathogen control though cultural pract1ces 1n most 

381 The development of a b1olog1cally eff1c1ent plant attempts to ach1eve 
a balance between leaf and root product1on In many var1et1es there 1s 
excess leaf product1on wh1ch reduces potent1al root product1on However 
th1s excess leaf product1on prov1des the predom1nant tolerance mechan1sm 
That 1s these var1et1es can susta1n severe leaf attacks w1th l1ttle de
cl1ne 1n y1eld See J H Cock 
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cases requ1res max1mal d1ffus1on to be affect1ve Thus res1stance 1s usual 

ly the only pract1cal solut1on Furthermore be1ng a clone cassava 1s prone 

to the hazards of genet1c un1form1ty Thus w1th the release of the new h1gh

y1eld1ng var1et1es y1eld var1ab1l1ty w1ll undoubtably 1ncrease w1thout res1stances 

to the 1mportant pathogens The breed1ng program through cho1ce of parents for 

crosses and through select1on 1n a h1gh d1sease pressure s1te 1s respond1ng to 

the problem 

W1th the development of w1dely adapted h1gh y1eld1ng hybr1ds that can reenter 

the breed1ng process more emphas1s can be put on d1sease res1stance Hypothe 

s1zed hor1zontal res1stance wh1ch substant1ally reduces her1tab1l1ty of re

S1stance a potent1ally bread spectrum of d1seases that vary by env1ronment 

and the tendency for the genet1c base of the breed1ng program to narrow makes 

evaluat1on 1n a d1verse network of reg1onal tr1als essent1al In the future 

h1gh y1eld1ng l1nes may have to feed 1nto a separate network of cross1ng and 

select1on s1tes des1gned to ensure adequate pathogen res1stances 

In summary d1fferent relevant constra1nts and d1fferent crop character1st1cs 

p01nt to d1fferent strateg1es for cassava and beans wh1le nevErtheless produc1ng 

the same output a stable h1gh y1eld1ng var1ety not dependent on h1gh levels 

of purchased 1nputs 
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SANDERS J H y Cam1lo Alvarez P Evoluc1on de la Producc1on de FrlJOl en 
Amer1ca Lat1na Durante la Ult1ma Decada Ser1e 0658-1 CIAT Cal1 
Colomb1a Agosto 1978 
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Table A-1 Product~on of Dry Beans ~n Lat~n Amer~ca, 1964-66 

to 1974-76~/ 

Country Average Average 
(1964-66) (1974-76) 

-------- 1000 tons --------
Braz11 2129 7 2117 o 
MeX1CO 917 3 1046 7 
Argentina 32 3 131 7 
Guatemala 44 o 77 7 
Colomb~a 39 o 75 oE.I 
Ch~le 87 6 .,3 3 
Honduras 50 o 53 7 
N~caragua 39 o 52 7 
Ha~t~ 40 6 44 o 
El Salvador 15 o 37 3 
Peru 46 3 35 7 
Paraguay 30 o 42 3 
Venezuela 43 o 37 3 
Dom~n~can Republ~c 25 o 35 o 
Ecuador 28 o 28 3 
Cuba 25 o 23 7Cf 
Bol~v~a 14 o 20 7~ 
Costa Rica 18 6 16 o 
Panama 6 o 4 o 
Uruguay 3 3 2 oc/ 
Puerto R~co 2 o 2 o~/ 

Lat~n Amer~ca 3635 4 3956 1 

a/ These ar1thmet1c averages are est1mated on the bas1s of data 
from the USDA-ERS For those for wh1ch the USDA-ERS does not 
have 1nformat1on (Argent1na Ha1t1 Cuba Uruguay 
and Puerto R2co) data from the FAO was used 

b/ These data were based on 1nformat2on from the M1n1stry of 
Agr1culture (2) (3) and (4) below 

e/ Average 1974/75 

Source Translated from J H Sanders y e AlvarPZ p Tenden-
ClaS de la Producc1on de Fr1]ol en Amer1ca Lat1na-II 
m1meo CIAT Cali Colombia Julio 1977 p 2 
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Table A-2 a/ Production Commerce and Consumption of Legumes- in Latin America 

Av~~Qg~ (1963 65) Av~~Qg~ (1973 75) 

Net J\pparent 
Production +Imports 

1
domestic per capita 

Total~/ -Exports~ consump- consump-
t1.on tion.!!f 

Net 
Production +Imports domes tic 

Total~/ -Exports~/consump-
tion 

----------- 1000 tons -------- - kg/yr - ----------- 1000 tons --------

Expo~:t~~h 

Argent1na 85 o -18 2 66 8 3 o 132 3 -58 4 73 9 
Chüe 106 o -27 1 78 9 9 5 97 o -25 1 71 9 
Mex1co 975 7 -22 9 952 8 23 1 1313 3 -12 4 1300 9 
Honduras 48 7 -18 o 30 7 13 9 51 4 -4 4 46 9 
Colombia 90 7 2 4 93 1 5 2 143 6fJ -2 8 140 8 
Peru 103 7 1 8 105 5 9 3 88 o -1 7 86 3 
BOll.Vl.a 21 o o 3 21 3 5 3 29 3 -o o~_! 29 3 

Impo~:t~~h 

Cuba 27 3 61 5 88 8 11 8 24 o 92 7 116 7 
Venezuela 46 3 32 4 78 7 8 8 41 o 30 o 71 o 
Costa R1.ca 18 3 1 o 19 3 13 4 13 7 17 3 31 o 
Brazü 2123 o 7 9 2130 9 26 6 2332 7 17 o 2349 7 
D Republic 47 3 5 4 52 7 14 8 64 o 4 o 68 o 
Panama 7 o 3 4 10 4 8 7 
Guatemala 43 o 2 3 45 3 lO 1 

,4 7 2 o 6 7 
74 3 3 o 77 3 

Uruguay 7 o 1 5 8 5 3 2 5 o o 5 5 5 
Nicaragua 35 7 -2 o 33 7 21 2 48 '1 3 6 51 9 
El Salvador 14 3 15 2 29 5 10 3 37 3 3 3 40 6 
Haih 43 3 o 5 43 8 10 6 
Paraguay 45 o -1 o 44 o 22 7 

83 3 O O~/ 83 3 
52 o o o 52 o 

Ecuadorf/ 65 3 o 1 65 4 13 3 
Others- 18 7 23 2 41 9 5 2 

53 7 o 1 53 8 
16 o 21 9 37 9 

Lat..(.n Ame/t..(.~a. 3972 3 69 7 4042 o 16 9 4 704 9 90 6 4795 S 
--------- --· --

11 
_¡j) 

J\pparent 
per cap1ta 

consum¡;r-
t~on4. 

- kg/yr -

2 9 
7 2 

22 4 
1 S 1 

5 7 
5 7 
5 7 

12 8 
5 7 

16 o 
22 2 
14 o 

4 1 
13 4 
1 8 

23 7 
1 o 1 
16 6 
20 7 

7 6 
4 o 

15 1 

~ 
w 
\:) 
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Table A-2 Production Comrnerce and Consumption of Legumes~1 1n Latin Amer1ca 

AveJtage (1963 651 AveJtage (1973 75) 

Net Apparent Net Apparent 
Production +IMports 

1
domest1c per capita 

Total!:/ -Exports~ consuMp- consW1p-
t~on tJ.on!!/ 

Product1on +Imoorts do-rest1c per caoJ.ta 
Total.:/ - Exports .:_¡con sut"p- const..IT'¡;>-

t1on t1.on-

----------- 1000 tons -------- - kg/yr - ----------- 1000 tons -------- - kg/yr -

Ex.,oJtteJt6 

Argertina 85 o -18 2 66 8 3 o 132 3 -58 4 73 9 2 9 
Ch1le 106 o -27 l 78 9 9 J 97 o -25 1 71 9 7 2 
l- eXl.CO 975 7 -22 9 952 8 23 1 
Honduras 48 7 -18 o 30 7 13 9 

1313 3 -12 4 1300 9 22 4 
S 1 4 -4 4 46 9 1 S 1 

ColombJ.a 90 7 2 4 93 1 5 2 14 3 6]l/ -2 8 140 8 5 7 
Pwru 103 7 1 8 105 5 9 3 88 o -1 7 86 3 5 7 
Bolivia 21 o o 3 21 3 5 3 29 3 -o o!;/ 29 3 5 7 

I~r~oJti"eJt6 

Cuba 27 3 61 5 88 8 11 8 24 o 92 7 116 7 12 8 
\ernzuela 46 3 32 4 78 7 8 8 41 o 30 o 71 o 5 7 
Cos a RJ.ca 18 3 1 o 19 3 13 4 13 7 17 3 31 o 16 o 
Bra~J.l 2123 o 7 9 2130 9 26 6 2332 7 17 o 2349 7 22 2 
D Rnpublic 47 3 5 4 52 7 14 8 64 o 4 o 68 o 14 o 
Panarra 7 o 3 4 lO 4 8 7 4 7 2 o 6 7 4 1 
Guatemala 43 o 2 3 45 3 10 l 74 3 3 o 77 3 13 4 
Uruguay 7 o 1 5 8 5 3 2 
Nl.caragua 35 7 -2 o 33 7 21 2 
El Salvador 14 3 15 2 29 5 10 3 

5 o o 5 5 5 1 8 
48 ; 3 6 51 9 23 7 
37 3 3 3 40 1\ 1 o 1 

haJ.tJ. 43 3 o 5 43 8 10 6 
Paraguay 45 o -1 o 44 o 22 7 

83 3 O O!!/ 83 3 16 6 
S? O o o S? O 20 ' 

Ecuadorf/ 65 3 o 1 65 4 13 3 
Others- 18 7 23 2 41 9 5 2 

53 7 o 1 53 S 7 6 
16 o 21 9 37 9 4 o 

Lat.c.n AmeiL.c.~a 3972 3 69 7 4042 o 16 9 4 704 9 90 o 4795 , 15 1 
--------

\\: 
w 
1::1 
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F1gure A-1 Area of Beans 1n Lat1n AmerLca 

Braz1l and Mex1co 1965-1976 
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65 70 7 ':J Year 

(The stat1st1c Ln parentheses represents the average 
annua1 growth rate for 1965-1976) 

So urce J H Sanders y C Alvarez P 
p 19 

op c1t 
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Cont Tab1e A-2 

a/ Conta1ns a11 the 1egumes as def1ne by FAO 1n the Tab1e A-2 1n 
Product1on tendenc1es of beans 1n Lat1n Amer1ca-I 

b/ Arithmet1c average est1mated on the bas1s of USDA-ERS (1) (2) 
and FAO (3) 

e/ 

d/ 

Ar1thmet1c average est1mated on the bas1s of FAO (4) 

Th1s stat1st1c 15 est1mated on the bas1s of USDA-ERS 
antl FAO (3) (4) and (S) 

(1) (2) 

e/ Ar1thmet1c average est1mated on the bas1s of USDA-ERS (1), (2) 
and FAO (3) and (S) 

f/ Includes Guyana Jama1ca Sur1nam Tr1n1dad and Tobago Puerto 
R1co and other 1s1ands 1n the Car1bbean not ment1oned wh1ch 

--. produce and/or import 1egumes 1n Latin Amer1ca"'""" AM .. ""' .. ~ 

r./ 

h/ 

It 1s est1mated on the bas1s of the M1n1stry of Agr1cu1ture (6) 
(7) 

Less 

Note 

and FAO ( 3) 

than 50 tons 

In arder to 
were used 

est~made (d) popu1at~on data from USDA-ERS 
When data were not ava~1ab1e from USDP-ERS 

for sorne countr~es data from FAO were used The 
popu1at~on average for Lat~n Amer~ca ~n the two per~ods 
was 

1963-1965 = 239 156 (thousands) 
1973-1975 = 316 035 (thousands) 

So urce J H Sanders and C Alvarez P op c~t p 4 
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Table A-3 Bean Area 1n Lat1n Amer1ca 1964-1966 

to 1974-1976~/ 

Average Average 
(1964-66) (1974-76) 

----- 1000 has ------
Braz11 3243 o 4140 3 
Mex1co 2149 3 1679 7 
Argentina 36 9 129 o 
Ch1le 62 3 74 3 
Guatemala 86 o 103 o 
Colomb1a 72 o 104 3c/ 
Honduras 74 o 78 o 
N1caragua 59 o 71 3 

4\ lo' ..... >M> Ha1t1 .. """ ~.- ,. ~ 40 o,... - ,.. -·..41 ,3 
"""""' ,)0>¡.,~ ~ 

El Salvador 27 o 52 7 
Peru 58 3 56 7 
Venezuela 88 7 83 o 
Ecuador 64 7 65 7 
Paraguay 32 o 59 o 
Dom1n1can Repub11c 38 3 43 7 
Cuba 36 7 35 oh¡ 
Bo11v1a 9 o 9 o~/ 
Costa R1ca 49 3 35 7 
Pan ama 19 o 14 o~/ 
Uruguay 5 o 4 o~/ 
Puerto R1co 4 o 4 oE/ 

Lat1n Amer1ca 6247 7 6882 6 

a/ These ar1thrnet1c averages were est1rnated frorn 
Tab1e A-7 of the Bean Product1on Tendenc1es 
1n Lat1n Arner1ca-I 

b/ Average 1974/75 

e/ Th1s average was calculated on the bas1s of 
data frorn the M1n1stry of Agr1culture 1n 
Co1ornb1a (2) (3) and (4) c1ted below 

So urce J H Sanders y C Alvarez P op c1t p 22 



~ 

/ ' 

t 
Table A-4 Per-Cap1ta Production of Cassava (1973-7S) and Production (1,000 tonsl for 

' Lat1n Amer1can Countr1es 1963-l96S and 1973-L97S 

~ 

1973-7S 1963-l96S f 1973-197S 

Country Per-Cap1ta Cassava % Total Cassava .. Total Production Product1on Product1om Product1on Product1on of Cassava 

---kg --- (1000 tons) (1000 tons) 

Paraguaya 446 3 1320 4 8 1117 3 6 
Braz1l e 24S 4 23866 8S 9 > 2S986 84 3 

' French Guyana a 69 o 6 o ' 4 o 
Ecuador e 56 8 21S o 8 ¡ 396 1 3 
Colomb1a d 54 3 733 2 6 l3S3 4 4 
Bol1v1aa 45 2 143 O S ¡ 233 o 8 ::K 
Dom1n1can Republ1cb 3S o 1S3 o 5 169 o 5 t.; 
Perua 31 6 461 1 7 479 1 6 ~ 
Ha1t1 a 28 7 111 o 4 144 o 5 
Cuba a 2S 2 180 o 6 234 o 8 
Panamaa 24 7 19 o 1 40 o 1 
Venezuela a 24 S 318 1 1 f 301 1 o 
Guyanaa 17 7 10 o 14 o 
Honduras a 14 2 24 o 1 44 o 1 
Argent1na a lO 2 244 o 9 l 261 o 8 
Jama1cae 9 4 9 o • 19 o 1 
Guadalup"' a 8 6 S o ( 3 o 
Hart1n1que a 8 4 3 o , 3 o 
N1caraguaa 8 2 13 o í 18 o 
Costa R1ca a S 2 10 o 10 o 
Tr1n1dad and Tobagoa 5 2 4 o 1 5 o 
Sur1nama 4 9 2 o $ 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 lOO 30863 lOO 
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Cont Table A-4 

a/ 

~/ 

r.:./ 

d/ 

FAO Anuar1o de Producc16n 1973 Vol 27 Roma 1974 
and FAO Anuar1o de Proaucc16n, 1975 Vol 29, Roma, 1976 

Secretaria de Estado de Agr1cultura Inst1tuto Inter
amer1cano de C1enc1as Agrícolas D1agn6st1co del Hercadeo 
de Víveres en la Rep6bl1ca Dom1n1cana Documento No 13 
Vers16n Prel1m1nar - Marzo 1977 

M1n1ster1o de Agr1cultura y Ganaderta D1recc16n de Pla
n1f1cac16n Departamento de Estad!st1cas, undated 

Departamento Adm1n1strat1vo Natural de Estad!st1ca, 
(DANE) Bo~ettn Mensual de Estad!st1ca, No 276, Jul1o 1974 

USDA-ERS Ind1ces of Agr1cultural Product1on for lhe 
Western Hem1sphere Exclud1ng the Un1 ted S tates anr:l Cuba, 
1963 through 1972 Stat1st1cal Bullet1n 264 Washington, 
~De, May 1973 and Ind1ces~of Agricultura! Productibn ~or ~ 

the Western Hem1sphere Exclud1ng the Un1ted States and 
Cuba, 1966 through 1975 Stat1st1cal Bulletin 552, 
Wash1ngton, D C , May 1976 
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Table A-5 Cassava Annual Product~on Growth Rate Are a 

and Y~elds from Lat~n Amer~can Countr~es, 

1963- 1975 

Rate of Rate of Rate of 
Country Product~on Are a Y~eld 

Increase Increase Increase 

Barbados o 
Costa R~ca -o 6 -3 3 2 7 
Cuba 2 4 3 o -o 5 
Dom~n~can Republ~c 1 4 2 6 -1 2 

/'~ 
r:l Salvador 4 9 1 9 3 o 

J 
._,. Guadalupe ~~ ... ~-2 9 ~-

_ _.. ... ~ ~ ~ 

Guatemala 3 1 2 4 o 7 
Ha~t~ 2 8 1 3 1 5 
Honduras 6 o 3 6 2 4 
Jama~ca 5 2 -2 9 8 1 
Mart~nique o 
N~caragua 3 1 2 4 o 7 
Panama 8 2 9 8 -1 6 
Puerto R~co -2 4 -7 6 5 2 
Tr~n~dad and Tobago 2 6 
Argent~na o 7 o 1 -o 2 
Bol~v~a 5 1 4 3 o 7 
Brazil 1 2 2 1 -o 9 
Colomb~a 5 5 3 8 1 6 
Ecuador 7 5 5 2 2 2 
French Guyana -o 4 o -3 9 
Guyana 3 8 o 3 8 
Paraguay 1 1 -o 7 -o 4 
Peru o 4 -2 1 2 4 
Sur~nam 1 1 
Venezuela -o 4 4 6 -5 1 

TOTAL 1 3 2 1 -o 7 

Source Der1ved from the same sources as 1n Table A-4 
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Table A-6 Departments Included 1n the Analys1s Number of F1rmers Height above Sea Level 

Average Temperature Area Under Observation and Area of the 

Zone Departments 
Included 

I Cauca 

II Valle 
Qu1nd1o 

III Tol1ma 

IV Meta 

V Atlant1CO 
Magdalena 

TOTAL 

PERCENTAGE 

Are a 
(has ) 

6 534 

6 529 

8 182 

11 167 

9 110 

41 522 

25 

ProJected Cassava Product1on Reg1on 
~ 

No of 
Farmers 
1n the 
sample 

61 

64 

59 

Average 
height 
abo ve 

sea level 

--(m)--

1230 

1200 

815 

Average 
Temp 

( C) 

22 

22 

26 

' 
' 
Protected 

Departments 
1 

Nar1ño 

' Risaralda y Caldas 

Cund1namarca Hu1la 
Ant1oquia San tan-

Are a 
(has ) 

4 178 

6 271 

der Santander Norte 57 603 

55 370 27 Amazona Arauca, 
Caqueta Putumayo 
Vaupes V1chadada 
Gua1n1a Boya ca 10 404 

San Andres Sucre 
44 30 30 GuaJ1ra Choco 

Cordoba Cesar 
Bol1var 45 022 

283 
¡ 

123 478 

' 75 

< 
J¡ 

' 

' 

Total area 
of the 
reg1on 

10 712 

12 800 

65 785 

21 571 

54 132 

165 000 

10f) 

~ 
w 

"""' 
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Table A-7 Technolog1es Character1st1c of Two Systerns of Bean 

Product1on Valle and Hu1la-Nariño 1974-75 

They use (Percentage of 
farmers) 

Insect1c1des 
Fung1c1des 
Improved Seeds 

~ • Fert1l1zer ~ 

Herb1c1des 

Irrigat1on 
Mechan1zed land preparat1on 

They rece1ve 

Cred1t 
Technical ass1stance 

Labor used 

(Man-days/ha/harvest) 

Type of labor used 

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

Average y1elds 

Beans (kg/ha) 
Ma1Ze (kg/ha) 
Bean equ1valent (kg/ha)!/ 

Beans Alone 
(Valle) 

87 
lOO 

52 
84 
32 

25 
lOO 

87 
70 

28 7 

1 
99 

906 

906 

Beans 1n 
Assoc1at1on 

(Hu1la-Nar1ño) 

-lv.JJ' ~ 

8 
3 
2 
8 "" 
o 

o 
22 

47 
12 

110 

45 
55 

599 
711 
806 

!1 Bean pr1ces est1mated at Col $13 70/kg and ma1ze Col $4 0/ 
/kg 

Source Translated from N R de Londono y P Plnstrup-
Andersen Barreras a los Incrementos de Pro-
ductlvldad de Frl]Ol a N1vel de F1nca en 
Colomb1a CIAT Cal1 Colomb1a m1meo Jul1o 
1977 p 8 
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Table A-8 The Most Important Bean D1seases Valle Hu11J and Nar1ño, 1974-1975 

Be.an~ A!one. Be.an~ ~n A~~oc~at~on 

Di seas es Valle 1Nar1ño Hu1la 

1st V 2nd V 1st V 2nd V 1st V 2nd V 

---------------- pe~ce.ntage o6 6a~m~ -------- -

Rust (U~omyce~ pha~eo!~) 94 

Grey Blotch (Ce~co~po~a 
vande~y~t~) O 

Floury Spot (Ramu!a~~a pha~e.oi~na) O 

Powdery M1ldew (E~y~~phe po!ygon~) O 

Anthracnos1s (Co!!etot~~chum 
i~ndemuth~anun) O 

Root Rot* 39 

Angular Leaf Spot (I~a~~op~~ó 
g~~~eo!a) 74 

Bacter1al Bl1ght (Xanthomonaó 
phaóeo!~) 55 

V1rus** 10 

Leaf Spot*** (a!te~na~~a) O 

* Rh1zocton1a Sclerot1um 

94 

3 

o 
o 

o 
13 

lOO 

84 

19 

o 

26 16 68 

63 53 45 

10 47 12 

o o 8 

37 42 50 

37 5 8 

32 79 27 
¡ 

53 79 38 

21 11 26 

16 5 19 
l 
\ 
f 

** W1thout 1dent1fy1na the type of v1rus 1t could be ~ common mosa1c or rugase 
mosa1c } 

*** Alternaria Ascochyta 

c;ource Translated from Norha R de Londoño et al : Op c1t p 124 

70 

55 

74 

26 

54 

o 

76 

76 

3 

8 

t 
~ 
~ 
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Table A-9 The Most Important Insects Identif1ed in the Bean 
Cultivar Valle, 11u1la and Nariño 1974-1975 

Insects 

Fol.(.a.ge Sueke4~ 

Thr1ps 
Empoasca sp 
Empoasca sp 
Aph1ds 
Wh1te Fly 

(adults) 
(nymphs) 

Agromyza sp 
L1r1onyza sp 
Hem1chalepus sp 

' Fol.(.a.ge. Ea.te.~ 

Est1gmene sp 
Tr1choplus1a sp 
Hedylepta sp 
Chrysome111da 

Atta.ell the. V.(.ne.~ 

Hel1oth1s sp 
Tr1choplus1a sp 
Maruca sp Epinot1a sp 
D1ptera 

Atta.ek the. Seedl.(.ng~ 

Earthworms 
Cr1ckets 

Tetranychus sp 

Beans Alone 

Valle 

First 
Vis1t 

'lecond 
V1s1t 

Beans 1n Assoc1ation 

Hu1la 

F1rst Spcond F1rst Second 
V1s1t V1s1t V1s1t Vis1t 

-------- pe4een~a.ge o6 6a4m~ ------

39 
61 
36 
32 
62 

26 
o 

13 
o 
6 

36 

o 
o 
o 
o 

13 
13 

o 

36 
97 
87 

6 
26 

42 
43 

13 
55 
16 
52 

16 
32 
48 
o 

o 
o 

o 

68 
68 
63 
~37 

47 

58 
47 

o 
5 
o 

53 

o 
o 
o 
o 

o 
o 

o 

63 
79 
95 

- +53 
26 

32 
5 

o 
o 
o 

16 

16 
16 

5 
26 

o 
o 

o 

81 
93 
88 
51 
47 

62 
65 

1 
16 

7 
11 

o 
o 
o 
o 

14 
7 

23 

77 
89 

lOO 
82 
42 

51 
35 

4 
34 
24 

5 

3 
32 
49 

7 

3 
o 

45 

Source Translated from Norha R de Londoño et al op c1t D 13 
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Table A-10 Losses in Yie1d and Production of Beans due to Selected Factors Beans Alone (Valle) , 

Van.able 

Ra~n 

Rust 

Bacter~al Bl~ght 

Empoasca kraemer~ 

Angular Leaf Spot 

Cert~f~ed Seed 

Var~able Costs 

Plant Population 

1974 (second semester) 

Losses ~n the 
plot complete 

ly affected
(kg/ha) 

416 

307 

total 

315 

538 

186 

18 

14 

Percentage 
of area 
affected 

42 

56 

12 

35 

15 

41 

lOO 

lOO 

Average Y~eld 
Los ses 

kg/ha %a 

175 16 2 

172 16 o 
137 13 1 

110 10 8 

81 8 2 

76 7 7 

18 1 9 

14 1 1 

f 

Product~on 
Los ses 
(ton ) 

2168 

2130 

1697 

1362 

1003 

941 

223 

173 

Value of b 
Losses US$ 

(1000) 

1192 

1171 

933 

749 

552 

517 

123 

95 

a/ The percentage was determ~ned on the bas~s of average est~mated y~elds plus the loss due to 
each factor (see Append~x A) 

~/ At US$S50/ton ' 

So urce 
' 

Per P~nstrup-Andersen Norha R de Londoño and Mar~o Infante A Suggested Procedure 
for Est~mat~ng Y~eld and Product~on Losses ~n Crops Pest Art~cles & News Summar~es 
(PANS) 22(3) p 359-365 

~ 

~ 
4::: 
~ 
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Table A-11 Yield and Production Losses Ln Beans due to Selected Factors Beans/Maize 

(Huila and NarLño) 1975 (second semester) 

Losses Ln the 
t 

Percentage Average YLeld ProductLon Value of 
plot complete Los ses Variable 

ly affected- of area Los ses Los ses us$b 
(kg/ha) affected kg/ha %a (ton ) (1000) 

Presence of maLze 217 lOO O 217 o 26 6 4991 2286 
Topography 76 62 o 47 1 7 3 1083 496 
ThrLps 194 25 o 48 5 7 5 1115 510 
Empoasca e lOO O 51 o 7 8 1173 537 
VLrus 539d 32 o 38 o 5 9 874 400 

Plot not prevLously 
cultivated 66 39 o 25 7 4 1 591 270 

AnthracnosLs Total 4 7 26 8 4 2 616 282 
~ILldew Total 3 4 23 7 3 8 545 250 
Root Rot Total 2 1 19 7 3 1 453 207 

Angular Leaf Spot Total o 5 21 1 3 4 485 222 
Inadequate raLn 46 31 5 14 2 2 3 327 150 
Populat1on of Bean Plants 5 100 o 5 6 1 o 129 59 

a/The percentage 1s calculated on the bas1s of the average estLmated y1eld plus the loss 
- due to each factor (See Append1x A) 5 
b/A pr1ce of US$458/ton 1s est1mated (Col Pesos 30 per each US$) 
Sfit 1s Lmposs1ble to defLne what LS a plot completely affected w1th Empoasca 
d/It was not poss1ble 1n the funct1on to est1mate losses 1n a plot completely affected 
- w1th the v1rus The var1able used only cons1dered Lf there were an 1nc1dence or not 

of the VLrus The data appear as exper1mental results of art1fLc1al LnoculatLons 
(See CIAT Annual Report 1975 CalL ColombLa) p C-42 

So urce CIAT Informe Anual 1976 Cal1 Colomb1a p A-77 
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THE FIVE TYPES OF ZONES 
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Tabl e A-12 

(avctdgc by zonc) 

I II III IV 

OrganLc maltcr (%) 5 22 3 69 5 33 3 53 

Less than ~"* 26 20 75 00 1.2 ?O liO o o 

Phosphorus (prml 1 78 32 89 2 62 21 36 

Less than 15 p}m* lOO 00 35 90 lOO 00 72 70 

PotdsSLum (me~ilOOg) o 21 o 45 o ?6 o J2 

Lcss than O 30 meql .,., 
!lOO g* 80 30 37 50 76 30 94 60 

Alumtnum (meq llOOg) 4 37 o 06 o 84 2 84 

pi! 

Lcss than 5 5* lOO 00 12 50 83 10 89 lO 

Sodutm ~at.uratLon ( '/,) 1 46 o 46 o 18 o 18 

CalcLumlmdgnc~Lum 1 66 5 42 2 67 2 65 

rhch>ng0 capacLty 
(MeqJ100g 1 20 33 15 26 24 08 11 80 

*Pcrccntage of farms 

So urce CIAT Annual Rccort 1975 Ca11 Co1ornb1> 1976 
p B-5 

V 

1 93 

97 70 

69 66 

31 80 

o 22 

81 80 
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Table A-13 MaJOr d~seases of Beans (Pbaseolus vulgar~s) and 
the~r ~mportance by country ~n Lat~n Amer~ca 

~ 
:o 
= 
"' " "' ~ = .., = ~ - ~ ~ ~ 

..e - .., 
:¡, 

,., g "' E ~ ~ ~ 

§ " -= " .; ::: E ::;. ;;¡ 
~ V¡ :; = ~ 

.., 
;:: E ;:: :; ~ ;; = " :; " e 

::i e z ~ ::e ...; '-' :¡:: = "" - - o 

\1 JSau .. V¡rus (Cummun) + + + + + + + + + _¡_ + + 

\loSJIC (Y ello 1 - - + + _¡_ - - + - - - -

Common Blu ... ht ( '(antltm11VIWJ} + + + - + - + + - - - + 

Rust (Urom\uSI + + + + + + + + + - + + 

IV b Bil,ht (Titanat ![lit r IH} + + - + - ; - - + ~ - - -

\nthra no (e '" rorru lumz) + + + -r + + + + + T - -

\n uiJr L JI '-)¡ ( t + + + T + + + + + 

P >wdef\ \hiJ t 1 n Hplt 1 + + + + + + - - + _¡_ -'- -

Source CIAT Bean Product~on Systens Program Series FE-No S 
Cal~ Colomb~a May 1975 p 7 

+ D~sease ~s of maJar ~mportance 

- D~sease ~s of no part~cular ~mportance 

Fr~qucm.\ 

Country 

4 
~ 

7 
~ 

11 ~ 

5 

10 

) 
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Tab1e A-15 Pr~ces Rece~ved by South Amer~can Producers of 

Cassava and Pr~ce Ind~ces for Competing Crops 

1969 

Pr~ce of Pr~ce Ind~ces 

Country cassava Paddy $US/M T Pota toes 
R~ce 

Wheat Ma~ze 

Argentina 24 3 95 270 177 166 

Bo1~v~a 36 6 175 198 230 320 

Braz~l 9 5 555 998 1147 350 

Colomb~a 49 7 141 209 231 148 

Ecuador 36 o 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 Amer~ca 2 12 7 380 581 478 324 

!/ Price ~nd~ces based on cassava pr~ce ~n each country equal 
to 100 

~/ Pr~ces we~ghted by product~on 

Source Food and Agr1cultural Organ1zat1on of the Un1ted 
Nat1ons {FAO) Perspect1ve Study of Agr1cultural 
Development for Lat1n Amer1ca Rome, 1972 
p II-94 
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C0~1PAPISON OF POTENTIAL YIELDS ON FAPJ1ERS FIELDS IJITH 

YIELDS AT CIAT 

Fert1l1 zer 

CIAT Var1et1es 11 

Local Var1ety w1th 
Agronom1c Pract1ces 

Farmer 
Technology 

~led1 a Luna 

16 6 

14 6 

12 1 

7 4 

r----------. 33 2 

CIAT Var1etaes1l w1th 
Agronom1c Pract1ces 
and w1t~out Fert1l1zer 

CIAT 

11 Cf1C 40 and ~1 COL 22 


