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FOREWORD

A basic understanding of the Implications of genotype by
environment 1ateractions is at the core of understanding the potential
and the lim:tations for an International Center to develop appropriate
germplasm across the target production areas We hope the present
document offers some clarifications and useful suggestions related to
CIAT's mandate for crop fmprovement, especially under rainfed
conditions

The varaable quality of available data, and the limited quaantity of
data from specifically designed trials, make drawing any solid
conclusions difficule On the other hand, the amount of information
from which one can draw inferences and make guesses is immense It ig
possible to find data to support nearly any position regarding how
broadly or how specifically adapted new germplasm must or should be We
have attempted to lay aside any preconceived personal or institutional
brases in looking at the avallable information

The authors acknowledge the helpful suggestions given by the
following GIAT statf 1in reviewlng a draft version of this document
James Cock, Peter Jennings, Peter Jones, Kazuo Kawano, John Lynam, Cesar
Martinez, Aart van Schoonhoven, Shree Singh and Jese Toledo It has not
been possible to incorporate all suggestions, however, due to time
constraints The document represents the opinions of the authors and is
aot a statement of any indavidual program policy nor of ceunterv policy
It iz intended primarily to foment open discussion on the directions of
present and future breeding activities in CIAT's crop commodities, 1 e ,
tropical pastures, beans, cassava and upland rice



INTRODUCTION

A major part of the research acrivities of the International
Agricultural Research Centers (IARC's) is crop genetic improvement
indeed the public image of the IARC's is based largely on the yield
incregses realized in developing countries in the tropics through wide
adoption of the products of the rice (IRRI and CIAT) and wheat {(CIMMYT}
breeding programs

The IARC breeding programs are unique in the geographical breadth
of their target environments, which in many cases cover the world
tropics  The wide adoption and wide success of improved rice and wheat
cultivars is due largely to the fact that they were bred for production
environments that existed or could be created on a large scale across
the tropics, 1 e , high productivity environments involving soirl
moisture and soil fertaility modification

While breeding successes have been documented for other IARC
commodities, these have not had the Impact across the troplcs that was
realized with wheat and rice Thisg can be attributed 1y part to the
very different target environments for other IARC commodities  Most of
these crops are grown under a great diversity of production situations,
and this heterogeneity of the target area must in turn profoundly
influence the strategy of a plant breeding program Under such
conditions, a single genotype has a minimal chance of being optimally
adapted over many veglons, which leads te the conclusion that some
degree of decentralization of evaluation and selection is necessary

We present a background on the implicatiens of genotype-environment
interactions in crop breeding, and the implications specifically for the
tropical pastures, bean, cassava, and upland rice programs as related to
target area subdivisions and decentralization of breeding activities
Finally, we consider in the discussion section the comparative research
capabilities of an TARC versus the national programs, as influenced by a
decentralized breeding strategy

The Concept of Genotype by Environment Interactions

A major obstacle to success in many plant breeding programs arises
from the fact that the relative performance of different genotypes is
often not the same under different environmental conditions An example
13 that of traditional vs improved dwarf rice genotypes in high vs low
yielding environments In a low management, low fertility environment,
the traditional varieties commonly out-yleld the improved varteties
However, in a high fertilicy eunvironment the ranking of genotype value
i8 completely reversed, here, the dwarf varieties greatly out-yield the
traditional, tall varieties This phenomenon is referred to as
genotype-environment (G-E) interaction

The detectlon of a §-E interaction, 1if it exists, and the
quantification of its magnitude can be achieved by applying various
statistical procidures to performance data obtailned from appropriately



degsigned experiments A minimum requirement tror detecting G-L
interaction effects is the testing of a least two dafferent genotypes
in two or more environments The evaluation of a single genotype in
different environments can determine whether some difference between the
environments affects the mean performance of that genotype, but reveals
nothing about the existence or magnitude of G~E iIntevaction  Likewise,
the testing of twe or more genctypes 1n a single environment allows
detection of genetic differences (in that enviromment) but, again, tells
us nothing about G-E interaction

If no one genotype 1s best across the range of conditions
encountered 1n a set of enviromments, then which genocype 1s to be
selected? 1There 1s no obvious, single auswer to this question, since
selection of any oue genotype automitically implies accepting something
less than the optimum performance possible 1n one or more of the
particular envirouments in question  Scveral alternative solutions to
this dilemma come to mind Where enviromnmental variation is largely or
entirely unpredictable and uncontrallable (e g , year to year
differences 1in rainfall, temperature, insect or disease intensity)
selection could be on highest mean performance over this range of
environmental variation However, it must be clearly recognized that a
ong ton per year yield obtained every vear is quite different from a
five ton yield obtained one year in five  Given that security of
obtaining some minimum yield is of prime importance to the small farmer
{(who 1s not able to absorb a crop failure) a better criterion of
selection than mean yield would be some measure of the minimum yield in
poot years

Where environmental variation 15 more predictable and/or
controllable (e g , climate, cropping system, or fertilizer use) a thard
selection strategy is possible -~ namely, to subdivide the range of
variation in the target eavironment and select a set of genotypes, each
of which gives optzmum performance in one or more of the specific
sub~environments  That is, we subdivide the target environmeant and
breed separately for specific adaptation to each sub-environment

Target Area Subdivasion for Breeding Obijectives

The definition of the target envircnment for a plant breeding
program 1s therefore of fundamental importance for setting the
objectives of the program  The nature of rhe target environment and
particularly the nature of the variability occuring within it will
importantly influence all genetic objectives Definition of the target
enpvironment can be made rationally only on the basis of some description
of the range of existing or expected variability, as well as some
information regarding the reaction of genotypes to thege environmental
variables

In recopnition of this tact, all the CIAT commodity programs have
made explicit decisions to subdivide the overall set of environmenta
into several, morc uniform target eavironments Any delimitation which
creates more unitorm conditlons automatically decreases the potential
magnitude of G~k interaction and thus increases the efficiency and
effectiveness of genatype selection within any particular environment



Each division into more uniform sub-eavirooments will improve the
efficiency of selection and increase the potcntial for geonetic gins
within sub-environments, assuming cqual resources available for each
However, a point 18 soon reached at which we either begin to exclude
important production environments or we have so many concurrent breeding
programs that they exceed the resources available for such activities
Further, excessive subdivision can be counterproductive in terms of
selection of characteristics required across several environments  The
products of a plant breeding program must, without doubt, be adaptable
over a certain range of environmental diversity  Fundamental questilons
are how breadly adaptable ought varieries be and at what cost is
adaptability obtained in terms of maximum genetic performance 1o any
specific environment?

Until now we have cunsidercd "environment" in an overall, global
sense However, this overall "environment”™ may be broken down into any
number ¢f more precisely defined component factors  Any one or more of
these envireonmental factors may be respomsible for giving rise to a G-E
interaction £or a particular set of genotypes In many cases these
factors can be clearly iwdentified and 1nalyzed, particularly in
experimental situvations in which specific environmental factors can be
controlled In such siteations 1t 15 possible to apply different levels
of these factors to a set of genotypes, heldisg all other environmental
factors constant Examples would 1nclude soil fercility, soil molsture,
photoperiod, planting density, and cropping system In othexr cases,
unequavocal 1dentafication of the specific factor(s) causing a G~E
interaction is more difficult or impossible Where "environments’ are
represented by different locations, for example, the environments may
differ by numerous, uncontrollable factors such as temperature,
rainfall, soil characteristics, and presence of pathogens or insects
In such cases, 1t is often not pogsible to =pecify with any certainty
the factor or facters which are causing the interaction

Environmental factors can be classified as to whether they are part
of the physical, the biological or the sccis-economlc environment
i e, the climate and soil, diseases and pests, rhicobia (for legumes),
grazing animals {(for pastures}, costs of agricultural inputs and
products, and consumer preferences

It is perhaps even more useful to consider specific environmental
factors in terms of the degree to which they are economically
controllable, and the degree to which their variation in the environment
15 predictable If a given factor can economically be contreolled in the
commercial production system, that factor ceases to be of any practical
importance as a source of G~E interaction Logically, the extcnt to
which the enviromment can practically be modified depends on the crop
species, and the economic environment in which it 1s being produced
Insect and disease countrol by pesticides is routine practice for bean
producers in developed countries but not as commonly used by small
farmers in less developed areas Pesticides ire not commonly used on
forage specirs for grazing in any parc of the world

Given that complete environmantal control is thecretically
possible, but thit any such modification incurs some cost, the



implications of envirounmental modification on breeding strategy are
largely sociro~economic Most CIAT breeding programs are presented with
a fundamental dilemma  Should we concentrate research resources on the
relatively simple problems of developing germplasm for the more uniform,
modified production environments (e g 1rrigated rice), where short term
payoffs are great and breeding programs caan be simplified by
centralization of testing operations? Or, should we tackle the much
more form:dable problems of developing germplasm to solve the productionm
constraints 1n less modified {and therefore more heterogeneous, less
predictable) envirouments?

Many environmental factors are, of course, practically
uncontrollable by the farmer, but even these mmy be predictable, at
least withio lisats  For example, average climitic conditions at a site
can be predicted on the basis of previous climatic data and sative soil
characteristics can be determined rather precisely for a particular
site The probable presence of certain insect pests and pathogens may
be predictable While socio-economic environmental factors are
man-made, they are largely beyond the control or the
farmer Many o1 these, however, are highly predictable (e g consumer
preferences)

It 1s not generally possible, though, when a farmer plants his
crep to predict the exact amount and distribution of rainfall, precase
ambient temperatures, or the presence and abundance of specific
pathogen races to which the crop will be exposed during its production
eycle Precise input and production costs are, in many cases, difficult
to predlct  For such factors, over the range that they are impossible
to predict, we must take a breeding approach seeking greater yield
stabilaity (lower variation across seasons), as well as broad
adaptability (lower variation across locations)

The problem, then, faced by IARC breeders for rainfed crops 1s not
generally as simple as the choice hetween broad adaptability or specific
adaptation, but rather a balance between the two extremes which
optimizes the possibility for success with available resources  The way
in which this balance 1s being sought 1s discussed for each of the CIAT
comuodities

TROPICAL PASTURES

The Tropical Pastures Program (IPP) is unique among the CIAT
commodity programs in that germplasm development activities are
presently concentrated on exploiting naturally occurring genetic
variability (both intra- as well as interspecific) rather than genetic
variation generated by hybridication Sustained activities in plant
breeding per se in the TPP are of only relatively recent development,
though it is anticipated that plant breeding will become increasingly
important in the dirccted genetic adaptation of the naturally occurring
germplasm to the more intense agricultural environment The strategies
of plant breeding in tropical forage species have been, and will
contilaue to b, influenced by results obtained from the study of
naturally occurring genetic variation and its interactions with



environmental factors 1t therefore seems dappropriite, in considering
tropical pasture species, to deal broadly with germplasm development
strategies which wnclude primarily the evaluation of naturally occurring
intraspecafic, interspecific, and even intergeneric gemetle variation
generated by plaat collection and introduction rather than by
hybridization Nevertheless, the principles of genotype evaluation, and
the implications of target environment variability and resulting G-E
Interactions are largely the same whether the genetic variation arises
from a plant breeding program or from germplasm collection and
introduction

Forage plants are unique among crop species with respect to the
magnitude of the range of envirenmental variation over which selected
cultivars must be adapted  Since these species are perennials {(or at
least are expected to persist over several years) they are exposed to
the entire within- snd among-years variation in environmental conditions
at any given site Due to theiy extremely low, direct per hectare
value, envirenmontal modification for furage production is minimal 1n
present agricultural pracgtice, particulariy Lor the extensive cattle
producticon systems of interest to CIAT's TPP  Fertilizers, 1f applied
at all, are used generally at low levels for establishment with no
maintenance applications  Chemical control of disease and insect pests
1s non-existent  Thus the potential physical and biological diversity
vf the target environment i{s tremendous  Management systems for
livestock preoduction in Latin America are likewise extremely diverse,
ranging from highly intensive "ecut and carry" operations with confined
animals, to extensive, largely uncontrolled grazing of natural
vegetation

Evidence for G-E Interactions

Experiences at CIAT and elsewhere withain the ctropics have shown
strong G=E intevactions {mostly, but not exclusively, oun the species
level} 1n the tropical forage specics  For example, Desmodium
ovalifolium and Brachigria humidicola are considered to be highly
valuable species at Carimagua and at sites in the tropical forest
regions These species have given distinctly inferior performance at
CPAC, near Brasilia  The performonce of Stylosanthes capitata has been
s0 outstanding at Carimagua that a cultivar of this species has racently
been released commercially 1ia Colombia In the tropical forest regions
of Latin America, as well as under Australian conditioms, other species
of Stylosanthes are much more successful than § capitata At the
accession level, strong interactions are observed among 5 <capitata
accesslons between CPAC and Carimagua In § guianensis, "common"
accessions have given outstinding performance at a number of sites in
the tropical forest regions of eastern Peru and in Colombia while these
game accessions farl completely at Carimagua and CPAC

Factors Respousible for G-k Interactions

These obscrvations suggest that site differences within the
tropics, and particularly within the lowland Latin American tropics,
strongly and differentially affect germplasm performance We may
consider some¢ ot the more important environmental factoers which are
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known {or suspected) to give rise to such differeantial species and
accession performdnce across sites

Physical factors

Among the physical environmental factors known to affect forage
plant performance several specific climatic variables can be identified
Mean temperature, which primarily varies with altitude withain the
tropics, strongly limits species adaptation Towards the limits of the
tropics, minimum temperatures may strictly limac the distribution of
non~-frost-tolerant species  Total annual precipitation and 1ts
distribution through the year 1s known to influence species performance
Andropogon gayanus, for example, 1s considered to be a strongly drought
tolerant species and can be planted successiully in regloans with long,
intense dry seasons where other grass species (e g , Panicum maximum and
B humidiceola) perform less well  Soil drainage characteristics
likewise affect moisture availability  Some species (e g , A gayanus
and § capitata) perform well only on well drained seils while others
(e g , B humidicela and § ovalifolium) are better adapted to poorly
drained situations  Photcperied variation through the year is known to
affect flowering response in some important species (e g , S
guianensis)  Accessions which flower profusely at high latitudes an the
tropics may flower only sporadically or not at all at low latitudes and
this can severely limit commercial seed yield (a2 very important traic
for cultivar adoption) as well as sharply decrease the opportunity for
regeneration {rom self~sown seed in the grazed pasture

Soil characteristics are known to be of utmost i1mportance in
determining species adaptation of tropical forage plants  Species
interact very strongly with levels of soirl fertility, pH, and Al
saturation levels Many species (e g , P waxioum, C pubescens, L
leycocephala) are known to be demanding 1n terms of sorl fertilicy
Others (e g , A gayanus and § capitata) adapt well to very acid, low
fertility soils In fact, performance of 3 capltata is severely
reduced on solls of higher pH and uader these conditions other legume
gpecles give superior performance

Blological factors

Biological factors have proven to be of great importance in
limiting performance of many tropical pastures species Distribution of
many parasites and races of parasites {e g , Colletotrichum
gloeosporioides, causal agent of Stylosanthes anthracnose), is highly
variable across tropical Latin Amevica  The present distribution is not
likely determined by physical envirommental factors, but probably
depends on the patterns of natural distribution of the host species and
the history of tihcir use as introductions in areas where they are not
native Colletotrichum races highly pathogenic on many accessions of §
capitata ippear to be widely distributed in Brazil (where § capitata is
native) while most 5§ capitata accessions appear "resistant" to
anthracnose n Lolombia, where native S capitata is not found While
spittle bug appears to be widely distributed across tropical Latin
America, differint species occur in different locations and grass
species prefercnces of these differ Stemborer of Stylosanthes is
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encountered at high levels at testing sites 1o Colowbia but does 1ot
appear to be a severe preblem at present at CPAC

Socio~economic factors

Sociv-economic factors may also strongly affect species performance
1n a differential manner The economic feasibility of fertilizer use in
pasture establishment and/or maintenance can be definitave in the
selection of pasture species  Pasture establishment is generally
considered a pioneer agricultural activicy 1n which species adapted to
low fertaility are established with only minimal modification of the
native soil  Govermment policy (e g , r1uestrictions on fertilizer
wmportation, fartilizer price subsidies, cost and availability of
credit, etc ) can affect the economic feasibirlaty of fertilizer use in
pasture establishment  Agricultural policies in some countrics make
attractive the practice of opening new land with one or two highly
fertilized, annual crops rather than with pastures  Fertilizer use is
compensated by the annual crop production  Subsequent establishment of
pastures takes advantage of resldual crop fertility This prictice of
following highly fertilized crops with pasturcs permits the use of a set
of forage spegies which would not be considered for establishment in
newly opened agricultural areas

Systems of forage utilization (& g , cut vs grazed, legume
association with a grass vs pure legume "protein banks", continuous vs
rotational grazing, and intensity of grazing) can dafferentially
inflyence the performance of a particular species or gpecies
association

Target Area Subdivisions

Due to the vast diversity of the environment across the Latin
American tropics where livestock production occurs and the magnitude of
the G~E Interactions known to arise therefiom, the focus of TPP
germplasm development activities was considerably limited, within the
Latin American tropics, basically to the more ditficult conditions
represented by the very acid, infertile Oxisol-Ultisol regions of the
tropical lowlands This regtraiction of the glebal target area reduces
the enviroanmentral diversity in terms of soil chemical properties, but
even this targer area encompassges extensive diversity inm climatic
conditions, birological factors, and socioeconowmlc conditions

A target arca survey conducted durdng 1978 and 1979 accumulated
voluminous dita on a number of physical attributes of this target area
including radiant energy recelved, temperature, potential
evapotranspiration, water balance, and other climatic factors, landform,
hydrology, and vegetation, and soil physical and chemical
characteristics A single, derived environmental variable—-potential
wet season ovapotrinspiration (PWSE)--was found to correlate well with
natural vegetation types and was used to divide the overall target area
into three broid ecusystems savanna, seasonal torests, and tropical
rainforests Baced on soil drainage, the savanna ecosystem was further
subdivided into well~ and poorly~-drained savannas, and the well-drained
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savanna reglons were divided still further on the basis of mean wel
season temperature (MWST)

The resulting five ecosystems (Table 1) are considered to reflect
natural vegetation types and it is assumed that they will aid in
orienting pasture germplasm discribution and evaluation  They form the
present basis for subdividing the germplasm evaluation and selection
activities of the TPP as well as for the organization of the program's
regicnal trials network

Adequacy of the Present Divisioas

We cannot presume, on the basis of available germplasm performance
data, to have definitively confirmed the validity and utility of the
present ecosystem classificarion in terms of the enviroanmental response
of the forage germplasm itself A detailed evaluation, in controlled
experiments, af the response of gerwplasm accessions to different
environmental variables (coupled with a detarled chirscterization of the
variation in these factors within the global target environment) would
aid in validating or refining a subdivision of the target area for
purposes of germplasm testing The confarmation of the validity of a
particular subdivision of the target area weould require extensive
testing of a large set of germplasm accessions at a large number of
sites with a common performance criierion measured at each site A
useful ecosystem subdivision of the glebal target area would be
reflected by small G~E interactions within subdivisions and large G-
interactions between subdivisions We simply do not yet have sufficient
data either on germplasm response to defined enviromnmental variables nor
from multilocational trials for drawing definitive conclusions on the
present ecosystem subdivision of the target area Some tentative
conclusions do, however, appear warranted at this stage regarding
germplasm adaptation within and across the five defined ecosystems,
where "adaptation” is measured by performance (principally dry matter
yield under cutring) in monoculture, agronomic pleor trials

Among the grasses, some species (e g , A gayanus and B decumbens)
seem to be remarkably broadly adapted wiathin and across the present
ecosystems {(Table 2}, suggesting that the present ecosystem divigions
may be largely irrelevant te comparisons among grass specles  Large
site differences in grass species performance have been recorded but
these cannot generally be attributed to the variables upon which the
present ecosystems are defined The determining factors for grass
species adaptation appear to be related primarily to soil fertaility
(which is not contemplated in the present ecosystem subdivisions) and
the length and intensity of the dry season {only indirectly contemplated
in PUSE)

In fortilrcer trials, lavrge grass species-fertilizer level
interactions are commonly observed (e g , CIAT Aunual Report 1979,
Tropical Pastures Program, p 63) Strikingly different results were
obtained in griss evaluation plots between two sites on sharply
different soil types within the CPAC experimental station
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Table 1  Tropical Pastures Program major ecosystem definitions

Potential Wet Season Mean HWet Season
Ecosystem Evapotranspiration Terperature Orainage

Well drained, hyperthermic, 910-1060 > 23 5°C Good
tropical savannas {Carimagua)

Well drained, thermic tropical
savannas 910-1060 < 23 5°C Good

Poorly drained tropical savan-
nas Variable Variable Poor

Tropical, semi-evergreen
seasonal forests 1061-1300 Vartable Variahle

Tropical rainforests > 1300 Variable Variable
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Table 2 Adaptation of key forage species by major ecosystem {as of December, 1981)*

PROMISING FOR
Well-drained Savannas

Tropical
SPECIES P
Isohyperthermic®  Isothermic Forests®
Grasses
Andropogon gagyanus yes yes (yes)
Brachwaua decumbens yes yes {yes)
B dectyoneura yes ? ?
B humudicola yes no {yes)
Lequmes
Centrosgema brascloanum yes yes {no}
¢ macaoearpum yes yes {yes)
Desmodeum ovalefoloim yes no {yes)
Pueraria phaseoloides yes no {yes)
Stylosanthes gucanensss ('tardio) yes yes {yes)
S guwanensss ('common') no no (yes)
S caputata yes yes (no)
S macnwwcephala yes yes ?
Zoania brasliensis yes yes 7
a Llanos
b Cerrados

¢ Inciudes both types of tropical forests

Parenthesis indicate estimate 1s from preliminary trials only
Question mark 1ndicates no data available

*Taken from CIAT Report, 1982, p 74




Brachiaria humidicola perfoims will both at Carimagua
{representative of the well-drained, hyperthermic savanna ecosystem} and
at sites in the tropical forest ecosystems, 1n contrast to 1ts poor
performance at CPAC (representative of the well-drained, thermic savanna
ecosysten) {Table 2} It seems unlikely that the difference 1in
performance of this species between Carimagua and CPAC is due to
differences in MWST (the criterion upon which the two well-drained
savanna ecosystems are separated) It is more probably related to
drfferences between the two sites 1n the duration and intensity of the
dry season (four months with less than 100 mm rainfall at Carimagua vs
six months at CPAC), a factor not directly contemplated in the
distinction between the ecosystems represented by these [wo sites
Perhaps PWSE could explain this difference in geraplasm performance
betwean CPAL and Carimagua, but 1f so, the present definition of the
well-drained savanna ecosystem is 1nsufficiently precise

Many more forage legume accessions have been widely tested than the
grassies so that patterns of specires adaptation are somewhat clearer
{(T:le 2) In some cases species performance does appear to conform to
the present ecosystems  However, for most species the differences
between the two well drained savinna ecosystems {represented by
Carimagua ard CPAC) are more probably related to differences in the
duration and intensity of the dry season than to the defined difference
between these two ecosystems (MWST) As for grasses, many of the known
cases of strong G~E interaction (at the species level) 1n the legumes
arise from variability in soil fertailaity

In at least one case (S guianensls, cowmon) the differential
response between the savanna ecosystems and the tropical forests 1s
determined only indirectly {(af at all) by contrasting envirenmental
conditions  The poor performance in the well-drained savannas 1s known
to be due to biological pressures (anthracnose, praimariiy), and whether
this difference in intensity of anthracnose 1s dependent on differences
in PWSE or samply 1s due to the present dastribution of races of the
pathogen 1s not yet known with certainty

An attempt 18 belng made within the present gystem of regional
trials to relate specles and accession performance to more detailed
descriptors of the test sites such ag soll chemical factors, detailed
meteorological data, and pest and disease presence [Aonual Report, 1981,
{mimec edition) Vol 1, p 4-20] This information, 1f combined with
reliable performance data, should allow more precise definition of the
environmental factors which affect performance of the germplasm and may
lead to better definition of the target area ecosystems

Thus, while 1t does appear that important G~E interactions may
arisc from the environmental frertors used to Jefine the present
gcosystims, 1t 18 not eatirely clear whether the present subdivision is
precise coouph really to be useful or whether addivion of ether
environmental variables (e g , some mudsure of the duration and
intensity of the dry scason} might permit subdivision of the global
target arvea into an equil number of ecoaystems which would allow more



accurate prediction of germplasm performance  That many species are
broadly adapted across ecosystems and that several striking instances of
sharp differences 1o performance of particular species within ecosystems
occur (usually atetributable to disease factorg) suggest that there is
considerable room for improvement of the definition of ecosystems

Future Research Needs

Specific information which would help determine the utility of the
present ecasystems and to define better the ecosystems include the
tollowing

t Definitaion of what faictor{s) cause the strikingly diiferent
reaction of some species (1 e , B humidicola and D ovalifolium)
between CPAC and Carimagua If this does not invelve MUST then the
present division of the savanna ecosystems is inadequate since it fails
to predict this important site differences in species performance

2 It would be extremely helpful to have a detailed
disease-1insect potential inventory of the target area which weould permit
prediction of accession response to location  While the preparation of
such an 1nveantory may be difficult xn the short term, it ought to be
possible to relate longer term observations on disease incldence to some
one or more physical environmental factors

3 S0il fertilitv levels appear 1o pe extremely important in
determining specres potential at a particular site  Since the TPP
philosophy dictates "minimum 1nput” and since common commercial practice
of pasture establishment and particularly wmaintenance is “zero input”,
an inclusion of native soil fertility characteristics in the ecosystem
classification might greatly aimprove its utility 1im predicting specles
performance Significant variation in soil characteristics does occur
even withan the broad "acid, infertile so1ls" target area While such
localized variacion in soll characteristics may be extremely difficult
to map precisely, it certainly could be clearly defined

& While socioeconomic environmental factors {e g , pasture
management systems) are Known strongly to affect pasture plant
performance, these factors are not, at present, formally contemplated in
the ecosystem subdivisions of the global target area  These management
systems (including primarily soil fertility modification and system of
forage use) require more precise definition and “pricritization”  They
should be ravionally used to define appropriate conditions of germplasm
evaluation in particular situations

BEANS

Field beans {Phaseolus vulgaris) are the most important grain
legume in the Americas, where 474 of world bean production occurs, and
also probably in tastern Africa, where 16% of production occurs  They
are produced mainly for consumption ot the dry grain, with an average
consumption ot b ky/capita/annum in Latin America, and 12




kg/capita/annum in Eastern Africa They are also locally consumed as
immature seeds, and the immature pod 18 one of the most widely eaten
green vegetables in the world The leaves are used as spinach in some
parts of Africa

Different consumption patterus, and especially of different grainm
types, impose a natural division of the target area in terms of the
objectives of the breeding program 1t is assumed that it is more
difficult ro change consumer preferences, particularly among rural
populations, than 1t 15 to breed improved varieties with certain grain
types It 1s not possible, of course, to breed for every type, but
insofar as these can be grouped into wajor classes this provides a
restriction to the gerwrplasm base avairlable to any particular region
and reduces the ncod Lor extremely broad adaptability

Beans differ from some of the major cereal crops in a number of
important ways they are a legume with capacity for figing nitrogen,
they are frequently intercropped, particulaxly with maize (up to 70% of
the total area), and they are generally grown with low technology (e g
low planting density without irrigation) These factors together
indicate the need for a different approach to bean breeding from that
which has besen successfully used for wheat and rice Most plant
breeding hag been carried out 1n the past in favorzble environments, and
1ts benefits have been severely reduced when lmproved varieties wete
planted in poor environments  Part of the cause of this is that the
process of selection was not carried out ipn a poor environment, but in
addition, the particular stresses involved in creating a poor
environment differ from one place to another, and this reduces greatly
the probability that any one variety will adapt to all locations

On the other hand, certain characteristics of the beaa plant can be
ldentified which could contribute to 1 broader adaptability, such as
insensitivity to photoperiod  Vigor, or competitaive ability, is also
likely to be important, whereas the partitioning of biomass to grain
(harvest indexn) 1s not likely to be as important as in some other crops
Competitive vigoer is something whaich natural selection will have been
acting on in farmers' fields for centuries  However, the percentage of
natural hybridization in beans is low (up to 1%), and the genetic
variabiliity present in a farmer’s land race would not be comparable with
the CIAT germplasm collection By evaluating the total variability of
the species, and suitably recombining it by hybridization and selection,
we are able to achieve, in collahoration with national programs, what
could not be done by natural selection, or by national programs acting
on theiy own  This depends, however, on setting appropyilate breeding
objectives, based on an understanding of G-E interactlons Evidence for
the need to divide the target area for the purpose of defining breeding
objectives is presented in the following sections

17



18

gvidence for G-E Interactions

Genotypas % geopraphical lecation

The international bean yield and adaptation nursery (IBYAN) was
uniform over all locaticus in 1976, after which it was split into
progressively more groups (Table 3) An analysis of adaptability and
stability of performance for the IBYAN 1976 was presented by Laing
(1978), where broad adaptability was indicated by a high relative
performance of a particular genotype when grown in a range of locations,
and stability referred to the response of a genotype to changing
environmental factors over time  VWhereas broad adaptabilicty is
wmportant to the brecder, stability e clearly more importunt to the
individual bean producer Whilst some factors involved in determining
adaptability will be the same as those determing stability (1 e , water
availabiliry and disease and pest incidence), others are more especiaslly
important in determining adaptability among different locations (1 e ,
photoperiod, tumperature ind soll nutrient stdatus)

in the 1976 I1BYAN and those that followed, there was a haghly
significant G x locations 11 teraction (Table 4) and this was analyzed by
regression analysis for 20 varieties over 39 locations {Figure 1) The
most contrasting varieties are encircled in three groups firstly, those
that had high yields, especially in favorable environments,
characterized by G 1820 (P 1 309 804) and G 3645 (Jamapa), both type
1I's, those that had high yields, especially in relatively poor
environments, characterized by G 4525 (ICA Pijao) and G 4495 (Porrillo
Sintético), also type II's, and those that had low yields, but which did
relatively better in poor environments, characterized by G 0076 (Red
Kloud), G 4460 (Pompadour 2), G 4494 (Diracol Calima) and G 4323 (Linea
17), all large grain type I's

In the 1973 IBYAN the superiority of black grained experimental
lines from CIAT {e g , BAT 58, BAT 304, BAT 450, BAT 518) was more
significant in the poor environments, reflecting the low input brecding
strategy of the bean program  Broad adaptability has been identafied
more freguently in bush bean lines then in climbers, which show a much
higher frequency of photoperiod sensitivity, more specific temperature
adaptation, and tend to show growth habit instability  Of CLAT bush
bean lines tested internationally BAT 304 (black), BAT 85 and BAT 561
(cream) have demonstrated exceptionally broad adaptability

Genotypes x cropping system

The prinecipal cropping systems in which beans are grown are
intercropping with maize and menoculture  The intercropping systems can
be further divided 1nto row intercropping, which consists of
simultaneous or nearly simultaneous planting of the associated crops,
velay intercropping, where the second crop (usually beans) is planted
near to physiological waturity of the first crop, and mixed
intercropplng, which frequently involves more than one other companion
crop planted simultanecusly, and not arranged in rows  Intercropping




TABLE 3 THE GROUPS OF VARIETIES IN THE IBYAN FROM 1976
1576 1977 1978 1979 1980 1981 1982
.§73 Black Black Black Black Black Black
colors
Non-black MNon-black Non-black Small red Small red Small red
BUSH Large red Large red Large red
tthite White White
- Coffee/cream CLoffee/cream Coffee/cream
i Black Black Black Black Black
Red Small red Small red Small red Small red
CLIMBING Other Large Large Large Large red
colors grains grains grains

Large cream/
yellow
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TABLE 4

THE GENOTYPE x LOCATION INTERACTION IN IBYAN TRIALS OF
BLACK BEANS FROM 1976 TO 1979 (from Voysest, 1982)

Source of Vartance

Year variation df Ratio (F)

1976 Interaction 393 3 33%nx
Error 1150

1977 Interaction 512 2 SEFwx
Evror 1047

1978 Interaction 494 2 H2%*x
Error 1024

1979 Interaction 390 3 78%%%
Error 865

kv
P < 0001
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predominates among small farmers and is probably at least as important
as monoculture in rerms of bean production in the developing world

Competitive ability of the bean plant 18 crucial for most
intercropping systems, and is generally defined by the early vaigor of
the plant, final plant height and climbing abilaty  Strong interactions
of genotypes by cropping systems have been found, but when materials are
divided according to their growth habit, much of the interaction
disappears, especially in bush bean materials  Nevertheless,
intercropping can be regarded as a stress situation, involving
competition for light, autricents and waeter, and as such requires
deliberate selection of breeding populations for adaptability te these
stresses

In general terms, type I beans (determinate bush) are the least
competitive, and pgive the poorest yields when intercropped, although
some varieties with large leaves can be exceptienally competitive with
certain genotypes of maize in the early stages of growth  Type 1V
climbing beans compete well, and types II 4nd 1II (indeterminate bush
and gemi-climbing) are intermediate Types I and II are most frequently
used where there 1s little competition from other crops, whereas types
111 and IV are most commonly used for intercropping  For the latter
types, correlations between monoculture yields of varieties and their
yield when intercropped with maize are generally low (Table 3) On the
other hand, correlations among intercropping systems with different
maize cultivars are usuvally high This indicates that seclection ot
beans can be carried out with one malze cultivar, although a selection
experiment 1s currently underway, with breeding populations of all
growth habits, to test this hypothesis For relay cropping, differences
in climbing ability are largely responsible for the genotype x cropping
systems interactions that are observed (CIAT, 198la)

Genotypes x levels of technolopy

Levels of technology may include differences in plant population
density, fertilization, disease and pest control, and rrrigation
Factorial trials combining different levels of these factors with
different varieties are being carried out by the bean program in on~farm
trials, and preliminary results from Narino, Colombia, have indicated an
interaction between a lecal variety (Limonefo) and an improved line {BAT
1235)  The latter performs relatively better with higher levels of
density and fertilization The same applies to an improved climbing
bean line, E 1056, tested on farms in Antioquia  The improved lines
which are selected for disease reeistance, on the other hand, tend to do
relatively better thdan the controls without disease and pest control
(Table 6}

In peneral, semi-climbing and climbing beans (Types ILI and 1V)
have a lower optimum plant population density than Type 1 and II bush
beans {CIAT, 1978) The heavy branching of the TYPE IIIL allows a high
degree of caunopy compensation, making it particularly suitable for
unmechanized small farm monoculture or relay cropping systems The

climbing ability of the Type LV makes it particularly suitable for
innercropping



TABLE 5 CORRELATION MATRIX (8 d f ) FOR BEAN YIELDS IN
MONOCULTURE AND INTERCROPPED WITH 3 DIFFERENT
MAIZE CULTIVARS

Monocul ture Intercropped with maize

I
ICA H-210 Suwan-1

ICA H-210 0 6675 - -
Suwan-1 Q0 2367 0 6710* -

Intercropped
with maize

La Posta 0 4088 0 8952%+* 0 8g02*¥*

* P g 005
»x P g 0001

£¢



TABLE 6 COMPARISON OF £ 1056 (RECENTLY MAMED ICA-LLANDGRANDE IN
COLOMBIA} WITH TRADITIONAL VARIETY CARGAMANTQ WITH AND
WITHOUT BENOMYL FUNGICIDE, AVERAGED OVER 13 FARM TRIALS
IN ANTIOQUIA {EL CARMEN DE VIBORAL), 1981

Yield (kg/ha}
With Benomyl?! Without Benomyl

E 1056 1959 2063
Cargamanto 1638 1013
LSD 383

o

! Benomyl was sprayed three times during the growing season
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Levels of fertilization and disease and pest control are tested
routinely in the EP yield trials in CIAT-Palmira and Popayin (Figurce Z)
Although a generally positive correlation between variety yields at the
two levels of technology has been found, there are also clear cases of
varieties which do relatavely better under one or the other situation
The most desirable types are those which do well under both situations
The reason for the generally positive relationship in variety response
between the two levels of technology is that a number of factors enter
ac once in Popayan (1 e , nutrient availability, and several diseases,
especially powdery mildew, Ascochyta and mthracnose) Different levels
ot tolerance to these factors in the wmaterials tend to balance each
other out on average  On the other hand, 1t does seem thit the lines
that do best at low levels of technology have more of the relevant
disease resistances

Factors Responsible for G-I Interactiocns

The factors responsible for the interactions described above can be
divided intv those rclated to the physical environmment (photoperioed and
tempurature), the biological environment (diseases and pests), and a
combination of physical and socio-economic environment (water
availability and soil nutrient status)

Photoperiod

A much higher percentage of bush bean materials has been found to
be insensitive to photoperiod than of climbing beans  The most extreme
response to photoperiod (complete lack of flowering in long days) 1is
found mostly 1in climbers In short days, varieties exhibit variability
for the temperature at which they flower in the shortest time and yield
best Below this temperature, in photoperiod sensitive varieties, the
photoperiod response 1s progressively reduced in most materials, and
above this optimum temperature the response increases  Cargamanto, for
example, has an optimum temperature of about 17°(, whereas Diacol Calima
is ar its optimum at about 24°C

Sub~tropical envirvonments with a short growing season require
photoperiod i1nsensitive early genotypes of beans for optimum yield
Where an extended growing season 1s available, particularly with
irrigation, an intermediate response to photoperiod may exteond the
period of vegetative growth and increase yield, as has been proved for
the variety Porrillo Sintético (CIAT, 1978)

The ability of photoperiod response asg measured in CIAT to predict
the field response of varieties around the world was tested by Jones
(CIAT, 1980a), using the data for 20 varieties in the 1976 IBYAN (Table
7} 1lhe coefficient of photoperiod reaction (B, ) was estimated from the
flowering time IBYAN data, using information ou the daylength aexpected
at each location during the cropplng season (Figure 3) The larger che
coafficlent, the greatur was the response te increasing daylength in the
field All nmaterials with a B value of { had been classified as IN
(insensitive} or 2} (slightly sensitive) in the phoctoperiod lot of CIAT,
indicating a cloce currespondence between observed response and the
predicted respon « The dat: 1lso 1llowed a division of the varieties
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TABLE 7  CORRESPONDENCE BETWEEN PHOTOPERIOD RESPONSE AS MEASURED IN
39 INTERNATIONAL TRIALS {B; > 0 15 photoperiod sensitive)
COMPARED WITH PHQTOPERIOQU REACTION EVALUATED UMDER LIGHTS
[N CIAT (Scale 1-5, where 1 15 insensitive, N = normal
flowering, A = abnormal), IBYAN 1976 DATA

Photoperiod  Photoperiod
Growth Temperature coeffictent  reaction 1n

Variety habit response g, % CIAT
G 4495 11 Normal 08 3N
G 3834 Il Hormal g7 3N
G 4451 I Mormal 11 N
G 4454 [ Normal 30 3N
G 3645 I1 Normal 00 1N
G 4525 Ii Normal 00 IN
G 1820 11 Normal 00 1N
G 4122 I Normal 14 2N
G 4421 11 Normal aao 2N
G 4459 11 Intermediate g0 1N
G 3776 I Intermediate 27 2N
G 3353 Il Intermediate 01 2N
G 4446 ITI Intermediate 19 2N
G 4523 1 Intermediate 12 7 4A
G 3807 1 Intermediate 2 8 3N
G 4445 I 8road 00 N
G 4498 I Broad 00 2N
G 4494 I Broad 73 AA
G 4460 I Broad 56 47
G 0076 1 Broad 00 1N
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according to the effect of temperature ou the time to tlowering (Iible
7) Those with a broad response were all Type I varietics, whereas
those with a normal response (greater effect of timperature on
flowering) were all Type Il varieties Broad adaptability to
photoperiod and temperature was evident in G 4445 (Ex-Rico 23) and G
0076 (Red Kloud) These varieties did not do especially well in terms
of yield (F1g 1) On the other hand, the highest yielding varieties (C
1820 and G 3645) were insensitive to photoperiod with a normal response
to temperature, and growth habit TI

The relationship between photoperiod response and yield across the
major bean production regions of the world, however, 1s still far from
being completely understood  For this purpose, a spec:ial international
nursery 1s being developed 1n collaboration with Cornell University to
study this relationship and enable breeding objectives for phutoperied
responsc to be established for each production region The ultimate
answer on the adaptation of a new material has to come from the
production region, and for this purpose 1t may be more efficient to send
segregating materials for local selection, especially when sultable
photoperiod information 1s available for the parents

Temperature

Temperature adaptation as such 1s most readily observed in the
tropics without the interfering influence of photoperiod Much of the
variability in temperature adaptation in beans remains to be adequately
exploited, especially in selection programs for broader temperature
adaptability

In a first study (CIAT, 1979a) considerable variation was
demonstrated 1n temperature response among a set of 250 varieties of all
growth habits grown at 6 locations in Colombia, differing mainly in
temperature as regulated by altitude In a second study, the whole
germplasm bank of semi-climbing and climbing types was evaluated at four
locations, and the best at each location were selected and put inte a
yield trial (CIAT, 198Ca) Greater variability for temperature response
was found in this second set (Figure &) The best materials for a cool
climate (Pasto) barely flowered or set seed in a warm climate (Palmira),
and the reverse phencmenon ocurred in the best matertals for a warm
climate There was also a set of intermediate materials It is
probable that there 1s continuous varlation available for temperature
adaptation, and its genetic control is not expected to be linked to that
of photoperiod sensitivity, although no materials have yet been found
that are insensitive to photoperiod and adapted to cool temperatures
These are being actively sought, 4as are materials with a broader
adaptability to temperature

Absolute yields of adapted materials (Figure 4) appear to be
slightiy highcr in a cool climate than a warm one, but the growiag
season in the cool climate is much longer At any rate, there is no
evidence that a narrow range of temperature 1s optimum for yield in the
specles as a whole, as has been suggested on many occasions (e g , CIAT,
1979) Therc 1s e¢normous variability available which largely remains to
be exploited, oftering possibilities for area espansion
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Diseases and pests

Resaistance to discises nd pests contributes both to broad
adaptability and to yield stability, but since any given material can
only be resistant to a few diseases and pests, this resistance is more
likely to contribute to stability, in good years versus bad years, than
to broad adaptabiliry  From one location to another, not only the
spectrum of diseases may change, but also the races of the diseases
For the purpose of wmeasuring these effects, the bheasn program has
established some international disease resistance nurseries,
particularly for rust (since 1973) and anthracnose (since 1978)
Materials have been identified with a wide spectrum of resistance to
differcent races of these digeases, e g , houador 299 for rust, and BAT
B4l and V 7917 for antracnose VWhen intermediate, or tolerant,
reactions are present these may interact with cultural practiges
Intercropping 4nd low plant deansity tend to reduce the severity and
incidence of many diseascs and pests, though not all For small
farmers, who f[requently intercrop and pldant at low densities,
mntermediate reactions may be more stible over time and sufficient to
control the problem

hater avarlability

Irrigation 1s only available 1n a swall proportion of the total
area for bean production  Bean farmers, as a general rule, do not have
adequate control over the supply of water to their crop Tolerance of
drought stress, particularly from flowering onwards, will contribute
greatly to yield stability  Drought screening of advanced bean lines
has been underway in CIAT since 1978  As with all stress selectionm, 1t
15 desirahle that materials should yield well both with and without the
stress Many reglons employ cropping seasons that require a
short-geason cultivar to minimize the risk of end-cf~season stress In
other areas, rainfall is unreliable and Type III and IV varieties,
capable of recuperating from a stress period by producing a second flush
of pods, may be used This behavior 1s associated with delayed and
uneven maturity, and would not be convenient to large farmers, but is no
problem to small farmers, for example in subtropical areas where relay
intercropping 1s common

501l nutrient status

Variability is available in beans to tolerate different levels of
Al saturation and P avallability, as well as variation for the abality
to tix B Varieties such as Carioca, from Brazil, are particularly
tolerant to acid so1l conditions Routine screening of advanced lines
for tolerance to acid soils has been underway since 1979, and materials
like BAT 26, BAT 28, LMP 28 and BAT 458, have shown to be promising for
tolerance to low P and high Al saturation An attempt has been made to
select materials that not only yleld relatively well under P stress, but
also respond well to fertilization with P
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Agroclimatological Divisions of the Target Area

Bean production in Latin America and the Caribbean was
characterized by Jones (CIAT 1979%a, 1980a), using a cluster analysis to
group the different regions according to temperature at flowering and
water balance during the vegetative, flowering and pod-filling phases
Seven climate types were described, and these are shown in Table 8, in
order of descending tewmperature By far the most bean production occurs
in climate type E, with a mean temperature of 20°C, and possible late
season water stress This classification only includes two of the five
factors already mentioned as being responsible for G-E interactions, and
it could be made more comprenhensive by including information on soil,
daylength during the growing season, biolegical factors including
diseases and pests, and soclo-economic factors including cropping
systems Such information, however, is not yet sufficiently available
Other important areas, such as Eastern Africi, have not becn included in
survey work of this kind The information to date indicates the
importance of selecting materials adapted to temperatures somewhere
between CIAT-Popayan and those at CIAT-Palmira and with somc tolerance
to water stress after flowering

This information has helped divide up bean production
geographically, though more weight has been given to consumer
preferences for particular grain types More detailed studies are
needed of the agroclimatic variation within pre-defined geographical
regions, for the purposes of identifying suitable locations for testing
materials, and for setting priorities in the breeding program for
particular adaptation characters The way in which the available
informition his becn used to divide up the target area for breeding
purposes 1s de ci1bud 1o the following sections

Structure of CIAT's Bean Breeding Program

The trend which began in 1977, by dividing the IBYAN 1into two sets,
has continued to penetrate the organization of the whole program (Table
9) This 1s still an evolving scheme, which has undergone a number of
changes It serves to divide responsibilities among breeders, and to
define more clearly the breeding objectives and the collaborative ties
with national programs each breeder needs to establish Each breeder
has the responsibility for cultivar improvement within the groups
assigned to him In addition, he works with the relevant disciplines to
increase the level of expression of particular traits, such as improved
or more stable resistance to bean common mosailc virus (BCMV),
anthracnose, or halo blight, or improved capacity to fix nitrogen,

i?proved drought tolerance, or tolerance of temperature extremes (Table
9

All 1dvunced materials, when the breeding program considers they
are uniform, pass through a series of nurseries for the purpose of
evaluation and selection The first stage is the VEF (Vivero del Equipo
de Frijol) nursery, which has been carried out only in Colombia
Selected materials pass on to the EP (Ensayos Preliminares) At this
stage, sincc 1981, limitcd numbers of sets of materials have been
available for tcsting internationally, normally by regional programs or




TABLE 8 A SIMPLIFIED DESCRIPTION OF THE CLIMATE TYPES FOR BEAN PRODUCTICN IN LATIN AMERICA
AND THE CARIBBEAN, FROM CIAT 1979

Mean Temp
Clwmate °C at Production
type flowering Water balance x 1000 tons Example sites

b 26° Late season stress 262 Veracruz, Mexico

A 23° Adequate 661 Huila, Colombia

B 23° S1ight excess water 118 Turrialba, Costa Rica

C 23° Yery dry, 1rrigated 538 Culracan, Mexico

E 20° Possible late season stress 1672 Durango, Mexiceo

F 16° Moderate deficits 451 R1o Grande do Sul, Brasal

G 13° Adequate 45 High altitude Andean Region
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Table 9

]

The Structure of CIAT's Bean Urceding Program

TROPICAL TROPICAL
CLIMATE TENPERATE
WARM MOGERATE s ODERATY CooL
GROWTH  HABIT BUSH A%D CLIMBING BUSH | SUTH A0 BUSH BUSH | CLIMBING BUSH
SEED  SIZE SMALL AND MEDIUM LARGE = MEDIUM SMALL | MEDILM | LARGE |PEDIUM LARGE
& LARGE
BLACK RED WHETE | YELLOW | LIGHT CREAM CREAHM WHITE qED RED YELLOW | RED {MOT)
CREAM BROWY {MoT)y {M0T} {HOTY | {MOT) | CREAM | YELLOW
LIGHT | CREAM L BROMN|L BROWN PINK LIGHT | CREAM
SEED COLOR BROW:H (M0T) (M07) {(M0T) BROUN
PURPLE | pinx PURPLE WHITE
' (Mot} {MaT}
BREEDER 1 11 111
LOULAND | © AMERICA | COASTAL | COASTAL | HIGHLAND | BRAZIL | HIGHLAND | ARGENTINA | ANDEAN REGION AND EASTERN AFRICA
MEXICO . R MEXICO MEXICO Wl
COUNTRIES / REGIONS C AMERICA | CARIBBEAN | ECUADOR | ECUADD EAST
CUBA PERU PERU
VEREZUELA CHILE | MEXICO
BREEDER PROJECT IMPORTANCE WITHIN FACH GROUP 1 = yery wmportant, 2 = ymportant, 3 = eccasionally important - not important
1 BOV 1 1 1 1 3 1 1 1 ? - - 3
1 BGMY 1 3 - . - 3 - 2 - - - -
1 RUST 2 2 1 1 ? 2 1 3 2z 2 2 2
I HEB BLIGHT 4 2 - - - - - - 3 - - -
i BACTERIAL BLIGHT 2 1 - - - 2 3 2 2 - - -
H ANTHRACHOSE 1 2 - - 1 1 1 1 1 1 1 1
11 ANGULAR LEAF SPOT 2 3 . - z 2 2 2 2 3 3 2
11 HELD BLIGHT - - - - w - - . 3 2 z 2
111 ASCOCHYTA - . - - - - . - 3 2 2 2
i POUBERY MILDEM - - 2 2 ? 3 3 - 3 z 2 2
I EMPOASCA 3 3 2z 4 3 2 2 3 2 3 3 3
I APION ? 3 - - 2 - 2 - - - - -
11 EPILACHNA 3 - - - 3 - 3 . - - - .
111 BEAR FLY - - - - - R - - 2 3 3 3
Y BRUCKIDS 3 3 1 3 3 3 3 1 2 3 3 z
I N-FIXATION 2 2 2 2 2 2 2 2 2 2 2 ?
11 DROUGHT k| 3 1 i 3 1 1 3 4 3 3 3
11 Lot p 1 - - - . 1 3 - 3 3 3 3
i1 EARLY MATURITY - ? - 3 - k] 1 - - 3 3 -
1 ARCHITECTURE 2 2 b4 2 - 2 2 1 1 2 2 1
1 LOM TEMPERATURE - - - - ? - 2 - - 1 1 1
I PHOTOPERIQD 3 ? 3 3 1 2 2 1 3 2 2 3
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specrally selected collaborators, seed being 1in short supply Siriec tle
material in the EP is grouped in the same way as the IBYAN, 1t can be
sent for testing in the relevant regions Lines selected out of the EP
pass on to the IBYAN international yield trials, which are igain
distributed according to the region of interest (e g IBYAN series 90000
goes mainly to the Andean Region and Eastern Africa}

Segregating materials have so far only been selected in the regious
where a regilonal program has been operating (e g , for Golden Mosaic
resistance tn Centrzl Ameraca), or where special collaboration exists
A trend teowards earlier generation selection in the regions of interest
1s likely as more reglonal programs get under way, especially in Brazil,
the Andean Region, Fastern Africa and the Middle East  Although many
adaptation tactors cm be tested for in (olowbia, s proevieu ly
demonstrated, the complex interactions of these, and the cccurrence of
diseases and pests nobt present in Colombia, make it essential te select
for local adaptation as early as possible Characteristics contributing
to wide adaptability, for use primarily in parents, can be selected for
m Golombia 1t 15 envisaged that all locally selected materials would
find their way back to the VEF-LP-IBYAN schieme, which would coutinue to
provide an opportunity tor tuisting materlals uniformly, and comparing
them with materials from other reglous fhe scheme would begin to lose
1ts present value as a vehicle for distributing advanced lines
internationally

A Breeding Strategy

Beans in the developing world are grown mainly by small farmers,
and selection procedures should take into account the special needs of
these farmers, who are normally in less favorable environments (steep
slopes, poor soils, Llnadequate control of water, ete ) It 1s not
encugh to suppose that disease and pest resistances alone will resolve
these problems  Diseases and pests mey indeed be more readily
controlied 1o small plots than ain extensive plantings, cepecrally whicn
intercropping 1s used Plant characters related to competitive ability,
efficient use of P and tolerance of drought should be emphasized, as
these factors are particularly relevant to the problems of small
farmers Alternative sources of resistance need to be actively sought,
and more emphasis given to intermediate or tolerant reactions, which may
be more stable over time  The pressure on pathogens to mutate in some
tropical areas, where beans may be grown almost all year round, is much
greater than in temperate countries, where major gene resistance to
certain diseases of beans (e g , anthracnose and BCMV) has held up for
considurable periods of time lhere 1s evidence to indicate that these
same genes do pot hold up for loug ia the troplcs

Broad adaptability within each of the 12 major groups, as defined
by the bean program, is desirable for the sake of making a wider impact
with new watutlals Intirmediate sensitivicy or inscnsitivity to
photoperiod needs to be incorporated into more semi-climbing and
climbing varicties {Types IIT and IV) Evidence wxists that broader
temperature adaptrhilaty exists, and could be selecred for



For the farmer, local adaptation and yield stability are of first
importance A breeding methed to select for these is proposed in Figure
5, modified from the F, progeny method of Lupton and Whitehouse (1957)
It involves F, single plant selection in Coelombia, followed by F
progeny testidg, particularly for BCMY resistance, and parallel CTlean
seed production F, populations are tested in the reglon of interest in
a yleld trial, followed by another vield trial in F. giving the
opportunity to test temporal stablillity, and select gﬁe best from the two
seasons in bulk in the F Single plants are again selected 1n the Fé
in the region, and from ghere on the normal procedure for testing
advanced lines is followed Other schemes could be developed, but 1t is
important that the concept of temporal stability should be incorporated

Yield triils nd selection nurserics should be coarrivd out in the
predominant croppang system of the region 1t has often been stated
that large yield advances dre only achieved by breeding undery high input
technology in monoculture, and exploiting improved partitioning of
photosynthate to economic yield  Nevertheless, much variability exists
in beans for characters that contribute to biomass production, and being
a self-pollinating species, this variability has not had sufficient
opportunity to rucombine  Fvidence exists that considerable progress
can be made by selecting under stress conditions, such as intercrupping,
or drought  In absclute terms, the yield advances cannot be as great,
but in relative terms they can be just as significant

The success of such a strategy depends on the stresses applied
being relevant to local adaptation, and for this purpose, more
information is needed, region by reglon, on the principal stresses and
key locatlions for testing materials As regional programs are further
developed, the collecting of such information will be facilitated
Broad adaptability and yield stability should bc socught within such
regional programs, and CIAT's program in Colombia canm be instrumental in
identifying sources of material, as well as providing hybrid populitions
with a uniquely broad genetic base  The prusent VLF-EP IBYAN schome may
in the future cease to be a vehicle for distributing CIAT materials
internationally, but become a means of comparing progress for specific
characters, ard facilitating the interchange of new materials between
reglions

CASSAVA

Cassava 1s extremely efficient din producing carbohydrates under
more marginal agricultural conditlons Because of its relatively high
labor requirements, adaptability to intercropping systems and Flexible
harvest period, it is ideally suited to small farw production systams
The intensification of production will be based largely on the
diversification of alternative end uses of cassava, such as starch and
animal feed The cissva program Lias three principal thrusts  a)
development ol low-cost, yield-increasing cechnology, particularly
directed at small farmers, b) roscarch ot developing cassava as a crop
for expansion into the frontier, and ¢} research on more efficient
procesaing and utilization technologies
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FIGURE 5 A BREEDING METHOD TO SELECT FOR YIELD STABILITY IN BEANS, MODIFIED FROM THE Fy
PROGENY METHOD OF LUPTON AND WHITEHOUSE (1957)
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Evidence for G-E Interacticons and Factors Responsible

Differential genotype performance is common for cassava grown 1n
distinet environments Information on G~E interactions from CIAT
breeding and agronomy trials and international trials, plus experiments
designed to detect specific factors causing G-E interactions provide the
basis of our discusslon  Cock (1981) has reviewed in detail factors
contributing to C-E interactions, and conversely, to genotype stabilicy
for cassava

Temperature

As a rusult ol cirly studies iun cassav physiclogy (Icikur:, et al
1979), 1t was concluded that very different genotypes would be required
for areas with mean temperatures below 22°C as compared to above 22°C
Agronomy, pathology and breeding trials strongly confirm this hypothesis
(Figure &} Selections from higher temperature sites are consistently
poor purformer 10 Popayan (18°C), and vice versa It 1 wot yot cloar
1f 1 cigniticant interaction exists for temperatures of approximately
23-25° compared to 26-28°  1f an Intcraction does cxist, it is
certainly less marked than for the high versus low temperature
comparisons Selections at CIAT (intermediate temperature) commonly do
well on the north coast (high temperature}, and vice versa

There is also little known about interaction effects of large
annual fluctuations in temperature such as in the subtropics  Genotypes
of subtropical origin, e g , southern Brazil and Cuba, commonly do very
well 1n regions of constant temperature  Movement of germplasm in the
other direction has been too limited to draw solid conclusions  Low
latitude~selected material evaluated in Florida and Cuba have generally
net performed well, but this cannot be speclfically atcributed to
temperature effects

The physiological basis eof varietral response to different
temperature regimes 1s not known  The photosynthetic rates of low
temperature-adapted and high temperature-adapted clones are apparently
similar across a wide temperature range (Figure 7)

As a specles, cassava 1s basically adapred to the hagher
temperature lowlend tropics  The frequency of genotypes adapted to
highland conditions 1s very low

Photoperiod

Photoperiod response in cagsava is now well documented, and there
is some evidence for genotype - photoperiod interactions {(CIAT, 1981b)
The importance of the interactions cannot yut be estimated with the
preliminary dita wailable  As mentioned previously, genotypes from the
subtropics, with fluctuating photoperiods, commonly do well under
constant daylength condittons Litcle is known about genetic
variability for rrepense to photoperiod, though preliminary data show
less sensitivity of some clones (Table L0)
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Figure b

Yields of three varieties of cassava tn CIAT - Palmira and Popayan
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Figure 7 Photosynthetic rate as percentage of maximun rate for two cassava
clones at different leaf temperatures
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1981 {(Unpublished internal CI1AT document)

Table 10 The Effect of Long Days on the Yield of Cassava Nine
Months After Planting
Yield (t Dry Matter/ha)
4
Clone Lang Days Short Days Reduction
M Col 22 8.3 95 13
M Cal 1684 b 6 8 7 b7
M PTR 26 4 g 8 1 40
SQURCE J H Cock, Background Documents for Cassava Program Review,

b
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Ambient relative humidity

Cassava is highly responsive to changes in vapor pressure deficit,
through stomatal closure and consequently reduced photosynthetic rate
(CIAT, 1981) 1t appears that significant varietal differences exist in
response to vapor pressure deficit, butr it is not known whether this is
translacted to differences in yileld at the field level (Figure 8)

Cassava growing environmeuts are highly variable with respect to ambiont
relative humidity during different periods of the year, and this
potentially could be one of the most ipportant environmental factors
responsible for G-E interacrions

Soil water availabilicy

Controlled environment studies have shown a signrfreant genobype x
drought stress interaction both for potted plants and 1In the f1eld at
CIAT-Quilichao (CIAT, 1980b) Data are avallable for such a narrow
range of genotypes that no generalizations can be made at this stage
Irrigation experiments have often shown a lack of response, which may be
in part due to a generalized high drought tolerance in cassava, and in
part to a lack of response to irrigation if relative bumidity of the air
18 very low [rom regiunal trial data there 1s no clear distinction
between genotype performance in high rainfall compared to low rainfall
s1tes which can be attributed directly te soil moisture avairlability
Clones like M Col 1684 and CMC 40 have done well in such diverse sites
as Santa Clara, Costa Rica, with nearly 4000 mm of rainfall a year, and
in Media Luma with about 1000 mm  Perhaps a higher level of stress 1s
required to distinguish differential varietal response

Soil nutrient status

Results from studies on G-E interdction caused by soil fertilicy
differences are inconsistent, and analysis of data from regional trials
in varying fertility conditions do not clarify the picture very much
Studies 1n plant nutrition have demonstrated significant interaction for
eifects of soll acidity and soil phosphorous levels (CIAT, 1980b,
1981b) in ClAT~(Quilichao the ranking of varietal performance between
fertilized and non-fertilized plots in the 1981-82 trial was distirct
{Figure 9) While the regional variety, Valluna, was one of the puocrcest
performers under higher fertility, it was the best under no fertilizer
application On the contrary, trials during two years by the varietal
improvement section have shown no genotype x fertility level interaction
{(CIAT, 1951b, 1952) Trials by the Economics section have shown ne
interaction in comparing improved and local varieties in Media Luna and
San Martin (CIAT, 1981, 1982)

At this stage it is difficult to generalize, but it does appear
possible to develop genotypes with good relative performance across a
broad range of frertilaty conditions, perhaps with the exception of
excreme strewsy conditlons  To achieve this bread adaptation, selection
should probably be done under buth low and moderate to high fertility
conditions




Figure §& Photosynthesis of different clones as related to vapor pressure
deficit between leaf and a:r
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Figure

YIELD WITHOUT FERTILIZER (t/ha)
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Comparison of fresh root yrelds of cassava i1n Santander de
Quilichao with and without fertilizer application
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Cropping system

Data available on genotypoe—cropping system iuteriction ire limited
Research emphasis has been on factors other than cassava genotype In
the case of intercropping with short season grain legumes, the same
cassava genotype appears to be appropriate fovr either monocropplng or
intercropping systems (LIAT, 197%b) Since about 40X of cassava 1s
intercropped on a world basis, the possible existence ¢f G-E
interactions is not irrelevant

Diseases and pests

The contribution of pests and discases to G-E interactions 13
perhaps the baest understood of all the enviroumental factors  Where the
following three criteria are met, we can assume G-E interaction should
be considered i1n defining breeding objectives 1) sigunificant yield
loss occurs under the attack of the disease or pest, 2} genetic
variabiriity for resistance exists, 3) other control measures are not
readily avallible or cannot be economically applied This information
has been fairly well documented for many peots znd diseases of cassava,
and continues to be studied There 1s also a rather good understanding
of the envirconrentnl conditions which tavor disease or pest buildups,
and their geographic distribution

A dramatic example of G-E interactions caused by diseases and pests
seems to be 1llustrated by the comparison of clones in regional trials
in CIAT and Carimagua over years (Table 11) In the first years of the
regional trials, loss to diseases in Carimagua could largely be avoided
by isolation, and insccts were not yvield limiting in CIAT Correlations
for yield performance between the two sites wire high  However, over
time, i1nsects, mites, ond diseases bullt up in Carimagua, and mites and
ingects in CIAT, and correlations drupped rapirdly to noen- ipuilicant
levels

Summarz

Except for adaptation to high versus low temperalures, there is no
strong evidence to suggest that breeding for broad adaptability in
cassava 18 not theoretically possaible  Colombian regional trials and
international trinls 1n the lowland tropics show some clones to be
broadly adapted across physical environments, when diseases and pests
are not limiting (Figures 10 and 11) Pests and diseases provide the
strongest evidence for other causes of G-E interactions, however it
should theoretically be possible to combine resistance to a very wide
range of biological problems The question then is not what is
theoretically feasible, but to structure breeding activities to make the
wost rapid advances possible for overall genetlc improvement to meet
individual needs of many national programs Although interaccions may
not be strong for individual facrors like soil fertility, soil water
availabilicy, photopueriod or cropping systems, the combined effects of
these, plus nijor Interaction effects of diseases and insects,
temperature, and possibly others, indicate that some subdivi lon of the
target area for bieeding cobjectives L8 necessary



Table

11 Summary of linear correlations between sites for fresh

root yield
Locations compared

Year ClAT-Med1a Luna ClAT-Carimagua Hedia Luna-Carimagua
1976/77 0 22 0 82 0 84+~
1977/78 - 015 ¢ 72 6 37
1978779 -0 26 - 0 48 0 38
1579/80 ¢ 04 ¢ 09 -0 14
1980/81 -0 67 0 18 015
1981/82 -0 16 0 16 - 015
SOURCE  ClAT Annual Report, Cassava, Agronomy Section
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Figure 10

Root dry yield (t/ha)

Reqgression of selected CIAT clones and local cultivars
on productivity level of trial site in Colombian Regronal
Trials
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Figure 11

Source
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Regression of yields of selected CIAT clones and best tocal cultivars
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Target Avea Subdivisions

Historial perspective

In the first years of the CIAT Cassava Program, a principal
breeding objective was for wide adaptability - to develop cultivars
which could be successful across the three principal selection sites 1in
Colombia  CIAT-Palmira, Carimagua, and Caribia In the reglonmal trials
network, most clones were planted 1in all sites Emphasis later shifted
toward selection under moderate to high stress cenditicns for yield
stability New selection gites were added in the north coast (Media
Luna and the Guajira region) where low soil fertility, drought stress
and mite attack are prinmcipal constraints to productivity A small
evaluation and selection pregram was added in Popayan, for selection of
clones adapted to low temperatures

In addition to selection in new, high stress sites, disease and
wnsect pressures continued te i1ncrease in luleansity in Carimagua, and
Lusect pressures in CIAT-Palmivra  This natural phenomenon also
partzally accounted for increased emphasis on selection for stress
tolerance Work in entomology has permitted artificial screening for
insects not found in sufficiently high or uniform populations under
field conditions in Colowbia, such as mealybug and lacebug

By the end of the seventies a great deal of ipnformacion had been
accumulated on effects of varicus factors on varietal adaptation and G-E
interactions  Based on this information the cassava team made a
subdiyision of cassava-growing regions into six edapho-climatic
zones (Table 12} This subdivisicn 1s based principally on differences
in mean temperature, raznfall distribution, photoperiod, and soirl
characteristics These physical factors in turn largely determine the
pest and disease complexes which are potentially or actually important,
and a descraiption of predominant pest complexes was developed to
accompany the edapho-climatic zone description (Table 13} The choice
of six zones was made based on an intuitive balance between the number
of separate breeding projects which could be manaped by CIAT, and the
number of resistance and adaptation factors which could be combined in a
single genotype

Quality factors do not enter into the subdivision Clearly,
different quality characteristics will be required for different
markecs, but it appears possible to maintain variability for these
characteristics within each of the breceding projects for the different
zones Indzed, except tor fresh consumption of cassava, quality
requirements appear to be less stringent than for many crops

The definition of edapho-climatic zones has further influenced
breeding stralegy Selection is now highly decentralized from the
earliest stages, with each zone being baslcally a separate breeding

]

i
Originally discribed as "ceosystems" but latcr changed to "edapho-
climatlc zones” to mwore accurately reflect the actual basis of the
subdivision
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Table 12

Cassava Edapho-Climatic Zones and their Principal Characteristics

Edapho-Climatic

General Description

Representative Areas

Zone
} Lowland tropics with long dry season, low Horth-eastern Brazil, north coast of
to moderate annual rainfall, high year- Colombia, northern Venezuela, Thailand,
round temperature southern Indta, sub-Sabelian Africa
Z Acid sorl savannas, moderate to long dry Llanos of Colombia and Venezuela, Cerra-
season, low relative humidity during dry do of Brazil, savanna of Southern Me-
58a50n X100
3 Lowland tropics with no pronounced dry Amazon basin region of Brazil, Co-
season, high rainfall, constant high lombia, Ecuador and Peru, rainforests
relative humidity of Africa and Assa
L Medsum altitude tropics, moderate dry Andean zone, Costa Rica, Bolivia, Bra-
season and temperature z:l, Africa, the Philippines, fadia,
indonesta, Viet Nam
5 Cool, tropical highland areas, with mean Andean zone, hbighlands of tropical
temperatures of approx 17-20°C Africa
& Subtropical areas, with cool winters Southern Brazil, Paraguay, northern
and fluctuating daylengths Argentina, Cuba, Northern Mexico,
southern China, Taiwan
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objective There ls no longer much emphasis on breeding for broad
adaptabalicy across zones, but rather on adaptability across the
variablilicy existing within zones The regronal trials network moved
toward more selective placement of clones in particular sites based on
their performance in different zones in the earlier stages of selectien

CiAY~designed international trials are non-existent 1n cassava
Individual countries regquest germplasm. and CIAT or the requesting
institute matches tne edapho-climatic and pest conditions of the region
with appropriate germplasm There has not yet been a systematic attempt
to evaluate the efficacy of selection in Colombian edapho-climatic zones
for adaptaticon 1a other countries  This topic will be discussed in some
detail in a later section

Adequacy of the present division and research needs for the future

CIAT's Agroecclogy Unit made a preliminary refinement of the target
arca subdivasion in 1981, using agro-climatic and production data from
Brazil Zoncs were differentiated on the basis of data from physiology
studies showing cassava's espected responses to temperature, soll water
stress, vapor pressure deficit, and daylength differences Murther
testing of the biological validity of this subdivision is required, both
through continuation of physiology studies and by testing of genotypes
in the distinct zones

Testing of these hypotheses at the field level will be no simple
matter The restrictions on international movement of cassava clones,
and the modest level of resources avarlable to CIAT and to most natiocanal
programs diminish the possibility for rapidly obtaiminy this type of
basic information  Various alternatives are possible for further study
of the biological validity of the prescut target arca subdivisions

We could, theoretically, des:ign a large regional trial program,
with a broad range of genotypes fitting all the known edapho-climatic
conditions where cassava i{s grown~--a sort of "super ecosystems trial”
of the type now being carried out in Colombia  This uniform trial would
ideally be planted in many lecations in each of many c¢ountries, &
traditional design for a G-E interactions study  Planting under both
protected and non-protected conditions would provide additicnal
capability of geparating effects of the biological and physical
environmental factors
Uniform regional triuls have been used in various crops,(e g , wheat,
rice, beans, and mailze), to aid in definition of environments

The drawbacks of this strategy applied to cassava are rather
severe First, there 1s the very real question about whether aational
programs would be willing to process and multiply large numbers ok
clones (most of which would be unacceptable to an individual program),
and evaluate them over sceveral years  The preseut resources of
virtually all caosava programs are such that they would not look very
favorably on thi~ plan  QOverall it is not a viable option for cassava
at the presenr time




The concept of uniform regiovnal trials to detect G-E interactions
has other scrious drawbacks Unless carried out over a long time
period, these trials do not take into account the potential changes in
an ecosystem brought about by the introduction of new varieties and new
cultural practices in a region This may be particularly true for
non-traditional areas of production for the crop in question A casg
in point 1s the burldup of pests and diseases over years for Carimagua
and CIAT-Palmira, mentioned earlier If a breeding strategy had been
designed only based on the early data, we would have made a grave error
Simlar experiences are likely in many areas, and consequently more
creative 1nvestigative approaches are required in determining target
area subdivisions

Auother alturnative would be to comparc well-kaown varictics from
maagy countries in thc CIAT-selected Colombian sites, a sort of "reverse
regional trial” comcept  The site in which the material most closely
conforms to performance in its area ¢f origin would be the site where
CIAT could presumably do preliminary selection for a given region of
another country A drawback of this plan is the lack of uniformily of
data avairlable for local clenes from most countries  Nor would it be
casy to take into account either the potentially dynamic nature of the
gcosystem in which the local variety originates, or factors such as
pests and diseases which may be present in the country of interest, but
not in Colombia  There would need to be a careful compilation of
information on major problems of each reglon to accompany the data on
performance in Colombia sirtes The cassava program is to a limited
extent pursuing this strategy already

A third alternative would be to evaluate the usefulness of Colombia
sltes for selection of parents, by evaluaticns of progeny by national
programs across a range of edapho-climatic, disease and pust conditions
Data on half-sib or full-sib progeny performance could potentially
provide information on G-E interdctlons uand the definition of target
area subdivision The assumption of additivity for most traits of
agronomic lumportance allows us toe compare performance ot parents in
Colombian sites with expected performance ol progeny in similar
conditions in other countries If progeny performance is different from
our predictions, it may them be necessary to reclassify the environment
relative to similar conditions in Colombia Critical to this
alternative would be a means of data standardization from evaluation ot
segregating populations, and rapld feedback ot information to CIAT 1In
the past, the quantity and
quality of data being received by CIAT on performance of F, populations
sent out a§ cassava truce seed has becn variable and generaily low

Complementarv to any of these approaches would be extension of
agroecological surveys to other cassava~growing regilons outside of
Brazil, and continucd physiology work on cassava's responsge to varilous
environmental factors

Possibly the most important input of all 18 the First~hand
observation by CIAT and national program scientists of cassava under the
widest possible ruge oL couditions.  Often, close observation combincd
with a common sense, problem~solving mentality by crop sclentists can
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contribute more to an appropriate breeding strategy than a series of
sophisticated experiments

In summary, the further refinement of the definition of the
subdivisions of cassava~growing regilons for purposes of germplasnm
developrnent should follow a wultifaceted approach  From the outset
we can discard the possibility of a standard uniform international trial
network  The following steps are suggested as a feasible strategy

1) Physiology studies should be continued to study effects
on cassava of principal physical environmental variables,
particularly photoperioed, soil water availability, ambieunt
relative humidity and temperature

23 With careful planning, selected local varieties from
national programs can be planted in diverse sites in
Colombia, repeated over years, to indicate some of the
characteristics required for particular regilons, as
well as 1dentify the site{s) 1in Colombia where selection
can most ppropriately be done This strategy however should
take into account that sowe traits may need to be dramatically
changed in certain local varieties, to adapt to new cultural
practices ¢or new forms of utilization

3} A systematic interpational progeny testing system should be
further developed to provide rapid information feedback  This
in turn would allow CIAT to make adjustments in parental
gselection by knowing some of the limitations and successes of
crosses sent, compared to performance of these parcmts in
Colombian sites

This combination of strategies, though perhaps not giving & neat
package of answers to the question of G-E interaction in cassava nor the
optimum tavget area subdivision, would be a practical approach to
getting basic information while simultaneously allowing national
programs to make progress in selection for locally adapted materials

A Breeding Strategy

Selection by CIAT in Colombia

Principal characteristics of present breeding strategy as carried
out by CIAT in Colombia can be summarized as follows

Ly Evaluatlion of the germplasm collection in regions which
moot closely approximate the edapho-climatic conditions and
comhine the various pest problems of the globally defined
20 1LS

Z) Eviluation of the germplasm collection under controlled
conditions for pests, discases and other factors whan they
cannot be evaluated adequately under field conditions in
Colombia
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3) Selection of parental clones based on the above evaluations
Basically separate gene pools are maintained for each zone,
but broadly adapted parents are also used extensively

4) Hybridizatlon and production of segregating populations

5) Planting of all progeny in CIAT-Palmira, where the required
careful supervision of the ?1 plants ¢an be assured

6} Low selectron intensity in CIAT-Palmira, elaimination of
only those plants of obviocusly inferior genetic potential

7) Coutiovned evaluation and selection 1in the edapho~climitic
zome for which the cross was originally made 1n order to
gselect for temporal stability

8) At the intermediate stages of seclectaon, planting in a wide
range of sites to evaluate for broad adaptability, amd to
have a complete description of genotype performance

%) Recommendation for testing by national programs in rcgions
where the clone has a reasorable probability of adaptatioa
and aceptability

This strategy has the objective of creating genotypes with
adaptability across the conditions within each of the major edapho-
climacic zones, but not necessarily across zones Diverse specific
needs of national programs are met by maintaining a bread genetic base
for each of the edapho-climatic zones, and by including breoadly adapted
parents in many crosses

Evaluation of finished varietaics

The definition of a “finished" variety in cassava is necessarily
rather arbitrary, since the genotype is already fixed by vegetative
propagation at the F, stage For purposes of clarification, in thas
sectlon a tinished variety is defined as a c¢lone which has advanced
through the final stages of selection by CIAT in Colombia, after being
evaluated over years and locations 1n replicated yield trials At this
stage, clones are ready to enter regiocnal trials in Colombia and
internationally

To understand the possibilities for internatiopal trials in
cassava, based on clones sent from CIAT, it is necessary first to
understand some ot the limitations on the international movement of
vegetative propagative material  CIAT has decided to send cassava
vegetative moterial internationally only by in vitro culture This has
implications particularly in terms of which programs are capable of
receiving material, and time required ro wultiply and distribute
material for regional trials There are an Increasing number of
countries which cin recelve ln vitro cultures, and therefore this
limitation on movement, within Latin America, is in fact disappearing
Regeneratlon multiplic-tion and distribution of materials originating
from meristems can takce two years or more from time of introduction to
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time of planting of a trlal, and then another year until harvest The
toplications of this system for the design of the international trials
are several First, because each individual clone requires so much
attention and time to get it to the peint of being incorporated into a
regional trial, national programs are in general interested only 1in
introducing material that has some reasonable probability of being
adapted and useful in the region Furthermore, clones with obvious
deficiencies would be eliminated during the sultiplication phase  The
concept of uniform regional trials 1s untenable in casgsava under the
present circumstances What are the alrernatives? One very logical
approach seems to be for CIAT to make known in detail to national
programs what is available, and for thea to choose which clones to
introduce In such case, CIAT does not make scet packages of
international trials, amd the way in which each country organizes therr
regional trial network is completely their own decision  Nevertheless,
CIAT can aid in the standardization of the design of trials and of
data-taking, by calling periodic workshops at CIAT, and maintaining
close contacts with national programs

This system makes it difficult or impossible te collect the wide
range of 1nformation on G-E interactions aud varletal adaptation that
might be desirable Nevertheless, data from national program organized
trials can st1ll be used to advantage te determine the adequicy of CIAT
gselections in Colombia, and to make adjustments 1n that +«1 tiron for
individual programs

Sending sepregating populations to national programs

For cassava, for all practical purpoeses, the discussion of at what

stages of selection 1t 1s most appropriate to send germplasm for testing

by national programs can be divided anto two poscibilities untscloctoed
populations of F. secd, or clones having passed through selection by
CIAT to the advanced stages Since the ¥,  generation is the only
seed-propagated generation, 1t i1s the only stage at which large numbers
of genotypes can reasonably be expected to be moved intcraationally

For movement of vegetative material (by in vitro culture) the number of
genotypes sent must be drastically reduced, such as the number entering
final stages of selection by CIAT HMovement of the amount of materials
passing the intermediate stages of selection would be prohibitive

The shipment of segregating cassava populations to natiopal
programs 1s a highly attractive option for several reasocns
i) the amount of genetic diversity that can be sent, and the relative
gase with which it can be sent are far greater than for vegetative
mnaterial, 2) because of the rather long period required for vegeneration
and multipiicaticn of in vitro cultures, there is little difference 1n
amount of time required to reach 4n equivalent stage of selection for
efither of the two systems of lntroduction, 3) finally, there is a
highly incren od probability for sclection for good local adaptability
due to the large nunber of genotypes, while at the same time taking
advantage of giins made In CIAT through selected parents

A major concern in sending out segregating populations is to have a
rapld and effective lnformation feedback Lystem which will allow CIAT to
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assess and adjust the methodology for parental selection  The cassava
program has initiated on a trial basis a suggested standardization of
information feedback for F, families to allow us to more effectively
select parents for specific regions

Summary

In general terms, the CIAT cassava program seeks broad adaptation
to the extent required for stable performance across the conditions
within the six previously described edapho-climatic zones  Adaptation
across zones in not stressed, and is viewed as a difficult option 1n
view of the complex combination of resistance, adaptation and other
characteristics which would have to be combined 1n a single genotype

Wide adaptation within zones is sought by 1) analysis of the range
of edapho-climatic conditions and pest complexes for each zone, 2)
selection of sites in Colombia which most ¢losely resemble the
definition of zones in other countries, and, 3) selection of parents and
progeny primarily for performance within specific zones, but with
evaluation across zones in later selection stages

UPLAND RICE1

Of the estimated 14 4 mt of rough rice produced in tropical America
in 1980, 53% was produced under upland conditions  Although, the bulk
of upland rice 1s found in Brazail, it is also important elsewhere
Mexico adopted a policy of shifting from irrigated rice to upland
production i{n the humid southeast  Essentially all production in
Central America, excepting that of Nicaragua, 1s from upland rice
Upland culture cccupiles significant areas in Venezuela, Colombia, and
Ecuador Peru is 1increasing its producticn through emphasis on the
upland sector Bolivian procuction 1s essentially all from upland rice

Average ylelds for the upland systems 1n the region contrast
sharply with the ylelds obtained under 1rrigated conditions  For the
more favored upland systems regional average yield in 1980 is estimated
at 1 7 t/ha while the unfavored system yielded approximately | ¢ t/ha
Estimated average national yields for the more favored upland systems
vary considerably from country to country with a range from 1 1 to 3 5
t/ha reflecting a wide variation in production conditions and
constraints  Approximately 947% of the total area in the unfavored
system 1n the reglou was grown Iin Brazil where considerable fluctuations
in productivity and production occur from year to year as a result of
variation in rainfall and disease incidence

The section on upland rice has been, almost in {ts entirety, extracted
from two decuments kindly made available by P R Jennings and D R
Laiag (Jeonings, et al , 1981, Laing, et al , 1982)



Although the Colomblan tice program has had a successful tradition
of rice research, its activities until recently have been restricted to
irrigated rice  Several Colombian varieties and lines have been
successful for upland production in specific countries but these
contributions were unexpected spin-offs from breeding under irrigated
conditions

Evidence for Genotype-Environment Interactions and Factors Responsible

Tables 14, 15, and 16 show the performance of several varieties and
breeding lines under different upland conditiong Not a single entry
does well under all these condirions, especlally when the drought stress
15 too severe like in Campinas and Minas Gerais  These data clearly
indicate &~b interactions in upland rice

Physical and biological constraints iead to lower productivity
and greater instabilicy of production over time at any particular
location and across regrons  This is partly the result of the absence
of arrigation water, the presence of which increases soil fertilicy,
reduces solLl acidity, eliminates drought stress, aids 1n weed control,
and reduces discase and inscet actack Possible factors causing
interaction can be categorized as part of cither the physical or
biological environment

Physical factors

Laing et al (1982) presented a study of eight locations
representative of the range of upland rice growing environments in the
Americas A description of the terrain and soil of each sample area was
made and the relevant meteorological station identified Table 17 lists
the sample locations and selected eovironmental descriptors  Of the
eight locations, three are considered favored upland, three moderately
favored, and two unfavored upland sites A description of these sites
gives a reasonable idea of the environmental varzability under which
upland rice is grown

In general, soils at the favored upland sites are all deep and
heavy textured The sites have soils with a high base status and
moderately high fertaility Moisture holding potentials are high at all
favored sites and since hydromorphic features are present, access to a
water table within 50 cm is common

At two of the moderately favored sites solls have high fertility,
high base status and good working properties and are not inferior to the
baese favored sites  The vitric andasol in Panama has a deep profile but
is inhuerently guite acid and low in fertilicy

Both svlicted unfaveored sites in Brazil are on a deep, loawmy,
well~drained 1cric feralsel  These soils are highly icid and infertile
with high aluminum saturation { > 70%) in most areas although at Geiania
areas of relativ.ly low alumicum saturation do occur  Phosphorusg is
vary low at Doth locatiuns and soil water available to plants is limited
due ta restricted root development in the highly acid subsoil
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TABLE 14 Performances (kg/ha) of several lines and
varieties under upland conditions in Brazi]l

VIRAL-S 1979
Line/Var EPAMIG 1acP
Minas Gerais Campinas
KN351-1-8-6 03 05
1R 36 02 -
IR1529-430-3 02 04
IR2035-242~1 g2 -
CICA 8 Q5 -
CR 1113 03 -
Local Check 85 17

a

Upland favored,
Not yield at all

au

b= Unfavored upland
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TABLE 15 Performance (ton/ha) of several Yines and varieties under upland
conditions in Brazy]  VIRAL-S 1978

Line/Var LOCATIONS
UEPAE®  CNPAFD 1AC° EPAMIGY UEPAE
Bacabal Gorama Campinas Uberaba Rio Branco

KN361-1-8-6 4 9 2 6 05 07 40
IR 36 54 22 02 06 389
IR1529-430-3 56 17 02 01 43
IR2035~242-1 6 3 05 - 02 38
CICA 8 63 08 - 20 33
CR 1113 53 01 - 368 30
Local Check 49 32 08 17 33

a = Favored upland, b = Unfavored upland
Local check = IAC 1246, IAC 47, IAC 25
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TABLE 16  Yields (kg/ha) of four promissing lines under favored upland
conditions 1n Colombia  Regional trials 1979 8 - 1980 A

Entry No North Coast Eastern Plains
1979 8%/ - 1980 A% 1979 B - 1980 A

5685 3200 5900 5913 5209
5709 2650 6262 5188 5525
5715 2040 - 4310 -

5738 2510 7843 4704 4561
CICA 8 2730 6693 5200 5236
CICA 4 2660 4725 2560 4547

1/ Low rainfall

2/ Good rainfall
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Table V7 Environmental descriptors for eipht

systems 30 Latin Amoncs

schicted locations ropresenting typical st

vitnin wach of thres upland rice ecosystems/preduction

Mean Hean

£t Por
Ho Site Country Annual growing Prencipal sonl typy classification Base &l Water
Rainfall temperature i 2 Status LoAICiLY wm
R *C UspA Fag
Favored-upliad ,
3 Villavicencio Colombia 4096 25 6 Tropoguept Eutr ¢ gleysal Mod Mad 150
2 Uraba Colamisia 4805 259 Tropoafluvent Eu ric fluvisael High Low 25C
3 Puerto Cortus Costa Rica 4809 21 | Hapiudell sMothie gleysol High Low 250
Moderately favored upland
i Juquihisco £l Salvador 1842 26 3 Tropofluvent Eutrie {luvial High Low 200
F4 Libera Costa Rica 1887 28 2 Pellustert Yollic gleysol High Low 200
3 David Panama 2364 269 Vitrandept Vitric andasol Low High 156
Unfavored upland
i Campina Verde Brazil 1489 233 Haplorthex Acric feralsol Low High 15
2 Gotarua Brazil 1399 231 Haplarthox Acnc feralsol Low High 5
1

Sail taxonomy

Washington D C 754 pp 1975

2 FAO-UNESCO

e L s Wk e b ik, b e b ¥ e

Soill Survey May of the World

A basic system of sal classmification for making and interpreting soi surveys

Bail Congervation Service

USDA tandbook 436
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All locations described above are on level or gently rolling
terrain with slopes generally less than 8% in cultivated areas. The
unfavored sites in Goias and Minas Gerais are on soills very similar to
many other unfavered sites in Brazil One of the main characteristics
of the two selected locations is the relatively level terrain which
facilitates mechanized cultivation

All locations appear to have adequate growing season length
{minimum 154 days) of contiguous days when s$01l water available was
greater than 1/3 of potential under mean climatic conditions
Temperature and radiation are also adequate for rice at all locations,
@ven though mean growing season rainfall decreases from the favored to
the unfavored sites (Tables 17 and 18), calculations of water balances
(using long-term mein rainfall) suggest that water supply would be in
surplius over potential evapotranspiration even at the unfavored sites
Rainfall variabailaty, however, 1s quite high at the lower rainfall sites
and thus there 1s a high probability of stress during the growing season
at the more unfavored sites At almost all moderately favored sites a
considerable number of mild stress days was experienced Stress was
predicted to be quite severe at the unfavored sites (Table 19)

One factor which Is of particular importance in the above analycis
16 the craitical importance of rooting-depth of upland rice in relation
to climate At the drier unfavored locations the inability of rice
roobs to penetrate aluminum saturated subsolls Is a very important
constreint on production and is partly responsible for the lower yvields
and high yield variability 1in unfavored rice areas, particularly in
Brazil The occurrence of "veranicos'" or dry spells during the rainy
geason in Brazil 1s a well known lim:itation to increased rice productien
in the unfavored areas

Biological factors

Upland rice in Latin America 1s affected more severely by
biological constraints than is irrigated rice  Biological
constraints vary quantitatively and qualitatively across the upland
gcosystems Soil, climate, and cultural practices interact resulting in
complexes of insect, disease, and weed problems  Some of these, which
are 1nvariably more pronounced in the unfavored upland ecosystem, are
described {n the following sections

Insects  Lklasmopalpus lignosellus, Blissus leucopterus and
Phyllophaga spp , are widespread but sporadic insects found only in
upland rice Damage by the first two is dppreciable when the crop is
subject to prolonged drought stress durlng the early growth stages
They generally do not cause yield reductions im higher rainfall
ecosystems  [hyllophaga (white grubs) causc losses in rice fields rich
in organic mitter particularly in converted pasture areas The
Sogateodes plinthopper {s a4 serious pest in both irrigated and upland
conditions bucause of direct feeding damage and as the vector of the
hoja blanca virus The Insect is most serious In areas of high relative
humidity and wmoderately high rainfall  Sogatodes is thus a particular
problem in favored upland rice ecosystems in Colombia, Venezuels, and
Central America
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Table 18 Rangel of agroclimatic parameters for typical selected upland sites

Growing season Favored Mod-favored Unfavored

Length daysg 287 365 154 210 154 182
Mean temperature °C 5 6 26 7 26 3 28 0 227 23 3
Mean E, mm day 3 8 48 44 5 9 52 58

Radiation MIm°day © 159 193 196 210 205 216

Range noted in sample meteorological station data

2 Length of growing season calculated from estimated daily soil water budgets
as the number of contiguous days when available so1l water ts greater than
0 33 of potential available

3 Potential evapotranspiration (’Ct}
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Table 19 Effects of rainfall variability (simulated ramnfall reduction by 50% mid season for one month) at
selecied upland rice sites

Reducedl Mlléz Days to3 Probability of‘l lemci5

GSD Stress day stress dry period t ha
Fovored upland
Site 1 0 0 23 Highly unhikely 4 50
Site 2 0 0 39 Nild 4 40
Site 3 0 0 34 Nill 350
Moderalety favored-upland
Site 1 0-35 2835 22 Possible 3 00}
Site 2 0 21-35 26 Possible 1 92°¢
Site 3 0 0-14 22 Unhkely 2 59¢
Unfavored-upland
Site 1 98 14 9 Highly likely 1 10€
Site 2 64-98 14 9 Highly hkely 1 20¢

Reduction in growing season (GSD) days (days with soil moisture available grcater than 1/3 soil moisture
holding potential) due to one ma-season month with half of normal mean rainfall

Mild stress days, days with soill water availabihty between 2/3 and 1/3 capacity, as induced by reduction
in rainfall by 50% for one month

Days of growth avaulable before 2/3 of available soil water 15 exhausted if no rain falls as 1n foot note 1

Subjective estunate of the probability of a dry spell as least as long as the figure in preceeding column

From census data where available {c) or from CIAT estimates from infoimed sourcces (1), yield estimates not
including traditional subsistence areas

L
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Diseases Two ecological factors and their interactions play a
predominant rule in the Americas in the development of the major fungal
diseases of upland rice, 1 e , blast (Pyricularia oryzae), brown spot
(Helminthosporium oryzae), leaf scald (Rhynchosporium oryzae), aad eye
spot (Drechslera gigantea) Prior drought stress preconditions plants
toward susceptibility and the longer the stress period the greater 1s
the degree of leaf disease incidence  High spots in upland fields and
sandy so0ils provoke heavier disease pressures  The interaction with
water stress is particularly noteworthy in the case of blast but is algo
significant with the other diseases mentioned

The sccond c¢ritical factor is that of soil conditions Crops on
some soils appear particularly disease prone while crops on other soils
have 1 remarkable absence of infection under similar eclimat:ie
conditions OQne general class of soils which favors the development of
leaf blast and other fungal diseases are the ultisols and oxisols that
predowinate o the savannas of South America  These highly acid soils,
particularly under upland rice, appear to contribute to strongetr disease
epldemics  Other problem soils asgociated with enhanced leaf diseases,
especrally eye spot and brown spot, include seils with high organic
matter content

Apart from this asscciation with soil type, diseases are also
enhanced under conditions of high relative humldity, excessive nitrogen
fertilization and heavy seeding rates, particularly in favored upland
conditions

Weeds The major difficulty in control of weeds in upland rice is
related to the prevairling soil mol ture conditiens  Excessive moisture,
when weeds are most sensitive to herbicides, makes entry inte fields
with ground equapment very dafficult  The resulting delay in
application requires heavier herbicide dosage and results in less
effective weed control On the other hand drought stress, when weeds
should be controlled to save water reserves, reduces the effectiveness
of herbicides considerably Applicatlion must be delayed until rainfall
results in weed development past the period of greatest susceptibiliey
te herbicide cpntrol

Target Arce Subdivision

A quantitative agroecological study of upland rice growing areas in
Latin America i3 now underway by the Agroecological Section at CIAT in
collaboration with the Rice Program  The ailm of thig study is a
gquantitative characterization and classification of upland environments,
both to elucidate the present status of the crop and to aid in the
egtimation of future potentials within each environment The unit of
study will be at the level of a microregion Soils, landscape, climate,
and agronomic conditions are being defined for each microregion  These
are relativ.ly small production areas with relatively uaiform production
conditions aud consisting of statistical subdivisions at the munlcipal
level Thesc data are not yet at a stage where a guantitative
clagsification can be undertaken
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From the previous brief description of the soils and terrain
characteristics of varlous sample locations Lt is clear that no one set
of conditions uniquely classifies sites as favored upland There 1s a
greater preponderance of good soils at the more favored end of the
upland spectrum However, fertile solls are not necessarily indicative
of a favored upland ecosystem, because of possible climatic limitations
Gn the other hand, there i{s a definite tendency towards low fertility
and highly acid soils 1la unfavored rice sitvations  Soil classification
alone, however, will not be sufficient to develop a useful quantitative
classification of upland environments  Another difficulty encountered
in classiiying rice envivronments 1s 1llustrated by an analysis of data
of c¢rop climate for these locations

It was con¢luded from the climatic data and from the Jemonstration
of the effects of reduced midseason rawafall, that 1t 1s net possible to
produce a useful quantitative classification of upland rice enviromments
1n Latin America based only on soil gquality characteristics and
estimates of growing season length {from water balances) under mean
clamatic condaitaeons It 1s equally difficult to estimate relative
suitability of different microregions based on these parameters alone
Without rainfall variability data further progress towards a
quantitative classification of rice environments in the region cannot
usefully be carried out Data collection 1s now proceeding in order
that a complete analysils zncluding all of the above factors will be
avarlable

In the meantime, a working classification of rice environments has
been developed and three categories of upland rice ecosystems/production
systems have been defined, 1 e , subsistence upland, moderate to highly
favored upland, and unfavored upland rice

Subsistence upland rice

This system utilizes no mechanization and no purchased 1uputs
Forest or scrub 1s cut and burned and rice 1s planted in widely
separated holes with pointed sticks The crop 1s shifted to new land
after one or two harvests Farm size is roughly | ha/family Varieties
are unimproved laond races  The system 1s moderately stable but
productivity averages less than 1 t/ha The harvest is consumed by the
farm family The system is located in remote areas and at the
agricultural frontier Total area of production is unknown but
considered negligible

The major constraint {s total dependence on family labor This
limits farm size, obliges wide spacing, demands native varieties and
prohibits use of purchased inputs Farm production is defined by the
consumption demand of the family Other factors including soil
fercilicy, variecty, weeds and pests are of secondary importance

CIAT, at least initially, will not research this ecosystem glven
its minor contribution to regional production



lHoderate to highly favored upland rice

Highly favored upland rice 1s confined to relatively flit ireis
having rainfall over 2000 mm during 6 to 8 months  There 1is no marked
dry period during the raloy seasen  Soils are normally alluvial,
slightly to moderately acid and well drained Modern dwarf varieties
and purchased inputs are suitable Yields average about 2 5 t/ha but
better farms consistently produce 4 or more tons  The wywlem is tound
in most of (entral America, parts of Colombia and sub-Amazonian Brazil
Major yield constraints are grassy weeds, the blast disease and lodging
in the case of CICA 8, the most productive variety for this system
avallable 1n Colombia

Moderately favored upland areas differ from the highly favored
ecosystem in having a shorter wet season, less rainfall and normally a
dry period during the growing season  Additionally, soils may be
infcrtile as in Pard and Maranbao Dwarf varigties are grown in Central
Aperica ind tall cues in Brazil Yields in these two areas average
about 2 and 1 5 t, respectively Yield variances around these averages
are very high due to irregularity in rainfall The constralunts are
several interrelated factors triggered by mild to moderate drought
stress, ancluding mineral deficiencies, diseases, iasects, and weads
Drought alone reduces yields and complicates land preparation, seeding
and timing of herbicide and fertilizer applications

Unfavored upland rice

This system is characterized by irregular and low totsal rainfall
Planting density 1s very low {60 cm between rows compared to 17 cm in
favored environments) because of water stress, all varieties are tall

Yields average about 1 t/ha and are highly unstable lhe primary
constraint is inadequate soil moisture Drought stress can oceur
repeatedly during the growing season and normally is severe In much of
the area a second constrailnt is highly acid, infertile soil with
aluminum toxicity and/or phosphorus deficiency

This extremely important category of upland rice, characteristic of
much of Central Brazil, is not found in Colombia This restricts CIAT's
ability to address the problem Our lack of experience with unfavored
upland rice indicates that CIAT muat depend heavily on the experience
and knowledge of Brazilian scientists to help define what, if any,
attention CIAT should give te the system

Breeding Strategy

Experience has been accumulated in Colombia where the north coast
and the eastern Llanos represent two highly favored upland areas of
fertile soils (alluvial deposits in the case of the Llanos) and heavy,
well distributed rainfall CIAT's first generation dwarf irrigated
varleties out-ylelded and replaced old, tall cultivars However, they
quickly lost tneir resistance to blast  CICA B now covers most of the
upland area iu the Llanos and is increasing on the north coast  Itg
success 1s attributcd to wxeuptional yields and blast resistance,
presumably of the "slow blasting” type, since leaf blast is found in
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fields tcomporarily stressed by drought or escoessive mrtrogen fortaly ox
Most affected fields to date have recovered and produced high yiclds

Data also indicate that several breeding lines coming ocut of both
IRRI and the Colombian rice program do reasounably well under highly to
moderately favored upland cenditions Dwarf varieties from the Calombian
irrigated rice breeding program have contributed to increased yields in
this c¢cosystem in Central America  However, most advanced lines froum
Colombla are tll-adapted teo these upland conditions [he current
practice 1s to select dwarf segregants from the F, onwards under the
enwironmental so01l and biological stresges of the Central American
upland system CIAT contributes F, seed of crosses estimated to have
utility for these conditions “

Nevertheless, the outlook 1s guite different for the unfavored
upland and genetic varaablility appears to be narrow  Searching for more
suitable donors should have o high priority Progress in this area is
going to be difficult and slow

The Rice Program considers that breeding objectives for highly
favored upland conditions are samilar to those for irrigated rice
These include

a) Vigovous dwarf plant types

b) Lodgaing resistance

c) Maturity of 110 to 130 days

d} Moderate threshability for mechanized bharvest

e} Durable blast resistance, either through gene pyramiding or of
the slew blasting type

£) Tolerance to other foliar/panicle pathogens (Rhynchosporium,
Helminsthosporium, Thanatephorus)

2) Resistance to Scogatodes and hoja blapnca virus disease

h} Tolerance to upland so1ll stresses

i} Long grain, heavy grain (26-30 g/1000), clear endosperm,
wntermediate anylose and gelatinization temperatures

Since the objectives are similar to those frem the irrigated program,
parents from cros.es will be similar but with greater use.of upland
varieties from the Americas, Africa, and Asia  Routine breeding
procedures will 1include high volume crossing, with emphasis on top
crosses, large ?2 pepulations, modified bulk selection from the F2
through FS

Breeding for favored upland rice will be conducted on upland soils,
without supplerental irrigation, to expose populations to upland soil
stresses  Fungal disease pressures will be induced

In recent years, CIAT has diversified its germplasm through crosses
with IRAT, braizilian, Abvican, and Aslan upland variecvies and with
Surinam materials combining excellent grain and slow hlasting
characters Som. of these parents unexpectedly combine well in crosses
with high yicldiag dwirfs  lurthermore, CIAT has selected, followiang
irradiation, dwarf ver.ions of IAL 25, Moroberahan, Tetep, Tadukan,
Tapuripa, 05 & aud other upland varieties for the crossing program
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CIAT's favored upland program will also concentrate on a
potenti1ally amportant subsystem that combines excellent rainfall with
strongly acid infertile soils  CIAT has no prior experience with this
environment found in the Colombian and Venezuelan savannas, the jungle
areas of Peru ind perhaps in northern Brizil  Fristing varleties in
these areas are tall land races that tolerate aluminum toxicity,
phosphorus deficiency and fungal diseases at low input levels

Approaches to breeding upland varieties for infertile soils where
drought 1s not a major coustraint will depend upon answers to three
questions

a) To what level can we increqse and €tabilize productivicy? Is
a 3 t yrelid objective overly optaimistic?

b) Will the disease and soil problem tolerances of land races be
maintained with increased seed density and fertilizer levels?

¢} What 19 the ideal plant type to achieve moderately high yields
in this wecosystem?

An 1nitial step for improvement for unfavored mechanrzed upland
conditions could be from ¢ comprehensive set of land races, upland
varieties and upland breeding lines from IRAT materials, IITA improved
lines, old African and Asian varieties, Brazilian varieties and lines
and native varietles such as Monolaya from Colombia  These would be
evaluated in four locations

aj Colombian Llaros, high rainfall, alluvial soil

bl Colombian Llanos, high rainfall, infertile savanna
¢} Goiania, low rainfall, moderately acid soil

d) Peru, high rainfall, acid soils, rainforest

DISCUSSION

The distinction between breeding for broad adaptability versus site
specificity has important implications for the optimum divisicn of
responsibilicies between an International Center and national research
programs In the past, most TARC breeding programs have been based on
the centralized production of varietics for distribution to national
programs  Under this scheme, the division of research responsibilities
is based on the suppesitfon that the IARC has 1) an advautdage in the
diversity of the aviilable germplasm base, 2) greater possibilities for
creating diversity through hybridization or other means, 3) an
ddvantage in selection by organizang nurseries which avoid duplication
of efforts among national programs

This structure was developed for Irrigated, high input creps, where
centralized brecding activities can be very effective It 1s difficult
to imagine on the othcer hund that an IABRC would have a comparitive
advantage in sclecting for local adaptation for crops grown across a
wide diversity or environmentil conditions A decision to work toward
increased production under more variabl. conditions leads to a different
balance of research respensibilities CIAT has already taken this
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decision for all 1its commoditics, and we will explore some of the
broader implications of that decision

In a decentralized structure of genetic improvement, tegional and
national program cooperative activities become all-important  Research
at headquarters should be directed toward broadly applicable 1spects ot
the new technology, while more location = specific research 1s lefr ro
reglonal and national programs

Stroong participation by national programs in techonology development
1s obviscusly not 2 new concept, 1t has always been, 1n one form or
another, part of the IARC philosophy  However, when national program
interests or capabilities do not conform to the ILARC definxtion of the
1deal, there 1s a temptation for the IARC to take over direct
responsibility for activities which should logieally be those of the
national program Long term progress will require the more difficult
approach of aiding national programs develop research capability, by
seientist training and by influencing decisron makers to reallocate
resources to agricultural research

Centralized breeding by the [ARC's can especially be causc for
frustration 1n the collaborative relationships with stronger natilonal
programs  Such programs are usually found in countries where a
compodity 1g particularly important to the national economy, and
therefore it 1s these same countries which are given high priority by
the IARC's Strong nationmal programs, however, may feel less need of
the services of an IARC than less developed ones They do not
necessarily want finished varieties from an outside source National
pride, as well as the fact that these broadly adapted varieties may not
meet their precise needs, can result 1n a lack of interest 1n
collaboration when the IARC ofters no alternative Consequently a
centralized breeding philosophy can lead to having least impact in some
of the most important production areas

The tendency for centers to opt for centralized breeding strategies
has been for variocus motives  The economic need to make new technelogy
rather broadly relevant has already been discussed Decentralized
breeding largely limits the opportunity for an IARC or an individual
scientist fo be widely recognized for developing improved varieties
With a decentralized strategy we cannot be satisfied with less progress,
but we probably must be willing to accept less recognition for it
IARC's are in the peculiar position of trying to prove to donor agencles
that they in fact have primary responsibility for positive results,
while simultancously giving full credit to vaclonal programs While the
political expedience of this dichotomy may be unavoidable, at the
practical level we must continue to work toward collaborative
relationships with national programs which optimize the research
advantages ot each organization

In the following sections we discuss several priority research
areas related to germplasm development where CIAT can be expected to
have a comparative advantage 1n the medium to long term future



72

The Germplasm Base

Iaternational Centers have an overriding responsibility to collect,
maintain, and make available a broid guimplasm base in the commodity
programs  These functions are the backbone of crop improvement efforts
The CLAT programs already maintain large germplasm collections in all
the commodities, and in the case of beans and cassava, CIAT has world
responsibility for germplasm maintenance

How does CIAT make optimum use of the wide diversity 1t has
avallable? The temptation of many breeders is to select intensively
toward some predetermined, rather narrowly detined geal, such as a given
plant type, disease or insect resistance, or high yield potential  The
pleosure to preduce qulck results may lead to over-dependence on 1
narrow range of parental materials having maximum or near mailmum
expression of the traits of interest This strategy can lead to
impressive short~term gains for the characters being selected, but it is
an unwise strategy for an international center interisted in milntaining
long~term genetic advance, and with a diverse range of breeding
objectives being dictated by national programs Breeding for short-term
gains 1nvolves the riskh of creating a very nmarrow set of improved
materials on one hand, 3rd on the other hand an inmense, static set of
germplasm in the form of a "bank"

There 15 no straightforward answer to the question of how wide a
germplasm base should be maiantained in the active breeding populations
for an international center In rainfed crops in the tropics thas
genetic base will need to be much meore diverse than for an irrigated,
high-input crop where cuvironmental variability is inherently limited ov
artificially controlled In a general sense, the appropriate level
could be described as 4 germplasm base which 1s broad enough to include
genes in moderate to high frequency for meerting the requirements tor
adaptation (and all its broad implications), yield potential, resistance
and quality, 1n collaborating countyies  For the TPP such generic
varlability can be maintained both within and among species  For other
commodities, variability must be eventually combined within a single
specires, though other species may contribute genes

CIAT programs in general have probably been more successful than
most in maintaining a broad germplasm base, because of early recognition
of the diversity of needs of national programs

The maintenance, evaluation, and utilization of large germplasm
collections is probably the single most lmportant set of activities of
IARC's in terms of long-term potential contributions to increased crop
production  These activitles could not be efficiently taken over by
national proprams, as there is considerable advantage to a cuntralized,
apolitical manapgement of the germplasm base for crop improvement

Largo-scale Hybridization

Though hybridization in most crops is not particularly difficule,
arguments can be made for some degree of centrallzation of F, seced
production in the IARG's  Most importantly, the centers havée



immediately avarlable 1 broad range of potential parents with whach to
rtake crosses, national programs geunerally have a narrower range of
germplasm  Secondly, crossing programs should have continulty, a
characteristie lacking in many eational programs Finally,
hybridization 1s a largely non-location—-specitic activity that an [ARC
can provide as & service to national programs  This may be cspecially
wmportant for small national programs, which can then concentrate therr
activities on the more site-specific selection in breeding populations

Studies of Pest aud Pathogen Distributiors, Population Dynamics, and
Management Methods

Bocause pests and pathogens can move across internitionnl
boundirics, 1nd becruse distribution piatterns and populatioo lovels
change in ways which are not tully priedictable, there [s couslderable
advantage in having an international organization monxtor these changes
The centers can play a key role in monitorimg pest and pathogen
population dynamics, searching for new sources of resistance and
developing inproved management techniques

Breeding Mothodolony

CIAT has accumulated considerable experience 1n breeding
pethodology €or crops and conditions which had previously received
little attention  Much of this information is empirical inm nature  Few
studies have been conducted with the specific objective of prevading
information on the inheritance of particular traits, on correlations
between traits, on optimum conditions for the evaluation of certain
traits, or on the relative effectiveness and efficrency of 1lternative
breeding schemes  In many cases such information can be generated an an
on-going breeding project at litrle or no additional cost except for
some careful design, planning, and data collection For ecxample,
encouraging thesis students to do their practical work at CIAT achieves
the dual aim of training and providing Information on breeding
methodology

Such Information, which will allow improvements in the efficiency
of future breeding activities in CIAT commodities (both at CIAT and
elsewhere), ought to be one of the products the center has to offel
This information often is broadly applicable, and miy be dircctly
adopted, or adapted and moditied by national programs  Solid background
data on alternatives for breeding methodology will become increasingly
important is more nuational programs develop 4 capacity for varietal
selection programs, or increase their level of plant breeding
sophistication  Morc basic research by CIAT can help reduce expensive
preliminary investigations in this area

CIaL studics of breeding methodology should take into account
various luvels of ihality of nitionil programs and provide bases for
strategy ducisions at ill levels, including {(from lowest to highest
level of devilopment) 1) introduction of finished varieties from CIAT,
b) introduction of segregating pepulations, c¢) hybridization among
local eultivais, and d) introduction of basic germplasm for use in
hybridizarion 1huese are pot muitually cxclusive options, but ter each,
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different sets of background information and technical expertise are
requtired

COMCLUSIONS

The existence of G-E interactions is a universal phenomenon for
crops under low levels of environmental modification and across broad
geographical areas A number of physical, biological and socioceconomic
factors are responsible for the differential performance of genotypes
under different conditions  Several lwportant similarities and
distinctions can be made 1n terms of how enviromment Intericts with each
of the CIAT commpdities and the implications for genctic improvement

The four C(LAD commodlities ire very datferent in evolutlonry
background, input {rom moedern breeding, and their biological nature
Cassava and pasturcs 1re long season annual and perennial crops,
regpectively  This means they are exposed to the eatire range of
environmental conditions over the entire year, and for pastures across
years However, ncither has a haighly sensitive growth poeriad during
which a passing covironmental stress 1s likely to causce crop fallure
Those factors most Important im G~ interactions are likely to be
expregsed over relatively long taime periods

Rice and beans, on the other hand, are particularly sensitive to
environmental stress near flowering Due to a shorter growing season,
the within-years environmental variability 1s less than that eaperienced
by long season crops The shorter growing season of beans and rice and
their higher direct economic value make chemical control of pests and
diseases a more feasible option than for pastures or cassava For all
the commodities, however, breeding for resistance has high prioraty

Temperature 15 nob a principal variable in the CIAT target arez [or
pastures or rice, but is important for beans and cassava This relataive
importance of temperature is basically the result of delimitation of the
target area in which CIAT has decided to woirk rather than inherent
differences among the commodities for temperature response

Soil fertilaty level and soil water availability have major effects
on productivity of 111 the ¢ommodities, but their importance as
determinants of G-E interactions appear to vary considerably, dipending
primarily on the possible degree of modification of the crop
environment

Socio-econumic factors influence breeding objectives for each of
the commodicies, but consumer preferences have an overriding priority in
the subdivision of breeding objectives for beans Performance of
tropical pastures is influenced by the complicating factor of variable
grazing management Cassava has varicus market alternatives and quality
charicteristics vequired for each vary somewhat

The CIAT coummodity programs have delimited and/or divided the
target environmeut an the basis of quite different criteria For the
TPP the target irea was delimited by soil type, and a derived variable
(potential wct scison wvapotranspiration) divides the major ecosystems



within this target area  The Bean Program pays little attention to
physical enviroumental variables apart from temperaturc 1n target are:n
subdivision, grain type, cropping system, and temperature are the
principal discriminant variables The target area subdivision of the
Cassava Program is based on temperature, rainfall distrabution,
photoperiod, and soil type The Rice Program separates upland from
irrigated rice, and subdivides upland breceding objectives by overall
productivity of a region, based principally on soil water availability
and so1l fertility

The choice of criteria for the present subdivisions has been based
not so much on actual data on the sources of (-E 1nteraction, 1s on
intultive estimates based on experience and observation Ovcrall,
available data arc too limited to detcrmine the adequacy or utilicy of
the present target area,divisions Grain type preference 1n beans 1s a
logical discriminant variable The most convincing environmental
subdivisions are those based on temperature extremes in the Bean and
Cassava Programs For all the other viriables considered, results do
not clearly indicatce higher C-E ifnteractions 1cross thin within
subdivisions For trupircil pisturcs, so1l fertility has been
tentatively adentified 15 1 wseful discriminant varlible, wmd for uplud
rice, so1l water availability

Within the physical environmental subdivisions, each program has
described typical disease and pest complexes  Though pests and diseases
are among the principal yield constraints in all the CIAT commodities,
and genotypes clearly react differentially to these stresses, they have
not been used as principal discriminant variables for sub-environment
definition In general, pathogen and pest establishment and potential
importance are regulated by rather predictable edapho-climatic
environmental factors, thus 1t may be i1nappropriate to consider pests
and diseases per se as descriptors

One of the most difficult aspects of describing the importance of
pests and diseases 1n a region 1s thelr dynamic nature A changed
agroecosystem brought about by change of genotype or change of cultural
practices can dramatically change disease and 1nsect balances and
severity Pest and disease potential inventories should be developed
and superimposcd over any agroclimatic target area definition  Any
discrepancies in the area definition by the two procedures would need to
be taken into consideration in a breeding program

For the Tropical Pastures, Bean and Cassava Programs,

groclimatologiel survey data have been used to subdivide target areas,
but only in the TPP is this division actually being utilized to
subdivide germplasm evaluation activities Agroclimatic data have been
correlated with overall productivity of different regions, but generally
have not bein colited to differentisl varletal performance, which is the
key ro 1y o0t ubdivision of breedung objectives Uncil the commodity
progru  ca: ji1ovidi solid dita on the importance of a raunge of
environmental tictors i1n G-F Interactions, the utility of agroclimatic
survey data in tirget area subdivision cannot be determined The
Cassava Program has come closest to linking physiological data and G-E
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interactions with an agroclimatic target avea subdivision, but
adjustnments still need to be made

It 1s axiomatic that there can never be fully dascrete, neatly

divided breeding objectives for each subdivision of the target area
The variables providing the basis for subdivision are normally
contiouous and not discrete  Likewise genotype reaction to any given
state of a variable is most often continuous Consequently, though
mapping and other categorization may imply a reassuring simplicity, the
real-world situation more often requires intelligent judgements among

vrr1l not-so-clear options  The prograwms should recognize the target
irua subdivisions as general but somewhat fluid guldelines

Friority arcas for future development area

1} More detaxrled studles of international trial data to relate
genotype performance to environmental variables of the trial
sptes

2) Studies designed specifically to determane the importance of
individual envircamental facters 1n G-E intcractions

3) Studies of CIAT's ability to extrapolate results from
Colombian selection sites to national program needs

4) Inclusion in the target area surveys of more or different
factors known to be important in contributing to G-E
Interaction

5) Development of inventories of disease and insect potential for

each commodity for the target production areas

§) For be'ns, cassgava and upland rice, development of procedures
for routinely sending segregating populations to national
programs, and for effective selection and information
feedback

7)  Continued development of regional programs to expedite
collaboration between national programs and CIAT
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