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Introduction

Cassava (Manthot esculenta Crantz) originated in America with a major centre of diversity in South America
and a secondary centre in Guatemala and Mexico (Leon 1977 Lozano 1977) where it has been cultivated for more
than 5000 vears Some 400 years ago the crop was introduced in Africa and more recently in Asta {(Jennings 1976
Leon 1977 Mauny 1953) It s composed of clones under cultivation no wild types have been found (Leon 1977}

The species has 36 chromosomes and 15 generally regarded as tetraplowd (Toro and Garcia 1977) Clones are
highly heterozygous {CIAT 1976 Kawanoeta/ 1978) but not heterogensous mainly because of vegetative
propagation and inbreeding depresston

In a muiticlonal population cassava has a very high rate of selfing (Kawano et a/ 1978} however selfed
plants are not competitive with crosses due to strong inbreeding depression (Kawano 1978 Kawano et a/ 1978)
Plants grown from botanical seed do not compete well with those grown from vegetative cuttings or with weeds
thus plants from true seed are not common in traditional farming systems

Cassava has been tradittonally cultivated under mixed cropping systems where stem cuttings of different
clones are planted on recently cleared land This system s still being used to a great extent 1 the Americas (J K
Lynam personal commumication} Monccropping has only recently been introduced but still with the traditional
multiclonal cassava population

These early plantations were isolated locally by forests and regionally by mountains The American cassava
growing areas are characterised by a great diversity of edaphic and chimatic conditions Soils vary «n pH {3 0—9 5)
texture macro- and/or micronutrient deficiencies salinity or mineral toxicity eg aluminum and organic matter
content Climatic conditions are often dependent on elevation except for Paraguay and south eastern Brazit and
Peru temperatures can be stable or fluctuating averaging from 8 to 33 C there are equatorial to subequatorial
photoperiods sems desert to very wet regions (600—6000 mm/year) with 1 or 2 rainy or dry periods of 1 to 8
months/year and relatwve humidities ranging from 15% to near saturation during a given peniod of the year All
these factors combine to form a great number of different ecosystems

Due to their relative 1solation farmers usually plant vegetative material obtained from a previous crop or from
neighbouring farms Clone introductions have occurred only aoccasionally each being selected by the farmer on
comparison with the performance of local clones as regards adaptation to the ecosystem yield stability and
resistance to diseases and pests found in the new ecosystem
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Although research has shown that M esculenta has a high yield potential (Cock 1974 Kawano 1978)
commercial yield/unit area 1s very low (FAQ 1871) This has been generally attnbuted to inadequate agronomic
practices as well as to the lack of improved high yielding cultivars resistant to diseases and attack by pests Great
advances 1n cultural practices have been reported (CIAT 1976 1977 1978 1979 Toro and Garcta 1977} but
promusing selections or improved lines have given vanable results when grown 1n regions other than those from where
they were selected This suggests that regional testing of varieties and programmes for incorporating specific
resistance to the different pressures or negative production factors (NPFs) in a given ecosystem are required

The relationships between the cassava plant and the NPFs existing in the different cassava growing areas are
studied on the basis of experimental results obtained over the past 10 years at CIAT with emphasis on pathological
problems their impact on breeding strategies 1s discussed

Breeding programmas 1mpact of past strategies

Cassava breeding programmes are relatively recent one of the first was inrtiated 50 years ago at the Instituto
Agronomico de Campinas Brazil {Normanha and Pereira 1950) Later a breeding programme in Africa began work
on the development of varieties resistant to African mosaic disease (Storey and Nichols 1938) During the past
decade the International Institute of Tropical Agriculture (IITA) Nigena and the Centro Internacional de
Agricultura Tropical (CIAT) as well as several national programmes initiated breeding projects (Mauny 1953
Nestel 1974}

I1TA s breeding programme involves massive crossing and selection against two major diseases cassava
bacteral bhght {CBB} and African mosaic disease and their dissemination Improved true seed from different
interpollinated superior females with sources of resistance and other agronomic traits ts sent to different locations in
Africa CIAT s programme has used conventional crossing of superior lines following a pedigree method selected
material at one centre 1s vegetatively disseminated and tested in three different locations

The impact of these programmes on the species to date however has been imited Regional cultivars probably
have most of the genetic traits characteristic of the first domesticated and selected clones having been selected over
the centurnies for ecological adaptability resistance to diseases and pests and good agronomic characteristics These
clones constitute an excellent source of hasic material for breeding programmes the success of which depends on
their correct identification and use

Expersmental results related to breeding strategies

Results of research over the past ten years have led us to believe that {a} disease and pest incidence and
severity of attack are related to the ecological characteristics of a given region (b} pathogenic race specialisation
among cassava diseases appears to be rare {c) stable resistance to most major NPFs exists in M esculenta (d) clones
in existence today are regionally adapted cultivars that have persisted in a given ecosystem bhecause of certain
desirable characters and {(e) clones with resistance to the main NPFs in an ecosystem can be found

Recent studies have shown that diseases and pests are often restricted to certain regions and iIf present
become severe only during a certain season Cercospora leaf spots Cercosporidiumn (Cercospora) henningsi
Allescher and Cercospora viscosae Muller and Chupp anthracnose Colletotrichum and Gloeosporiurn spp
and rusts Uromyces spp are not found or are only mild during dry periods or in semi desert regions (CIAT 1976
Lozano 1978 Lozano and Booth 1974 Teri Thurston and Lozano 1978) whereas CBB Xanthomonas
manihotis {Arthaud-Berthet & Bondar) Starr and superelongation Sphaceloma manihoticola Bitanc & Jenk are
severe only during periods of prolonged rainfall (Krauz Lozano and Thurston 1978 Lozano 1975 Lozano 1978)
Moreover CBB infection 1s moderate i1n areas where temperatures are stable independent of the rainy season or the
amount of rainfall in a given pertod (CIAT 1979 Takatsu 1977) Concentric ring leaf spot Phyllosticta spp and
white leaf spot Phaeoramularia manthotis = Cercospora caritbaea Chupp and Ciferrt occur in regions where
temperatures fal! below 18 C during the rainy season and during the winter in the subtropical zones of southern
Brazi and Peru northern Argentina Uruguay and Paraguay (Lozano and Booth 1974} Phytophthora and Pythium
root rots are most prevalent in heavy undrained soils (Booth 1978 Lozano and Booth 1974 Oliveros Lozano and
Booth 1974) whereas Armillaria Rosellimia and Rigidoporus root rots cause heavy losses when cassava 15 planted
following forest or perennial crops {Booth 1978 Lozano and Booth 1974) Stem rots are severe n areas where
relative humidities are near saturation for prolonged pertods tncidence of African mosaic 1s particularly high when
there are high populations of its vector Benusia spp in the rainy season (Bock and Guthrie 1877 Leuschner
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1977) This is also the case In bactenal stem rot caused by Erwinia carotovora var carotovora {Jones) Bergey et a/
found in association with fruitflies {Lozano and Bellotti 1979} Populations of mites thrips and lacebugs are
particularly hugh when there are protonged dry periods (Bellott: and van Schoonhoven 1978) With one exception
{C1AT 1978 1979 the causal agent of superelongation which possibly evolved on a different euphorbia host{s))
to date there does not appear to be any evidence of race specialisation among cassava pathogens Our research on
the pathogenic variabihty of the causal agents of bacterial blight Cercospora leaf spots (three species) concentric
ring feaf spot and anthracnose (three species of Colletotrichum and two of Gloeosporium) have shown that theur
variability s due to aggressiveness not to a gene for gene relationship with their host

This apparent lack of race specialisation could be due to the fact that cassava a homoageneous long season crop /
{8—18 months} is basically heterozygous {CIAT 1976 Kawanoetal 1978) and that 1ts major pests are not

obligate parasites

Resistance to NPFs particularly diseases and pests appears to be stable which is to be expected in regional
varieties because those with unstable resistance could not survive in a crop that has relatively static genetic
composition and in which susceptible material 15 always present Assuming that pathogens and pests have a greater
capacity for genetic change than this vegetatively propagated crop they would overcome resistance faster than the
crop could evolve it

In the Caicedoma area in Colombia for example the variety Chiroza has given steady yields of around 26 t/ha
over the last seven years (S Garcia personal communication] Llanera in the Eastern Plans region and Valluna
in Santander de Quilichao have been giving consistent yields for many years supporting the statement that stable
resistance does exist and has been exploited by farmers for many years

Clones grown In traditional systems are regionally adapted having been selected over time 1n ecosystems with
distinct sets of NPFs Clones selected and developed in areas where there are few NPFs usually give steady yelds at
these sites but when grown in other ecosystems these same clones tend to show greater fluctuation in yield from
year 1o year (Table 1} This i1s due to the fact that varieties selected 1n areas with few NPFs do not have resistance to
all the NPFs at other sites therefore yields will vary depending on the stress exerted from one year to another

Considerable decreases in yield have been recorded when a regionatly adapted variety s grown in another
ecosystem with different NPFs An example is the case of lines CMC 92 and M Col 22 the former adapted to the
Popayan region of Colombia and the tatter adapted to CIAT conditions {Table 2) When CMC 92 was grown at
CIAT its yield decreased from 20 to 8 t/ha Yields of M Col 22 fell from 40 to almost nothing {0—1 t/ha) when
grown at Popayan The same has been recorded for the variety Santa Catarina in Brazil (A Takatsu personal
communication} and several varieties from Kenya when planted elsewhere in Africa (E Terry persona!
communication}

Resistance to most NPFs existing in the different ecosystems probably exists in M escu/enta since 1t has been
selected under a wide range of ecosystems The highest expression of resistance 1s found where stress due to NPFs

TABLE 1 FLUCTUATION IN YIELDS OF MATERIALS SELECTED AT CIAT
AND PLANTED AT EIGHT LOCATIONS IN COLOMBIA OVER A
THREE YEAR PERIOD (1975—-1977)

Mean yield Varation Standardised variation
Site (t/ha) sd cv
Media Luna 127 50 397
Carimagua 153 91 59 2
Nataima 233 60 258
Rio Negro 233 G5 278
Caicedonia 310 106 340
Pereira 293 116 385
Popayan a0 27 294

CIAT 310 30 97
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TABLE 2 SOME NEGATIVE PRODUCTION FACTORS (NPFs) THAT REDUCE YIELDS IN FOUR
DIFFERENT ECOSYSTEMS IN COLOMBIA

Location
NPFs
Popayan Darien Carimagua CIAT

Climatic conditions

Mean temperature { C) 180 (+) 195 (+} 261 () 240 )

Rainfall {mm/year) 2500 {-) 1500 (-} 2031 (-} 1000 {+)

Rainfall duration {month} 6 {2 periods) (-} 6 {2 periods} {-) 8 (1 peniod) {+) 5 {2 periods) (—)
Edaphic conditions

pH 41 (+) 43 (+) 47 (+) 68 (-}

Al concentration High {+} High {+) High {+} Low ()

Fertility Good {-) Medium low (+) Low {+} Good {-)

Texture Clay loam {—) Silt loam (=) Sandy loam (-) Clay (t)
Diseases

Concentric ring leaf spot + + - -

Anthracngse + + + -

White leaf spot + + - -

Bactenal blight
Superelongation - -
Brown leaf spot - -
Cercospora leaf blight - -

+ 4+ + +
|

+

Pests
Mites Oligonychus sp * +
Mononychellus sp - -
Thnips + +
Scale 1nsects - -
Stemborers - -
Lacebugs - -

|+ + + + W
+ + + M+

+ severedamage * mode t damage — o damage

15 highest Thus far clones with resistance to the following adverse factors have been reported low levels of
phosphorus tigh levels of aluminum saline soils (Howeler 1978) stable low temperatures {Inkura Cock and
Kawano 1978) Cercospora spp Phoma sp Colletotrichum and Gloeosporiurm spp  Sphaceloma manihoticola
{Krauz Lozano and Thurston 1978 Lozano 1978 Lozano and Booth 1974) African mosaic {Bock and Guthrie
1977 Hahn 1979} mutes thrips and lacebugs (Bellotti and van Schoonhoven 1978 CIAT 1979)

Resistance to specific sots of NPFs

Although sources of resistance to all major diseases as well as to several insects and tolerance to adverse
edaphic and climatic conditions have been identified combining these characters into one variety poses a serious
problem for breeding programmes since 1t requires a large number of crosses and several generations of testing
Consequently emphasis has been placed on identifying lines tolerant to many NPFs Work at CIAT has concentrated
on two regions in Colombia each with different adverse factors that can greatly reduce yield (Table 1)

Popayan ecosystem

The major NPFs at this site are leaf spot diseases low temperatures and low soil pH Reactions of a resistant
hne CMC 92 an intermediate hne CMC 39 (resistant to low temperatures and pH but not to leaf spot diseases) and
a susceptible hne M Col 22 were studied over a 5-year period (Fig 1)
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The susceptibie line consistently yielded from 0—1 t/ha whereas that of the intermediate line fluctuated
between 8 and 26 t/ha depending on the intensity of disease present mainly determined by amount of rainfall
{Table 3) The resistant line consistently yielded 18—22 t/ha

In a two-year screening trial 1t was shown that yield was related to resistance to the NPFs in this ecosystem
{Fig 2} In the second year four lines that had been rated as susceptible the first year appeared to be resistant since
they yielded as well as the resistant hines Further studies revealed that they were resistant to the edaphic and
chimatic constraints but not to the disease problems {CIAT 1979) Since the second year was abnormally dry there
were few disease pressures thus these varieties yielded well
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TABLE 3 FIELD EVALUATION IN THE POPAYAN ECOSYSTEM OF RESISTANCE
TO NEGATIVE PRODUCTION FACTORS (NPFs) IN RELATION TO RAINFALL

Reaction to NPFst

Growing cycle Rainfall {mm)
M Col 22 CMC 39 CMC 92
Year 1 4 9% 41 21 3119
Year 2 35 20 15 2475
Year 3 48 40 19 3103
Year 4 50 39 19 3319
Year & 48 35 20 3365

Eil t+ 1760mm tmp t 18C{4Cm 20°Cma}
TA g datat ke fom36pl ts/ tyoe alb-mo thp od

1 m ipl tg owth dse s p t ttak

2 1ssth 30%leafflld t dse o petattack dfo |mat dph f t s miplat
g owth

3 ptoB0%leaffail dstmca ke o | esd t deaseo p t tt kand/o othe cl mat

edaph f t ssight t t g dyllow g

4 ttaldf |l ¢t tem a kesst t g dlghtdebackd tod sep t dfo Imat
daph facto s

5 ev et tg pl td thd tod epetad/ Imt o edaphef to

Carimagua ecosystem

Although thrs area s representative of much larger areas with a tremendous potential for increased production
there are many NPFs such as bacterial blight superelongation low soil fertility low pH alumimum toxieity and
mites (Table 2) In selection trials of 800 clones over a two year period eight were selected as resistant

Recommended breeding strategy

The foregoing considerations suggest that in order to breed for vaneties with a wide type resistance thatis to
several NPFs the breeding programme should be decentralised Several representative ecosystems should be chosen
as selection sites where parental material and progeny should be evaluated for both resistance and agronomic
characters over several years Hybndisation for different ecosystems could be done on a centralised basis Large
quantities of vegetative matenial selected at various sites can be returned to a central location for hybridisation by
using the technique of Lozano and Wholey {1974) for production of CBB and other disease free planting material

The progress of these improvement programmes would depend greatly on the genetics of the desired traits
the number of traits that have to be incorporated the effectiveness of the evaluation technigues and the number of
progeny evaluated yearly Insome areas for example the local varieties may lack resistance to one factor but other
wise are well adapted with vield and quality [n this case the local variety should be improved by incorporating the
resistance crossing the [ocal variety or vaneties with a resistant one{s} and then selecting for resistance and the
characteristics of the local variety Several cycles would be required to accomphsh this An extreme case would be an
area where there are no good local vaneties for example Canimagua In this case a farge number of possible parents
would have to be evaluated before beginning a recurrent population improvement programme {random crosses
between parents selection of progeny random crosses between selections etc }

These decentralised programmes would produce varieties with the necessary resistance for the ecosystem in
question in addition to stable high yields They would then be distnibuted to similar ecosystems and evaluated for
several years The validity of this distribution strategy I1s supported by the yield resuits of several varieties adapted
to CIAT or Popayan and Danien for example and their respective yields at the other site (Table 4) With several
regionally located breeding programmes the unstable yields frequently exhibited by introduced high yielding
varieties bred in ecologically different areas could be avoided
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TABLE 4 YIELD {T/HA} OF DIFFERENT CLONES WITH
DIFFERENT REACTIONS TO NEGATIVE PRODUCTION
FACTORS (NPFs) EXISTING IN POPAYAN DARIEN
AND CIAT ECOSYSTEMS (SEE TABLE 2)

Clone Popayan Darien CIAT -
CMC a2 223 266 82
Morada 165 183
M Col 80 137 153
M Col 235 145 115
M Col 230 113 103
M Col 307 65 67
CMC 39 86 88 130 L)
M Col 22 03 00 394
M Mex 59 09 24 331
CMC 40 38 53 422
CMC 84 10 40 403
CMC 76 05 14 360
M Col 113 50 25 268
CMC 9 05 01 37
M Mex 23 10 10 343

Datat ke d g1974—-1975by the Ag omy a dP thol gy sect o s of the
CasaaPod t P gam tCIAT (CIAT 1976 1977}

Lastly 1t should be kept in mind that cassava 1s in equilibrium with 1ts pests and diseases at present and great
care should be taken not to upset this balance thereby encouraging the development of pathogenic specialisation
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