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Cassava (Mamhot esculenta Crantz) ongmated m Amenca w1th a maJar centre of dtversrty m South Amenca 
and a secondary centre on Guatemala and Mexoco ( Leon 1977 Lozano 1977) where ot has been cult1vated for more 
than 5000 years Some 400 years ago the crop was <ntroduced 1n Afnca and more recently '"ASia (Jenn<ngs 1976 
Leon 1977 Mauny 1953) lt" composed of clones under cult1vat1on no w1ld types have been found (Leon 1977) 

The spec1es has 36 chromosomes and IS generally regarded as tetrapl01d (Toro and Garc1a 1977) Clones are 
h1ghly heterozygous (CIAT 1976 Kawanoetal 1978) but not heterogeneous ma<nly because of vegetat1ve 
propagatton and tnbreedmg depress1on 

In a mult1clonal populat1on cassava has a very h1gh rate of self<ng (Kawano et al 1978) however selfed 
plants are not compet1t1ve w1th crosses dueto strong <nbreed<ng depress1on (Kawano 1978 Kawano et al 1978) 
Plants grown from botamcal seed do not compete well wtth those grown from vegetattve cuttmgs or wtth weeds 
thus plants from true seed are not common m tradtttonal farmmg systems 

Cassava has been tradltlonally cult1vated under m1xed cropp<ng systems where stem cuttmgs of d1fferent 
clones are planted on recently cleared land Th!S system IS st!ll bemg used toa great extent 1n the Amencas (J K 
Lynam personal commumcat1on) Monocroppmg has only recently been 1ntroduced but st!ll Wlth the trad1t1onal 
multtclonal cassava populatton 

These early plantat1ons were !Solated locally by forests and reg1onally by mountams The Amencan cassava 
growmg areas are charactensed by a great d1vers1ty of edaph1c and chmat1c cond1t1ons S01ls vary m pH (3 0-9 5) 
texture macro- and/or mtcronutnent deftctenctes saltntty or mmeral toxtctty e g alummum and orgamc matter 
content Cltmattc condtttons are often dependent on elevatton except for Paraguay and south eastern Braztl and 
Peru temperaturas can be stable or fluctuatmg averagmg from 8 to 33 C there are equatonal to subequatonal 
photopenods sem1 desert to very wet reg1ons (500-6000 mm/year) w1th 1 or 2 ra<ny or dry penods of 1 to 8 
months/year and relattve humtdtttes rangmg from 15% to near saturatton dunng a g1ven penad of the year All 
these factors combme to form a great number of dtfferent ecosystems 

Dueto thetr relattve tsolatton farmers usually plant vegetattve matenal obtamed from a prevtous crop or from 
netghbounng farms Clone mtroducttons have occurred only occastonally each betng selected by the farmer on 
companson w1th the performance of local clones as regards adaptat1on to the ecosystem y1eld stab!l1ty and 
reststance to dtseases and pests found m the new ecosystem 
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Although research has shown that M esculenta has a h1gh y1eld potent1al (Cock 1974 Kawano 1978) 
commerc1al y1eld/umt area 1s very low (FAO 1971) Th1s has been generally attnbuted to madequate agronom1c 
practtces as well as to the lack of tmproved htgh yteldmg cultiVars reststant to dtseases and attack by pests Great 
advances m cultural pract1ces have been reported (CIAT 1976 1977 1978 1979 Toro and Garc1a 1977) but 
promtsmg selecttons or tmproved lmes have gJVen vanable results when grown m regtons other than those from where 
they \Nere selected Thts suggests that regtonal testmg of vanettes and programmes for mcorporatmg spectftc 
reststance to the dtfferent pressures or negattve productton factors (NPFs) m a gtven ecosystem are reqwred 

The relatiOnshtps between the cassava plant and the NPFs extstmg m the dtfferent cassava growmg areas are 
stud1ed on the bas1s of expenmental results obtamed over the past 10 years at CIAT w1th emphas1s on patholog1cal 
problems thear tmpact on breedmg strategtes ts d1scussed 

Breedmg programmes 1mpact of past strateg1es 

Cassava breedmg programmes are relat1vely recent one of the f1rst was lnltlated 50 years ago at the Instituto 
Agronom1co de Campmas BraZII (Normanha and Pere1ra 1950) Latera breedmg programme m Afnca began work 
on the development of vanet1es reSIStan! to Afncan mosa1c d1sease (Storey and N1chols 1938) Durmg the past 
decade the lnternat1onal lnst1tute of Trop1cal Agnculture (liTA) N1gena and the Centro Internacional de 
Agncultura Trop1cal (CIAT) as well as several nat10nal programmes 1n1t1ated breedmg pro¡ects (Mauny 1953 
Nestel 1974) 

liTAs breedmg programme mvolves mass1ve crossmg and select1on agamst two majar d1seases cassava 
bactenal bhght (CBB) and Afncan mosa1c d1sease and the1r d1ssemmat1on lmproved true seed from d1fferent 
mterpollmated supenor females w1th sources of res1stance and other agronom1c tra1ts 1s sent to d1fferent locat1ons 1n 
Afnca CIAT s programme has used convent1onal crossmg of supenor lmes followmg a ped1gree method selected 
mater1al at one centre 1s vegetat1vely dJssem1nated and tested 1n three d1fferent locat1ons 

The 1mpact of these programmes on the spec1es to date however has been hmtted Reg1onal cult1vars probably 
have most of the genet1c tra1ts charactenst1c of the f1rst domest1cated and selected clones havmg been selected over 
the centunes for ecolog1cal adaptab1hty resastance to d1seases and pests and good agronomJc charactenstacs These 
clones const1tute an excellent source of bas1c matenal for breedmg programmes the success of wh1ch depends on 
the1r correct 1dentlflcat10n and use 

Expenmental results related to breedmg strateg1es 

Results of research over the past ten years have led us to bel1eve that (a) d1sease and pest mc1dence and 
seventy of attack are related to the ecologJcal charactenst1cs of a g1ven reg1on {b) pathogemc race spectal!sataon 
among cassava dtseases appears to be rare (e) stable reststance to most ma]or NPFs extsts m M esculenta {d) clones 
1n extstence today are regtonally adapted cultavars that have pers1sted m a gtven ecosystem because of certam 
des~rable characters and {e) clones wtth res1stance to the mam NPFs 1n an ecosystem can be found 

Recent stud1es have shown that d1seases and pests are often restncted to certam reg1ons and 1f present 
become severe only dunng a certam season Cercospora leaf spots Cercospond/Um (Cercospora) hennmgsn 
Allescher and Cercospora V/St:osae Muller and Chupp anthracnose Co/letotnchum and Gloeosporwm spp 
and rusts Uromyces spp are not found orare only mlid durmg dry penods or m sem1 desert reg1ons (CIAT 1976 
Lozano 1978 Lozano and Booth 1974 Ten Thurston and Lozano 1978) whereas CBB Xanthomonas 
mamhot1s (Arthaud-Berthet & Bondar) Starr and superelongat1on Sphaceloma mamhot1co/a B1tanc & Jenk are 
severo only dunng penods of prolongad ramfall (Krauz Lozano and Thurston 1978 Lozano 1975 Lozano 1978) 
Moreover CBB mfect1on 1s moderate m areas where temperaturas are stable mdependent of the ramy season or the 
amount of ramfall1n a g1ven penod (CIAT 1979 Takatsu 1977) Concentnc rmg leal spot Phyl/ost/cta spp and 
wh1te leaf spot Phaeoramulana mamhotts = Cercospora canbaea Chupp and C1fern occur 1n regtons where 
temperaturas fall below 18 C dunng the ramy season and dunng the wmter m the subtrop1cal zones of southern 
Braz1l and Peru northern Argentma Uruguay and Paraguay (Lozano and 8ooth 1974) Phytophthora and Pyth1um 
root rots are most prevalent m heavy undramed so1ls (Booth 1978 Lozano and Booth 1974 Oliveros Lozano and 
Booth 1974) whereas Arm1llana Roselllma and RtgJdoporus root rots cause heavy losses when cassava 1s planted 
followmg forest or perenmal crops (8ooth 1978 Lozano and Booth 1974) Stem rots are severo mareas where 
relat1ve hum1dtt1es are near saturat1on for prolonged penods lnc1dence of Afncan mosa1c 1s partJcularly h1gh when 
there are h1gh populat10ns of 1ts vector Bemtsta spp m the ramy season (Bock and Guthne 1977 Leuschner 
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1977) ThiS os al so the case m bactenal stem rot caused by Erwm1a carotovora var carotovora (Jones) Bergey et al 
found m assoc1at1on w1th frUitflles (Lozano and Bellott1 1979) Populat1ons of m1tes thnps and lacebugs are 
part1cularly h1gh when there are prolongad dry penods (Bellottl and van Schoonhoven 1978) W1th one except1on 
(CIAT 1978 1979 the causal agent of superelongat10n wh1ch posSibly evolved on a d1fferent euphorb1a host(s)) 
to date there does not appear to be any evtdence of race spectaflsatton among cassava pathogens Our research on 
the pathogemc vanabthty of the causal agents of bactenal bhght Cercospora leaf spots (three spectes) concentnc 
nng leal spot and anthracnose (three spec1es of Col/etotrJchum and two of Gloeosponum) have shown that the~r 
vanabthty ts dueto aggresstveness not toa gene for gene relattonshtp wtth thetr host 

Thts apparent lack of race spectahsatton could be due to the fact that cassava a homogeneous long season crop 
(8-18 months) IS baSically heterozygous (CIA T 1976 Kawano et al 1978) and that 1ts ma¡or pests are not 
obhgate parasttes 

Reststance to NPFs parttcularly dtseases and pests appears to be stable whtch ts to be expected tn regtonal 
vanettes because those wtth unstable reststance could not surv1ve 1n a crop that has relat1vely stat1c genet1c 
compos1t10n and 1n wh1ch susceptible matenal ¡s always present Assummg that pathogens and pests have a greater 
capac1ty for genet1c change than th1s vegetat1vely propagated crop they would overcome res1stance faster than the 
crop could evolve 1t 

In the Ca1cedon1a area m Colombia for example the vanety Ch~roza has g1ven steady y1elds of around 26 t/ha 
over the last seven years {S Garc1a personal commumcat10n) Llanera In the Eastern Plams reg1on and Valluna 
m Santander de Ou1llchao have been g1v1ng cons1stent y1elds for many years supportmg the statement that stable 
res1stance does extst and has been explo1ted by farmers for many years 

Clones grown m trad1t10nal systems are reg1onally adapted hav1ng been selected over t1me m ecosystems w1th 
dostmct sets of NPFs Clones selected and developed mareas where there are few NPFs usually g1ve steady y1elds at 
these s1tes but when grown 1n other ecosystems these same clones tend to show greater fluctuat1on m y1eld from 
year to year (Table 1) Th1s 1s dueto the fact that vanet1es selected 1n areas w1th few NPFs do not have res1stance to 
all the NPFs at other setes therefore y1elds Wlll vary dependmg on the stress exerted from one year to another 

Considerable decreases 1n y1eld have been recordad when a reg1onally adapted vanety 1s grown 1n another 
ecosystem w1th d1fferent NPFs An example os the case of !mes CMC 92 and M Col 22 the former adapted to the 
Popayan reg1on of Colombia and the latter adapted to CIAT cond1t1ons (Table 2) When CMC 92 was grown at 
CIAT 1ts y1eld decreased from 20 to 8 t/ha Y1elds of M Col 22 fell from 40 to almost nothmg (0-1 t/ha) when 
grown at Popayan The same has been recorded for the vanety Santa Catan na 1n Braz1l (A Takatsu personal 
commumcat1on) and severa! vanet1es from Kenya when planted elsewhere 1n Afnca (E Terry personal 
commun1cat!on) 

Res1stance to most NPFs ex1st1ng 1n the d1fferent ecosystems probably ex1sts m M esculenta smce 1t has been 
selected under a w1de range of ecosystems The h1ghest express1on of res1stance 1s found where stress dueto NPFs 

TABLE 1 FLUCTUATION IN YIELDS OF MATERIALS SELECTED AT CIAT 
AND PLANTEO AT EIGHT LOCATIONS IN COLOMBIA OVER A 

THREE YEAR PERIOD (1975-1977) 

Mean y1eld Vanat1on Standard1sed vanat1on 
S1te 

(t/ha) sd cv 

Med1a Luna 12 7 50 39 7 

Can magua 15 3 9 1 59 2 

Nata1ma 23 3 60 25 8 

R1o Negro 23 3 65 27 8 

Ca1cedoma 31 o 10 5 34 o 
Pere1ra 29 3 11 6 39 5 

Popayan 90 27 294 

CIAT 31 o 30 97 

1 
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TABLE 2 SOME NEGATIVE PRODUCTION FACTORS (NPFs) THAT REDUCE YIELDS IN FOUR 
DIFFERENT ECOSYSTEMS IN COLOMBIA 

Locatton 

NPFs 
Popayan Dan en Can magua CIAT 

Cltmattc condtttons 
Mean temperatura ( C) 18 o(+) 19 5 (+) 261 (-) 24 o(-) 
Ra~nfall (mm/year) 2500 (-) 1500 (-) 2031 (-) 1000(+) 
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Ra~nfall duratlon (month) 6 (2 penods) (-) 6 (2 penods) (-) 8 (1 penod) (+) 5 (2 penods) (-) 

Edaphtc condtttons 
pH 4 1 (+) 4 3 (+) 4 7 (+) 6 8 (-) 
Al concentratton H1gh (+) H1gh (+) H1gh (+) low (-) 
Fert1hty Good (-) Med1um low (+) low (+) Good (-) 
Texture Clay loam (-) S1lt loam (-) Sandy loam (-) Clay (±) 

Otseases 
Concentnc nng leaf spot + + 
Anthracnose + + + 
Wh1te leaf spot + + 
Bactenal bhght + 
Superelongatton + 
Brown leaf spot + ± 
Cercospora leaf bhght + + 

Pests 
M1tes 0/1gonychus sp ± ± ± ± 

Mononychellus sp + ± 
Thnps + + + + 
Scale msects + 
Stemborers + + 
lacebugs + 

+ severe damage ± mode t damage - o damage 

1s htghest Thus far clones wtth reststance to the followmg adverse factors have been reported low levels of 
phosphorus h1gh levels of alum~num sal~ne so1ls (Howeler 1978) stable low temperatures (lnkura Cock and 
Kawano 1979) Cercospora spp Phoma sp Colletotnchum and Gloeospor/Um spp Sphaceloma mamhot1cola 
(Krauz lozano and Thurston 1978 lozano 1978 lozano and Booth 1974) Afncan mosa1c (Bock and Guthne 
1977 Hahn 1979) m1tes thnps and lacebugs (Bellottl and van Schoonhoven 1978 CIAT 1979) 

Re11stance to spec1flc sets of NPFs 

Although sources of reststance to all majar dtseases as well as to severa! msects and tolerance to adverse 
edaphtc and cltmattc condtttons have been tdenttfted combtntng these characters tnto one vanety poses a senous 
problem for breedmg programmes smce 1t reqUires a large number of crosses and several generat1ons of testmg 
Consequently emphaSIS has been placed on 1dentlfymg lmes tolerant to many NPFs Work at CIAT has concentrated 
on two reg1ons 10 Colombia each w1th d1fferent adverso factors that can greatly reduce y1eld (Table 1) 

Popayan ecosystem 

The maJor NPFs at thts s1te are leaf spot d1seases low temperaturas and low soll pH Reacttons of a reststant 
lme CMC 92 an mtermed1ate hne CMC 39 (resiStant to low temperatures and pH but not to leaf spot diSeases) and 
a susceptible hne M Col 22 were stud1ed over a 5-year penod (F1g 1) 
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The susceptible lme cons1stent/y yrelded from 0-1 t/ha whereas that of the mtermed1ate hne fluctuated 
between 8 and 26 t/ha depend1ng on the mtens1ty of d1sease present mamly determmed by amount of ramfall 
(Table 3) The resiStant lme conSistently y1elded 18-22 t/ha 

In a two-year screenmg tnal 1t was shown that y¡efd was related to reststance to the NPFs m th1s ecosystem 
(F1g 2} In the second year four lmes that had been rated as susceptible the f1rst year appeared to be res1stant smce 
they y1elded as well as the res1stant lmes Further stud1es revealed that they were res1stant to the edaph1c and 
cllmat1c constramts but not to the d1sease problems (CIAT 1979) Smce the second year was abnormally dry there 
\Nere few d1sease pressures thus these vanet1es y1elded well 

- • 
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TABLE 3 FIELD EVALUATION IN THE POPAYAN ECOSYSTEM OF RESISTANCE 
TO NEGATIVE PRODUCTION FACTORS (NPFs) IN RELATION TO RAINFALL 

G rowmg cycle 
M Col22 

Year 1 4 9:j: 
Year 2 35 
Year 3 48 
Year 4 50 
Year 5 48 

El 1760mm tmp t 
tA g data t ke f om 36 pl ts/ 
t1 m 1 pl t g owth d se s 

2 1 ssth 30%1eaff 11 d t d se 
g owth 

React10n to NPFst 

Ramfall (mm) 
CMC39 CMC92 

4 1 
20 
40 
39 
35 

18 Cl4 Cm 2o"Cma 
tyo e a15-mo thp od 
ptttak 

o pe t attack d/o 1 mat 

2 1 3119 
1 5 2475 
1 9 3103 
1 9 3319 
20 3365 

dph f t S m 1 pla t 

3 p to 80% leaf fall d st m ca ke o es d t d ease o p t tt k and/o othe el mat 
edaph f t s sl ght t t g d y llow g 

4 t tal d f 1 t tem a ke s st t g d 1 ght d eback d to d se p t d/o 1 mat 
daph tactos 

5 f!Vettg pltdthd tod e pe t a d/ 1 m t o edaph e f to 

Canmagua ecosystem 
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Although thrs area 1s representat1ve of much larger areas w1th a tremendaus potenttal for 1ncreased product1on 
there are many NPFs such as bactenal bhght superelongatton low s01l fert1l1ty low pH alumm1um tOXICity and 
m1tes (Table 2) In select1on tnals of 800 clones over a two year penad e1ght were selected as res1stant 

Recommended breedong strategy 

The foregomg cons1derat1ons suggest that m arder to breed far vanet1es Wlth a w1de type res1stance that 1s to 
severa! NPFs the breedmg programme should be decentralised Severa! representat1ve ecosystems should be chosen 
as selectton s1tes where parental matenal and progeny should be evaluated for both res1stance and agronom1c 
characters over severa! years Hybnd1sat10n for d1fferent ecosystems could be done on a centralised bas1s Large 
quant1t1es of vegetat1ve matenal selected at vanous s1tes can be returned toa central locat10n for hybnd1sat1on by 
usong the technoque of Lozano and Wholey (1974) for productoon of CBB and other dosease free plantmg matenal 

The progress of these 1mprovement programmes would depend greatly on the genet1cs of the des1red tra1ts 
the number of tra1ts that have to be mcorporated the effect1veness of the evaluat1on techmques and the number af 
prageny eva\uated yearly In sorne areas for example the local vanet1es may lack res1stance ta ane factor but other 
wose are well adapted woth yoeld and qualoty In thos case the local vanety should be 1mproved by mcorporatmg the 
reststance crossmg the local vanety or vanettes wtth a res1stant one(s) and then selectmg for res1stance and the 
charactenst1cs of the local vanety Severa! cycles would be reqUired to accomplish th1s An extreme case would be an 
area where there are no good local vanettes for example Canmagua In th1s case a large number of poss1ble parents 
would have to be evaluated befare begmnmg a recurrent populat10n 1mprovement programme (random crosses 
between parents select10n af progeny random crosses between select1ons etc ) 

These decentralised programmes would produce vanettes wtth the necessary res1stance for the ecosystem m 
quest1on m add1t1on to stable h1gh y1elds They wauld then be d1stnbuted to stmllar ecosystems and evaluated for 
severa! vears The valtditY of th1s d1stnbut1on strategy 1s supparted by the y1eld results of severa! vanet1es adapted 
to CIAT or Popayan and Danen for example and the1r respective y1elds at the other s1te (Table 4) Wtth severa! 
regoonally located breedong programmes the unstable y1elds frequently exhoboted by ontroduced hogh yoeldong 
vanet1es bred m ecologtcally dtfferent areas could be avo1ded 
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TABLE 4 YIELD (T/HA) OF DIFFERENT CLONES WITH 
DIFFERENT REACTIONS TO NEGATIVE PRODUCTION 

FACTORS (NPFs) EXISTING IN POPAYAN DARIEN 
ANO CIAT ECOSYSTEMS (SEE TABLE 2) 

Clone Popayan Dan en CIAT 

CMC92 22 3 266 82 
Morada 16 5 18 3 
M Col80 13 7 15 3 
M Col 235 14 5 11 5 
M Col 230 11 3 10 3 
M Col307 65 67 
CMC39 86 88 13 o 
M Col22 03 00 39 4 
M Mex 59 09 24 33 1 
CMC40 38 53 42 2 
CMC84 1 o 40 40 3 
CMC76 05 1 4 36 o 
MCol113 50 25 26 8 
CMC9 05 o 1 31 7 
M Mex 23 1 o 1 o 343 

Data t ke d g 1974-1975 by the Ag omy a d P thol gy sect o s of the 
CasaaPod t P 9 am t CIAT ICIAT 1976 1977} 

Lastly 1t should be kept 1n mmd that cassava ts m eqwllbnum wtth tts pests and dtseases at present and great 
care should be taken not to upset thts balance thereby encouragmg the development of pathogemc spectallsatiOn 
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