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rnrnorucrrON 

Many of the production problems whidl limit yields of CCl11l'Ol1 bean 

(Ihaseolus vulqaris L.) in tropical Iatin America ani Africa lerrl 

thernselves to a genetic solution. '!he CIAT Bean Team has lorg considered 

that genetic solutions are the nost econani.cal ani frequently the IOClSt 

readily adopted, particularly by small farl't'erS, ard therefore, has 

dedicated a major part of its effort to the breedirg of new varieties. 

On various occasions CIAT has irwited bean breeders fran national 

PI"CXJICUllS to participate in workshops to review progress of research ard to 

refine objectives ard priorities. Hc:Mever, the audience whidl CIAT ser:ves 

- the national program researchers - has ~ed greatly since CIAT's 

initiation. Most breeders flCM have earned higher deg:rees in plant 

breedirg, either at Ms. or Fh. D. levels. F\lrthenoore, as si.npler, 

first-order problems, such as BCMV, have been solved, attention is being 

directed to rrore cx:xnplex problems, such as yield potential. 'Ihese factors, 

ano~ others, led us to seek to present to national program scientists -

arrl to our colleagues here in CIAT - tapies whidl are not only useful arrl 

practica!, but also intellectually sti.rnulating arrl challenging. Four 

general areas were chosen: genetic resources; earliness; breedirg for 

quantitative traits; arrl the future of bean production. Furthenoore, in 

addition to speakers frorn national programs arrl CIAT, we errleavored to 

bring to CIAT scientists frorn the United states arrl E:tlrq)e who could be of 

interest to the audience. A poster session was included for the first time 

to give expression to tapies not dealt with in the plenary sessions. 

We were all very pleased with the results, arrl we hope that in:ieed this 

workshop will sti.rnulate not only our intellectual curiosity but also more 

effective resem.-ch and practica! results. 



We wish to thank Maria Eugenia cabo for her invaluable assistanoe in 

the organization of this workshop; Patricia Zam:>rano de M:>ntoya for her 

efforts in typing arrl organizing the manuscript; Drs. Judy Kipe-Noot, Julia 

Kornegay, Jonathan Lynch, Douglas Pachico,_ Marcial Pastor arxl Jeff White 

for their help in revising the manuscripts in En:Jlish. 
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IMPLICATIONS FOR BFAN BREEDERS OF S'IUDIES ON '!HE ORIGlliS OF 

~ BEANS 1 Fhaseolus vulqaris L. 

D. G. Debouck arrl J. 'l'cilr!e* 

SUmmary 

A revision is made of three lines of evidence (botanical 1 

archaeolCXJical arrl biochernical resul ts) for a llBl1 tiple arrl irrleperrlent 

domestica ti en of wild pcpllations of camron bean in the Americas. 'lhese 

damestication events took place at least 10.000 years ago fram different 

wild bean populations. In addition to a fourrler effect, a lower nurnbe.r of 

populations could have been dornesticated in Mesoamerica versus the southern 

Andes. Sorne limitations related to the fonnation of gene pools arrl the 

unifonnity of the selective pressu.res are discussed. Practical 

consequences for bean breeding related to the genetic inc:arpatibili ty arrl a 

possible case of co-evolution aL-e presented. 

Part l. Oriqins of Ccrnmon Bean 

l. Evidence for multiple origins and irrleperrlent dornestications 

1.1 Botanical evidence. We will define as wild beans those which are 

mor.pho- arrl ecologically wild, that is 1 with all the attributes of a wild 

legurne such as very active seed dispersal mechanisms arrl growing freely in 

clirnax vegetations. 

* Germplasn Specialist and Bean Breeder, :r-espectively, CIAT 1 A.A. 6713, 
cali, Colombia. 
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Wild beans were discovererl relatively recently in the Alooricas, an:i to 

date only from that continent (see figure 1). 'Ihey have been reported 

from: 

Mexico 

Guatemala 

Horrluras 

Costa Rica: 

Colombia 

Venezuela 

Peru 

Bolivia 

Argentina 

Miranda, 1967; Gentry, 1969; Nabhan, 1985. 

McBryde, 1945; Debouck, 1986a. 

arrkart an:i Briicher, 1953 • 

Debouck et al. , 1988. 

Gepts an:i Bliss, 1986. 

Berglun:I-Brücher, 1967. 

Be.rglurrl-Briidler arrl Briidler, 1976; ~ck, 

198Gb, 1987; Debouck and Tohrne, 1988. 

Be.rglun:l-Briidler, 1967; Debouck, 1988a. 

arrkart, 1941; arrkart an:i Briicher, 1953. 

'Ihe fact that they were foun:i in Costa Rica arrl Colombia allows one 

infer a nearly continuous distribution (generally above 1000 masl) from 

Oühuahua in Mexico (Nabhan, 1985) to San mis in Argentina (9..1rkart arrl 

Brüdler, 1953). 'Ibis represents a nearly continuous distribution in the 

American tropics and subtropics covering a distance of over 7000 km. 

It is possible that sorne of presLDned wild materials could be feral 

instead of wild, but the argurnent by Gentcy (1969) that the South American 

wild beans aborigineus are j ust "escapes from early cul ti vates", has been 

refuted by Be.rglurd-Brücher arrl Brücher (1976) on the basis of 

phytogeographic evidence. other wild bean pop.Uations have been fourxi 

since then in clímax vegetations in Peru (Debouck, 198Gb, 1987; Debouck an:i 

Tohme, 1988) and Bolivia (Berglurrl-Brücher, 1967; Debouck, 1988a) . 

Biochemical evidence is revised belc:M. 

If we assurne that this distribution did not change over the past 

millennia, it appears that wild _F. vulgaris is a rather cornrron wild plant 

growing at rnid-elevations (1000-3000 masl), in non extreme clirnates 
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(12-24°C; 400-2000 mm rainfalljyear with a marked dry season starting at 

pod setting) . It was prd::>ably not so diffiaJlt for the first Aioorican 

plant gatherers to firrl wild bean precisely in the zones where they li.ksd. 

to live thousarrls of years ago. 

'Ihis nearly continuous distribution of the wild bean does not inply 

noqilological uniformity: it is clear (BUrkart arrl Brücher, 1953; Gentcy, 

1969) that the t.wo extremes of the ran;¡e are noq:hologically distinct, that 

is the wild beans fran Mexico are not equivalent to those fran Argentina. 

SOI'Ie of these differences are surnmarized in Table 1. With the addition of 

wild beans frcm Costa Rica, Colanbia, Peru arrl Bolivia, the differences are 

less clear-cut. I..arger seed size arrl annualism have been set forth for 

considering the Argentinian for:ms as feral (Gentcy, 1969), although sane of 

them were fOlll'Xl in rain forest habitats (Burkart arrl Brücher, 1953; 

Debouck, 1985). It is perhaps too early to conclude about a si.n3le place of 

origin for wild .P. vulgaris on the basis of such a.rgt.nne.nts, since sorne true 

wild Fhaseolus species such as J!. chiapasanus Piper or E. macula tus sdleele 

also have large seeds (lOO seed weight: 16 arrl 26 g respectively) arrl were 

not dC~~teSticated. ,E. microcarpus Mart., an annual vine fran the tropical 

deciduous forests of Mexico, was not danesticated ei ther. 

As it appears in Table 1, several characters display a continuum along 

the ran;¡e of clistribution. Up to northem Pe.ru (cajarnarca), seeds terrl to 

be small arrl rourrled, while they are larger arrl parallel-epiped.ic in the 

aborigineus sensu stricto type from southern Bolivia to Argentina. For 

materials from the southern Andes, one can woooer whether i t is an 

adaptation to forest habitats urner cloudy climates where larger storage 

reserves are needed to genninate. Lignified hypocotyl is generally 

obse:rved on old plants which can survive the first seed set in sorne 

materials fram Mexico to Colombia. It is linked to the capacity for buds 

to regr:cM on the lower stern, a trait also observed in sorne escapes (IX;D 

arrl JSMM # 2077 from Queretaro). Bracteole size is somewhat variable 

within a si.n3le population; a clear-cut difference is, however, displayed 
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by the aborigineus fonn present frorn southem Bolivia to Argentina. 

CUriously, the extremes of the range are earlier to flower than the wild 

fonns of Costa Rica an:l Colanbia, the aborigineus beirg the earliest. 

Evidence fot the large rarge of distribution in the Arnericas an:l the 

morphological differences between the wild fonrs have been strengthened by 

recent explorations. '!bese facts have lead severa! authors (Evans, 1976; 

Heiser, 1979; Varrlerborght, 1986) to hypothesize two centers of bean 

domestication: Mesoaioorica arrl the Southem Arrles. Of particular interest 

is the fact that sorne morphological traits separating the wild fonns, such 

as seed size, were also fourrl of sorne significance to separate groups of 

cultivated landraces (Evans, 1976; Vanderborght, 1986). In other words, 

beans, both wild an:l cultivated from a same origin, share to sorne extent 

sorne similar characteristics. We will return to this later. 

To stnmnarize: 

'!he wild fonn of cx:mron bean has a large distri.bution in the Arnericas 

from Cbihuahua to San lllis. 

'lhroughout its distribution, there are morphological changes which 

partly reflect its adaptation to different envirornnents (e.g. sunny 

thickets in Jalisco versus rain forests in 'l\lcuman). 

Part of these morpholog"ical traits are sha.ra:l between the wild beans 

and their cultivated counterparts dornesticated within the same area. 

We will now revise sorne archaeological records indicating ancient an:l 

probably irrleperrlent dornesticatioris in the Americas. 

1.2 Archaeological evidences. Since we will in nost cases deal with 

ancient plant remains, all our observations will be linked to their 

conservation corxlitions. 0ne will then not be surprised to firrl most 
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evidences in dry areas arrl not in wet tropical America. In this regard, as 

it appears from the data shown in Figure 2, records from Central America 

arrl Colanbia are particularly lack.in:J. 'Ibis bias ccW.d be partly corrected 

in putting more ~is on pollen records arrl ¡ilytoliths (Pearsall, 1982; 

Bozarth, 1986), but this a¡;:proach has just started. On the other harrl, one 

should not forget that archaeol~ical evidenoe is a non definitive 

~t, perrling the discovery of a novel ancient site. other problems in 

interpretation are related to studies of stratigra¡ily (~el, 1963) arxi to 

the dominant use of 14c dating method with fEM count:enreasures (Lynch et 

al., 1985). 

Bearing this in mind arxi the fact that the data are still fragrnentary, 

the data of Figure 2 an:i the related papers (Kaplan, 1956; Kaplan arrl 

Mc:Neish, 1960; Brooks et al. , 1962; Kaplan, 1965; Kaplan, 1967; Kaplan et 

al., 1973; Tarrago, 1980; Kaplan, 1981; ottonello an::l IDrarxii, 1987: 

Pearsall, in press) irdicate that: 

'lbe oldest records are from Huachichocana, on the west side of the 

Quebrada de Humahuaca, Jujuy, Al:gentina, then followed by Guitarrero 

caves, Ancash, Pero, arxi then by Tehuacan, Puebla, Mexico. 

'Ib.e range of very old sites is large (7000 km between Tehuacan arrl 

Huachichocana). '!he JroSt ancient beans are preceramic arrl fourrl in a 

context of very incipient agricul ture (plant gathering! ) • As 

evidenced by Kaplan arrl Kaplan ( 1988) , the Anerican plant trilogy 

{rnaize, beans, squashes) does not ex.ist when the beans a..~ 

dornesticated.· 

Taking into account the present distribution of the wild fonns, arxi 

asst.nning that the latter did not chan:.3e over the last millennia, the 

old archaeological sites fall very close (100 ·km or less) to their 

range . 
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'lhe archaeologícal beans appear to be fully danesticated1 that is1 

theír seeds do not show any transition frcm the wild. 'lhey also 

appear to be fully m::x:lern. For exarrple1 seed sizes arrl color patt.erns 

are ~le to 1900 types still p:resent for sane in the same area. 

'lhere is thus a notíceable stability in these larrlraces1 arrl an 

outstarrling continuity by the fanoors in growi.rg thern. F\lrther 

evidence about continuity is shc:Mn by the different dates at the same 

pl ace (e. g. 1 Huachicbocana reported by Tarrago 1 1980: Cb3Irpo reported 

by Kaplan arrl McNeish1 1960). 

'lhe above mentioned elerrents are in favor of an irrleperrlent 

domestication of wild beans in the nnuntainous regions of Mesoaltv::rr"ica and 

South Arnerica where they were growin;}. However1 with the beginning of 

ceramics 1 beans became a major fcxxl plant1 and long before Columbus1 seed 

trade arrl crop diffusion took place. In ancient Peru 1 by at least 4000 

B. P. , the beans moved from the highlarrls to the coast (Pickersgíll arrl 

He í ser1 1978; Pearsall, 1978; Pearsall 1 in press). In ancient ~ica1 
the beans moved frorn northwestern Mexico into the southwestern USA (by 2000 

B. P.: Kaplan 1 1956; Kaplan and Kaplan1 1988) arrl probably frorn there to the 

eastern USA (by 1000 B. P.: Ford, 1985). How far they cllanged durirq these 

precoltnnbian seed moverrents will be cliscussed later. 

1. 3 Biochernical evidences. !here is no evidence that ab:Jut 10.000 

years ago early agriculturists arxl¡' or animals took an acti ve part in the 

clispersal of wild beans. Rather, the beans were probably self-dispersed. 

In pr eceramic contexts (aprox. 8000 years B. P.), in both OcaiTpo and Guila 

Naqui tz (Kaplan arrl McNeish, 1960; Kaplan, 1985, respectively) , plant 

gatherers collected wild beans 1 but these were of ·hypogeal gennination, 

perhaps wild ,F. cocx::ineu~ arrl :p. oaxacamus respectively. Also because wild 

bean seeds contain antinutritional factors such as phytohaernagglutinins 

(Ja ffe and Brücher, 1968), ene can a.ssUne that the present distri..bution of 

wi l d .f>. vulgaris is broadly similar to that of that period. 
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If ene could fim a biochemical marker with the fellow~ properties1 

present in both the wild populatiens arrl their cultivated counterparts 1 it 

would be ef great help in clarifyin;J the daresticatien process: 

Gecgraphic polym::>:rphisrn: severa! fenns ef the marker should exist 

throughout the rarqe ef distri.butien ef the p.Itati ve ancestor ( s) . 

High heritability arrl c.onplexity ef each ef the variants ef the 

marker1 so that there is little probability that the same variant will 

be produced several tilnes durin;} the history ef the crop. 

Envirernnental stability: the expressien ef the variants is not 

influenced by the grow~ corrli tiens. 

Stability fac~ the damesticatien prooess: the marker is not 

influenced by the damesticatien process 1 the selectien pressures beirg 

en ether characters. 

Gepts (1984 1 1988) denonstrated that phaseolin 1 the rrajer seed storage 

protein1 is a useful marker fer evelutienary studies in _r. vulgaris. As 

genrplasrn has been nade available by expleratiens in latin Americal 

larrlraces arrl wild populatiens have been examined fer their phaseolin 

characteristics (Gepts et al. 1 1986 ; Gepts & Bliss 1 198 6 ; Debouck et al. 1 

1988; Koenig et al. 1 in press; Tohme & Del:xJuck 1 in press). '!he results are 

shown in Table 2 arrl Figure 3. Al though the range af wild E. vulqaris is 

not fully covered yet 1 ene can see that: 

1) There are more phaseolin types in the wild naterials than in the 

cultivated enes. As discussed below 1 this shows that enly a portien 

ef the genetic di versi ty exis ting in the wild fenns was damesticated. 

On the ether harrl 1 in the case the actual wild beans will just be 

feral or weedy types 1 they weuld net express such a larger diversity 

in phaseolin types. 
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2) 'Ihere is a good ~rrespondence between the native larrlraces of a 

particular COW1tr.y . arrl the wild beans present there. 'Ibis was 

expected given the relative stability of landraces as shown by the 

archaeological recx:Jrds (see above) arrl the m:>lecular ccmplexity of 

phaseolin causin:J its uniqueness (Gepts, 1988). F\lrthenrore the 

presence of "odd" types in a particular ca.mtr.y can be explained by 

varietal introduction (e.g. the "cacahuate" types in Mexico with 'T' 

phaseolin, or the "panamitos" in coastal Peru with 'S' phaseolin). 

'Ihere is also evidence of early seed rroven-ents, probably precoltnnbian, 

with the extension of the 'B' phaseolin cultivars into Central 

America. 

3) More variability exists in the southe.m Andes as c:orrpared to the 

northern Arxies and Mexico both in wild populations arrl in cultivated 

materials. AsSl.llllin:J ccxmron bean originated in Mexico (as its has been 

cla.i.med by Gentr.y, 1969; Heiser, 1979), it would be difficult to 

explain such a cliversity (this staten-ent is valid for the last 10.000 

years). One should tske into accol.IDt, however, the polynorp':úsm of the 

'M' phaseolin in wild types of Mesoarnerica, so far absent in any .. 
cultivated type. 

Another piece of evidence about a separate dorrestication in 

Mesoamerica vs the southern Andes is given by isozyme analysis (Schinkel et 

al., 1988), since they are coded by genes (probably unlinked) i.rrleperrlent 

of phaseolin. Analyses perfonood on I.atin America landraces reveal 

contrasting isozyme profiles for the two regions. Similar results were 

obtained for a collection of Ma1awian gerll'plasm (Sprecher, 1988a) once the 

accessions were traced back to their center of origin in the Arnericas 

using phaseolin types. 'IWo dominant al ternate isozymes pattems were 

reported for 6 enzymes where polymo:q:bi.srns were observed. '!he dominant 

Andean pattern was present at a frequency of 76%, while the Mesoamerican 

one was of 15%. The rernaining 9% were distributed between the Andean gene 

pool (8%) arrl the Mesoamerican one (1%), with variants of the respective 
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dominant pattems (Sprecher, 1988b). 'Ihese frequencies for Malawi 

gernplasm would lead one to think that, at least for the Arrlean gene pool, 

it would be possible to recognize subunits, a conclusion also readled by 

Schinkel et al. (1988) worki.rq on American cultivars. For a better 

·definition of races, it wa.Ud be very useful to screen additional primitive 

Aroorican varieties as well as ¡::x:p.Ilations of wild beans. ~ fact that 

nore poly¡roqiúsm has been fourrl in snap beans (Weed~, 1984) also suggests 

a need to i.nclude nore loci when evaluating wild pcp.tlations. 

'!he presence of nore Ifuiseolin types in wild ¡::x:p.Ilati ons vs a.lltivated 

larrlraces raises questions about the danestication process, gi ven the 

characteristics of ¡i1aseolin as a rrarker. let us TKM discuss scrne of them. 

2. The fourder effect of domestication 

We will adopt the concept developed by Iadizinsky (1985) arrl thus 

define the fourrler effect as the reduction in genetic variability tHhen 

irxlividuals giving rise to a new p:::>pUlation only carry part of the original 

genetic variability. 

'lhe fourrler effect in bean danest.ication could be considered urrler the 

follooing aspects: 

1 'lhe number of irxlividuals taken f ran the wild populations arxi included 

in the darestication prcx::ess was snall. 

2) Gene flow between the domesticated stocks arxi their wild counterparts 

was limi ted. 
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2 .1 'Ihe lilnited initial gene stock. Evidence that parts of the 

gecqraphic range were touched is fourrl in the ~lin patterns of the 

cultivated types vs the wild ones (Table 2). In Mesoalrerica, the phaseolin 

type fourrl so far in the cultivated rnaterials is •s•, while the polyrrorpric 

aro comroc>n 'M' type has not been fourrl in any cultivated genotype examined 

to date. One could think that the ¡ñaseolin 'M' would be linked to a 

negative character rejected duri.rq the dcmestication process; it has been 

transferred in exper.i.Irental breeding lines without expressin;J any negative 

character regarding to yield, etc. (F. Bliss, pers. cx::mn.). In the southern 

Arxies, the types 'I' and 'J' have not been fourrl in cultivated materials so 

far, while the 'T', 'C', 'H' are present in both wild and cultivated 

genotypes. 'Ihe fact that the 'A' type (fourrl only in Ayacucho so far) is 

present in a larrlrace and not in a wild population is, to us, rrore 

illustrative of the i.nc::orrplete survey for both cultivated and wild 

rnaterials from the southern Arxies than anyth~ else. In examing Figure 1, 

it is obvious that the raJ'Be of the wild pc>¡:W.ations is not fully covered 

yet, and that pe:rhaps only 10% of all the Alrerican larrlraces have been 

processed. 

As seen in Table 2 and Figure 3, the situation in Mesoamerica could be 

different from the situation in the southern Arrl.es, i.e. a very few wild 

populations could have been dornesticated in Mexico while severa! wild 

populations over a broader ral'Be of distri.bution could have been 

domesticated in a zone from rnid-Peru to northwestern Argentina. As 

indicated by Gepts (1984, 1988), the truly wild types in Mex.ico showing no 

sign of introgression from cultivated fonns are concentrated in western 

Mexico which could then be a place of bean dCJileStication. one should, 

however, keep in mirrl that when those studies were rnade little was known 

about wild beans in the region fram Chiapas to Nicaragua, where they are 

knawn to be present and -still to be collected. '!he possibility of fiirl~ 

IOClre places of bean dornestication in Middle Alrerica thus remains open. To 

identify a s~le site of domestication in the southern Andes is, for the 

time being, rrore difficult and pe:rhaps irrelevant. After consider~ the 
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latitudinal extension of the wild beans in SOOth Airerica, Briicher (1968) 

arrl Harlan (1971) doubted that there was a specific oenter of origin for 

the c:cmrw:Jn bean, rut were thinki.ng about a multiple darestication there. 

M::>re detai1ed infonnations CXJUl.d be obtained lcx:>ki.rg at the mitochorrlrial 

rNA but this awroach is just begi.nnirq to be develq;>ed. 

Another piece of evidence that part of the wild pcpllations arrl 

pertlaps just a few plants were included into the dcroostication process is 

shCMJl by work on brudrid resistance. 'lhousarrls of cultivated genotypes have 

been screened for resistance to that pest, but not a single one has shown 

resistance (Schcx:>nhoven arrl cardona, 1982). However, a reduced mnnber of 

wild pop..llations of !_>. vulgaris fran Mexicx:> have shown resistance 

(Schoonhoven et al. 1 1983). It was denonstrated that the resistance, an 

antibiosis reaction1 was linked to the presence of the protein arcelin 

(Osbom ei: al. 1 19861 1988). Sorne polymorphisrn exists in arcelin (Osbom 

et al., :1.986) 1 those types with the highest levels of resistance being 

cx:>ncentrated in Guerrero am Michoacan, Mexicx:> where1 as claimed by Gepts 

(1984 1 1988) 1 dcmestication did not take place. '!he reason why no source of 

brudrid resistance was fa.url in cultivated bean rnay si.Irply be because the 

trait of interest1 the right arcelin type1 was not present in the 

damesticated population(s). 

Al though evidence is fragrnentary 1 i t thus seerns that a few pcp.tlations 

alon:J their lon;J ran;Je in the Americas were in fact dc::aresticated. Although 

evidence is even more scarce, it also seerns reasonable to cx:>nclude that 

just a few plants within those populations actually participated in the 

damestication process. Wild beans are s till harvested as errergency food in 

sc:liOO parts of the Arrles (Argentina: Brücher, 1954; Penl: Del:xluck arrl 'I'c:>h1re, 

1988). lmy particular variant (e.g. cx:>lored seed, non dehiscent pod) might 

have been noticed arrl selected by early agriculturists. Since many traits 

of high anthropic value are h i ghly heritable (see Table 3) 1 progress in 

selecting for those traits would have been rapid. 

13 



As pointed oot by I..aclizinzky (1985), there was no need to continue to 

grcM wild types once a m:>re suitable genotype had been obtained (although 

we will CCITII"!e1t on that later on) . As is still done today in traclitional 

agriculture in Peru, fanners frequently exch.an:Je seeds on an Wividual 

basis. When they see an interestirxJ plant they do not have, they pick up a 

few seeds (in sorne cases just one), wal.k back to their huts, arrl plant them 

next season to see hav they grcM. 

'Ibis fonn of selection ~d explain the cliffusion of the • S • types 

throughout Mesoarrerica starting from a few plants once daoosticated in 

western Mexico. 'Ibis is also illustrated in Colanbia: although the early 

Colombian Irrlians began with selectirxJ bean populations with 'B' phaseolin 

(Gepts arrl Bliss, 1986), they were eager to i.np:>rt 'S' types in northern 

Colombia arrl 'T' types in soothern Colombia. 

Another evidence of this fonn of selection is suggested by the work on 

b:ruchid resistance. A possible explanation of the absence of resistance in 

any cultivated genoytpe would be that the right populations were not 

touched by dc:xoosticating fanners. One should also remember that right 

arcelins ocx::u.r in low frequencies in the original wild bean populations 

(arourrl 20%: Osborn et al., 1986). Given this, the few plants with 

interestirxJ seed, pod, or plant characteristics would not includ.e IOC>St 

probably the arcelin conferrirxJ resistance to b:ruchids. 

A rema~ question is to consider whether there was ( or is) any 

genetic flow from wild populations aOO¡'or early cultivars in reoently 

darnesticated stocks. 

2. 2 '!he gene flow between bean genotypes. '!he problem of a possible 

genetic flow to increase cliversity in cultivated J.>. vulqaris, arrl so to 

limit the fO\.ll'rler effect, can be considered in two aspects: first, the 

gene exchange during daoostication between synpatric wild forros arrl 

pr imitive cultivars, arrl secorrl the crossirxJ between cultivated genotypes 
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outside the rcmje of the wild forms. But we sha.ild first examine whether 

the gene flow is ¡ilysically possible based on the rate of natural 

outcrossing in f>. vulgaris. 

Cross-pollination apparently exists in the wild forms. For Mexican 

materials 1 Wall and Wall (1975) and Vanderl:xn:ght (1982) report.ed high 

levels of outcrossing (3 to 50%) 1 altha.lgh Brücher (1988) spoke about "an 

outspoken cleistogam;y" for the f>. aborigineus forms. Conflicting figures 

are also report.ed for cul ti vated f>. vulgaris genotypes { see Table 4) . 

Although these results need further confi.nnation particularly with :respect 

location effects1 ecological corrlitions, and to pollinating agents 

(carpenter and burnble bees seem quite active in this regard: Delgado et 

al., 1988 and personal abservations), it a¡::p?arS that cleistogamy is 

pertlaps not as constant as it was thought before and that high rates of 

cross-pollination (> 10%) could be fourrl in both wild and cultivated comrnon 

bean. 

Crossing between wild forms and primitive cultivars can pertlaps be 

inferred frcan what can be seen now where both are still growing together. 

Anong :Rlaseolus species 1 wild f'. vulqaris behaves as a weed in sorne places, 

entering human made or disturbed habitats (in Mexico: Delgado et al., 1988; 

in Peru: Debouck1 1987; Debouck and '.I'c>hne 1 1988; in Bolivia, 

Berglurx:l-Brücher and Brücher1 1976) . 'Ihere is thus a possibility to fi.rrl 

both the wild forms and sorne traditional cultivars growing together. 'Ihis 

situation has been studied recently in Olzco, Pel:U (Debouck and Tatune, 

1988; Debouck et al. 1 in press) . 'Ihere 1 the fanrers eat the wild and the 

weedy types arrl k.eep the large grain type "Amarillo Gigante" to be sold on 

SUrrlay market. Irrleed 1 beside the wild and the truly cultivated types, a 

dozen of weedy or inte.nra:liate types were also fourrl. in the same field and 

someti.nes ea ten on the farro. 'Ihat si tuation and the cormnents made by the 

fanners led these authors ( Debouck et al. 1 in press) to hypothesize a 

"weed-crop CC!lrplex" after Harlan (1965) and Harlan arrl de Wet (1965) 1 where 

the weedy types resul t frcan crosses between the wild arrl the cul ti vated 
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fonns. Similar situation arrl. subsequent use by man have been observed in 

other cro¡:s includ.irg, potato (Sdnniedidle et al., 1980), maize (Wilkes, 

1977) arrl. chili perpers (Pickersgill, 1981). 'Ihere are thus stron:¡ 

irrlications that the wild types have enriched the pri.mitive larrlraces, arrl. 

apparently this is still cx:x::urrin:J in 1988 in parts of the range! As shown 

in Table 3, most of the "wild" dlaracters are daninant in the progenies of 

natural hybrids involvin:J cultivated arrl. wild fonns. As pointed CA.It by 

I.adizinsky (1985), this cn.Ild lead to the fonnation of nnre weedy races on 

the one han::l arxi to the rejection of unwanted types by traditional fa.rners 

on the other. In the case of beans, one wonders, however, how st.ron;J is 

that rejection, since many traditional larrlraces of Pero arrl. Bolivia still 

exhi.bit a stron:¡ pod dehiscence (see also Briicher, 1988). On the other 

hand, in one place in Olzco, Pel:u, Debouck arrl. Tohrne (1988 ) observed that 

fanrers consurned weedy types on the farrn. 

As a concl\ld.irg remark, one will note that crossin:J .between wild arrl. 

cultivated fo:rms is takin:J place within a restricted geograprical area 

resultin:J perha¡::s in a closer nnqilolo:Jical likeness between the larrlraces 

arrl. their wild ancestors (see also Vanderborght, 1986). 'lhis could 

contribute to the fonnation of gene pcx>ls tcx:>, as we will discuss i t below. 

Crossin:J between landraces in cr- CA.Itside the range of wild anc:estors 

could be another way to reduce the founder effect. It can also .be stuclied 

in secorx:lary centers. In traditional larrlraces of Malawi, natural 

outcrossirg occurs at a low frequency (arotnrl 1%, Martín arrl. Adarns, 1987), 

but this is high enough to prcx:luce recanbinants that can be selected by 

fanners. How far does outcrossin:J allow the creation of new variability? 

'lhe work by Sprecher ( 1988b) on the same Malawi collection in:licates that 

new genetic variability appears but principally within gene pcx:>ls aro very 

little between gene pcx:>ls (partly due to male sterility arrl. other genetic 

disturbances) • It wcllid then be interestin:J to quantify the intercrossin:J 

between gene pcx:>ls where they vlere in contact for lon:¡er periods (e. g. in 

Colombia or in northern Pel:u) to see whether those genetic barriers are 
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also present. 

3. Travels of Ihaseolus beans arrl. their subseguent genetic 

consequences. 

We will consider sua::::essively the travels of the beans within the 

Americas before arrl. after Coll.liill::m;, then the travels to Eurcpe, Africa arrl 

Asia after Coh.nnbus. We will also diso.JSS aba.It sane genetic c:hanges whidl 

have made possible to grow beans there successfully. 

3.1 Travels within the Americas before Col\.IITbJ.s. Evidence that beans 

were exchan:Jed in precolUITDian times is obtained fran archaeological arrl 

biochemical studies, arrl studies on cultural contacts. '1his survey cannot 

be exhaustiva, will only present a few general rocwements. 

Related to Mesoamerica: 

1) 'Ihere are sane irrlications (Soustelle, 1979) that the Olmecs had 

c::onurercial contacts with oaxaca arrl Guerrero, arrl. fran their hcmelarrl 

in Veracruz up to southwestern Costa Rica (1500-2000 years BP). 'Ihis 

could explain the diffusion of sane tropical black beans, frequent 

arourrl the Gulf of Mexico arrl neighl::>a.lring regions. 

2) CUltural contacts ha ve also been argued arourrl 1500 years BP 

( Snarskis, 1985) between Colombia arrl Panarna arrl. Costa Rica. 'Ihis 

could explain the diffusion of sane 'B' phaseolin cultivars, 

originally from Boyaca, Colombia to Costa Ricá arrl. even Guatemala 

(Gepts arrl. Bliss, 1986; Koenig et al., in press). 0n the reversa, the 

same contacts could explain the presence of 'Sb' cultivars in 

Southeastern Brazil. 

3) Tributes P"\Yed to the Aztecs would have presentad another q:portunity 

for exchar ;;es of large arnounts of seeds in prehispanic Mesoaloorica 

(Torres, L985) • 'Ihe dan.inant rule of this group would have 
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contri.buted on a large scale to the diffusion of 1 s 1 ¡X'laseolin 

cultivars in Mesoall'erica (see Gepts et al., 1986). 

Related to South America: 

1) 'Ihe presence of a sieva type of lima bean in the uppers levels at 

Huaca Prieta (northe:m coast of Peru) (Towle, 1961) irrlicates cultural 

contacts at aba.It 2500 years BP between that part of Peru arrl Colanbia 

or perhaps Mesoall'erica where those beans originated (Pickersgill ard 

Heiser, 1978). 

2) 'Ihe presence of large seeded lima beans in Norcinti, Bolivia (Debouck, 

1988a) outside the range of distribution of their wild relatives 

(Debouck et al., 1987) would irrlicate an introduction there arrl thus 

cultural contacts between southe:m Bolivia arrl western Peru. 

3) 'Ihe presence of 1T 1 ¡ilaseolin cultivars in southern Colanbia (Nariño; 

where wild beans are not :knam) would i.rrlicate introduction fran the 

southern Arrles where these types of ¡X'laseolin are canrnon both in the 

wild foilllS ard lardraces (Gepts et al., 1986; Tohrne arrl Debouck, in 

press). 

Little information is available about the genetic ~es occurred in 

the materials during these millenia. As judged on seed characters, many 

grain colors were already selected including yellow (Kaplan, 1980). By 800 

years B. P. , at 0campo, Tanaulipas, bush types as well as a sarewhat snap 

bean are already present (I<aplan ard Me Neish, 1960). 

3. 2 Travels within the Arnericas after Coltrrnbus related to 

Mesoamerica. 

1) A nmrement already perceptible during the last precolumbian period 

will continue in the Greater Southwest wi th more beans entering that 

part of the USA (carter, 1945; Kaplan, 1956). 
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2) Soon after the Spanish Conquest, there was an active exdlange of 

gerrrq::llasrn between Mexico arrl Peru (E. Hen1al'rlez X., pers. canm.). 

'lhis c:x:JUl.d explain the presence of 'T' ¡::haseolin cultivars in Mexico 

such as certain "cacahuates" or "Japones". In the q:posite direction 

there is the small seeded white variety in Peru called "Panamito" with 

'S' ¡::haseolin (Gepts, 1984). 

3) Haiti, part of Hispaniola, se:rvirg as a stop for the spanish galleons 

on their way to E'l.ll:'q>e, becarne sex>n a seoorñary center of diversity, 

with a special eztP'la.sis on earliness (C. Messiaen, pers. canm.), 

resultirg in the "Patpadour" gra1p with 'T' ¡::haseolin (Gepts et al., 

1988). 

Again little infonnation is available. One can hypothesize that as 

the beans were moved tcMards higher latitudes especially in the northern 

hemisphere, soma selection was made for day neutral cultivars, i.e. able to 

bloom l.ll'rler lonJer days. Also perhaps for bush types, as the growinJ 

season beocme.s shorter at higher latitudes. 

3. 3. Travels frorn and outside the Americas after Coltnnbus. Coltnnbus 

discovered central Anerica in 1492. I.ess than 60 years later c:x:Jl'IOOil bean 

was grown extensively in westem Europe (León, 1987; Brücher, 1988). Fran 

there, it was distributed much further: sart:heastem Europe arrl the Middle 

East, Iran arrl Irrlia, other places in Asia, Africa ard back to the 

Anericas. I.et us illustrate a f ew cases. 

1) Most of the varieties in Europe c:ate frorn the southern Arrles 

displayinJ 'T' and 'C' phasolins (Gepts arrl Bliss, 1988). 'Ihis raises 

the followinJ questions: 

- Were they better adaptated to lonJer photopericx:ls arrljor 

cooler temperatures? 

- Did early travelers prefe r them for their larger grain size? 

- Was there a higher mutation rate for snap bean dlaracteristics in 
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these gene pools" 

2) Several European varieties were bl:'CU3ht back to the .Americas, 

particularly the USA arrl Argentina. Several specific cases are well 

dOCl.llOOJ'lted (Gepts et al., 1988). 

3) Beans were also introduoed sucoessfully in Africa, both directly fran 

Brazil (Evans, 1976) arrl irrlirectly fran the southern Arrles through 

Europe since the Arrlean types of ¡::haseolin are daninant in Africa 

(Gepts arrl Bliss, 1988). 

Because of the extension of the geographic range, day neutral 

cultivars were developed. Also to mention is the appearance of several 

recessive characters (waxy pods, yellCM pods, very long pods) ac:xx>:rdi.n;J to 

specific selection pressures in the secorrlary amter. 

Part 2. Implications for Breeders 

In the first part, we have presented three groups of facts about the 

origin of the ccmnon bean, E· vulgaris, which are: 

Origins of the cotrtrron bean are rrultiple arrl the different 

dornestications about 10.000 years ago were then irrlepenient. 

IXxrestication was not neutral tc:Mards genetic di versi ty included into 

the daoosticated stocks: a founder effect took place with regional 

differences, also with differences in intensity. 

Genetic changes at a few loci resultinJ in new characters of high 

anthropic significance (related to seed, pod, growh habit) a~ 

early in bean crop history. 
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Let us now discuss sare of their consequences. 

l. Gene pools fonnation an:l i.ncgopatibility prcblerrs 

Irrlepen:ient darestications using rocn::¡ilologically different wild 

populations led to formation of morphologically distinct groups of 

cultivated genotypes. As we have seen above an:l as has been abserved in 

other crops (Harlan an:l de Wet 1 1965; Jdlns an:l Keen 1 1986; Wilkes1 1977) 1 

there is a strong possibility that crosses between wild arrljor weedy 

populations and early cultivars contri.buted to the likeness between these 

two. Multilcx::al domestications had other consequences: ¡ilysical isolation 

of groups of early cultivars f.rom each other for thousarrls of years 

(2000-4000 years as can be deduced from the above mentioned figures) led to 

their genetic isolation arrl the fonnation of gene pools. If so 1 one should 

e.xperience problerrs of genetic inc::orrpatibility when crossing between gene 

pools and first of all between regions of origin. In Table 5, selle of 

these crosses are reported. 

Although this mu:vey is far from being carplete1 it appears that 

crossing between small· seeded Mesoamerican cul ti vars and large seeded 

southe.rn Arrlean cultivars is likely to fail with little or no true 

recornbination. As we have seen above and in Sprecher (1988b), in Africa, 

while crosses cx::cur1 genetic barriers prevent the fonnation of recanbinants 

between the gene pools brought there arrl planted together. 

In crosses investigated so far, F1 hybrid weakness is a:rparently 

controlled by 2 corrplementary genes: DLl ( for dosage depe.rrlent lethal, Shii 

et al. 1 1980) attri.buted to Mesoamerica and DL2 to the southern Andes. '!he 

F 1 hybrids DLl dl1 DL2 dl2 gi ve crippled plants at high tenperatures 1 less 

abnonnal plants at lc:Mer ternperatures. 'lhe fact that sorne crosses between 

1 S 1 arrl 1 T 1 phaseolins in both cul ti vated arrl wild parent.s can give a 

nonnal offspring would discard a direct linkage between the genes cx:x:ling 

for phaseolin arrl the expression of Fl weakness. B..lt, on the reversel DLl 
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arrl DL2 are respectively unseparable fran certain ¡i1aseolin types. 'Ibis 

was in:lirectly evidenced by Sprecher (1988a) on a srnall sanple including 

the starrlard lines for ¡:haseolin types arrl 27 lines producinJ F1 hybrid 

weakness. 'Ihese materials displayed altenlate isozyne profiles between 

the Me.soanerican (wiht 'S' aJrl 'B' ¡:tlaseolins) aJrl the Arrlean gene pools 

(with 'T', 'C', 'A' arrl 'H' phaseolins). Now the fact that cri¡:pled plants 

can also be obsel:ved in crosses with 'S' arrl 'B' ¡:haseolin types would 

in:licate that there would be IOC>re genes responsible for F1 weakness. 

Although abviously ITOre data are needed, it would be irrlicative of an 

incipient separation of the Colornbian materials with 'B' fran the 

Mesoamerican stocks, despite their s.imilarity in isozyme profiles (Schi.nkel 

et al., 1988). 

Once roc>re, we need ITOre data about crossability problems in beans, 

also because of its practica! consequences. But there is increasing 

evidence that the extremes of the range when cultivated are not always easy 

to cross. It would be of interest to test the followinJ hypothesis: 

Are there cases of i.ncarpatibility in 'T' phaseolin types? 

Are there other cases of i.ncarpatibility between genuine Mesoamerican 

arrl Colombian cultivars? 

Is the i.ncarpatibility a result of danestication? 

Although the type of phaseolin can be very useful in predicting 

successful crosses, it ~oes not constitute a definitive insurance. It 

would be therefore useful to develop other (ITOlecular?) markers. On the 

other harrl, as theSe hypotheses are progressi vel y examined, it will be 

possible to increase the variability by crossinJ between gene pools. 

Although difficult (see above), it could be rewarding on the lo~ run, as 

indicated by the larger nurnber of loci where polyrrorphism is expressed in 

snap beans (Weeden, 1984; Sprecher, 1988a) . 
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2. Are we faci.rp a case of co-evolution between the c:rg;> aro its 

biotic aro abiotic enviro11I'Cei1t? 

If as we hypothesize above early larrlraces were danesticated in 

isolate plots aro were separated fran eadl. other for thousarrls of years, 

· then there would be strong cases of co-evolution between these larrlraces 

am the agents either biotic or abiotic p:resent in their envirolli'Cei1t. In 

other words, one shoold firrl strong correlations between scme particular 

larrlraces arrl sare strains of diseases, scme clima tic s1:.resses, etc. 'Ihis 

approadl. , in beans, suggested by Gepts aro Bliss (1985), has just started 

aro evidences are ac::o.nnulati.n;J. We will consider two cases: diseases aro 
Rhizobiurn. 

stavely (1984 aro 1988) reported about the variability of rust in the 

us, showing the differential susceptibility of bean cultivars to rust 

races: sorre snap bean cultivars highly susceptible to US races reacted in 

the same way, suggesti.n;J a kind of specific host-pathCXJen reaction. 

Corrpuesto Negro Chbnaltenango, originally a mixture of black beans fran 

Guatemala, showed the highest level of resistance to a large series of 

races (stavely, 1986), perhaps because of its larger genetical basis. 

Later on, other lines were tested (Stavely, 1988) and PI 181996 and 189013 

both fran Guatemala were al so highl y resistant to US races. Another 

interesting cultivar Ecuador 299 has a 'S' ¡::tlaseolin, as does Crnp..lesto 

Negro Chbnaltenango (P. Gepts, pers. canrn.). 

After a electrophoretical study on 55 i solates of angular leaf spot, 

Correa (1987) foun:i that the resulting two patterns of four enzyrres could 

be associated with the kind of beans they infect, one pattern being fO\.ll'rl 

on large seeded types aro the other being fOlll'rl on small seeded types. A 

confinnation is needed to be sure that one pattern is fOlll'rl only on large 

seeded materials in a specific geographic zone aro vice versa. But these 

two exanples in:licate that pathCXJen variability is not distributed at 

rarx:iom. In this case, many agronomical practices arrl screening methods 
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should be revised. 

Rennie arrl Kenp (1983a, b) shCMed that when testin3 several bean 

cultivars for their efficierx::y in nit.rcxJen fixation us~ a sin3le strain 

of Rhizobitnn, the effect of cultivars was significant, as was the 

interaction strain-cultivars. If these :results prove · true on nore 

materials (wild beans for instance), nit.rcxJen fixation cx:W.d be i.nproved by 

choos.irq the right COl.ll'lteJ:parts. 

3. Practica! conseguences for breedinq arrl gennplasrn managenent 

'!he above mentioned :resul ts, al th<Xlgh fragrrentary in sane cases, 

clearly irrlicate that bean breed.irq from now onwards will be nore concerrled 

about the origin of the materials used as potential genitors. '1hree kirrls 

of needs can be fonnulated: 

1) Need for infonnation about the materials: a ·free access to the full 

passport data abo\lt any accession awears as a requisi te in any 

breedi.n:J work. Without all geographic info:rmation arrl coordinates, 

gentplasm accessions lose :much of their value. Arourrl 60% of the 

cultivated materials of _p. vulgaris held in gernplasm banks would lack 

their full pasSpc>rt data, thus limiti.n;J their future use. Hopefully, 

thanks to biochemical markers (isozynes, nuclear arrl mitochorrlrial 

mA) arrl well dcx::.umented collections of wild _p. vulgaris, it will be 

possible to i.nprove this situation. 

2) Need for infonnation about genetic relationships: future bean breecli.n;J 

will take nore into acx:::ount to which gene pool belongs a potential 

genitor, in arder to avoid compatibility problems or to assure better 

camplerrentari ty between parents. Biochemical markers which can 

indicate these c:arpatibilities at nuclear arrl¡or cytoplasmic levels 

will be used intensively. · Here also, the wild beans can play a key 

role in shCM.irq a broad sanple of variability. 
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3) Need for a synthetic approach to the bean bicxliversity: it becomes 

nore evident that much genetic diversity was lost both during the 

danestication process, and through the operations of gernplasrn 

collection and handling. Examples of interesting traits being present 

at low frequencies in original populations are increasing: b:ruchids 

(Osbom et al., 1986), I gene in wild bean accessions (J. Tohme, pers. 

comm.) . Guidelines have been published elsewhere (Debouck, 1988b) on 

how to pick up these rare variants at the collection site. lDsses of 

genetic variability inside gennplasrn collections (Roos and Centrte.r, 

1984; Kl.ein et al. , 1988) should be avoided by inp:roved procedu.res. 

It must be kept in mind that breeders currently do not and will not 

have access to the original variability, i. e. in its original 

context. I t is thus of paramount ilrportance to sample the original 

populations t_rying to preseiVe as nn.Ich of the real genetic diversity 

as possible throughout the vlhole process of gerrnplasm conservation. 

In the future, it would be also highly useful to know nore about the 

variability of diseases, pests and Rhizobiurn in the original sites, 

and to correlate this information with the diversity in bean 

gernplasrn. In the case co-evolution and local concentration of 

interesting traits can be further evidenced, then breeders arrl 

gennplasrn specialists should focus nore on very primi ti ve landraces 

and wild beans, since the dis tribution of the la ter could reflect nore 

the regional distribution of the biotic and abiotic constraints. 
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Table 1. sare roqilo-physiolCXJical characters of wild .P. vulgaris 005erved 
in Palmira arrl Popayan, Colanbia. 

100 Seed 
Origin weight 

(g) 

Mexico 5-8 
Guatemala 6-9 
Costa Rica 5-6 
Colombia 8-12 
PeJ:u 

Northern 15-16 

Southern 10-16 
Bolivia 9-12 

Argentina 12-16 

Hypocotyl 
texture 

Lignified 
Lignified 
Herbaceous? 
Li.gnified 

Lignified? 

Herbaceous 
Herbaceous 

Herbaceous 

Bracteole 
sizejshape 

Large, ova te 
Large, o:rbicular 
Large, ova te 
Iarge, ova te 

Mediurn to large, 
ova te 
Large, lanceolate 
Iarge, lanceo late 
& small, triangular 
Sroall, tri~ar 

D:lys to 
flowering 

40-50 
50-65 

>lOO 
65-75 

55-65 

45-55 
40-50 

35-40 

Table 2. Rla.seolin types of wild populations and landraces of____E. vulgaris 
from different Iatin American countries. 

Country Wild Populations I..arrlraces Sources 

Mexico M, S S, Sd, T 1, 4 
Guatemala M, S S, B 1, 4 
Costa Rica M S, B 3 , 1, 4 
Colombia OI, B S, T, e , B 2, 4 
Pel:u 

North I T, e, H, S 1, 4 
Center T,e T, e, H, A, S 5, 1 
South T,e,K T, e, H, S 5, 1 

Bolivia T T, e, S 5, 1 
Argentina (NW) T, H, e, J T, H 4, 1 

Sources: l. Gepts et al., 1986 
2. Gepts arrl Bl i ss, 1986 
3. De.bouck, et al. , 1988 
4. Koenig et al . , in press 
5. Tohme arrl Debouck, in press 
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Table 3. Some morphological traits of high anthropic significance and their heritabilty. 

Trait 

Dehiscent/non 
dehiscent pod 

Colored¡'¡:m:e white seed 
seed 

Irrletenninatejdetenninate 
grc:Mth habit 

Internode len;Jth: long/ 
short lower internodes 

NLnnber of IDci 

2 or 3 

9 

1 

1 

Inheritance Reference 

IXlni.nantjrecessive 

.IXlmi.nantjrecessi ve 

IXlni.nantjrecessi ve 

IX.mrinantj recessi ve 

Prakken, 1934; 
Leakey, 1988 

Leakey, 1988 

Norton, 1915; 
Bliss, 1971 

Leakey, 1988 



Table 4. Estimated outcrossi.rx.J rates for a.ll. ti vated F. vulgaris 

Place 

Berkeley, california 
Davis, california 
Irvine, california 
Lilorgwe, Malawi 
Awassa, Ethiopia 
Severa! places, Mexico 
<llapi.rx.Jo, Mexico 
Mayaguez, Puerto Rico 

Rate (%) 

0.7 
0-0.007 
9-69 
0.8 
3-5 
1-4 
1-3 

0.04-17.6 
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'1\lCker arrl lJardi.nJ, 1975 
wells et al., 1988 
Martin arrl Maros, 1987 
stoetzer, 1984 
Crispin, 1960 
Mirarrla O':>lin, 1971 
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Table 5. Sorne crosses of cul ti vated E. vulgaris from clifferent origins arrl problems 
encountered. 

Origins Fbaseolin Synptcm;j Reference 
types abno:nnalities 

South An:ieanjMesoarrican TxS eriwled plants Coyne, 1965 
via Kenya via USA 

Guatemala/Bolivia SXT Oll.orosis arrl Shii et al 1 1980 
arrl its reciproca.l lethality 

South Arrlean¡Mesoamerican TxS IMarf plants Sin:Jh arxi Gutiérrez, 1984 
via '1\lrkey via Brazil 

South An:ieanjMesoarrican TxS .Absence of roots Gepts arxi Bliss 1 1985 
via USA via Brazil ( also for a review) 

Guatemala¡Clrile sxc eriwles Temple, 1977 (tll1p.lblished) 

Costa Rica/South Arrlean SxT Cripples Temple, 1977 (tll1p.lblished) 
viaHaiti 

MexicojColambia SxB Cripples Temple, 1977 (tll1p.lblished) 



Figures 

Fig. 1. Distribution of seed aoc::essions of wild Rlaseolus vulgaris L. as 

of 1988. 

Fig. 2. Archaelogica.l firrlin:]s of Ihaseolus vulgaris L.: places arrl years 

before present. 

Fig. 3. Fhaseolin types in wild Ihaseolus vulgaris L. as of 1988. 
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'lHE BEAN GERMPIASM Bi\NK OF MEXICO 

Francisco Cárdenas R.* 

Introduction 

Fran the t:i.Joo that man a¡:peared on the earth, his sustenance has 

deperrled, directly or inlirectl.y, on vegetables, si.nc:e animals are 

incapable of synthesizing their own food intake frcm soil minerals, gases 

in the a~ere, arxi sunlight. As a consequence of natural selection arrl 

selection practiced by man fran the begi.nnirgs of fanning, in bean 

(Rlaseolus vulgaris L.), as for all plants, great genetic variability has 

been created. Certain regions exist in the world where ¡:hysiographic 

characteristics favor the develq:m:mt arrl existenoe of a lcu:ge number of 

ecotypes, arxi they are known as prbnary centers of genetic variability. 

Mesoairerica is considered to be one of the prbnary centers of genetic 

variability for bean. 

Genetic variability of Rlaseolus vulqaris L. , as in other vegetable 

species, is bei.DJ reduced as a result of the following: chan:Je in soil use; 

develc:prent of i.Irproved varieties f:t;"Oill parental-crossed pure lines; 

planti.DJ in lcu:ge areas of the same crop or closely l.ated cultivars; the 

generalized use of cultural practices that minimi· -unental effect on 

the plants, such as· in the case of the use o ' insecticides, 

:furqicides, growth regulators, etc. ; and j · 11\a.terials, 

overgraz.in;J. 

* Director, CENID-Recursos Genéticos, Instituto Nacional de Investigaciones 
Forestales y Agropecuarias, Apartado Postal 10, Olapingo, Méx., México. 
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Upon analyzin:;J the items rrentianed in the previous paragra{tl, we 

ohserve that the causes af genetic erosian have been arrl will be a 

consequence af the evolution of fanning. UrrlCXlbtedl.y, this pressure will 

continue to be greater in cx::ming years, especially in developinJ countries. 

In arder ta reduce as nuch as ¡::x:>SSible loss af genetic 'Variability, it 

has been necessary to collect arrl conseiVe the largest ¡::x:>SSible rn.nnber a f 

bean sarrples fran materials planted by fanners in Mexico. '!be sarne is also 

true for materials that have evolved without man's .intel:ventian. 

Make-up af the Gernplasm Bank 

Since 1942, work an bean prospectin:;J arrl collectin:;J in Mexico has been 

carried out. In the last few years, together with CIAT, wild materials 

principally of the Fhaseolus genera have been collected. 

'!be Genrplasm Bank is made up af 10, 651 accessians, 90. 7% af which are 

rul.tivated species, vulgaris, cocx::ineus, lunatus, arrl acutifolit..nn; arrl 9. 3% 

represent 24 wild species. In both cases, vulgaris represents 83 .5% 

(Table 1). 

88.4% af the vulgaris accessians were collected in America, with 9.2% 

~ fran Europe, l. 7% fran Asia, ard o. 7% from Africa (Table 2). on the 

ather hand, 66.1% have been collected in Mexico ard 12 .0% in Central 

Amerita~ thus, rore than 78% of the bank is rna.de up of rna.terials cx:mrlng 

fran Mesoamerica. An:I, as was indicated befare, the bank is located in a 

prirnary center af bean genetic diversity. 

Of material not ariginating in Mexico, approximately 80% has been 

obtained fran CIAT. 

In Mexico, an annual average of two millian hectares af beans are grown 

ard it can be affinned that they are planted in practically all af tbe 
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federated entities, with an average yield of aroorrl 650 kgjha. 'Ihese low 

yields are explained if one takes into ac:ca.mt that in llX)re or less 60% of 

the cultivated area, rainfall is very low, plant.i.r"q is done on re.latively 

srnall surface areas, arrl it is done by fanrers who practice traditional 

fal:llti.n;J. Average per capita COl1Sl.liT'ption is awroximately 18 kg per year. 

Because of all this, the collection of materials has been arrl is being 

carried oot in all the national territo:ry, takinJ into consideration 

ecological arrl etlmic variability of the cn.mt.ry's diverse regions. 

Table 3 presents the rnnnber of accessions e.xisting in the gernplasm bank 

collected in eadl of the federated enti ti es in the cn.mt.ry. 

Characterization and Prelirninary Evaluation 

ruring the last seven years at the canp:> Experimental del Valle de 

México (CEVAMEX), in Olapingo, 6,284 accessions of Fhaseolus vulgaris have 

been characte rized arrl evaluated preliminaril y. 'Ihe following descriptors 

are evaluated: 

1. Color of hypocotyl 

2. I..enJth of hypocotyl 

3. I..enJth of the fifth odd foliolate 

4. Width of the fifth odd foliolate 

5. Ntnnber of internodes at the beginning of flower~ 

6. Number of internodes at the errl of flowering 

7. Growth habit 

8. Angle of the secorrlrry branches 

9. NUrnber of days fran planting to beginning of flowering 

lO. NUrnber of days fran planting to errl of flowering 

11. Plant height 

12. Nurrber of days fran planting to maturi ty 

1 3 . Stem diaireter 

14. Nurnber of pods per plant 
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15. Nurnber of seeds per pod 

16. Total plant weight at maturity 

17. Grain yield per plant 

18. Har:vest irrlex 

19. Weight of lOO seeds 

20. Voltnne of 100 seeds 

21. Seed density 

22. Seed fonn 

23. Seed color 

24. Brightness of cover 

25. Reaction to diseases 

26. Reaction to insects 

In all the descriptors cited, there exists a great variation in each 

one of them, as does a broad combination am:>ng them. Within sorne 

cbaracteristics that are inportant in :iiTprovem:mt prograrns, the followirg 

variations have been observed in plantings at CEVAMEX: 

I:ays fran plantin;J to first flower; 40 to 120 

I:ays fran plantirg to last flower: 20 to 65 

I:ays fran planti.n;J to maturity: 95 to 180 

Total plant weight: · 31 to 535 grams 

Yield per plant: 6 to 180 grams 

Har:vest irrlex: 0.03 to 2.3 

NLDnber of pods per plant: 11 to 270 

Weight of 100 seeds: 15 to 55 grams 

Voltnne of 100 seeds: 15 to 50 ce 

Density: 0.85 to 1.5 g¡cc 

Growth habit: I to V 
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'!he five types of grcMt.h habit are defined as follCMS: 

I. Detenninate, Dlsh, pods well-distrib.rt:ed on the plant, pods alm:Jst 

talch the grcmrl. Type: canario 101. 

II. In:ietenninate, bush, with srnall guides which alnost entwine, 

-well-distributed pods, pods rarely talch the grami. Type: Jamapa. 

III. In:ietenninate, guides of .interna:liate size with little terrlency to 

entw.ine, pods cx:>ncentrated on the lower part of the plant arrl which 

are frequentl y .in cx:>ntact with the grcmrl. Type: Negro 150. 

IV. In:ietenninate, large arrl t.an;Jlirq guides, well-distriruted pods; for 

this type to develop well, it needs to be planted with a su¡:port. 

Type: Accession 2068. 

V. '!he same as the previous one, but with nore vigor arrl a greater 

m.nnber of secx:>IXlary branches; it is generally later. Type: 

Accession 3476. 

Specific Evaluations 

Stability of 17 descriptors .in 197 aa::essions, in 5 envirornnents 

One of the objectives of bean inp:rovenent is to develop cultivars that 

will have a broad adaptation radius and at the same time their behavior 

will be the m:>st stable possible. On the other harrl, when Rlaseolus 

vulgaris accessions are characterized, it is necessary to use those 

characters that will be less influenced by environmental ciümJes. 

With these ideas .in mi.rrl, 197 aa::essions were planted, arrl they were 

selected as representative of broad variation which exists .in the gernplasm 

bank, .in five different enviromnents. In Annexes 1 arrl 2, .infonnation on 
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year of collection, altitude, latitude arrl lorgitude of the collection site 

for the trial iraterials, as well as their curaron nane, is presented. 

Regardi.rq the testin:} sites (Olapin:}o, Celaya, cotaxtl.a, Zacatecas, arrl 

Zapopan) , cl.imatic ~ters; altitude, latitude, arrl longitude; maxinum, 

minimurn, and average te.rrperatures; arrl average :rronthly rainfall fran May to 

October are presented. 

From each one of the accessions, rows six neters lorg were planted, 

separated fran each other by 80 an, with 30 an between plants. S\.l¡:p)rts 

were used on those parcels where necessary. Five plants with unifonn 

c:orrpetency were labeled arrl pertinez:tt observations were made on them; the 

average was uSed to make different canparisons. 

'!he characteristics of flower color, seed. shape arrl brightness, as well 

as angle of the pr.imary branches in iel.atipn to the main stem are 

rnaintained allnost constant. NevE;rth.eless, in the case of seed color, in 

SCliOO original accessions of mild cl.imate planted in winter (November arrl 

Decernber) in a d:cy tropic, .the color of harvested seeds is less intense. 

Resul ts obtained :reqarciin;J stem diameter can be surranarized in the 

follow~ manner: 

Olapingo Cela ya Cotaxtla Zacatecas Za¡:::opan 

Range in mm 4-11 4-10 4-10 6-13 4-12 

MOst stable accessions: 508, 559, 688, 943, 949, 1031, 1215, 2374, 2748. 

With greater diameter in Olapingo arrl Zacatecas: 51, 307, 543, 553, 888, 

903, 963, 969, 1546, 1651, 1657. 

With greater diameter in Celaya and Zapopan: 1553, 1571, 2475, 3476. 
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With greater diameter in Cotaxtla: 508, 960, 963, 1049, 1152, 2374. 

'.Ibe IOOSt stable materials in all envirorunents have growth habits II arrl 

III, sane bein] early arrl others intennediate, with an average plant yield 

arrl with large arrl srnall seeds. Accessions of the types cacahuate arrl 

Negro Tropical are bein] fourrl. 

Materials with a greater diameter in Cllapin]o arrl Zacatecas have 

nalium- to large-sized seeds; plants with habits III, IV, arrl V; are 

generally late: types known as canelo, Rebocero, arrl .Morado de Agua are 

fourrl in this group. 

Flor de Mayo, caña bean, arrl Zenete are types whidl have a large and 

stable stem diameter in Celaya and Zapopan, they have intel:ne:iiate-sized 

seeds, with habits III, IV, and V, arrl, in general, they are late and have 

an intermediate number of pcrls. 

In Cotaxtla, materials with greater diameter are from habit II, with 

srnall or large seeds of medünn earliness, arrl with fEM pcrls per plant 

except for accession 508. In addition, their yield per plant is good. '.Ibe 

types cacahuate, Japones, arrl Huasteco are present in this group. 

'!he followin] results were fourrl for the · characteristic number of 

intenlCXies: 

Cllapin}o Cela ya Cotaxtla Zacatecas Zapopan 

Range: 8-37 5-47 8-32 6-49 9-35 

Most stable materials: 627, 642, 643, 663, 790, 895, 963, 1035, 1460, 

1629, 2021, 3287. 

Accessions with a greater number of internodes in Cllapingo and Zacatecas: 
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530, 1597, 1638, 1697, 1603, and 3420. 

In Celaya and Zapopan, acx:::essions with a greater rnnnber of inte.rnodes were: 

96, 101, 701, 809, 1571, 1596, 1597, 1638, 2650, 2708, and 3476. 

Accessions 518, 530, 959, 1049, 1597, 1651, 1818, 3505, and 3613 are those 

which had a greater number of int.erncdes in Cotaxtl.a. 

'!he majority of stable materials are of types r, rr, and rrr and are 

generally early arxi intennediate plants, with low and inteJ:ne:liate yields 

with small arrl large seeds. 'Iypes cuarentano, Negro 'l'l:q:>ical, and 

Alrrendrillo are fourrl in this group. Materials with a larger rnnnbe.r of 

intemcx:les in all sites are of habits IV arrl V with snall- and 

int.ennediate-sized seeds, plants with rredium to late earliness and 

generally low yields. '!he following types are present: Rosa de castilla, 

Mexicano, Acalete, and Moro. 

'!he range of variation in the number of days f:rom planting to 

initiation of flowering was as follows: 

Cbapingo Cotaxtla Zacatecas Jalisco 

Range: 44-120 29-48 36-109 34-79 

'!he nost stable accessions in the four sites IrentionErl were the 

following: 187, 508, 627, 647, 663, 688, 949, 957, 959, 960, 1024 , 1035, 

1152, 1460, 1629, and 2021. All these materials initiate their flowering 

between 35 arxi 45 days after planting, the majority have habits r and rr, 
generally srnall or large seeds, with a srnall to intennediate number of 

pods, arxi average yiel<;l per plant is often low and in sane cases 

int.ennediate. Comroc>n nanes of sane of these acx::essions are cuarentano, 
Ejote, cacahuate, Japones, Frijola, Huasteco, De Vega, Bonbon, etc. 
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Stable collections arrl those with a :re::luca:i rn.nnber of days fran 

plantirg to the awearance of the first flowers in Olapirgo arrl Zacatecas 

were 187, 627, 647, 895, 960, 1024, 1035, 1152, 1629, 3288, and 3475, those 

which have the same characteristics mentioned in the previoos paragra¡il. 

In Zapopan, collections with a short pericxi fran plantirg to initiation 

of flowerirg were 187, 409, 539, 575, 627, 643, 647, 823, 895, 899, 960, 

1011, 1024, 1035, 1152, 1215, 1434, 1466, 1469, 1629, 1638, 2736, 3288, and 

3475. Characteristics of these materials are similar to those irrlicated in 

the case of stable accessions in all envirornnents. In addition, sane early 

materials are added, with large seed and with an intennediate rn.nnber of 

pods per plant. '!hose are kn<:Mn as ojo de cabra, cuarentano, canelo, arrl 

Pastilla. 

Urrler tropical corrlitions, such as in Cotaxtla, all the materials 

initiated their flowerirg between 35 and 45 days after beirg planted. 

'!he flowerirg pericxi, nurnber of days frcm first to last flowers, had 

the followirg ranges of variation: 

Cotaxtla Zacatecas Zapopan 

Range: 29-60 11-31 10-44 22-54 

Materials which showed thernselves to be the ll'OSt stable were 188, 539, 

544, 547, 555, 581, 627, 688 , 728, 849, 889, 902, 904, 907, 947, 965, 1011, 

1460, 1466, 1651, 1818,· 2681, arrl 3362. Of these accessions, 75% have 

grcMth habits III arrl IV arrl the rest have II and V. Fifty percent have 

large seeds and in the other 50%, medium-sized seeds predaninate; earliness 

is intennediate to l ateness ; and yield per plant generally ranges fran 

intennediate to high. Sorne of the materials are known by t.he followirg 

names: Bonl:x:m, Vaquita, Panza de · Ve.rt.ado, Bayo Rata, GIUllo, etc. 
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In Zacatecas arrl Olapirgo, materials which shc:Med stability arrl a short 

flowering period were 85, 145, 299, 586, 627, 688, 701, 895, 904, 1033, 

1035, 1152, 1215, 1460, 1629, 1798, 1818, 1868, 2310, 2375, 2533, 2748, arrl 

3475. '!Wenty-five percent have growth habits I arrl II, 35% have habit III, 

and the rest have habits rv arrl V. Intennediate arx.:l late early materials, 

with interna:liate arrl large seeds, arrl with small, intermediate, arrl large 

yields per plant are fourrl. cuarentano, cacahuate, Ejote, Español, 

Garbancillo, etc., are ccmron naroos by \Yhich the previously cited materials 

are known. 

'!he mnnber of days fran planting to maturity showed the following 

variation: 

Ola pingo Cela ya Cotaxtla Zacatecas Zapopan 

Range: 107-184 82-130 72-86 82-161 72-133 

'lhe most stable acx::essions in the five erwiro:rnnents were 187, 895, 949, 

1011, 1024, 1035, 1152, 1469, 1629, 1798, arrl 3888; 75% of which have 

growth habit I arrl the rest have growth habits II arrl III. All have large 

seeds, with a low nurnber of pods per plant, arrl their yields are generally 

low. Sorne ccmron naroos for these materials are cuarentano, canario, 

cacahuate, Ejote, ojo de Cabra, Peruano, Palacio, etc. 

In 01apingo arrl Zacatecas, stable materials with a short pericd fran 

planting to maturity were 187, 895, 1011, 1024, 1035, 1469, 1629, 3288, 

3402, arrl 3475. 'lhese accessions have already been mentioned in the grcq> 

of those with gocd stability in all erwirornnents. 

Stable acx::essions with a short period fran plantl.n3' to maturity in 

Celaya arrl Zapopan were 187, 575, 643, 64 7, 807, 895, 960, 1011, 1024, 

1035, 1215, 1409, 1469, 1629, 1638, 1798, 1845, 2533, 3288, and 3475. Half 

of these materials were already mentioned in the case of broad stability 
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arxi the other half have the sarne dlaracteristics of growth habit, seed 

size, I1Uili>er of pods per plant, arxi yield. 

In cotaxtla, differences in earliness were very small; 95% of the 

material planted matured between 74 arxi 80 days. 

Yield per plant, expressed in grams, had the follc:Mi.rg variations: 

Cela ya Cotaxtla Zacatecas 

Ran:Je: 6-180 11-149 9-92 19-388 11-224 

In the five test envirol'1100l1ts, materials which showed stability were 

72, 145, 187, 508, 627, 728, 889, 957, 963, 1023, 1035, 1152, 1818, 2374, 

arxi 3397. Within this material, representatives are foorrl for the five 

growth habits, seed size varies from small to large, the same as earliness 

arxi yield per plant. It is CCllU"OC>n within these materials to fi.rrl the J"lalreS 

of OJarentano, cacahuate, Huasteco, Bonbon, M:>ro, Almerrlrillo, arxi Apetito. 

Collections with greatest yield arxi stability in Olapi.rgo arxi Zacatecas 

were 200, 307, 575, 969, 1596, 1651, 2021, 2068, 2300, 2316, 2337, 2681, 

3338, arrl 3362. Gl::"CMtll habit of these materials can be IV or V, with 

int.ernmiate or large seeds, m.nnber of pods per plant is high, arrl, in 

general, plants are ·late, with IOC>re than 135 days fran planting to 

maturity. 'lhey are cx:mronly known as Morado de Agua, Grullo, Higuerilla, 

Zaroo, M:>ro, etc. 

In Zapopan arxi Celaya, the following accessions stcx:xi out for their 

stability and yield: 96, 121, 145, 307, 727, 889, 957, 963, 969, 1019, 

1075, 1657, 1868, 2068, and 3362. These accessions, _the great majority of 

which have large seeds and growth habits IV and V, are int.ernmiate or 

late. 'lhey are known by the following cc:mnon names: De Enredo, l>k>ro, 

Alrrendrillo, Blanco Grarrle, Arroz, etc. 
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Stable materials with good yield per plant in cotaxtla are 72, 83, 96, 

489, 508, 518, 688, 807, 903, 957, 1409, 2748, 3476, arrl 3613. Ten of 

these accessions have growth habit DI, three have habit V, an:l one has 

habit I. Seed size for half is srnall an:l for the other half it is large. 

'Ihey have a medium m.nnber of pods per plant an:l the largest majority are of 

intermedi.ate earliness. 'Ihey are cx:mronly known by the J'lélJTeS Huasteco, 

Grullo, Rebocero, Flor de Mayo, Negro Opaco, Isidle, etc. 

Total plant weight at maturity, expressed in grams, showed the 

following ranges of variation: 

Ola pingo Cela ya Cotaxtla Zacatecas Za¡::q:an 

R.arge: 31-535 31-283 17-156 36-752 42-604 

Aocessions that showed thernselves to be stable with a high total plant 

weight were 121, 307, 555, 1546, 1596, 1651, 2021, 2316, 2681, 2337, and 

3420. Plants fran these materials are of growth habits IV and V, are late, 

have a high nurnber of pods and a large yield per plant. 'Ihey are CCillllOnly 

known as Borrego, Parreleña, Obalado, Pecoso, etc. 

In the fi ve envirornnents, materials rrentioned as follows were stable in 

Olapingo an:l zacatecas: 299, 508, 627, 642, 643, 963, 994, 1023, 1035, 

1152, and 3748. 'Ihese materials have growth habits I, II, and III, and, in 

general, their seeds are intenre:liate-sized. In addition, their yield per 

plant is intenned.iate, and they can be early or inteJ:roediate arrl have a low 

or medium nurnber of pods per plant. Ccmnon J'lélJTeS with which they are 

frequently designated are cuarentano, cacahuate, Huastecx:>, Bonbon, 

Zamorano, Flor de Mayo, Rosita, etc. 

In Celaya and Zapopan, materials which had a high total plant weight 

and which showed stability are 96, 121, 969, 1019, 1075, 1571, 1634, 1676, 

1868, 1908, 2650, and 3362. 'Ihey are corrrnonly known as De Enredo, De caña, 
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Isiche, Morado de Agua, Ejotero, etc. 

Accessions which had a high total plant weight in Cotaxtla were 508, 

518, 555, 688, 1045, 1049, 1075, 1129, 1221, 2748, 3476, and 3613. The 

great majority have growth habits IV or V, with low-yielc:lirg srnall seeds 

and rnedium earliness. Common names of these materials are Negro ~co, 

Manzano, De Enredo, De Pascua, Ancho, Zi.n:Juiño, etc. 

Harvest irrlex was defined as the relation between yield per plant 

di vided by total dry plant weight, from which yield per plant was 

subtracted. Variation observed in this character was the following: 

Chapingo Cela ya Cotaxtla Zacatecas Zapopan 

Range: 0.30-2.25 0.28-3.11 0.10-3.75 0.10-3.30 0.15-2.47 

In test envirornnents, the most stable materials were 51, 188, 544, 575, 

586, 637, 647, 663, 688, 849, 994, 1651, 1845, 1868, and 3288. They mainly 

have grcMth habits I, II, and III, and occasionally habit IV. Seed s ize 

varies from small to large, the s.ane as mnnber of pcxls per plant and yield 

per plant. 'Ihese collections are known as Colima, Flor de Mayo, De Vega, 

Huasteco, Arroz, Borrego, etc. 

Stable materials in Cllapingo and Zacatecas that at the sarne ti.Jre have a 

high harvest irrlex were 508, 575, 637, 663, 688, 790, 969, 1460, 1676 , 

1868, 2558, and 2748. 'Ihese collections, except for two, have growth babit 

IV, intennediate and iarge seeds, and an intennediate to long pericxl from 

planting to maturity. 'Ihe m.nnber of pods per plant and yield are high. 

Huasteco, De Mata, Pastilla, Morado de Agua, Arroz, Tigre, etc., are c:::onuron 

names of these materials. 

In Celaya and Zapopan, accessions 602, 637, 762, 907, 963, 993, 1001, 

1031, 1460, 1676, and 2374 are stable and have a good harvest .in:lex. 
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Eighty percent of them have growth habit III, arrl growth habits II arrl IV 

are fourx:l in equal proportion. Nine of the eleven ma.terials have large 

seed, arrl the rest have srnall. '!he rn.nnber of pods per plant is low, yield 

per plant varies from low to intermedia te, arrl the number of pods per plant 

varíes in the same manner. 'Ihese ma.teJ;ials are camnanly .knc1.m as 

Allnerrlrillo, Azufrado, Perla, cacahuate, Bayo Rata, etc. 

Materials which were outst.a.rrlinJ for their high ha.Ivest irrlex in 

Cotaxtla were 145, 508, 823, 903, 957, 963, 1215, 1409, 1547, 1603, 1629, 

1909, 3362, 3475, and 3613. Seventy peroent of these have growth habit IV 

and the rest have growth habi ts I arrl II. Arourrl 50% have large seeds an:i 

the rest have small to intennediate ones. Yield per plant arrl number of 

pods per plant are high. Burro, Rebocero, Bola, Huasteco, Almerrlrillo, 

etc., are conunon names by which these accessions are .knc1.m. 

Variation observed in the nl.II'Cll:>o_r of pods per plant was the following: 

Chapingo Cela ya Cotaxtla Zacatecas Zapopan 

Range: 11-279 11-111 7-61 16-278 24-198 

'!he following accessions stood out at the five sites for their 

stability: 84, 508, 627, 675, 701 , 728, 888, 949, 1023, 1033, 1035, 1152, 

1469, and 1629. '!he five growth habits are found in these accessions, seed 

size ranges from small to large, yield per plant runs from low to 

intennediate, arrl the number of days from planting to ma.turity fluctuab25 

from earliness to lateness. Names by which these ma.terials are .knc1.m are 

cacahuate, Cllarentano, Huasteco, Bonbon, canelo, Patachete, etc. 

Materials which had a high number of pods per plant arrl at the same 

tine were stable in Zacatecas and Chapingo were 51, 121, 188, 286, 307, 

555, 575 , 809, 965, 1603 , 1868, 2021, 2068, 2337, 2375, 3007, and 3368. 

Predaminant growth habits for these accessions are IV arrl V, seed size goes 
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fran small to large, plants are late, they have a high rn.nnber of pods per 

plant, arrl they have a gcxxl yield. '!bey are CCIII'IOilly .knc:Mn as Vaquita, 

Franela, Arroz, Gal:banza,_ Pastilla, Pecoso, etc. 

In Zapopan arrl Celaya, the following a<::'O:!SSions were stable arrl had a 

high rn.nnber of pods per plant: 70, 96, 121, 188, 307, 581, 701, 728, 1571, 

1634, 1676, 1868, 1908, 1919, arrl 2068. They have growth habits IV and v, 
intennediate to late earliness, intennediate to high average yield per 

plant, arrl meditnn to large seed size. 'lhey are cxrrm:>n.ly known as Vaquita, 

M:>ro, Ejotero, Arroz, Guadalupano, etc. 

Accessions whidl stood out in Cotaxtla for I11JI1't)er of pods per plant 

were 167, 286, 299, 489, 508, 518, 1225, 1547, 1603, 2558, 2748, 3288, 

3613, arrl 4016. Growth habit IV predorninates, yield per plant is average 

to gcxxl, earliness is meditnn, and seeds are meditn'll-SÍzed. '!bese materials 

are known by the narres Negro Opaco, Aceitunado, Zanorano, Amapolo, 

Zacapeño, Colima, etc. 

'!he rélDJe of variation obsel:ved in the number of grains per pod in the 

five test environments were: 

Olapingo Cela ya Cotaxtla Zacatecas Zapopan 

Ran:Je: 3-6 2-8 2-8 4-7 3-7 

At the five sites, materials which shCMed stability for this 

characteristic were 489, 508, 543, 663, 688, 919, 957, 969, 1023, 1152, 

1215, 1551, 15971 1909, 2139, 2374, 2744, 32871 3402, 3475, arrl 3505. 

Growth habits for these accessions vary fran I to V, arrl seed size, rnnnber 

of pods per plant, and yield per plant are equal, rang.inJ fran small to 

large. cacahuate, Huasteco, cuarenteño, Gnll.lo, Tzama, lenteja, etc. , are 

common names by which these beans are known. 
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In Olapi.ngo an:l Zacatecas, materials which had a high rn.nnber of grains 

per pod an:l showed stability were 489, 508, 530, 555, 663, 804, 895, 1033, 

1651, 1657, 1697, 1868, 1909, 2316, 3476, and 3613. These materials have 

plants with grovrt:h habits II to V, with those havi.ng small seeds 

predaninati.ng. They have nalium to late earliness, arrl yield per plant and 

number of pods per plant vary fran average to high. 'Ihese types of bean 

are Jmown as Huasteco, Español, Borrego, Bonbon, Arbolito, Jarocho, 

Acalete, etc. 

Accessions with a high number of grains per pod arrl that were stable in 

Zapopan and Celaya are 508, 555, 642, 653, 663, 688, 701, 943, 1019, 1034, 

1215, 1551, 1908, 1909, 2708, 3287, and 3505. Growth habits for these 

materials varied fran II to V, the great majority have small seeds, the 

m.nnber of pods per plant varies from low to intennediate, the sane as yield 

per plant. Blanco Olico, Berrerrlo, Barreton, Peruano, Mantequilla, arrl 

Huasteco are names by which these beans are known. 

In Cotaxtla, accessions which had a high rn.nnber of grains per pod were 

187, 508, 530, 663, 688, 1215, 1225, 1409, 1551, and 2744. Growth habit IV 

predorninates, seed size is sma11, yield is fran !CM to int.enra:tiate, and 

the m.nnber of pods per plant is intennediate, the same as earliness. 

Weight of lOO seeds varied in the followi.ng manner: 

Ola pingo Cela ya Cotaxtla Zacatecas Zapopan 

12-51 12-59 17-61 12-56 16-50 

Stable accessions in the five environments were 40, 89, 187, 347, 489, 

508, 530, 539, 559, 581, 602, 637, 663, 688, 728, 809, 904, 947, 957, 993, 

1019, 1031, 1547, 1868, 1909, 2068, 2316, 2508, 2533, an:l 3505. Growth 

habits I, II, and III predorninate for these rnaterials, with less frequency 

for habits IV an:l V. Yield per plant ranges from lc:M to high, the same for 
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nurnber of days from planting to rnaturity. I.J:M arrl int:eim:rliate m.nnbers of 

seeds per pod predcminate. 'lhese aocessions are cx:mronly knc:Mn as Frijola, 

Huasteco, Man;¡uilla, Grullo, Arroz, Moro, Palacio, Bayo Rata, etc. 

Stable rnaterials with heavier seeds in Olapin]o arrl zacatecas were 145, 

200, 544, 547, 559, 711, 804, 892, 899, 903, 923, 957, 960, 969, 997, 1950, 

2558, 3288, 3633, arrl 3888. Plants fran these aocessions generally have 

growth habits IV or V, they are late, they have a nalit.nn to large l1lii1i:Jer of 

pods arrl yield per plant. Fanners call them Japones, a.trro, Grullo, Morado 

de Agua, Panza de Venado, canelo, Rebocero, etc. 

In Zapopan arrl Celaya, collections tllat showed stability in 100-seed 

weight were 347, 539, 544, 559, 575, 899, 902, 903, 907, 919, 957, 969, 

1152, 1434, 1651, 3007, 3288, 3362, 3633, 3885, arrl 3888. Growth habit III 

is the nost comroon for these plant accessions. 'lhey are early to 

intermediate, they have a low ntm1ber of seeds per pod, ard yields are low 

arrl intennediate. 'Ihey are comroonly knc:Mn as cacahuate, Borrego, 

Rebosillo, Grullo, canelo, Pastilla, Franelo, ojo de Liebre, etc. 

Urrler tropical corrlitions in Cotaxtla, rnaterials whidl bad the greatest 

lOo-seed weight were 347, 539, 544, 575, 804, 899, 901, 902, 957, 969, 

1152, 1434, 1629, 1950, 3362, 3475, and 3633. Their plants have growth 

habits I, III, arrl IV. They possess a low rnnnber of seeds per pod, their 

yields can be low arrl average, the rnnnber of pods per plant is low, arrl 

they have an intermediate earliness. 

Accessions whidl showed less variation in the greatest rn.nnber of 

descriptors in the five environments can be considered stable in general. 

Collections which showed stability in three or nore dlaracters are shown in 

Table 4. In this table, one can observe that rnaterials have growth habits 

I, II, arrl III, they are early, arrl seeds can be large or small. 
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Search for sources of drought tolerance 

Frcm just over six years ago, the Bean Deparbrent began systematic work 

in order to identify materials which showed the greatest tolerance possible 

to stress produoed by the lack of water in the JrOSt critica! season for 

grain production. For that, urrler controlled humidity corrlitions, research 

was begun to initially test the 197 accessions to which we have previously 

referred. Frcm this initial work, it was concluded that collections with 

grc:Mth habits I, II, IV, arrl V, urrler the ecological corrlitions of 

Francisco I. Madero, D.lran;}o, had few probabilities for sua:::ess. 

'Iherefore, frcm that time on, more than 7200 materials of growth habit III 

have been tested. Sorne of the materials collected in Mexíco that have 

shown the greatest tolerance to drought are presented in Table 5. 

Sources of resistance to eleven physiological races or pathotypes 

of Colletotrichum lindemuthianum 

Of the 197 accessions that are shown in Annex 1, 179 were inoculated 

with eight physiological races or pathotypes of ~. lindemuthianum urrler 

greenhouse corditions with the goal of discovering the reaction of the 

materials to each one of the races arrl to detect the JrOSt resistant ones. 

'Ihe pathotypes were originated frcm isolations made frcm pods arrl¡'or 

infested seerls, which were collected in Cllapingo, MeJdco; Victoria arrl 

Madero, l)rrango; arrl Tepame, Jalisco. '!bey were designated as MA-11, 

MA-16, MA-23, MA-24, Mll.-25, MA-26, arrl MA- 30. 

'Ihe 14 collections that are presented in Table 6 were resistant to the 

8 pathotypes; 22 were susceptible to all of them arrl the rest showed great 

variability in susceptibility arrl resistance. 

Upon examining Table 6, we becorne aware that there were no materials 

frcm habit II that were resistant to all the pathotypes, there being great 

variation in relation to days frorn planting to maturi ty, in 100-seed 
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weight, arrl in other descriptors. 

Tolerance to hiqh tenperatures 

In order to search for materials that watl.d produce acoeptably when 

bean plants (in the period fran flowerin} to maturity) fim thernselves 

developin} at high t.errperatures arrl at relative hmnidities that var.y fran 

45% to 70%, they were planted at Oi. Cbregón. 'Ihey are the materials that 

are mentioned in Armex 1. 

Plantin} was carried out on March 12, so that plants ( durin} the period 

from beginnin} of flowering to maturity) were sul::.mitted to maxim..nn 

t.enp:uatures of 33 to 36 °c during the nonth of May arrl of 34 to 38 °c in 

June. Only 73 accessions produced seed and of the remainin} 124, 23 did 

not produce fl<Mers arrl 101 flowered but did not produce pods. 

In Table 7, some accessions whose yield arrl number of pods per plant 

were superior are presented. Upon analyzing the inforrnation, one sees that 

the material collected in the state of ariapas arrl especially that which 

originated in Acala is the most tolerant. 

Pe.rspectives for usin;J the Bank 

In a short- arrl Jredium-tenn future, the use of the materials deposited 

in the bank will deperxi on the inforrnation with which one can count on l'lOW. 

And on that which will be collected, it can be transrnitted a_wropriately to 

breeders so that they will be convinced of the i.np:>rtance of its 

incorporation into improverrent pro;p:cnns. It is necessary for pecple who 

work in bean breeding genetic resources to receive from breeders needs for 

specific materials for their programs. 'lllose programs shc:W.d focus their 

wor1c in that direction. 

Because of human resources arrl econ<:mic limitations in Mexico arrl 

perhaps in all national agricultura! research centers in Iatin Arnerica, it 
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is necessacy to look for working agreements within the institution itself, 

or with national arrl international entities, which will all CM a maximizing 

of resources to be able to adequately satisfy de.marrls for infonnation arrl 

rnaterials. 

On the other harrl, arrl because of limitations nentioned, it is 

necessacy to prioritize bank activities, working on problerns that shoold be 

attacked. It is alm:lst in'q;x>ssible, with the current state of the bank's 

knowledge, to be able to oarnply satisfactorily with specific requests for 

certain rnaterials. 

'I'akinJ into consideration the rn.nnber of aa::essions of sare large banks, 

it would be convenient, as in the case of work which has been described 

previously, to look for sare manner of havin;J, with an appropriate but 

reduced nurnber of rnaterials, a broad representation of the stored 

rnaterials. 'Ihis allows detection, in a given case, of what type or type of 

rnaterials the characters sought are found in. A:fterward, IOC>re intense 

research with a greater rn.nnber of rnaterials can be directed specifically 

tcMa.rd this type of aa::essions. 
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Table l. COnpJsition of the Rlaseolus gentplasm bank of the INIFAP 1 

Mexioo 1 1988. 

Cultivated fonns 9.662 

g. vulgaris 8.395 
g. a:x:::cineus 904 
g. acutifolius 218 
g. luna tus 145 

Wild fonns 989 
g. vulgaris 499 
g. a:x:::cineus 210 
g. acutifolius 60 
g. luna tus 40 
g. macula tus 29 
g. pedicellatus 25 
g. leotostachus 23 
F. macrocarpus 22 
other 16 species 81 

Total 10.651 
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Table 2. Geogra¡;iric origin of the .P. vulgaris aocessions in the gernplasm 
bank of the INIFAP 1 Mexico 1 1988. 

América 

North America 183 
Mex.ico 5.545 
Central America 1.009 
'!he caribbean 40 
South America 642 

Total 7.419 

Europe 

Central 120 
Westem 387 
Eastem 58 
Mediterranean 198 
Northem 10 

Total 773 

Africa 58 

Asia 143 

Oceanía 4 

Total 8.395 
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Table 3. Collections of cultivated P. vulqaris made in eadl federated 
entity of Mexico, 1988. -

Entity Number Entity 

Aguascal.ientes 276 Nayarit 52 
Baja california N. 3 Nuevo I.eál 24 
Baja califor.nia s. 8 oaxaca 215 
Cémpeche 27 PUebla 901 
Coahuila 41 ~erétaro 59 
COliina 15 ~Roo 9 
Oriapas 745 San lllis Potosi 163 
arihuahua 112 Sinaloa 27 
~o 181 Sonora 48 
Distrito Federal 1 Tabasco 1 
Guanajuato 232 Tarnaulipas 15 
Guerrero 86 Tlaxcala 139 
Hidalgo 104 Veracruz 208 
Jalisco 289 Yucatán 2 
México 286 Zacatecas 178 
Michoacán 239 Unknown 279 
Morelos 81 To be documented 507 

Total 5.046 
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Table 4. Accessions with three or IIDre stable dlaracters, Mexico, 1988. 

Accesion No. of camron Growth D:lys to 100-seed* 
number characters narre Habit maturity weight* 

{g) 

508 7 Huasteco II 98 19 
627 6 Bonbon II 97 23 
688 6 De Mata II 98 25 
1035 6 Olarentano I 85 39 
1152 6 cacahuate II 93 50 
663 5 De Vega II lOO 20 
949 4 cacahuate II 85 38 
957 4 Grullo III 113 51 
1023 4 Amarillo III 97 28 
1629 4 Ejote I 85 39 
187 4 Frijola I 85 37 
728 4 Moro III 115 25 
963 3 Allnen:lrilla III 111 30 
1460 3 Bayo Rosa III 99 43 
2374 3 cacahuate II 98 43 

* Mean of the five envirorarents. 
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Table 5. Materials tolerant to ch."a.lght in Fran::isoo I. Madero 1 ~o 1 

Mexico 1 1988. 

lOo-
Accesion ·())llection site ~ys to seed 
Il1lltiJer Al t. Iat. ~- maturity weight Grain color 

(m) (g) 

282 1.941 19:43 101:11 88 28 PW:ple with cream 
339 1.611 19:26 102:05 124 25 Bay 
342 1.456 19:36 102:29 157 27 Bay with pink 
637 1.800 16:50 92:25 110 30 Red 
867 1.600 20:23 100:00 115 17 Bay 
975 1.979 21:53 102:18 109 27 Black 
1419 28:12 105:34 101 29 Bay with ¡:m:ple 
1514 1.981 21:27 100:53 103 32 Bay 
1673 18 : 56 99:47 103 21 Bay 
1678 110 21 Black 
1710 114 45 Bay 
1698 35 16:30 100:53 81 10** Gray with black 

* Infonnation provided by Dr. Jorge Acosta. 

** Wild material. 
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Table 6. Accessions resistant to eight pathotypes of ~. lin:lenuthiarn.nn, 
Mexico, 1988. * 

Accesion Growth fays to 200-seed 
number Collection site Habit marurity weight 

187 El Mirador, Gto. I 85 38 
518 Jalac~o, Ver. V 130 18 
530 Atzalán, Ver. V 128 17 
701 Teapizca, Chis. V 142 28 
902 Pabellón, Ags. V 140 50 
1049 san Cristóbal de las casas, 

Chis. V 135 38 
1549 Taxco, Gro. IV 121 21 
1603 El Grullo, Jal. V 140 18 
1629 Tequila, Jal. I 85 40 
1798 zitacuaro, Mich. I 89 37 
2175 Puebla, Pue. IV 115 20 
2604 Oi. Victoria, Tamps. III 101 22 
2708 Estanzuilla, Ver. IV 108 21 
3505 San Cristóbal de las casas, 

Chis. V 145 27 

* Infonnation generated in thesis work done by Eduardo R. Garrido R. 

Table 7. Accessions that were most tolerant to high terrperatures in the 
period f:rom flower~ to rnaturity, Mexico, 1988. 

Accesion Days to Days to Yield/ Pods per Growth 

rorber Collection s ite flower maturity plant plant Habit 
(g) 

76 Yahual ica, Jal . 53 100 17.0 35 IV 

77 Teocaltiche, Jal. 57 104 16.9 15 V 

637 Oxchic, Chis. 47 104 19.8 26 IV 

650 Acala, Chis. 65 100 15.7 24 1 

659 Acala, Chis. 57 100 18.4 24 111 

674 Acala, Chis. 59 100 17.7 25 11 

685 Bejucal , Chis. 65 100 24.8 29 111 
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Annex l. Idenfication data of 197 .f. vulgaris. a~ions. Mexico, 1988. 

Accession Year of Altitude North West 
1'lUl'l'ber collect. (m) Iatitude I.DnJitude o:rmon name 

40 l. 700 18:51 98:25 Marguito 
51 1945 1.700 21:10 102:28 Teirpranillo 
70 1948 2.240 21:27 102:35 Burro Bola 
72 1950 19:38 103:36 Apetito 
83 1948 1.880 21:08 102:52 Oricharo 
84 1948 21:36 102:24 Tepetate 
85 2.240 21:27 102:35 Tepetate 
89 1948 20:08 103:11 Píldora 
96 1950 1.960 20:49 102:46 Moro 
101 1947 19:32 103:24 Mexicano 
121 1949 1.589 20:41 103:20 
145 1952 1.932 22:23 103:11 Burro 
167 1948 1.736 20:13 101:08 Amapola 
187 l. 777 20:56 101:35 Frijola 
188 1945 1.895 21:09 100:56 Vaquita 
200 1946 1.852 20:57 100:45 Alubia 
286 1948 1.575 20:03 102:44 Zacapeño 
299 1950 1.575 20:03 102:44 zam:>rano 
303 1950 1.575 20:03 102:44 canutillo 
307 1948 1.540 20:16 102:20 Pecoso 
347 1948 2.675 Rel::x:>cillo 
489 1955 30 19:04 96:09 De artx:>li to 
508 1955 Huasteco 
518 1955 1.944 19:49 97:18 Negro q:,aco 
530 1966 1.600 19:48 97:13 Acalete 
539 1948 1.850 22:34 102:13 Aceitito 
543 1948 1.850 22:34 102:13 Lenteja 
544 1948 1.850 22:34 102:13 Panza de Venado 
547 1948 1.850 22:34 102:13 Morado 
553 1948 1.800 21:22 100:52 lagunero 
555 1948 1.800 21:22 100:52 Manzanero 
559 1.800 22:47 102:36 · Manteca 
575 1948 Pastilla 
581 1948 22:28 103:09 origuelo 
586 1.300 22:34 102:13 cuarenteño 
592 1954 1.300 22:34 102:13 Pardo Barqueño 

602 2.612 22:38 103:40 Jacalito 
627 200 16:06 93:45 Bonbon 
637 1946 1.800 16:50 92:25 Tigre 
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Annex l. Cont. 

Acx::ession Year of Altitude North West 
nurnber collect. (m) I.atitude IDngitude o:mton name 

642 1946 1.200 16:20 92:34 Shanquil 
643 1946 1.530 16:15 92:08 Barre ton 
647 1946 600 16:18 92:25 Huet 
651 1946 550 16:31 92:44 Tsajal-<llelnek 
663 1947 1.635 16:15 92:08 -De Vega 
675 600 16:45 93:09 Patachete 
688 1950 1.500 15:25 92:07 De Mata 
691 1950 1.500 15:25 92:07 De Vara 
701 1950 1.500 16:33 92:28 
711 1948 2.435 20:09 98:43 Al.inonado 
725 1943 1.102 20:22 99:39 Higuerilla 
728 1948 1.102 20:22 99:39 Moro 
747 1948 2.435 20:09 98:43 Garambullo 
752 2.435 20:29 99:13 Franciscano 
762 2.050 20:14 99:13 
785 1952 1.734 23:50 104:14 
790 1952 1.898 24:03 104:40 Chanp.lrrado 
804 1.668 24:47 104:27 Jarocho 
807 1976 23:43 103:49 ojo de cabra 
809 1976 23:57 104:03 Negro Brillante 
820 1976 24:31 104:21 Amarillo Brillante 
823 1955 3 23:12 106: 25 Bañarta 
849 200 21:15 98:47 Huatusa:> 
888 1952 1.609 25:32 103:28 canelo 
889 1945 1.950 22:14 102:19 Bayo 
892 1945 1.979 21:53 102:18 Manchado 
895 1945 1.979 21:53 102:18 Español 
899 1945 1.950 22 :14 102:19 canelo 

. 901 1945 2.217 22:11 102:21 Panza de Puercx> 
902 1945 2.217 22:11 102:21 Grullo 
903 1945 2.217 22:11 102:21 Rebocero 
904 1945 2.217 22:11 102:21 Guero 
907 1945 2.217 22:11 102:21 Bayo Rata 
919 1.950 22:14 102 :19 ojo de Liebre 
923 1.979 21:53 102:18 Garrapata 
943 1952 1.979 21:53 102:18 Mezquitillo 
947 1954 1.979 21:53 102:18 Bayo Palacio 
949 1.979 21:53 102:18 cacahuate 
955 1.979 21:53 102:18 Garbancillo 
957 1.979 21:53 102:18 Grullo 
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Annex l. Cont. 

Accession Year of Altittrle North West 
mnnber oollect. (m) Iatittrle ~itooe Ccnm:>n name 

959 1.979 21:53 102:18 Alubia fwBiiana 
960 1.979 21:53 102:18 Japones 
963 1.979 21:53 102:18 Allrerrlrilla 
965 1.979 21:53 102:18 Garbanza 
969 1.979 21:53 102:18 MOrado de Agua 
972 1.979 21:53 102:18 Chivitas 
993 1.979 21:53 102:18 Flor de Mayo 
994 1.979 21:53 102:18 Flor de Mayo 
997 1.979 21:53 102:18 Bayo Rosado 
1001 23:20 109:45 Azufrado 
1011 1948 1.610 15:26 100:52 Peruano 
1019 1952 1.840 28:41 100: 33 Blanco Grarrle 
1023 1952 1.140 25:32 103 : 28 Amarillo 
1024 1965 1.589 25:25 101:00 canario 
1031 1954 494 19:15 103:44 Perla 
1033 1954 494 19:15 103:44 Repita 
1034 1954 494 19:15 103:44 Berrerxio 
1035 1946 2.755 16:46 92:38 cuarentano 
1045 1954 2.755 16:46 92:38 Trapichito 
1049 1954 2.755 16:46 92:38 Frijol Ancho 
1975 1954 1.530 16:15 92:08 De Enredo 
1129 1954 1.500 16: 46 93:23 Zi.riacatan 
1152 137 14:55 92:16 cacahuate 
1215 1972 564 16:39 93:48 cuarenteño 
1221 De Pascua 
1225 Concecionero 
1351 1976 500 16:34 92:48 Narrlal.tnne 
1392 1976 l. 770 16:34 92:28 Gato 
1409 28:32 107:30 Ojo de cabra 
1434 1966 2.440 Chicharo 
1439 900 28:10 108:30 De Verano 
1445 900 28:10 108:30 Granizo 
1460 1977 1.600 27:57 106:07 Bayo Rosa 
1466 1977 1.500 31:38 106: 20 Amarillo Flojo 
1469 1978 1.490 31:38 106:20 ojo de cabra 
1490 1952 1.734 23:50 104:14 
1492 23:57 104:03 Pinto 
1546 1946 Pai"raleño 
1547 1.735 18:33 99:36 Bola 
1549 1.735 18:33 99:36 Acerado 
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Aimex l. Cont. 

Accession Year of Altitude North West 
ntli'I'OOr oollect. (m) Latitude I..orgitude Ccmron ~ 

1551 1952 290 18:19 101:45 Pan caliente 
1553 1952 38 17:58 101:48 Plaro 
1571 1966 De caña 
1592 1955 2.181 20:05 98:22 Serrano 
1596 1945 20:08 103:03 Rosa de castilla 
1597 1945 1.500 19:32 103:45 Rayado 
1603 952 18:48 104:13 café Claro 
1623 1.280 20:50 104:43 Garbancillo Grarrle 
1629 1965 1.215 20:52 104:51 Ejote 
1634 1965 20:20 102:46 Guadalupano 
1638 1965 1.215 20:52 103:51 Fríjol del Diezmo 
1651 1965 1.550 20:33 101:31 Borrego 
1657 1965 1.550 20:33 102:31 Zarco 
1659 
1675 1957 1.847 19:12 100:08 Criollo 
1676 18:56 99:47 Ejotero 
1667 Cllamacuro 
1768 2.600 19:28 98:21 
1769 1965 1.751 19:48 102:42 Rebozo 
1798 1965 1.993 19:26 100:23 Palacio 
1818 1972 
1845 1.291 18:48 98:57 
1868 915 21:31 104:53 Arroz 
1884 1965 1.020 21:05 104:20 capulina 
1980 1948 2.150 16:42 94:48 Olarenteño 
1909 1948 01atito 
1979 1.526 16:47 96:40 Coral 
1922 1.526 16:47 96:40 Coco na 
1950 1965 1.572 17:48 97:47 
1954 1965 1.563 17:04 96:43 Mixteco 
1963 Colorado 
2021 1943 1.676 18:25 97:26 
2061 1943 2.458 18:52 97:22 Vaquita 
2068 1943 2.458 18:52 97:22 Vaquita 
2123 1943 1.285 19:22 98:33 ojo de Venado 
2124 .1943 2.278 19:17 98:27 De TeJnporal 
2132 1946 1.213 18:12 98:13 Tabaquillo 
2139 1952 18:51 98:25 
2151 1952 19:53 98:37 Tlapeño 
2161 1948 2.676 18:59 98:27 Mantequilla 
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Annex l. Cont. 

Accessic;>n Year of Altitude North West 
mnnber collect. (m) Iatitude I..DDJittrle CciTm::>n name 

2175 1952 2.209 19:02 98:11 Frijol de Milpa 
2300 1966 20:08 97:15 Bayo Arriñonado 
2310 1966 350 18:40 97:40 Frijol Shinaliea 
2316 1966 2.315 19:02 98:02 Parrañelo 
2337 1966 19:06 97:33 Pinto 
2374 l. 790 19:49 97:48 cacahuate 
2375 Garbancillo 
2400 1965 1.676 18:25 97:26 Garabato 
2475 1972 350 18:40 97:40 Zenete 
2508 Bayo Rata 
2533 lagunero Mantequilla 
2558 1973 20:49 100:00 Aceitunado 
2559 1973 20:49 100:02 Pardo 
2604 1954 321 23:44 99:08 Bayo Chiquito 
2650 1966 2.100 19:19 98:19 Enredador 
2681 1963 2.340 19:18 96:46 <llarreado 
2708 1966 Ochenteño 
2724 1965 18:48 97:11 Olarro 
2736 1.258 18:51 97:06 Abalado 
2744 1968 Tzoma 
2748 1954 22:34 102:13 Zinguiño 
3007 1946 1.951 24:28 104:22 Franela 
3287 Blanco Chico 
3288 Colima 
3362 1973 17:08 97:44 
3338 1973 Amarillo de Mata 
3397 1976 De carrizo 
3402 1976 16:43 93:01 Patashite 
3420 1977 18:54 97:44 Blanco Abalado 
3475 1977 
3476 1978 Flor de Mayo 
3505 1977 
3613 1978 15:34 92:19 Isiche 
3633 1978 - cara de cabra 
3885 
3888 
4016 1979 23:36 100:42 Huevo de Viejito 
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Annex 2. Meteorological parameters of five sites, Mexico, 1988. 

M ay Jlrle July August Septen"ber October Noven"ber 

Chapingo 
Altitude: 2.250 msnm - Latitude: N-19:29 - Longitude: W-98:54 

Average mean temperature 26.9 25.7 24.3 24.3 23.5 23.5 23.4 
Averge mean temperature 17.3 17.3 16.2 16.0 15.8 14.6 12.8 
Average mínimum temperature 8.0 9.9 9.2 9.0 9.0 6.4 3.5 
Total rainfall mm 66.4 109.7 123.8 115.3 104.5 46.9 15.5 
No. of days with frost 0.86 0.15 0.00 0.09 0.36 2.40 7.52 

Zacatecas 
Altitude: 2.446msnm - Latitude: N-22 :47 - Longitude: W-102:35 

Average mean temperature 26.8 25.9 24.4 24.5 23.8 22.7 19.8 
Averge ~~an temperature 19.0 . 19.0 17.8 17.9 17.2 16. 2 14.5 
Average minimum temperature 5.6 7.0 7.5 5.8 4.1 1.0 -3.5 
Total rainfall mm 14.7 69.1 75.1 102.1 78.4 38.1 10.2 
No. of days with frost 0. 00 0.00 0.00 0.00 0.00 0.34 3.23 

Ce laya 
Al ti tude: 1. 752 msnm· • Latitude: N·20:31 - Longitude: W-100:49 

-.l 
~ Average mean temperature 32.2 30.6 28.5 28.6 27. 4 26.6 25.4 

Averge mean temperature 23.3 22.8 21.4 21.4 20. 6 19.0 15.2 
Average mínimum temperature ·14.4 15. 1 14 .3 14.3 13.8 11.4 8.7 
Total rainfall mm 26.5 106.0 115.6 114.7 93.4 44.1 12.4 
No. of days with frost 0.00 0.00 0.00 0.00 0.00 0.44 2.43 

~ 
Altitude : 1.589 msnm - Lat i tude: N-20:40 - Longitude: W-103:23 

Average mean temperature 31 . 2 28.7 26.0 26.0 25 .6 25.5 25.2 
Averge mean temperature 23.2 22.3 20.5 20.5 20.1 19.0 17.2 
Average mínimum temperature 14.0 15.9 15.3 15.1 15.1 12.4 9.1 
Tota l ra infall mm 24.6 164.6 250.3 195.6 148.8 59. 7 11.3 
No. of days with frost 0.00 0.00 0.00 0.00 0.00 0.06 1.50 

Cotaxtla 
Al titude: 30 msnm - Latitude: N-19:32 - Longi tude: W·96:06 

Average mean temperature 32.8 32.6 31.7 32.3 31.9 30.8 27.3 
Averge mean temperature 27.7 27.9 26.9 27. 2 27.0 25.7 23.6 
Average mínimum temperature 22.7 23.3 22 .1 22. 2 22.1 20.7 18.6 
Total rainfall mm 50.4 253. 2 313.5 247.9 245.5 83.6 39.0 
No. of days wi th f rost 0.00 0. 00 0.00 0.00 0. 00 0.00 0. 00 



RACES OF ~ BEAN, Rlaseolus vulgaris L. 

Shree P. Sin3h, Imriel G. Del:x:uck, an:i Paul Gepts* 

A large genetic variation in cx:mron bean (Fhaseolus vulgaris L.) is 

fourrl, but this is prcbably not distrib.rt:ed at rarrlan. Based on the 

ancestral an:i adaptive dlaracteristics an:i the ecological habitat, six 

races have been tentatively identified in cultivated c::x::amon bean genrplasm. 

'nlree of these eadl were of Middle-American (races O, J, an:i M) arrl 

Arrlean-American (races e, N, arxi P) origin. Distinguishing dlaracteristics 

of each of these races are described. 

Criteria Used for .Race Identification 

I.eaf, stem, inflorescence, flower, pod, arrl seed dlaracteristics arrl 

the extent of crossability, chrcm:>sc:ma pairing, and gene exdlange have been 

utilized for species characterization and establishment of the primary, 

secorrlacy and tertiary gane pools within the genus Fhaseolus (smartt, 1980, 

1985). It is believed that present day cultivated cx.tl'IOC>n bean (Fha.seolus 

vulgaris L.) evolved frcm its irnrnediate relative, the wild cx:::>111'0C>l1 bean. 

'Ihe wild c:x:moc>n bean crosses easily with cultivated fonns an:i produces 

nonnal, fertile progenies (Weiseth, 1954; Hannsen et al., 1987), an:i hence 

falls within its primary gene pool (Smartt, 1984). '!he geogra¡;túcal 

distribution of the wild C01'111'0C>n bean exterrls fran northern Mexico to the 

southern tip of the Arrles in Argentina (Debouck an:i ~, this vol\.IIOO). 

* Bean Breeder, an:i Gernplasm sepecialist, respectively, CIAT, A. A. 6713, 
cali, Colombia. Asstt. Professor, Dept. of Agroncm_Y an:i R.an3e Science, 
U.C. Davis, CA 95616, USA. 
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'Ihere are strikirg differenoes in leaf, infloresoenoe, flower, arrl seed 

cbaracteristics arrl habitats of wild bean fran the two extreme northem arrl 

southern region...c; of Iatin America (Burkart arrl Briicher, 1953; VarrlerlJorght, 

1987) although sane accessions, frcm Venezuela to Peru, exhibit 

intenrediate traits (Del:x:7uck arrl Tohme, this voh.nne). Present day 

cultivars of cx::Jitlon bean differ striJdngly fran their wild arx:::estors; 

nevertheless, sane of the traits fran the wild bean are still conse.rved in 

the cultivated types. 'lhese will be refered to as ancestral traits arrl 

will be descri.bed later. 

Variability in rorpho-agroncmic arrl rolecular traits in cultivated 

COlt1IOC)n bean follot'lS similar pattex:ns as those of wild bean of ctiffere.11t 

rr:gions. Harlan (1971, 1975) considered cormoc>n bean as a noncentric 

crop - \vithaut a specific a.rrl localized center of origin, but with wide 

ge<Y:Jraphical distrib.ltion of its wild relatives arrl multiple centers of 

domestication. Using phaseolin seed protein patterns, Gepts a.rrl Bliss 

(1985) a.rrl Gepts et al. (1986) separated both the wild a-rrl cultivated 

c:::x:mrcn bean of t-teso-.Airerica fran those of Arrlean Sa.rt:h America, arrl 

suggested two major darestication centers. 

Variability for grcMth habit, seed, pcxl, maturity, arrl adaptation 

ch.aracteristics is nuch greater in cultivated fo:rms than in wild CXJilUTIOn 

bean. Did this variability evolve after initial danestications? If so, 

this might reflect preferences arrl needs of the precolanbian civilizations 

wi thin their original envirornnents. Nonetheless, "We have at our disposal 

two groups of traits, narrely the ancestral arrl adaptive, to study the 

patterns of variation in cultivated gernplasm. 'Ihe tenn race is used here 

to define grotlpS of genrplasm accessions that share in CCI'IU'OC>n sane 

ancestral arrl adaptive traits, occupy similar ecological niches, and differ 

from other such groups in these attrib.rt:.es. A brief description of traits 

used for race ident.i.fication are below. 
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Ancestral traits 

As noted earlier these are traits fran wild bean that are still 

preserved in cultivated larrlraces and hence help identify the danestication 

oenters: Middle America (MA) vs. Andean America {M). 'Ihese include: 

I.eaf shaoe. 1he shape of the tenninal leaflet of the trifoliate leaf 

can be ovate (MA) or rhorr.bohedric (M). '!bese differences have been 

pointed oot by Brüdler . {1988) in the ~áld bean througha.rt: their rarqe. 

Bracteoles. Bracteoles of f.fA are large ovate exa:>eding the calyx arrl 

those of M are small lanceolate or slerrler, not exeedin;J calyx length 

(Gentcy, 1969). Small bracteoles are typically fourxi in the aborigineus 

form, distril::uted in sa.rt:hern I3olivia arrl AJ;gentina (Debouclc arrl 'l'o!nne, 

this volume). 

Standards. Striped arxi colored outer base of s~ (MA) v5. SiroOth 

arxi greenish (M) • 

Inflorescence. Multi-insertions (2-5) {MA) vs. few {1-2) insertions 

(AA). 'Iheir strik.irg dlaracter, measured by the mnnber of prirnary bracts, 

was first obsel:ved by Varxierborght {1983) 

Rlaseolin seed protein. 'lhe cultivated as well as wild bean from MA 

carry ¡:tlaseolin pattems of S, Sb, arxi Sd types arxi those fran AA possess 

T, e, H, A, I, arxi J types {Gepts et al., 1986; Koenig et al, ·1989) • . '!he B 

¡Xlaseolin patterns have been found in small-seeded accessions of cultivated 

and wild beans fran Colanbia. Sane cultigens fran Brazil and Central 

Arnerica also possess B phaseolin patteros. In general, there is mudl 

larger variability in ¡ilaseolin pratein patterns in wild pop.llations, a 

srnaller proportion of which are found in cultigens {Gepts et al., 1986; 

Koenig et al. , in press) . 
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Isozyme patterns. A sw:vey of nine polym:>1:p1ic isozyme loci has 

confinned the existence of the Mesoalrerican and Arrlean races. At severa! 

isozyme loci, Mesoanerican and Arrlean genotypes display contrasting 

alleles. For exanple, Mesoarnerican genotypes, in general, display the F 

(fast) allele of the enzyrres ril::ulose biph<JSI:'hate carl:x>Xylasejoxygenase and 

shi.kimate dehydrogenase, arñ the S (slow) alleles of the enzymes 

diaphorase-1 and leucine ~idaseJ; Arrlean genotypes, on the other 

h.ani, display the S and F alleles, respective! y. 

One or Jrore of these ancestral traits helps to divide cultivated 

gernplasm in 0..'0 groups, one each belonging to MA and M. donestication 

centers. It shoold, however, be noted that intenrediate f onus for most of 

these traits do occur and sane acce.c;sions In::"lY carry one or 1rore traits of 

MA and cr...her traits typical of lA pop.llations. 

Adaptive traits 

I.eaf hairiness. Small and reduced hairs or tridlc:mes (MA) vs. large 

and dense hairs (AA). 'Ibis distinction does not refer to the hooked hairs 

which are always present in any :Rlaseolus sensu stricto species (Marechal 

et al. , 1978) . Since the wild beans of both MA and AA possess hai.ry 

leaves, its reduction in cultivated MA gentt>lasm <:::alld be the consequence 

of dornestication. 

RJd tip. Ext.erxlin;J straight frc:rn the dorsal suture (MA) vs an 

intennediate position between ventral and dorsal (AA). 

Clllna.tic adapta.tion. Cc!'rllron .bean is orig.inally a short-day species 

favor:ing mild ternperatures. In tl1e zone between the tropics of America, 

ha.Yevc>.r, ccrnmon bean grc>\...S from about sea le-vel (~ grow:ing ternperature 

of 25 C) to 3000 m altitude (mean grawing ternperature of 12 ·to 15 C}. 

Consequently marked differences in photo-thermal responses are fourrl anong 

corrmon bean accessions from contrasting emrironments {Gniffke, 1986) within 
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the centers of danestication sud1 that when gernplasrn fran the highlarrls 

are grown in lowlarrls it may mt cx::me to flower arrl vice versa. Chtüon 

bean gernplasrn from eadl of the domestication oenter can grossly be divided 

into those fran highlarrls (1800 to 3000 m) , lowlarrls (O to 500 m) , arrl 

intermediate altitudes. 

Seed size. Variation in seed size of cultivated <Xlttton bean is very 

large(fran < 15 g to 90g/100 seeds) • 'lhese are amitrarily grouped into 

srnall ( < 25 g) , medium (25 to 40 g) , arrl large (> 40 gjlOO seeds) (Voysest, · 

1983). Wild bean fran Saith America has relatively larger seed than their 

MA counterparts; however, both are small-seeded (>5 to < 25 g/100 seeds) 

(Debouck and Tohme, this voh.nre), arrl it is believed that evolntion has 

been fran srnall to large-seeded fonns. '!he cultivated COI'I1lOC>n bean seeds of 

NA are on the average snaller than thos:a ,from M (EVans, 1976; Voysest, 

1983). 

Seed shape. Seed shape deperds upon the length, height and width of 

fully develcp:rl dry seed. Taken all together in descriptive tenns · these 

can be ro\.ll"rl, oval, elliptical, rhomboid, kidney, arrl cylirrlrical shapes. 

Seed shape of MA fonns are often eliptical arrl rhanboid while cylirrlrical, 

kidney, arrl :rcmxl types predaninate in AA gernplasm. 

Growth Habit. 'lhe type of growth of the terminal bud (vegetative or 

irrletenni.nate vs. reproductive or detenni.nate), stem stiffness (strong vs. 

weak), twinirq ability (absent, weak, or strong), arrl distribution of pcxl 

load or fruiting patterns (basal, along the entire length, or largely in 

the upper portion of the plant) can be utilized to characterize arrl 

classify ccmnon bean gernplasm in four principal growth habits (Sin;Pl, 

1982) • Detenninate upright (I) , irrletenninate upright (II) , arrl 

irrleterminate prostrate non-cl.irnbing arrl semi-cli.mbirxJ (III) gro;vth habits 

are comoonly referred to as bush type. 'lhese require no support for nornal 

g~1th and developnent, and are ~n extensively in sole crop as well as 

i..11 various intercropping. systems. On the other harrl, weak-stenvned, tall, 
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irxietenninate or detenninate (IV) plants with lon;J guides or leaders (i.e., 

elorgated terminal internodes, which are weak an:i possess ability to 

intertwine) are known as climbin:J or pole bean. 'Ihese always require 

stg?Ort, arrl therefore are either intezc~:q;ped with maize arrl other crcp:; 

orare grown on stakes or trellises. 

Principal ancestral arrl adaptive nor¡tlo-agronani.c arrl nolecular traits 

distinguishin:;J Meso-Anerican arrl Arrlean-American carm:>n bean are S\.Il'llllarized 

in Table 1. 

01aracterization of Races 

Evans (1973, 1976) grouped genetic diversity in cultivated Fhaseolus 

vulgaris from its primary centers of dcmestication in Middle (small--~ed) 

an:i South America (large-seeded) into five races based on grcM:h habit, 

number of nades on the ma.in stem, cl.irnb.in:J ability, éUrl seed size. She put 

small- arrl large-seeded cl.ilnbing types fran ~ddle arrl South America in 

Race 1 arrl differentiated them by adding subscripts A arrl B, respective! y. 

sane inportant groups of gernplasm of medium- arrl large-seeded cultivars 

fran the highlalrls of Meso-America arrl SOOth America were not oovered by 

her classification. Varrlerborght (1987) fourrl four stable natural groups 

cbaracterized by their different growth habits in lamraces of cx:mron 

cultivated bean from each of Meso-America arrl Arrlean 10CJU11tains. 

Am:>n:J genrplasm fran eadl danestication region, Sirx;Jh (1988, 1989) 

f ourrl marked differences in leaf, growth habit, inflorescence, flower, pod, 

and seed character.istics, arrl adaptation specificity. Based on these 

characteristics he classified dry c::orraron bean into 12 gene pools. '!he green 

or snap bean was grouped in two additional gene ¡;xx>ls. 

Based on genrplasm evaluations carried out thus far it \olaS possible to 

i dentify ancl separa te cornrron cul ti vated dry bean gennplasrn from each of 

Midclle America and lm:iean South Arnerica ]nto the following races. 
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Middle American 

Race M C for Meso-America) • 'lhis incllXles small-seeded ( < 25 g/100 

see.d) CCITIOOn bean of all seed oolors (often solid) am growth habits. Leaf 

size am intemode length are small, intennedi.ate or large. '!he group is 

dlaracterized by an ovate tenninal leaflet am short, thick ovate 

bracteoles. '!he starrlards of flowers possess marked stripes at the ooter 

base. Multi-poded inflorescence are fourrl in · sane a~ions. R:rls are 

8-15 an long, slen:ie.r, fibl."'OJS, am easy to thresh; they possess six to 

eight seeds. Ibaseolin seed protein patterns are pr:-ePaninantly •s•, rut 

can also be • Sb • am • B • • '!he race is distributed through~ the tropical 

lowlarrls arrl intennediate altitudes of Meso-Arnerica, colanbia, Venezuela, 

arrl Brazil. 

Race D (for p,gangol. CUltivars and landraces are predorn.inantly of 

ilrletenninate prostrate growth habit III (arrl IV), which is C'haracterized 

by relatively small to medhnn leaves, thin sterns arrl branches, short 

internodes' am by fruiting cx:mnencing fran am ooncentrated in the basal 

nades. Gemplasm in this group p:>SSesSes IOOdirnn-sized (5 to 8 en) 

flattened pods with four to five flattened rllanboid or elliptical seeds of 

medium size (25 to 40 g/100 seeds). Seed colors are often bayo-like or 

with a cream gray or pink backgroorrl. Rlaseolin types are predaninantly 

•s•, but sane a<XeSSions can carry the 'Sd'type. '!he race is distrib.lted 

in semi -arid central am northem highlairls of r~co arrl the sa.~th westem 

USA. 

Race J (for Jalisco) • 

climbing growth habit IV. 

'Ibis race is dlaracterized by irrletenninate, 

Plant · height can be over 3 m. '!he tenninal 

leaflet of trifoliate leaves are ovate arrl relatively large. Stem arrl 

branches are \'IE'ak and have lorg intemodes. Fruiting is either along the 

entire length or JOC>Stly in the t~ part of the plant. Pods are 8-15 en 

long and have five to eight medium-sized seeds, often of rourrl, aval or 

slightly elongated shape. 'lhese carry 'S' phaseolin patterns. 'lheir 
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natural habitat is the ht.nnid highlaoos of Central Mexico arrl Guatemala 

where maxinum diversity is foorñ. 

Arrlean South American 

Race N (for Nueva Granada). Gernplasm is IOOStly of gi:owth habits I, 

II, arrl III with nalium arrl lru:ge seeds (> 40 g/100 seeds) of kidney arrl 

cylirrlrical shapes which vary greatly in color. Leaves are often very lru:ge 

aro p.lbescent, wi th rhanboid terminal trifoliate leaflets. Stem internodes 

are inte.rrtmi.ate to long. Bracteoles are thin, elongated or lanceolate. 

Dry pcds are fibrous, hard1 medilDll to lonJ (10 to 20 an) 1 leathery, arrl 

possess four to six seeds. 'Ihe origin of pod tips is between ventral an:i 

dorsal sutures. Predaminant ¡;tlaseolin protein patt.enls are of the 'T' type. 

'Ihe race is distributed in intennediate altitudes( < 2000 m elevation) of 

the northern Andes in Colombia, Ecuador, arrl Pel:U, but it is also fourrl in 

Brazil and sorre caribbean countries including the D:Jrninican Rep.lblicl 

Haiti 1 aro OJba. 

Race e (for Chile). I..arrlraces arrl cultivars are predaninantly of 

indetenninate grtMt.h habit III. !bese are dlaracterized by relatively 

small elongated (:rhanboid) leaves, short intemodes, mediurn-sized (5-8 an) 

pcds often with reduced fibre, arrl rourrl to oval seeds (three to five per 

pcxl) • Morphologically, these lru:gely resemble genrplasrn frarn race D of 

Middle America, except that seeds of race e are rourrl or oval, arrl fruiting 

is IOOre sparse arrl al o~ the length of stem arrl branches. In sorne of the 

larrlraces1 striped pod color becares attractive, arrl in many countries 

these are harvested for physiologically mature green seeds (green shelled 

or 'granados') before drying begins. '!he IOOSt c:xmrcn ¡i'laseolin patterns 

are 'C' and 'H' types. 

!bis race is distr.ib.tted in relatively drier regions at lower 

altitudes in the southem Ardes (Bolivia, Chile, an:l Argentina). 
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Race P (for Perol. I<ey m:>rphological characteristics of gernplasm 

belon;Jing to this race are large l:hc!lix>id leaves, lorg ard wea.k internodes 

with either detenninate or ilrlet:P-nninate type IV clilrbing growth habit. 

Pods are often lorg (10 to 20 an) anl leathel:y. Fruiting is either alorg 

the entire stem length or in only the ur,t>er part of the plants. Seeds are 

large, often rallXi or oval. Predominant ¡ñaseolin protein pattems are e, 
H, am T types. 

'Ibis grrup is highly }ilotoperiod-sensitive arrl is adapt.ed to m::rlerately 

wet ard ccx:>l ten¡>eratures. '!he race is distributed fl:QU northenl Colanbian 

highlards (> 1500 m altittde) to Al:gentina. 

Discussion 

By far the largest differences are fourrl between canmon bean geznplasm 

fran Middle America and Arrlean South America. 'Ihese observations are in 

general agreenv:mt with those of Evans {1973, 1976), Gepts arrl Bliss (1985), 

Gepts et al. (1986), arrl Varrlerborght (1987). In both regions, however, 

there seems to be a parallel betWeen climate arrl growth habit. In both 

centers of danestication, for exanple upright ntsh types are Jrore CUtRton in 

relatively wanner lower altitudes, prostrate non-clini:>ing beans are Jrore 

CCl1100n in ccx:>l semi -arid regions, arrl aggressi ve clilnbers predaninate in 

ccx:>l arrl wet highlarrls. F\lrt:herrrore, in both Middle ard SOOth Anerica, 

relatively smaller-seeded fonns predominate in wanne.r climates arrl seed 

size increases with altitude. 

'!he race D • of Meso-Atoorica trorphologically resembles, to sare extent, 
race e from SOOth America. But the two groups, however, possess different 

¡;:ilaseolin-proteins, are geographically separated, and there are differences 

in allelic frequencies and in genetic associations of traits which 

predomina te in one g:roop b.tt are rare in the other. 
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Frequency of alleles for elon:Jated, cylirrlrical, an:l kidney shaped seed 

was high anDrg gen¡plasm frcm race N of so.rt:h Arrerica. on the contracy, 

the accessions of race D of Middle America had predaninance of scmewhat 

flattened an:l :rhanboid seed shapes. Similarly, the alleli c frequency of 

genes det:enniilirg various types of rnarblirg, spottin;J, ~tlin;J, stripirg, 

specklirg an:l other marks on seed coats was extremely low in the Middle 

American race M, b.rt: it was vezy high in races D an:l J of Middle Arrerica 

and all three races of SOOth America. Green-brown spottirg, a 

characteristic of pinto bean, brown stripirg foorrl in 'Ojo de cabra', arxi 

specklirg or circular nottlirg of pink an:l other colors foorrl in 'Flor de 

Mayo' arxi 'Flor de Abril' of Middle America were rare in South American 

races. Sinú.larly, red rrottlirg of 'calima', •cargamanto•, and 'cranberry' 

genotypes arxi the rirg or eye arourrl the hilum arxi large blotches fotll'rl on 

•vaquita' were virtually nonexistent in the races of Middle American 

dorrestication center. 

Whether or not each of theses races is a consequence of different 

domestication events each tracin;J back to a different population of wild 

bean is still unknc:Mn, rut the genetic distances both between and within 

Meso-American arxi Arrlean-American races seem to be. consi derable. As a 

consequence, although hybridization arnorg these races is easily effecterl, 

various degrees and k.irrls of hybrid prd::>lems { Coyne, 1965, 1969; Evans, 

1970; Gepts and Bliss, 1985; Gutiérrez and Singh, 1982; Provvidenti and 

Schroeder, 1969; Rabakoarihanta and Baggett 1983; Singh arxi Gutiérrez, 

1984) is obsé:tved beginning in the F 1 and subsequent generations, thus, 

interferin;J with effective introgression of genes am:>rg raoes. Of course, 

these phei'laleila are nore pronoonoed in crosses between parents belongirg to 

MA and M races. 'Ibis all suggests that an incipient speciation had begun 

in cultivated cxmron bean. 
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F\lture OJtlook 

MoqilolCXJical characteristics arrl m:>lecular markers available at 

present may not suffice to adequately classify the rarge of variation foon:l 

in camon bean gentplasm. It may be desirable to cx::ll'bine infonnation on 

these traits with other infonnation on genetic arrl breedirg behavior arrl 

adaptive dlaracteristics, for further refinements of the raoes described 

here. 

A mininum J1\ll'l"ber of aroessions representi.rg each ,race arrl the entire 

~e of variability shool.d be established to facilitate further 

e><perimentation arrl utilization of comrron bean genrpla.sm. 
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Table l. Principal characteristics of carmnon beans from Meso-Alrerican éUrl Arrlean .American 
dcmesti.cation centers. 

Ancestral 

Terminal trifoliate leaflet 
Bracteole 

Base of stan:ial:d 
Inflorescence 
Rl.aseolin seed protein patterns 

Isozyme 

Maptive 

I.eaf hairs 
Pod tip position 

seed size 
seed shape 

Meso American 

OVa te 
Broad ovate 

Striped (often) 
Mul.tinoded 
S, Sb, Sd, B 

RbcsF skdtl MeF or J!IeM _, __ ,_ 
. S La S D1ap-l , P::3 

Sparse & small 
Dorsal suture 

Small & netitnn 
Elliptica.l, manboid, 
& rourrl 

Arrlean Alrerican 

Rhanboedric, elongated 
'lhin, elorqcited or 
lanceo late 
Smoth 
Fer.ier ncxies 
T,C, H, A, I, J 

Rbcss Skdhs Mes __ , __ ,_, 
Diap-lF, I..ap-3F 

Dense & large 
Bet\veen dorsal & 
ventral sutures 
t-s:lium & large 
cylin:irical' kidney' 
oval' & :rolU'rl 
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Table 2. Sorne characteristics of the races of common bean and their habitats in primary centers of domestication in America. 

Seed 
Race sizea 

Middle American 

o Mcdiun 

J Mediun 

H Small 

Seed 
color 

All 
Colors 

Beige 
Pinlc 
Yellow 

All 
Colors 

Andean South Arr.eri can 

e Mediun Cream 
oval, Pi role 
rOU'ld Beige 

Gray 
\~lite 

p Mediun Red 
& large Pinlc 
oval Beige 
rot.nd Cream 

\11 i te 

N Medí un Red 
and Pink 
large Cream 
elonga- Beige 
ted Yellow 

Landraces Growth habi t 

Pinto, Great Northern, Red lndetcrminate wealc-
Mexican, Sutter Pinlc, Bayo, stemmed, non·climber 
Ojo de Cabra, Dermason. or semi·climbing 111. 

Garbancillo Zarco, Frijola, lndeterminate: wcalc-
Flor de Mayo, Rosa de stemmed, climbing IV. 
Castilla, Conejo, Apetito, 
cacahuate Criollo. 

Brazil 2, Oaxa 892, Kupal, Determínate 1, 
Jsmapa, Porrillo, Rojo de lndeterminates 11, 
Seda, Zamorano, Mulatimo, 111, and IV. 
Carioca, Rosinha . 

Cranberry, Tortolas, Indeterminatc wealc· 
Cosccrron, Borlotos, stemmed, non·climber 
suaves, Bolita Cristal or semi·climbir.g II:. 

OVeritos, caballeros, Nuñas, Determínate and 
Bolon Bayo, Bola Canario, indetermfnate climber IV. 
Bola Roja, Cargamento, 
Mortfño. 

cargabello, Uribe, tal ima, Determínate I, 
canario, P~r. Chabelo, Indetermfnote II and 
Antioquia 8, San Martín 8, 111. 
Chaucha Colorada, Cavalho 
Amare lo, Jalo, Cacahuate 
Largo. 

Phaseolin Mean 
protein growing 
typc t~rature 

lsozyme e 
Habitat s 

S, Sd 

S 

S, Sb, B 

C,H 

T,C 
H,A 

T 

20 

18 

22 

Semi-arid highlands of 
Mexi co and south westem 
USA. 

Hunid highlands of Mexico 
and Guat emala. 

Lowlands and intermediate 
altitudes of Meso-Americe, 
Colombia, Venezuela, Brazil. 

22 SOUthem Andes and Chile. 

16 Hfghlands of Colombia, 
Ecuador, Peru, Bolivia and 
Argentina. 

20 Intermediate altitudes of 
Andean Colombia, Ecuador, 
and Peru; Bolivia, Brazil 
Haiti, Dominican Republic. 

a IJeight of 100 seeds of small is < 25 g, mediYII varíes between 25 to 40 g, !ll'ld large is >40 g. 
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Intrcxluction 

USE OF WIID Rlaseolus vulgaris 'ro IMfRJVE BFANS 

FUR RESISTANCE 'ro BmJCHII:S 

· Cesar cardona arxi Julia KornegaY* 

'Ihe Mexican bean weevil, Zabrotes subfasciatus (Boheman) an:i the bean 

weevil, Acanthosoelides obtectus (Say) are the two nost inportant storage 

pests of beans in the world. I.Dsses in storage have been est.iinated at 13%. 

Aloc)nq the different methods of bruchid control 1 CIAT has eJttilasized the 

seardl arrl develcpnent of bean materials with resistance to their attack. 

In this paper, we attenpt to suntnarize present krlowledge on the utilization 

of resistant wild bean accessions to inprove cul tivated varieties for 

resistance to bruchids. 

Sources of Resistance 

'llle search for scm:-ces of resistance to bruchids was initiated in 1978. 

More than 8,000 cultivars were screened, but no adequate levels of 

resistance were fourrl (Schoonhoven arrl cardona 1982). In 1981 arrl 1982 a 

small collection of wild accessions collected in Mexico 1 were sul:.mitted to 

routine screeninj. A harrlful of these materials showed very high levels of 

resistance to both brudú.d species (Schoonhoven et al 1983). out of 380 

accessions evaluated, 12 have been rated as highly resistant to ~­

subfasciatus arrl 14 have been reconfinned as highly resistant to A· 

obtecbls. 

* Bean Entarologist arrl Bean plant breeder, respectively, CIAT, A.A. 6713, 
cali, Colanbia. 
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So far, no soorces of resistanoe have been detected anong wild 

aa::essions originatin:J elsewhere in I.atin America. All bnx:hid resistant 

materials are cli.nt>ers, usually with a viney growth habit. 'Ihey teOO to be 

dehi.scent am small seeded (6-7 g per 100 seeds). Hard seed CX2t is a 

carm:>n characteristic. 

cul tivated varieties. 

Mechanisrns of Resistance 

'lhese materials can easily be crossed with 

It has been shown that antibiosis is the med'lan;i.sm responsible for 

resistance to both brudrid species (SChoonhoven et al 1983; cardona et al 

1988). '!he data in Table 1 show that there is a significant, deleterioos 

effect on the biology of the insects am their sw:vival: adult emergence in 

resistant aa::essions is drastically reduced, the life cycle of sw:vivin:J 

insects is prolonged arrl progeny weight is reduced. More recent stuclies 

revealed that the antibiosis results in negative pcp.llation gravth rates; 

prolonged, staggered life cycles; high nortality of late first instars am 
early second instars; reduced female fecundity; am male-biased sex ratios. 

Even though the testa may occasionally act as a P'lysical barrier, it 

was deJOOnstrated by cardona et al (1989) that factors responsible for 

resistance are dlemical in nature am are present in the seed cotyledons. 

When the testa are · removed am insects are reared on "artificial" seeds, 

resistant am susceptible responses can easily be distinguished (Table 2). 

Resistanoe Factors 

1. Zabrotes subfasciatus 

Research on the factors resp::>nsible for resistance was initiated in 

1983 . A new protein, present only in wild aa::essions resistant to _z. 
subfasciatus, was identified at the University of Wisconsin (Osborn et al 

1986). 'lhis protein was called arcelin (after Arcelia, the town in Mexico 
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where IroSt of the resistant acoessions had been collected) an:l was 

postulated as the factor responsible for brudrid resistance. 'Ihere are 

four variants of arcelin whidt can easily be detecte1 by SOO-Page 

elect::rqiloresis (Figure 1). '!he protein can also be detected 

serologically. 

Although the presence of arcelin was oorrelated with resistance to z. 
subfasciatus, it was necessary to test whether resistance was associated 

with transfer of the arcelin gene. Remero Arrlreas at al., (1986), using an 

inbred backcross breeding strategy, denDnstrated tllat ~in is inherited 

as a single daninant gene. 'Ihey introduced the arcelin-1 allele frcm G 

12882 into the bean cultivar Sanilac. Seeds of backcross lines were tested 

for resistance to z. subfasciatus (Table 3) . All arcelin-1 hcm:>zygous 

lines shCMed high levels of resistance (prolonged life cycle, reduced 

emergence). Lines lacking arcelin-1 were fully susceptible c::crrpared to 

Calima aOO heterozygous lines shCMed intennediate levels Of resistanoe 

(Osborn et al 1988). ~ogous sets of backcross lines fran different 

cul ti vated bean types further deroc>nstrated that resistance is associated 

with transfer of the arcelin gene. 

'lb further prove that arcelin was the factor oonferring resistance to 

~. subfasciatus, "artificial" seeds oontaining different levels of purified 

arcelin-1 were prepared an:l test.ed (Osborn et al 1988). As shCMTI in 

Table 4, there was a dosage response to the increasing levels of arcelin-1 

in articial seeds. '!he ID50 in that, arrl subsequent tests, has been ca. 
6.5%. '!he insecticida! activities of arc-2 arrl arc-4 have been 

deroc>nstrated in more recent, as yet unplblished tests. 

'!bese firrlings have greatly facilitated breeding for resistance to z. 
subfasciatus. All segregatin:] populations are tested on a routine basis 

for the presence or absence of arcelin by neans of a si.nple, reliable 

serological tedmique, the OUchterlony plate. Seeds devoid of aroelin are 

discarded, those oontainin:] the protein are selected arrl harrlled as 
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descri..bed below. 

2. Acanthoscelides obtectus 

It is known fran multiple tests that the presence of arcelin does not 

necessarily confer resistance to this species. It has been JX)Stulated by 

researdlers at the University of D.lrham (Gat.ehcA.Jse et al 1987) that 

resistance to h· obtectus is due, at least in part, to the presence of a 

heterq:X>lysaccharide which has an urrusually high arabinose arrl fucose 

content. '!his hypothesis has not been reconfinned at CIAT or elsewhere nor 

has a si.Irple method been developed for detectinJ the presence of the 

carbohydrate. 'lbe lack of a quick, reliable, screening tedmique for 

resist:ance to h· obtectus has been a rnajor drawback in the develcpnent of 

rnaterials resistant to this species. 

Breeding for Resist:ance 

l. Zabrotes subfasciatus 

A backcross breedin:J scheme is bein:J utilized to i.Irprove beans for 

resistance to this species. 

As shCM'l in Table 5 the scheme is largely based on selection for the 

presence of arcelin in Fl and F2 generations. '!bis facilitates selection 

in a large nurnber of segregatin:J pq:lli.ations arrl - has the additional 

advantage tbat the desirable cx::mnercial characteristics of the recurrent 

parent are quickly recovered. At present, hOJrozygous F5 lines with high 

levels of resist:ance and acceptable seed dlaracteristics have been 

developed (Table 6) . 

2. Acanthoscelides obtectus 

Follaving an inheritance study 'Ahlch suggested that resistance to h· 

obtectus rnay be controlled by one or tv.'O recessive genes, a backcross 
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breedi.rq scherne was also adq>ted to inprove beans for resistance to this 

species. As shown in Table 7, the disadvant:.an;Je is the lack of a quick 

screenin;J technique to select for resistance in early segregatin:J 

po¡::W.ations. 'Ihis has forced us to perfonn large rn.nnbers of irrlividual 

seed feeding tests with the insect, a lengthy process. 'Ihus, breeding for 

resistance to b. obtectus has progressed nore slowly. At present, the 

first BC
2

F
2 

resistant materials are bein:J planted to be selected arrl then 

tested in replicated trials for resistance to the brudrld. 
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Table 1. I.evels of resistance to brudllds in selected wild beans cx:mpared 
to cultivated susceptible variety. 

Seed slze Percent Oays to adJlt AciJl t we!ft 
Accesslon (1)/100 seeds> emergence emergence (g X 10 ) 

Zabrotes subfasclotus 

G 12949 7 16.2 63.0 0.7 
G 12952 6 17.4 65 . 2 0 .7 
G 12953 6 14.8 67.4 0.6 
tal h• (susceptible) 50 96. 1 3l.7 1. 6 

Acanthoscelfdes obtectus 

G 12891 8 31.6 52.1 1.8 
G 12949 7 4.0 62.5 2.0 
G 12954 6 7.2 55.1 1.0 
Calima (susceptible) 50 58.4 36.6 2.6 

Table 2. Biology of Zabrotes subfasciatus on "artificial" arrl intact seeds 
of fCAJr varieties. 

Percent Days to adJlt 
Techniq.Je Varfety Ratfng emergence emergence 

"Artificial" seed Calima Susceptible 87.7 37.9 
l 12-56 Suscept ible 74.7 38.4 
San! lac SUsceptible 86.1 37.8 
SARC 1 Reslstont 18.4 53.7 

lntact seed Cal !me Susceptible 93 . 0 31 .5 
l 12-56 SUsceptible 100.0 32 .1 
Sanfloc Susceptible 95.9 31.3 
SARC 1 Rcsistant 7.3 50 .7 
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Table 3. levels of resistanoe to .z. subfasciantus in Sanilac backcross­
derivecl li.nes with aroelin-1 (Arel/Arel), wi~ aroelin-1 
(are/are), an:l seg~:ega~ for aroelin-1 (Arel/are). 

I:Bys to adul t Percent 
Line No. Aroelin genotype emergence e.mergence 

3 Arel/Arel 53.0 2.5 
5 Arel/Arel 47.8 2.1 

4 Arel/are 33.2 20.9 
7 Arel/are 37 . 2 38.7 
8 Arel/are 38.1 34.6 
9 Arel/are 35.4 30.2 

1 arejare 34.2 89.5 
2 arejare 34.7 76.3 
6 arejare 34.4 93.8 

calima are; are 34.0 92.9 
(susceptible) 

Table 4. I.evels of resistance to z. subfasciatus in intact an:l artificial 
seeds with an:l without the addition of purified arcelin-1. 

I:Bys to adult Peroentage 
Treatrrent eme.rgence eme.rgenoe 

Intact seed 

sanilac 31.3 95.9 

"Artificial" seed 

Sanilac 37.8 86.1 

sanilac + 2. 5% arcelin-1 38.9 76.1 
Sanilac + 5.0% arcelin-1 44.7 76.1 
Sanilac + 10.0% aroelin-1 53.4 18.4 
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Table 5. Breeding sdleme to inprove beans for resi.staooe to Zabrotes 
subfasciatus. 

Resistant x SUsceptible 

F1 backcrossed to susceptible parent. 

Table 6. 

Lfne 

. . 

GG 97- 1-2-CM 
GG 98-10-2-CM 
GG 98-22-2-CM 
GG 98-28-2-CM 
GG 98-28-2-CM 
GG 98-33-1-CM 

serolCXJical tests of 1o-2o seeds per cross • 
backcrossed to susceptible parent. 

Are+ are 

serolCXJical tests of 10-20 seeds per cross. Are+ are planted 
arrl irrlividual plants are selected in the field. 

serolCXJical ~ of 10-20 seeds per plant selected in oc2F 1 • 
Harozygoos Are are planted in progeny rows in the field arn 
selected for agronanic characteristics. 

seeds are subnitted to replicated feed:in;J tests with the insect. 
Resistant progenies are planted in the field arrl selected for 
agronanic dlaracteristics. 

best lines are cxxied Bm. 

Levels of resistance to Zabrotes subfasciatus in sare of the F 5 
lines selected in 1988. 

Percent Days to adult Adul t we!~ht 
emergence emergenc:e (g X 10 ) 

20.2 40.8 1.1 
10.8 45 .4 1.0 
19.8 41.5 1.1 
10.3 46.0 1.0 
5.3 44 .2 1.0 
4.3 48 .3 0.9 

G 12952 (wi ld, resistant) 9.7 61.3 0.6 
Calima (cultivated, susceptible) 97.4 30 .5 1.4 
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Table 7. Breedin:.J scheme to inprove beans for :resistanoe to 
Acant.hosoel.ides obtecbJs. 

ReSistant x susceptible 

seed increase. 

in:lividual seed (200 seeds per cross) feedin:J tests with the 
insect. Resistant seeds are planted am backcrossed to 
susceptible parent. 

seed increase. 

in:lividual seed (200 seeds per cross) feedin:J tests with the 
insect. Resistant seeds are planted am backcrossed to 
susceptible parent. 

seed increase. 

i.rxlividual seed (200 seeds per cross) feedin:J tests with the 
insect. Resistant seeds are planted am selected for ~e 
characteristics. 

replicated feedi.n;J tests with the insect for each of in:Uvidual 
plants selected in OC2F 

2
• Resistant lines are planted am 

selected for agronanic cnaracteristics. 

replicated f~ tests with the insect for each of in:lividual 
plants selected in oc2F 3_. Resistant plants are planted am 
selected for agronanic cnaracteristics. 

best lines are cxxled mu. 
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IUI'ENl.'IAL OF BiorroiNOI.CX;Y IN GF»D??ASl-1 EVAIUATIOO ANo 
'!HE GENEI'IC IMFRJVEMENl' OF Rlaseolus BEANS 

W.M. Roca, H. Ramirez, P. Chavarriaga, L.C. M.lñoz* 

Intrcx:luction 

Plant breedi.rg - the intentional production of genetically different 

plants arr:l the evaluation of this variability - wit:.lla.tt ~ has 
o o 

contrl..ruted to the production of higher yiel~ yarieties oof JtBjor 
• o • 

brportant crcps. Aioon:J the J:W.se Cl:q)S, the Rlaseolus beans are the m::st o o o 
ilrportant oconsi~in:.J worldwide production arr:l COI'lSl.Diptibn. '!he CXIlllOil 

bean (Fhaséolus vulgar~s) is an inp:>rt.ant sa.n:-ce of dietary proteins am 
calories in Iatin America arrl Africa ( Iaing et al. , 1984) . Fanners' yieldS . 

in Iatin America arxi Africa are low, averaginj 500-600 Kgjha, everÍthough 
o o 

potential yields of 2000 - 3000 Kgjha have been dem:>nstrated. A ~t; 

portion of this differential can be attributed to l1\.line.ralS biotic arr:l 

edaJi'lo-climatic factors that limit bean production in develq>ing cnmtries. 

Ccmron bean breed.in:,J at CIAT has been develq>ed to a high stan::lard arr:l 
o • 

progress has been made in devel~ing di5ease arr:l pest resistant varieties 

with iocreased tolerance to dralght, to acid soils, illproved ability for 

synt>iotic nitrogen fixation arrl inproved archi~ dlaracteristi?i 

(CIAT, 1987). 'Ihere are however limitations in the speed arr:l precisiQD 

with whid:J. many useful traits can be identified,. ~ected arrl utilized in 

the breedi.rg p:rcx:eSs. On the. other han:l, genetic variability for sane 

inportant traits is not present or OCCl.lis at ·very lów f~ency irt the 
o • 

world ge.nrplasm collections of :F. vulgaris (cardona arr:l 'Posso, 1987). fhere . . . . . 
are also varying degrees of _i..na:ll'patibil:j..ty between ~- vulgaris gene pool~ 

as well as between ~. ovulgaris arrl other cultivated fhaseolus sw; i.e. ~-

* Biotechnology Research Unit, CIAT, A.A. 6713, cali, Colombia. 
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acutifolius (tepary bean), F· ooccineus (nmner bean) arrl F· lunatus (lima 

bean) (Gepts, 1984; Si.n:Jh arrl Gutierrez, 1984). F\lrtheJ:'TOC)re, th~ genetic 

.i.nprovenent of mearon beans watld greatly benefit fran the availability of 

infonnation rega.rdi.rg the inheritanoe of :inp:>rtant characters, their 

precise location on dlraoosanes arrl their distr.ib.Ition am::>rg genetic 

stocks. 

Rapid · advanoes in recent years fran the biological sciences are 

providin;J new tools for the study of plants arrl their genetic .i.nprovement. 

Sane of these techniques already offer short cuts in the producti.on of 

genetically fixed lines as well as aiclin;J in the identifi~tion arrl 

¡ilysical location of i.np::>rtant traits on the dlraoosanes. · F\lture 

develcprents pranise to allow the selective inhibition or activation of 

genes arrl the intrcxiuction arrl expression of rnA sequ~ ·in selected 

genetic backgroun:)s. 'lhese new awroac:hes have widely been 1:e.nte:i 

"biotechnology" • 

In a nore restricted sense, biotedmology can be defined as the 

application of non-t.raditional awroadles, based on kn<::Mledge at the 

cellular, biochemical arrl gene leve!, to constraints that can :not be easily 

resolved tlu:."oogh traditiona1 methcxlologies. 

In this paper we cover, in broad outline, the current status arrl 

perspectives of biotedmology developoont in Ihaseolus beans, with eJT{i1asis 

on applications to gernplasm evaluation an:l genetic .i.nprovement. 

Approach to Biotedmology Researc.h in fhaseolus Beans 

Constraints to productivity in Blaseolus beans should be reviewed 

pericx:lically arrl possible techniques for researc::hin;J arrl overc:x:rni.rxJ the 

constraints reevaluated. Biotedmology rese.ardl should . foa.is on areas 

where a) traditional methodologies have sh<::Mn limited pranise arrl b) 

there is reason to believe that ~ÍD:J oellular arrl nolecular rese.ardl 
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a¡:proaches arrl tools can a id in sol vin';J the problem. 

In spite of the :irrportance of canrron beans in the tropical arrl 

sub-tropical areas of the developi.n;J world, there has been relatively 

little basic research corrlucted on this crop. On the contral:y, basic 

research on canrron bean problems was, until recently, essentially neglected 

at both the national arrl international levels. It has been seen as too 

costly arrl as requiri.n;J too lorq a time frcuoo for payoff; thus basic 

research has been given ol:}ilan status in spite of the exciti.n;J 

possibilities that exist. 

'Ihe identification of constraints to research on i.n'portant bean 

production problems, followed by an evaluation of specific research 

strategies which could concei vably be i.rrplernented · to resol ve those 

oonstraints, would facilitate the establishment of a multi-institutional 

advanced research network for Ibaseolus bean bioteclmolcxy. A network 

approach would allow more rational use of resources, prevent wasteful 

duplication of efforts arrl facilitate faster advances in research. 

'Ihe characterization of each constraint should include: a) a clear 

statement of research objectives; b) biological and economic justification 

for workirq on the constraint; e) proposed research strategies to awroach 

the problern; d) main areas of bnpact; e) estimated time frcuoo for 

achievi.n;J results and ilrpact; f) linkages between the advanced research 

arrl the applied research corrlucted at institutions like CIAT and in 

developi.n;J countries. a..u-rent research projects in Ihaseolus biotechnolcxy 

would becxJme part of the larger network. 

'Ihe approa.ch to advanced research would include both, constraints which 

can be immediately tackled usin;J biotechnology tools arrl other constraints 

which may require basic bicx::hernical andjor genetic information before 

possibilities of new technologies can be assessed. 
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While the oonstraint identification process is bei.rg carpleted, we have 

been addressin;J the develqment of selected techniques which are necessary 

corxtitions for many of the biotedmolCXJY awlications to Rlaseolus beans. 

'Ihese techniques can be grruped into two major areas: a) in vitro 

techniques arrl b) techniques for genane analysis. 'lhese include research 

on oellular, bicx:::hemical arrl rolecular tedmiques, the develcprent of whidl 

will open the way for urrlertaki.n;J work in other biotechnolCXJY areas. 

Develognent: of Techniaues 

In vitro technigues 

With the exoeption of F· vulqaris micrq:>rqagation through shoot tip 

culture (Allavena, 1984; M.lñ?z et al., 1987) arrl the recovery of plants of 

oertain interespecific crosses through illlnature ent>ryo culture, i.e. F. 

vulqaris x F· acutifolius (Arrlrade-Aguilar, 1987), the develcptent of cell 

arrl tissue culture tedmiques in the cat1'IOJl bean is constrained by the 

difficulty in adlievin;J carplete arrl oonsistent regeneration of plants fran 

callus cultures. 

Micropropagation. 'Ihis tedmique can be useful for: a) rapidly 

nultiplyin;J bean F1 arrl M¡ plants whidl shC7.tl restricted sexual 

reproduction; b) recovery of mutants after treatment of early stage 

nultiple shoot cultures with radiation or dlemical nutagens; arrl e) 

nultiplication of valuable gemplasm whidl may be available in minim.nn 

quantities. At CIAT, this technique has been sucx::essfully used in the case 

of wild relatives of P.vulqaris. Micrq:>~tion of P.vulqaris varieties 

at CIAT yielded 5-20 shoots per e>q>lant. 

Ent>:ryo culture. 'lhis tedmique has been used in a few selected cases, 

especially in crosses involvin;J F· vulgaris aro F· acutifolius or F· 
ooccineus. 'lhe genotype of the recipient parent is critica! for adlievin;J 

embryo grcMth. A backcrossin;J arrl selection program needs to be .i.npleoonted 
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following the recovery of fertile plants; in sorre cases, chrc::m:::>sane 

doubling techniques need to be inplernented before backcrossing. A maj or 

drawback in wide crossing has been instability of the int.rogressing trait 

in advanced generations. 

Plant regeneration fran callus cultures. Al thoogh there has been 

successful plant regeneration in other grain legumes, e.g. pigeon pea 

(cajanus cajan) , IrOth bean (Vigna amnitifolia) , broad bean (Vicia faba) , 

soybean (Glycine sp) arrl peas, in Ihaseolus beans there are only two 

reports of successful plant regeneration, one with the tepary bean (J.>. 

acutifolius) (Kumar et al., 1988) and one with the runner bean (J.>. 

coccineus) (Allavena et al. 1987). 

In a mllaborative project between CIAT and the TCCP, Colorado state 

University, we have repeated the J.>. acutifolius regeneration and are 

adapting the technique for _p. vulgaris. Because plant regeneration seems to 

be genotype deperrlant, our work at CIAT invol ves crossing the best 

respomirg tepary bean genotype wi th a rcm;Je of J.>. vulgaris genotypes. F1 
ernbryos will be rescued and cultured to plants, explants for culture will 

be obtainerl fran F 
1 

and F 
2 

plants. 

'Ihe technique basically mnsists of the irrluction of callus on leaf 

sections obtained fran seedlings, production of a fine cell suspension and 

selection of isodiametric, densely cytoplasmic, cell pop.llations for 

plating on regeneration medium. 'Ihe selection of cells, which are 

mo:r¡ilogenetically capable, is carried out through a series of filtration 

and sub-culturing steps. Recent work with _p. vulciaris has readled the 

pre-organogenic stage similar to the J.> . acutifolius cultures. 

In parallel research at CIAT, plant regeneration has been obtainerl frcm 

callus irrluced on ernbryo axes of five wild relatives of _p. vulgaris 

(unplublished results). Because these ger.otypes are easily crossed with _p. 
vulgaris , a study has been initiated to ascertain, whether the 

103 



"regeneration capability" of the wild materials can be transferred to the 

CCil'II'OC>n bean. 

'Ihus, it may just be a matter of a JOC>re concerted effort in this area 

to achieve plant regeneration in }? • vulgaris. Sane effort should also be 

allocated to regeneration from imnature pollen. 

Once plant regeneration has been adrieved arrl tested for 

reproducibility, the followirl1 potential awlications can be envisaged: 

a) Exploit the clu:"atDsanal instabilities of oell cultures to facilitate 

the introgression of traits in wide crcsses. Usi.n1 haploid cell 

cultures woold increase c:hrcloosanal .instability. CllémJes in dm:mJsane 

rnnnber may also p:rovide a means towards polyploidy or aneuploidy in 

beans; 

b) i.rxiuction of haploid arrl doubled haploid plants may prove to be useful 

for corxhlctin3' genetic studies, to facili tate selection of trai ts whidl 

are highly influenced by the environrtent, arrl for a~lerati.n1 the 

production of hom:>zygocity in particular breedin:;J strategies such as 

varietal i.np:roverent for lOTXJ growth. cycle ecosystems, Le. highlarrl 

beans. 

e) transfer arrl expression of useful traits by genetic ergineeri.n1 

techniques will require the capability of plant regeneration. 

screening at the qametophytec level. sane inp:>rtant traits, e.g. heat 

arrl cold tolerance may be expressed at the ganetq:hyte level arrl be 

associated with pollen gennination, (Mulcahy arrl Mulcahy, 1987) . 

Olal.lergi.n1 F
1 

pollen with stresses woold allow selection of tolerant or 

resistant genotypes. Followirl1 fertilization with selected pollen the 

progeny woold be screened for the desired trait. 'Ihe beauty of this 

awroadl is that large llUlli:>ers of different genotypes, whidl are haploid, 

can be harrlled quickl.y in very little spaoe. 

104 



Recent work at CIAT has shown a cx::>rrelation between plant response arrl 

pollen gennination regardi.n:J heat tolerance; there also seems to be a 

cx::>rrelation between pollen size an:l heat tolerance. Work cx::>ntinues to 

detennine if the trait is expresse:i in progeny followin;J fertilization with 

heat tolerant pollen. 

Teclmiaues for genome analysi s 

Gen<:lne analysis is the area of bioteclmology currently receivi.n:J IOOSt 

attention. '!be analysis of genomes 'is based on the developnent of 

biochemical arrl IIDlecular markers at three levels: proteins (polypeptide 

analysis) , enzymes (patterrls in isozyne activity) arrl rNA (restriction 

fragment length polymorphisrns= RFLPs). 'Ihese markers, associated with 

IIDrphological rnarkers, can be used in Fhaseolus beans for: a) establishi.n:J 

biosystematic relationships anong species and sub-species of the geneus 

Ihaseolus; b) assessing genetic variability in the E_. vulgaris gernplasm; 

e) evolutionary arrl gernplasm di.spersal studies; d) characterization of 

E· vulgaris gene · pools arrl ascertaini.n:J intra- arrl inter-specific 

cornpatibilities; e) developing genetic linkage maps of E· vulgaris, arrl f) 

identification (taggi.n:J) of genes in order to IIDnitor their flow within a 

breeding program, sucll as the introgression of traits from other Rlaseolus 

and wild gennplasrn. 

Biochemical and IIDlecular rnarkers, have special features that make thern 

very useful in the genetic :intprovement of fhaseolus beans. '!bey occur 

naturally, thus there is no need for artificial induction; co-linkage of 

these markers can be evaluated in the progeny from an heterozygous parent; 

their expression ( isozynes) or presence (RFLPs) is free of enviromnental 

and epistatic effects, henoe a trait can be identified in a population of 

plants even if it is not visually expressed (Tanskley arrl .orton, 1983). 

Isozyme analysis allows the analysis of gene products even prior to 

phenotype expression. It is relatively rapid among the genome analysis 
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techniques. 'Ihe level of isozyrne pattem variability (polyzw.rphisrn) in E. 

vulgaris varies with the genotype. In recent work at CIAT on the 

characterization of I'· vulqaris larrl races fran Mexico, Peru arrl Colombia, 

of 9 isozyme systems, ~ghest polynoqbisrn was fa.md with diaphorase in 

meso American genrplasm arrl wi th esterase in south Arrlean materials. 

Diaphorase, peroxidase, esterase and acid phosphata.se showed variability 

between gene pools (Vargas, 1988). In work at the University of Florida 

(E. Vallejos personal communication) high isozyme polyzwr:phism was fCA.Url in 

two camnon bean lines, one carrying resistance to CBB fran I'. coccineus and 

the other a susceptible Colombian variety. 

Protein analysis. Variability in the electrophoretic pattern of the 

bean seed protein, phaseolin, has provided a useful tool to study the 

domestication arrl dispersa! of COITII'OC>n bean genrplasm (Gepts and Bliss, 

1985). Severa! electrophoretic phaseolin types have been identified, e.g. 

s, T, arrl e; they are highly polynorphic and are specific to the major bean 

gene pools. Additional phaseolin types are being fa.md in wild populations 

of I'. vulqaris frorn ~America and the Arrles. 'Ihis technique has been 

used at CIAT to track the dispersa! of g. vulgaris in Eastern Africa 

(Triana, 1988) arrl to characterize new collections of wild g. vulgaris frorn 

the southern Arrles. 'lhere are two posters in this workshop dealing with the 

utilization of phaseolin types in genrplasm domestication arrl dispersa! 

studies. 

Pol voeotide analysis. 'lhrough two-di.mensional gel electrophoresis 

large numbers of polypeptides can be analysed simultaneously. Expression 

of sorne polypeptides is influenc.ed by the envirornnent, therefore this 

analysis may provide clues in associating specific proteins with certain 

traits. D:welo¡:m:mt of methods for polypeptide fingerprinting in Rlaseolus 

beans may result in the identification of polypeptide fractions which 

becorne amplified urrler stress corxlitions, and thus pave the way for 

isolation and characterization of the responsible nucleotide sequenoes. 
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RFIP analysis. RFI.P .analysis is a direct analysis of the J:NA (genes), 

thus RFIPs are tnle trolecular, gene·tic markers: 'Ihey are not subject to 

envirornnental influences; they are aburrlant arrl many are not expressed in 

troqilolcqical differences at the plant level, they have co-daninant alleles 

arrl can often be sex>red at a seedling or tissue level. Using restriction 

enzymes, the plant r.NA is rut into pieces. Sinoe restriction enzymes cut 

at specific nucleotide sequences, differences in the rNA between plants 

result in fragments of different sizes. 'Ihe frag¡oonts are separated by 

elect.rqiloresis, then prd::>es ( cJ::NA clones or low ~ m.nnber genanic clones 

frequently labelled with 32
P) are hybridized to the WA fragments. 'Ihe 

different lengths of the r.NA fragrnents to which the probe hybridizes gives 

a pattern on the gel, an RFIP marker. '!he RFIP markers can be linked to 

specific heritable traits arrl thus used for screening in early generations, 

accelerating a bre:edin;J program. 'Ihe RFIP differences between lines can be 

attributed to single base pair changas or to insertion-deletion dlan;Jes 

(Helentjaris, T. et al., 1985). 

It is necessary to firrl probes that will give polymorphisrns in ~. 

vulgaris in order to develop arrl apply RFI.J?s. Both genanic arrl plast:aoo J:NA 

need to be evaluated. au.oroplast (cpr:NA), ri.bosooal (rr:NA) prabes as well 

as rarrlan repetitive arrl single copy sequences fran related species, e.g. 

soybean, mungbean, etc. should be tested for hOITDlcqies with ~- vulqaris. 

Recent work on the construction of a saturation linkage map of 

~. vulgaris using RFLPs has resulted in the isolation of over 25 crnA 

clones. Olt of these, 11 shCMed polymor¡hl.sm between the two genotypes 

carpared (E. Vallejos, personal camnunication) . Inp:>rtant single gene traits 

can be easily maped using RFIPs, however future work should en¡ilasize 

quantitative traits 'Whi.ch are ll'Ore relevant to ftlaseolus genetic 

btproveJrent. 

since genare analysis by RF1.Ps is t:ilne col1S\.IIfliig arrl trore costly than 

isozyme or protein analysis, a concerted effort by many scientists will be 
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needed to achieve the goal of mawin:J inportant Fhaseolus .bean traits. 

'!he develq:m:mt of RFIP analysis in F· vulgaris will provide 

infonnation on the p:resence of specific genes arrl their location on the 

chrc!rosanes. 'Ihis research is expected to acx::elerate genetic manipllation 

through genetic engineerin;J techniques. 

Gene transfer arrl expression 

As mentioned above, the identification of priority , targets for genetic 

manipulation through the emergin;J biot..edmologies is a pre-requisite for 

developin;J research strategies in Fhaseolus beans. 

F· vulgaris is susceptible to transfonnation by Agrobacteritnn vectors 

(CIAT, 1986). However, it will be necessary to regenerate plants frcm 

transfonned tissues in order to sttrly the expression arrl regulation of 

foreign genes in whole transgenic plants arrl their progeny. It will also be 

necessary to test other means of gene transfer in !llaseolus beans; i.e. the 

particle gun t:.edmique which may avoid p:rOOlerns associated with plant 

regeneration. 
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'lHE rorEm'IAL OF HYBRID BFANS 

H. Bannerot* 

In onler to successfully develop Fl hybrid beans, four corxlitions are 

prerequisites : 

l. To evaluate the magnitu::ie of heterosis. 

A review of 23 pa.pers shows that yield heterosis above the high parent 

can vary between 20 arrl 170% depo-n:li.ng on canbinations arrl crop 

conditions. A recent pa:per re¡x.>rts yield heterOsis above the high 

parent averaging 30% with the rnaxi.rnum exceedin:J lOO%, whidl corre5_pom 

to an actual yield of 5tjha. 

All of the yield carp:>nents exhibit heterosis, in particular the pcxl 

number¡m2 • '!he best c::att>inations invol ve parents of different grcMth 

habit. 

2. To firrl efficient cytq,lasmic male sterilities. 

Until rx::M, five cytqJlasrrs irrlucing a reasonably gcxx:l leve! of male 

sterility in !?· vulgaris have been fourrl : 1 at CIAT, 4 in Versailles. 

'!bese cytq,lasrrs seem to differ by their mt.mA restriction pa.tterns 

with the enzyne Sal I, but ·are ñmctional with the same set of 

maintainers. 

Most of the E. vulgaris genotypes tested are poor maintainers gi ving 

partial male sterility when converted. 

* Directeur de Recherches, Station de Génetique et d 'Amelioration des 
Plantes, I.N.R.A., Route de Saint-cyr, 78026 Versailles Cedex, France. 
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Iess than 20 g~ were foun:i with a gocxl maint:aini.D] ability. 

'lhese belon:j to the ctifferent categories : b.lsh, clilrber, dry, snap, 
white or colored seeded beans. 

After meiosis, the pollen grains of good mal e sterile plants remain 

associated in tetrads arrl less than 10% of them are stainable. 

3. To transport pollen fran the male to the female parent. 

'lhe cross fertilization of male sterile plants was eValuated in the 

field as insufficient in 1987, but good in 1988 , at the Versailles 

Station. 

A selection program for natural crossin;J ability was started in 1980 in 

a population derivirg fran .f. vulgaris x .f. cocx:::ineus nulticrosses. It 

gave lines with a natural hybrictization rate {withart: male sterility) 

of 20 to 30% in Versailles carpared with a natural rate of 3% in 

control varieties. 

4. To restore pollen prcxluction in F1 hybrids. 

We fourrl 3 lines of F. vulgaris possessin;J a daninant restorin;J 

ability. 'Iheir F1s . with good male sterile g~ were not as 

fertile as the control. 'lhey have ,30 to 70% stainable pollen grains 

which are partiall y coalescent. 

Anoth.er soo.rce of daninant restoration was derived fran F. vulgaris x 

F. coccineus nulticrosses. 'lhey seem to give F1s with higher 

stainability levels an:l nore disperse pollen. In 1988, the level of 

pod fertility of exper:inental F1s awean; to be sufficient to express 

the yield potential quite well. 

We propose to start a program of recurrent reciprocal selection with 

two COII'plementary groups. '!he first groop will be the sa.tree of fenale 

parents. 'Ihus, it will inc01:porate high maintainirg ability (in order 
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to be easily transfonned to male sterility by back crosses) arrl high 

seed rn..ntber (i.e. small seed size ani intennediate growth habit). 

On the contrary, the seoord gro..Jp nust be selected for. high restorirq 

ability, large seed size, ani high canbini.rg ability with groop 1. 

Clini>inj beans prOOably represent the 100St awrq>riate target to start 

hybrid breedin;J. 

Introduction 

One of the IOOSt difficult challenges of plant breedin;J is the 

successful devel~ of F1 hybrids in self pollinated species. 

'!he Fl hybrid JOOdel (cross of two p.rre lines) was allrost simultaneously 

proposed in the beginning of this centw:y by Shull arrl East, a:intin;J to 

i.Irprove the yield of maize. It took a very lo~ t.i.ne {about 40 years) to 

succeed. Despite a significant p~ in yield arrl t.mifonnity, the 

severe inbreedin;J depression of the parental lines increased enoi'lllOOSly the 

cost of cx:mnercial seeds ani thus delayed the develc.ptent of hybrid 

varieties. '1llanks to the solution foorrl by Jones (double hybrids), it was 

at last p:>SSible to lal.ll1dl hybrids. 

Now this type of variety is universally utilized for many hetercx:Jarrous 

species : onion, sugar beet, sunflower, asparagus, carrot, cucurbits, etc . . 

For autogannls species, the rare cases of Fl hybrids are fcmrl in 

vegetables : tanate, pe~, · ani eggplant where hybrids prcqressively 

replace the old true-bred varieties. Nevertheless, in China, 1 milli on 

hectares of rice Fl hybrids are cultivated arrl in Europe the first wheat 

hybrids were released foor years ago, though in fact withoot great success. 
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It is irrleed difficult to develq:> Fl hybrids in aut:ogal'tnls species, 

since pure lines can themselves be productive, adapted to different types 

of agriculture, are very easy to reproduce arñ are thus utilized directly 

as C'Oltll11el:Cial varieties. 'lhis is the case for beans where p..rre lines are 

quite satisfactory. But that does not mean there is no heterotic effect. 

Four prerequisites nust be satisfied before embarld.nJ on a program of 

hybrid creation. 

First of all, it is :necessary to evaluate the magnitude of heterosis 

whidl indicates the prOOability of fincliiXJ cx::mbinations sufficiently better 

than control varieties. 

Heterosis will be measured as the difference between the hybrid arrl the 

best parent which in this case, should not be a severely depre.ssed line, 

but a prcxiuctive harozygous line. 'Ihis is why the value of heterosis in 

au~ species averages 20 to 30% above the high parent instead of 200% 

as in maize. 

We shall see that in the case of the camnon bean, we have the gocx:i 

fortune to have available highly diversified types capabl e of generatin;J 

~ heterosis effects. 

'!he secorrl prerequisite deals with the process of .hybridization itself. 

In henna¡:hroditic species, it is in'possible to emasculate by han:l on a 

large scale. '!he best solution is to rely on cyt:q>lasmic male sterility or 

01S. 01S is based on the interaction of an i.rrlucer cyt:q>lasm ( or rore 

precisely an in::lucer mitochorrlrion) arrl a maintainer nucleus in the sane 

genotype. 

'lhird, the pollen of the male parent nust be carried profusely to the 

stigrnas of the ferna.le parent. In legumes, this transport will be carried 

out by insect pollinators, bees arrl burnble bees. In strictly aut.ogaioous 
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species, pollen transport c.xW.d be a pni>lem. 

Finally, 't.1e have to cancel the sterilizin:J effect of the mit:odlorxirial 

genc:tte by action of nuclear genes carried by the nale ganetqilyte. We call 

this pollen fertility restoration or sinply restoraticn. We need to have 

restoration of the F1 itself, which means that this nuclear restorer 

genetic system nust be daninant. 

1) Maqnitude of Heterosis 

In 1986, Flo~ I.estienne reviewed the literature relevant to 

heterosis in CCI'II'OC)n bean. 'IWenty three references 't.1ere analyzed fran 1932 

(Malinovski) to 1986 (Nienhuis arrl Sir$). Generally, due to the 

difficulty of obtainirg hybrid seed in lém]e quantities, evaluations were 

perfonned on sinJle plants or plots at very low densities. 

Heterosis ~ressed as the difference between hybrid arrl high parent 

can vary to a large extent : 20 to 170%, deperrling on the parents arrl 

envirorunent. 

'lhe IOOSt recent paper (Nienhuis arrl Sin;Jh, 1986) is prcbably am::>rg the 

IOOSt interestinJ. '!he authors used a large dialled cross 9 x 9, with 

parents chosen in the three existing growth habits of lnsh beans arrl of 

different seed sizes. Fls arrl F2s were evaluated in two locations (Palmira 

arrl Popayan, Colatbia) for yield, yield c.arponents arrl architectural 

traits. 

'lhe rnain results can be S\.llmlarized as follow 

Heterosis above mid parent was obsel:ved for all traits measured. 

significant heterosis x location interactions 't.1ere faJI"Xi for yield, 

yield ccnponents arrl three ardli~cectural traits. 

Yield heterosis above the high parPJlt was significant in 20 crosses at 
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Palmira {mean heterosis 36%) arrl in 4 crosses only at Iqlayan {mean 

23%). 

'Ihe best crosses showed heterosis of aba.rt: 100% whidl OOl:Lespolrls to a 

yield near 5 tjha in .Palmira CCI'!palO'ed with a parental mean yield of 2. 7 

arrl best parent yield of 3. 4. 

Heterosis values terd to i.ncrease in crosses of increasin:Jly divergent 

growth habit, I X II arrl I x III are better than I x I or II x II. 

General c:x::OOinin:J ability is greater than specific c:x::OOinin:J ability 

suggestin:J that acXtitive gene action is nost inp::>l:tant in the 

inheritanoe of yield. 

In Versailles, we also foorrl good canbinin:J ability between different 

growth habits. For instanoe, the F1 S102 {type II) x Red Kla.rl {type I) 

sh~ heterosis above high parent {S102) of 30% in the field arrl 60% in 

the greenhouse. 

Allow me to quote this c:amw:mtary of Nienhuis arrl Singh {1986) 

"Heterosis for all traits ~ arrl especially heterosi s above the high 

parent for yield may be sufficiently large to st.im.ll.ate interest in the 

feasihility of a:mnercial production of hybrid bean seed". 

2) cytoplasmic Male sterility 

2 .1 origin of cytoplasrns 

'Ihe first case of <M3 in bean was observed at CIAT (Singh et al . , 1980). 

'Ihe cytoplasmic nature of this male sterility was oonfinned in the USA 

{Basset and Shuh, 1982). 

'Ibis <M3 originated in G 8063, a typical }?. vulgaris genotype where 13 

male sterile plants were observed in 1977 . 'Iheir F1' s with G 3807 were 

sterile or partially sterile, suggestin:J that G 3807 is a maintainer, 

later Sprite and Tril1llPt American snap beans were also foorxi as maintainers 
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arx:l were converted to male sterility in Gainesville. Male sterile plants 

produced less than 10% of stainable pollen arrl persistent tetrads of 

unstained pollen. Unfortunately, this CMS a¡:peared to be unstable, 

reverting erratically to fertility. 

It also presents the paradoxiCal phencm:mon of "permanent restoration" 

already observed in Vicia faba. '!he F2 _p. vulqaris progeny derived fran 

selfed restored F1 CMS Sprite x R351 segregates as expected 3 mf : 1 ns. 

art the male sterile plants in the F3 generation are absent. It was 

recently dennnstrated by Sally Mackenzie arrl Cllris O'lase that a 6 kb 

fragment of mt.rNA was excised in revertants arrl in F3 deriving fran 

restored Fl. We received this cytq:>lasrn very recently, arx:l it was cc:x:ied 

(Ci) because of its CIAT origin. 

In 1978, in order to study nucleus-cytoplasm interactions in bean, we 

started to cross several E. vulgaris genotypes as female by several E. 

coccineus genotype (WCO program) and reciprocally (CXJVU program). 

'lhe principie of the methcxl which was used is that the progeny of 

a cross receives the cytoplasm exclusively fran the female parent. For 

exanple, consider that the cross Desiree (female) x Maxidor (male) follc:Med 

by nine back crosses to Maxidor (male) results in the transfer of the 

Maxidor nucleus into the cytoplasrn (D) of Desiree. To describe this 

situation of isogenic alloplasrny, we use the notation (D) ~ Maxidor. 

We will here examine only the results of the CXJVU program (i. e. the 

transfer of severa! E. vulgaris nuclei into 17 E. coccineus and 2 !? • 
oolyanthus cytoplasms) the only one having given results useful for 

application (Table 1). 

crosses using _p. vulqaris as female x _p. coccineus are very easy to 

carry out arrl present no p:roblerns. In contrast, the cross of E. coccineus 

as female x _p. vulqaris male is considered to be very difficult, irrleed 
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ilrpassible with inproved genotypes; this we have confinned. To overccJ~e 

this obstacle arrl to initiate the transfer into ~- coccineus cytq;>lasms, -we 

have enployed an auxiliary ge.notype ZBD 1.3 Wi.ch served as a bridge. 'lhis 

was an F4 in::iividual derived fran the ccmplex cross ceded ZBD. 

ZBD = (Wul.ma x Colorado) x JR. fonrosus) x ~. coocineus, Wi.ch -we 

maintain through Cllttin;Js. As a male parent, it crosses as wel.l with ~­

vulqaris as with ~. coccineus. '1here is also the advantage of the presence 

of dcminant markers of the plantlet (anthocyanin) ani of the flOW"er (~le 

color) Wi.ch can be used as evidence for successful crosses. After a cross 

with ZBD (arrl a secorxl cross, if neoessary) the systematic back-crosses 

with recurrent parents can begin. 

'Ihe principal ¡:henotypic rocxlifications observed were deletericm; 

arrl specific to certain cytoplasms : loss of vigor, rapid senescence, 

variegation of leaves arrl pods, loss of fertility. 

'lhe first clear case of male steri lity awearecJ in 1980 with 

Morelos cytoplasm {1-k>) arrl Rugally nucleus; it was followed by three others 

(Hq) (Sp) {ll:l) • 

2.2 Results 

On Table 1, we have stiimla!"ized the latest resul ts 

(Hq), (Mo), (Sp) arrl (ll:l) cytoplasms are CMS i.rrlucers, the others 15 

are not. 
Rugally arrl :002 are maintainers for these 4 cytq>lasms atxi also for 

{Ci). Conterrler arrl Maxidor are very poor maintainers b.It are not 

restorers. 

'lhe maintaini.n;J ability of a series of genotypes was evaluated by 

back-cross with the first cytoplasm dJtained (Mo) • 

M:Jst of them a~ to be poor maintainers as they gave partial 
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male sterility when converted, characterized by erratic prrduction of 

partially self fertilized pods. Relatively few genotypes possess a gocxi 

maintaining ability (Table 2). 'lhey belon;J to different types of beans 

(bush or climber, dl:y or snap) with a terrlancy to be nore frequent in snap 

beans. 

When converted to male sterile they bear only parthenocarpic pcrls 

wi thout seeds as already OOse:rved by Sin;Jh et al ( 1980) • '!he pollen grains 

of these male sterile plants remain associated after meiosis; 90 to 95% of 

the tetrads possess four enpty grains, the rest of them show occasionally 

1, rarely 2, never 3. or 4 staine::l pollen grains (Fig. 1). I.ess than 5% of 

the _pollen grains are disperse, even this may be an artefact of the stainig 

procedure (squash effect). 

Stainable dispersed or associated pollen grains represent less than 10% 

of the total pollen. In c:x:mparison, the cx:>ntrol (the maintainer itself 

with its own cytq>lasrn) possess 95% to 99% dissociated stainable pollen 

grains. 

Thus, we need to urxlerst:an:l why the so-called mal e sterile plants which 

in fact prcxluce 5 to lO% staine::l pollen grains are not self fertilized. 

'!he reason for this a~ to be the following. '!he anthers of these 

sterile plants are nearly enpty so they cannot rurst. 'lhe rare functional 

_pollen grains which are released are mixed with debris fonning a sticky 

~er. 'Ihey have little chance to fertilize. 

As far as we could obse.tve the maintaining ability (MA) which is 

efficient with Mo ·cytq>lasrn seems to function to the srure extent wi th the 4 

other cytoplasms. 

It seems that a oontinuoos ~e of MA cx:x::urs : frcm very gocxi MA 

with Gitana or Rugally to very _poor MA givi.m oonverted plants almost as 

fertile as oontrols witfi S102 (brasilian black seeded genotype), Maxidor 
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(European wax-Snap bean) or Red Klood (North American light Red Kidney). 

When crossed as female to Gitana, this converted version gives male sterile 

Fls! 'Ihis in:licates that they possess a recessive restoration system. 

A study of mitochorrlrial mA of the five sarrces of CMS was 

perfonned. '!he elect.rqtloretic patterns obtained with enzyme Sal I were 

specific to each cytq:>la.sm; Hq, l-k> arx:l Sp differ slightly an:l rese.nt>le non 

in::lucer f'. coccineus rut. are vecy different fran f'. wlgaris. lB lf'. 
oolyanthus cytopla.sm) is nnique, ci is vecy similar to normal f'. vulgaris. 

A fragrnent of 8.4 Kb, present in non-irrlucinJ cytcplasros is lacking in Hq, 

Mo, Sp arrl ci, but present in the IB pattern (Fig. 2). 

3. Cross-Fertilization of Male Sterile Plants 

ProducinJ hybrid seeds on a fernale (male sterile plant), inplies that 

the pollen produoed by the male pa:rent has to be carried to the stigmas of 

the female male sterile plant where it will genninate arrl lead to the 

formation of cross-fertilized seeds. 

'Ibis task will be carried out by bees arrl bumble bees which forage the 

flowers looklnJ for nectar arrl saoot~ pollen. '!he bumble bees 

collectinJ nectar in Versailles often bore the base of the flower blrl one 

day before anthesis, which is ineffective for pollination. we observed 

rnale sterile plants in the proximity of normal plants in the field durinJ 

the two precedirg seasons. '!he cross fertilization was evaluat.Erl as poor 

in 1987, but gocx:l in 1988 though less than the control. We don' t un:ierstarrl 

the reasons for this difference between years. 

In 1978, fearinJ an· insufficient cross pollination of mal e sterile 

plants, pertlaps due to a lack of pollinator visits, we started to select 

for natural out crossi.rg ability. 
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'lhis selection was based on the utilization of a marker affecti..n1 

pigrnentation which is prOOably pleiot.rq:>ic; it is visible in the seed, in 

the plantlet arrl in the flower. 'lhe two possible states of this marker are 

the following : recessive (white seeds, green axis arrl cotyledons, white 

flowers); daninant (black seeds, p.n:ple axis arrl cotyledons, p.n:ple 

flowers). 

Selection was carried art: on the I<H pcp.ll.ation nentioned alxwe. 'Ihis 

p:::>pUlation quickly showed a terxiency for allogamy; after two gene.rations of 

natural reprcx:iuction in the field, the characters purple arrl yellow pcx:Is, 

white arrl red seeds were fa.lfrl in the pcp.ll.ation. 'lhese characters were 

not present in the parents of the original crosses arrl must, therefore, 

have been introduced by natural crosses with plants of neigtiboring plots. 

Scxre of the plants had white flowers arrl gave white seeds. Severa! 

groups of white seed progeny were planted in the fall in. the greenhouse in 

square d.ishes. 200 seeds can be planted in one 36 x 36 an dish. Airorq the 

groups of progeny, the majority of which had green axis arrl cotyledons, 

plants with violet axis arrl cotyledons awearect with variable frequency : 

these could only have resulted fran natural hybridization with plants 

possessing the daninant markers. 'lhe nore frequent the anthocyanic 

plantlets anorq the progeny, the nore the female parent has a t:.ernency for 

allogamy. Anorq those giving such plantlets with high frequency, severa! 

hybrid plantlets were recovered, grown in the greenhouse during the winter 

arrl self fertilized (Fig.. 3) • 

'!he markers segregated in the F2 progeny with observed ratios of 3 : 1 

or, nost frequently, 9 : 7. 'lhese progenies were sown the followirq year 

arrl those which had white flowers were harvested. 'lhe white seeds were 

selected arrl the cycle was started again (Fig. 4). A nore costly variation 

of this method consists of fixing the white seed character by cultivatirq 

F2 plants with green axis arrl white flowers. 'lhis procedure requires a 

second generation in an insect-proof greenhouse. 
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While the average rate natural hybridization of E. vulqaris varies in 

Versailles between 2 an:l 3%, lines givi.rg 20 to 30% of natural hybrids were 

obtained after a si.rgle cycle of selection (Fig. 2). We l'lcpe to increa.se 

this rate even IOC>re. 

'Ibis terxiency for heterogamy should pennit better fertilization of the 

rnale sterile plants whlch otherwhise give not enaJgh seeds. 'lhe frequency 

of hybridization :roontioned above is prd:lably an 'lllrlerestiinate, sinoe the 

pollinators seem to dloose one color of flower an:l pollinate others 

accidentally. 

Unfortunately, after testin;J by backcross to Mo cytq:>lasm, the best 

lines for heterogamy showed a poor maintaini.rg ability. Only the line Al 

24 K is a good maintainer bJ.t it gives only 7% natural oot.crosses. We must 

rr:M obse.tve CMS lines with neighbori.rg rnale fertile plants in different 

locations duri.rg several years in ortier to dleck the yield of hybrid seeds. 

4. Restoration of Pollen Fertility 

It is probably a wise precaution to restare the pollen production in 

the Fl plants in a self pollinated species since ootcrossi.n;J would probably 

be insufficient. 'Ihus, when we fourrl good CMS, we looked inmediately for 

dominant restoring ability (OOA). '!he test cross f or OOA is very s inple; 

the restorer can:lidates are crossed with one or preferabl y two different 

good male st:erile genotypes. So we fourrl only 3 ]?. vulqaris genotypes with 

sufficient mA arnc::>1'XJ about fifty carxtidates tested: Borlotto gigante 

(Borgi) ' Bo 025 an:l R1 257. 

I n fact, as already dJserved by Sally Mackenzie with Ci cytq>lasm the 

restoration is not CCI'!J?lete. Only 30 to 70% of the pollen is stainable an:l 

grains are still predaninantly coalesrent. 

'Ibis year, for the first time, restored Fls between different O.fS (five 
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different nuclei in the same (r-D) cytq>lasm), an::l the restore.rs Iteltioned 

above were observed in the greenhaJse an::l the field. In the field, the 

fertilization rate seems to be better than in the greenha..Jse, maybe because 

of insect activity or wirrl effect. 

'!he resul ts of greenhaJSe trials are praru.s1.11g; if we express the 

quality of the :restoration by the ratio of the mean rn.ll1i>er of seeds/pcx:l of 

the Fls divided by the see.d rn.ll1i>er of a theoretical mid parent: 

( (maintainer + restorer) x o. 5) , we foorrl for this ratio o. 7 4 for Borgi, 

0.84 for Bo 25, 0 . 86 for FH 257. '!he ideal control. would be the same 

hybrid, obtained by han:i crossin3. We also looked for restoration in the 

species which had given the irrlucer cytq>lasm: J?. coccineus itself an:i 

VUCO genotypes, specially in the KH pop.llations Iteltioned before. 

This time, we have foorrl severa! genotypes givin:J in Fls with gocxi CMS, 

80% of stained pollen, mainly disperse. 

We are currently transferrin:J these daninant gene (s) by backcross~ 

the restored Fl to a gocxi mal e sterile. '!he obtained progeny of the OC 

segregate, generally 1 mf : 1 ms (one dominant gene) or 1 mf : 3 ms {two 

daminant genes). 

A very gocxi restoration leve! seems necessary for green beans, because 

an i.nconplete fertilization diminishes the quality of the green pcx:l. For 

dl:y beans, we hope for a OClTpellSéition effect of the insuffici ent rn.nnber of 

seeds in pcx:ls by an increase in pcx:l numbers. 

Conclusion 

'!he magnitude of heterosis fc:mxl in c::::ormon bean is higher than 

generally observed in self pol linated plants; the quali ty of CMS i s 

satisfactory with maintainers already classified as gcxxl; the 

cross-pollination has to be nore precisely evaluated. '!he :restoration 
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level presently cbtained nust be also test.ed in practical CC>I'rlitions. We 

propose to start right TY:M a program of reciprocal recurrent selection with 

a special attention to the prablem of hybrid seed CXJSt. 

'!he first pc:p.llation, sa.rrce of the future female parents ccW.d be 

oriented to a type of plant yield.i.rq a large mnnber of seeds. 'Ihis means 

srrall seed size arrl high rnnrber of pods (i.e. types II, III or IV). other 

necessary characters are maintainirx.J arrl crossin:j ability. 

'!he cx::arplerrentary pop.llation, source of the future male parents must 

correct or c:x:mp:msate all the "defects" introduced in the first group : 

large seed size will correct the srrall size, dcminant restorinJ ability 

will override the male sterility arrl high canbirlin:J ability will enhance 

the yield. 
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Table 1. Transfer of different !'. vulgaris rruclei in different !'. 
coccineus or !'. polyanthus cytq>lasms. 

Code 

o 

p 

T 

Ho 
X 
Q 

e 

11 

l 
58 
67 

125 
141 
726 

Sp 
886 
Hq 
757 

Da 

Donor of 
cytoplasm 

Déslrée 

Pe taco 
Tres Clllbres 
(f. purpurascens) 
Horelos 662 
Hexique F 
N1 407 
(f. obvallatus) 
Cl 4x 

HB 18 

LTE8 
OGO 58 
NC 67 
(f. forrrosus) 
DGO 125 
OGO 141 
N1 726=DG0361 

N1 756=PatZllll 
N1 886 
N1 889 
N1 757 
(f. polvanthus) 
N1 758 
(f. polyanthus) 

Contender 

10 

11 
14 

15 
12 
4 

10 

9 

13 
5 
5 

9 
12 
7 

16 
9 

14 
3 

5 

Nl.llber of back crosses on 

Maxidor Rugally 

9 

12 
11 

13 21 
10 

11 

7 

8 7 

10 9 

3 3 

128 

2 

2 
2 1 

28 
2 

3 

3 

2 

17 
2 
7 
3 

3 

Observed 
modifications 

Severely depressed, 
variegation 
Variegation 
Loss of fertility, 
parchment? 
Mal e steril lty 
Normal? 
Strongly-weakened, 
almost lethal 
Normal'? loss of 
fertil ity 
Depressed, 
variegation 
Variegation 
Normal? 
Loss of fert i l l ty, 
parchment? as T 
Normal? 
Normal? 
Severely depressed, 
loss of fertility 
Hale steril i ty 
Normal ? 
Mal e s terfl f ty 

Norm11l? 

Mate s ter it ity 



Table 2. Levels of maintai.nirg ability (MA) foorrl in}?. vulgaris with the 
different CMS iniucirg cytq>lasma (1) 

CI Hq Sp 

Good MA 

Gitana (OOsh, snap) 5(1) 5 5 5 5 
Ruga!! y (OOsh, snap) 4 4 4 4 4 
Prélude (OOsh, snap) 4 4 4 4 4 
Sprite (OOsh, snap) 5 5 5 
Tri"LDT"q;il (OOsh, snap) 4 !) 5 5 
ED (OOsh, dcy) 4 4 4 4 4 
fiaoo (OOsh, dcy) 4 4 4 
GM10 (pole, snap) 5 
VX193 (pole, snap) 4 
eopau (pole, dcy) 4 
Al 24K (pole, dry) 5 
~. n-exicanus arrl progenies 4 

Intennediate MA 

Most of the screened genotypes 2-3 
fall here (carioca, navys, Great 

Northern) 

R::x:>r MA 

Conterrler 2 2 2 2 3 
Maxidor 1 1 1 1 2-3 
Red IG.oud 2 2 2 2 3 
S 102 1 1 1 1 2 

(1) score based on pod fertility 
o = fertility of the control =no sterility 
5 = carplete sterility of converted version 
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Figures 

Fig. l. 

Fig. 2 

Fig. J. 

Fig. 4. 

Tetrads of 1, 2, 3, or 4 strained pollen grains. 

carparison of mt mA pattems (sal I enzyme) • 

Percent allogamy in :KH in 1983 (200 plants). 

Selecticn for increased allogamy. 
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Normal control: dispersed stained pollen grains 

Figure l. Tetrads of 1, 2, 3, or 4 st rained pollen grains. 
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Figure 3. Percent allogamy in KH in 1983 (200 plants) 
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Fig.4 Selection for increased allor,amy 
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Willem Janssen* 

Earliness is a breedirg ard productioo ~ with many differnnt 

dimensions. It affects risk, Ciq> management, labor, lard ard capital use, 

sales possibilities ard food availability thrc:u]h the year. 'lhe attention 

to earli.re;s is in::reasi.rg in part because it has received little attention 

in the past, whic:h has led to late varieties, with adcptioo prcblems. 

Because earliness has so many dimensions it can only be uOOerstood in a 

fann systems ocmtext. 'lhe author believes that the role of earliness as a 

dralght escape mechanism is often overestimated at the cost of its inpact 

on especially labor, lard ard capital productivity. one of the reasons for 

the limited attentioo to the other dimensions of earliness, is that the 

benefits do not a¡.pear within the crq> b.rt: in the rest of the fann system. 

For all dimensions distinJuished in earliness, alternatives do exist. 

'!he management of a 1"lttil'ber of al~tives, llc:'Mever, is 100re CCJTplex than 

the growirg of early varieties, which c:x:rrbine a l1UJ'Ii:)er of advantages in 

one, easily managed trait. As well, many alternatives have a st:ron:J 
institutional c:x:ITpOnent, whic:h falls outside the :reac:h of the irrlividual 

fanner. As nuch as a dralght escape medlanism, earliness a~ an 

"institutional deficierx:y" escape nechannism. 

Earliness has a price, in tenns of a reduction of yield potential. 

However very fev~ stu:lies (or oone) have been reported that calculate the 

* Ec:x:>nanist, Bean Program, CIAT, A.A. 6713, cali, Colarbia. 
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value of the trait. 'lhis is because the nultidi.nvmsional dlaracter of 

earliness makes it difficult to rneasure its value correctly, because it has 

received little attention in tenperate agriculture arrl because it is not a 

problem that econanists terrl to be interested in instinctively. 

Sane suggestions are made on hCM its value could be neasured. A 

promising strategy awean; to be the generation of nethodologies analogoos 

tó risk-analysis. 

Earliness has to be associated with peor pecple. IOOr people can 

often not wait until next week in arder to receive money or food. To 

sw:vive, they need it t:.oday. Consequently they live with a very short time 

horizon. Earliness is a trait which 'helps them in their strucJ:Jle to 

sw:vive. Nevertheless, if the srnall farrrers of I.atin America arrl Africa 

would not need earliness any more, this IOOSt probably would .i.nply that 

their production situation arrl living corrlitions would have .i.nproved 

considerably. 

IntrOOuction 

Earliness as a breedin;J d:>jective has been a concern in many crc:p:;. 

Its value has been proven in a very convincing way in rice, where the 

developoont of early maturing, high yielding varieties allowed the 

inclusion of a thi:rd crop in the annual production cycle (Zan:3stra et al., 

1981). In case of beans, such clear proof on the value of earliness has not 

been produced. Yet, intuitively the ilrp:>rtance of earliness for bean 

breed.ing is clear. Many farrrers in the developing world praise beans for 

being a rapid crop. Aloc>~ the staple foods, it is prObably the crop that 

occupies the field for the shortest time. In fact, a farmer in OJSta Rica 

c:::x::arm:mted that he liked beans, because "it was all over" in less than three 

months. 
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An initial jl.Dgement on the value of earliness shoold be positioned 

scm:!Where between two contenporary expressicns. 'lhe first one is "time is 

rroney" arrl the secxni one is "baste makes waste". 'Ibis paper wlll try to 
explain in :rrore detall the advantages than the disadvantages of earliness. 

Havever1 it sha.ll.d be clear that1 other thi.njs equal1 early varieties have 

less yield potential than late varieties. '!he benefits of earliness do not 

c::aoo for free. 

'!he expression "time is rroney" is DDStly associated with weal thy 

b.lsi.nesstoon in the United states of America. Not only wealthy blsi.nesstoon1 

rut also poor pecple in urrlerdevelcprl camtries live with this expression 

in mirrl. Peor pecple are al..Ioost always short of IOOneY arrl will rather 

recei ve a srnall éU10ll1t of noney :today 1 than a bigger éU10ll1t next week. 

'lhey live fran day to day 1 are not able arrl therefore not ac:x::ustaood to 

wait for :rroney or food. 

"Haste makes waste" is an expression that represents scientific 

values. Scientists JOOSt often have stable incx:mes 1 have spent lon:J years 

of their life stu:iyirg1 arrl are trained to produce ~ful resul.ts 1 rather 

than to produce rapidly. '!he dlallerge of explainirg earliness to a 

scientific public lays in the different value system of fanners arrl 

researchers. 

What Is Earliness? 

Earliness is a relative concept. A variety is early if it crnpletes 

its crop cycle in less time than the traditional variety. What this tooanS 

in the rn.nnber of days is very location specific. In the Saltheast of 

Guatemala early varieties have a crop cycle of sane 65 days anl 

intenned.iate varieties of sane ten days :rrore. In the extreme sa.rt:h of 

Colanbia (Ipiales) early varieties have a cycle of 210 days anl traditional 

varieties of 245 days. 
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Earliness is also a relative CC>I'lOapt in a breed.inJ cx>ntext. In the 

searc:h for yield ard resistance, earliness has often been neglected. 

OJnsequently many inproved varieties were less early than the traditional 

varieties. 'Ihis b:rc:ught prcblerrs with adctJtion of these varieties. For 

many breeders earliness · inplies reduci.n;J the crcp cycle of inp:roved 

varieties back to those of traditional ones, rxrt: so Itlldl the reduction of 

crq> cycles to shorter times than for the t,radi tional varieties. 

Earliness arrl Fanner ct>jectives 

Earliness can only be mrlerstood in a fann systens cont.ext. 'Ihe first 

question to be asked is on the objectives of the fanner. 'Ihese vary 

wi dely, but JOOSt often the folla-ring CXI1p)l1eJlts are involved: Incx:me, 

especially in I.atin America; adequate nutrition, especially in Africa; 

security ard family welfare, iltp)rtant on both continents. 

To fulfil these oojectives the fanner nakes use of certain resoorces. 

Traditionally foor major resources are distin:.Juished: lard, labor, capital 

ard management. 'lbe fanner can rxrt: freel y use these resa.rrces . His farm 

only has a certain size, his family ard neighbors only provide a certain 

él100l111t of labor, his savings arx:l credit-roan at the bank are limited, as is 

his education. On t:q> of these constraints, climati c, soil arrl market 

corrli.tions further limit the options of the fanner. 

'lbe fanner tries to satisfy his objectives by the enpl~t of his 

available resources in different activities. Bean production, an:l 

production of other arurual crc.ps, production of perermial crc.ps ard cattle 

holding are arrorq the agricultura! activities. As well the fanter might 

'WOrk as a day-laborer, or use his time arrl capital in trading activities. 

Earliness OOtains many dimensions if we consider hcM farners balance 

their objectives with their available resoorces arrl alternative activities. 

At least five areas where earliness can make a differenoe in. farm q:>eration 
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should be dist.inguish.ed. 'lhese are: crq;> managerrent: the efficient use of 

resources; the availability of foc:x:i through the year; the q:p:>rtunities to 

sell his produce am the area of risk am uncertainty in agrialltural 

production. 

Risk and Uncertainty 

One of the zrost wide-spread ideas on earliness is that it serves as a 

drought-escape ITeC'hanisrn. In areas where the rainy season is short arrl 

irregular, early varieties have nore d1ance to have passed the flowerln'1 

stage before the dcy season starts. Farm:rrs are aware that with sufficient 

rain late varieties <?Utyield early varieties, but are willin;J to aa:ept a 

reduction in yield potential for a bi<Ner dlance of cl:rt:ai.nin;J a sucx::essful 

crop. In a 1985 sw:vey in the Southeast of Guaterrala 43% of fanoors 

planted early varieties to escape dl:"a.lght. In the same sw:vey 66% of the 

farm:rrs planted only early varieties, 26% planted early arrl late varieties 

arrl 8% planted only late varieties. 

'lhe evidence on the stability of early varieties is not very 

convinci.rq in the case of Guaterrala. Table 1 shows the ootcane of a sw:vey 

in the first sernester (A) arrl the secorrl sernester (B) of 1,985. In the 

first sernester sw:vey a distinction was nade acx:x:>rding to crc:p cycle. 

Yields per hectare were equal for early, intennediate arrl late varieties. 

'Ihere i s no clear pattern in the adaptation to different crc:win;J systems, 

with the exception of the low yields of the late varieties in nonoc:ulture. 

In such a situati on early varieti es are pref erable . '!bey yield as wel l as 

l ate varieties in l ess time. 

'lhe secorxi survey made a distinction between traditional varieties arrl 

irnproved varieties . Most traditional varieties (rut not all) we.re early, 

while all irnproved varieties were late. In this sw:vey the inproved (late) 

varieties considerably ootyielded traditional varieties. '!He resistance to 

Bean Gol den Mosai c Virus, for which the irnproved varieties we.re developed 
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arrl introduced cxW.d explain these yield differences. 'lbe yield differenoe 

per day, however, is minimal arrl the relative performance of inproved 

varieties in associations was less than in nonocul. ture. Questions that 

cxW.d not be awrcpriately answered were on the effect of earliness on the 

yield of the associated crq>; on the canparability of production 

corrlitions; arrl on the value of tbre arrl tim.i.n;J by the fanrer. 

It awean; that in 1985 earliness did not :i.nply· an advantage for 

traditional varieties in terns of yield potential. For the inproved 

varieties a yield advantage was clearly present in the .secorrl season. '!he 

question for the fanrer then becx:rnes whether yield potential c:ccl.d not be 

introduced in earlier varieties. 'Ibis is a particularly challergirg 

question since it a¡:.peared that the traclitional early varieties were grown 

on poor soils (hill sides) , while the inproved varieties were grown on m:>re 

fertile arrl m:>re humid flat soils (Viana et al., 1986). Earliness was not 

only associated with dra.lght escape rut also with water arrl nutrient 

efficiency arrl possibly with yields of the associated crq:>. 

F\lrthenrore, the superiority of inproved varieties depen:ied on the 

criteria used. If yields per hectare were used, they were better, rut if 

yields per hectare per day were used they perfonood equa1 to the 

traclitional early varieties. 

A final remark with respect to risk arrl ~inty concems 

replantjn;J. Many fanoors prrchase their seed in cx:mron gr0cery stores or 

store it for alloost a year at the farm. Gennination of this seed is very 

variable. With early varieties the possibility to replant, wit.ho.lt facinJ 

drought p:rOOlems, is greater than with late varieties. 

lerA has been aware of the value of earliness, especially after the 

introduction of the first IG-W resistant lines. 'nleir efforts to prcxluce 

m:>re early varieties are Weed a very aw:rq>riate response to these needs 

(Ruiz et al. , 1988) • 
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Crop nanagement 

Early varieties provide frur abvia.JS advantages in crq:> management. 

In rotations, an early variety will provide rore tine to prepare arrl plant 

the next crop. 'lhe benefits of such earliness will be expressed in the 

yields of the next crop, as well as in the m:>netaty costs of production 

(less need to hire labor). 

Early varieties, many of whl.dl are of type III growth havit, may CXJVer 

the field nore rapidly arrl will need less weed control. 'Ihis advantage 

might be expressed in the yield of the bean crop, bJt m:>re probably will 

inpact on the cost of production per hectare. 

In crop associations the early variety will be héuvested 100re quickly 

arrl provide less cx:xrpetition. 'lhis will result in increasErl yields for the 

associated crop. 0ne must note that earliness in associations might also 

i.npact negatively, if the early bean variety is m:>re cx:xrpetitive with other 

crops shortly after plant.in3 than a late variety wo.lld be. 

Finally earliness might help to escape the build-up of insects arrl 

diseases to econanic damage levels. In this case bean yields might 

increase arrl the cost of insect arrl disease control might be reduced. 

A sa1lent observation with respect to earliness for crop management is 

that it inpacts mainly on costs of production arrl yields of other Cl'."q)S. 

Organizing research along mtatality lines is beneficia! in many aspects, 

bJt might incorrectly reduce the attention for the interaction with the 

rest of the fann system. 

capital arrl labor use 

For alirost all srnall féll'lrerS in the develcping -world capital is 

extrenely scarce. Banking services (credit aro savings) are insufficiently 
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provided. Early varieties partially resolve these prd>lems. Since they 

can be hal:vested earlier, they provide a higher rate of retum arrl make 

borrowin:J nore feasible. As well they allc:M the fanter to pay back his 

loans rapidly arrl reduce the costs of interest. 'nli.rdly the .incc:loo fran an 

early bean crop might be an int:.enoodiate souroe of financin:J, for exanple 

to pay for fitosanitacy control in other crq:s. Finally it provides cash 

to the fanner at an early narent in the production cycle. 'Ihis allows the 

fanner's family to make consumer spen:l.in:J earlier in the year arrl 

facilitates cash flc:M managernent. 

labor is a resource that small fanners a~ to p:>SSeSS éili.lrrlantly. 

Although the overall ratio of labor to larrl is high, fanners often face 

periods in which labor is needed in many activities. 'Ihese are alloc>st 

always the periods of the year when other farners are also oc:x:::upied, so it 

is difficult to hire labor. For bean production, planting arrl harvestin:J 

are peak periods in the year. Early varieties that can be planted later in 

the year allow the fanner to grow a larger area of beans, by exterx:ling the 

plantin;J season. If the planting period is exterrled the harvest period 

will be exterrled as well. 

Earliness also affects labor in another way. Fanners might be active 

in enploynent outside their fanns, for exanple as a day laborer or a rural 

assernbly agent. For exarnple in Brazil it appears that srnall fanners ootain 

up to 65% of their i.ncane fran off-fann activities (Schuh, 1988). In many 

regions small fanners bmri.grate ternporarily to other areas, to earn an 

i.ncane in the harvest of other crops. It is clear that each day saved in 

the production of his crops is an extra day of i.ncane in the alternative 

enployrnent. 

For Iatin American agriculture labor productivity has critica! value. 

'!he ratio of urban consumers to rural producers has grown rapidly over the 

last 30 years. Fanners rKM need to be nore productive to su¡:ply sufficient 

food to the urban markets. As well, labor productivity influ~ strorgly 
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the agricultura! inccrre. If this inccrre does not increase ena.Igh, 

migration of fann labor to the urban areas will contirrue arrl might make the 

continent nore deperrlent on .i.np:>rts. 

Iarrl use 

In Asia early maturi.n:J rice ~ allowed the ioclusion of a third 

crop in the production cycle. In many rainfed areas such intense crq:pi.n:J 

might be impossible, rut early varieties might still allow a dooble crop 

instead of a si.n:Jle. 

As is the case with labor arrl capital productivity, increasing larrl 

use is c:x::nplex. An exanple fran Ipiales, the extreme sart:h of Colanbia, 

will be used to illustrate sud1 ccttplexity. 

Table 2 shows two traditional crop syste.ms arrl two experinental 

crop systems for this region. In order to intensify bean production 

( systeJn 2) , a new system ( 3) was develq:>ed in whidl the climbi.n:J bean is 

replaced by an earlier bush bean. Since it was not possible to firrl a 

maize variety that was c::x:.trpatible in duration arrl quality, the OOsh bean 

was grown in llDnoculture. After the bush bean is hal:vested a secorn crop 

can be planted of barley or petate. Alternatively a prcxiuction system, in 

whidl pranisi.n:J cli.mbi.n:J beans and maize are in~, was designed 

( 4) • 

'lhe production sys~ whidl includes the OOsh bean ( 3) cx:x:upies the 

larrl for m:Jre ti.ne. It is effective in increasi.n:J the land use t.lu:'c:ugh the 

year. Its benefits are higher than for the traditional production syst.en, 

on a per hectare as well as a per day basis. 'lhe alternative production 

systeJn (4), however, produces even higher net benefits per hectare arrl per 

day. As well it has lower cash cx:>sts than the system with the bush bean. 
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What is the charlee of success of the lan:l use increasi.ng production 

system? For several reasons, this does not look pranisi.ng. cash costs are 

higher (risk!) an:l benefits per day increase only marginally. On the other 

harrl, the system ñeeds harvest an:l planting labor when farmers are 

harvest.irq patato arrl planting barley (Production system 1). While 

production system (1) provides the barley with the residual fertility of 

the patato crop, bush beans will not provide such residual fertili ty, since 

they are not as heavily fertilized as patato. Finally fanners use the 

bealy'maize field for aninal grazirg during the remain:ier of the year. 'Ibis 

cx:cl.d be practiced fC?r sare 120 days in the traditional ' system arrl only 40 

to 70 days in the new system. 

Besides, there is an alternative beansjmaize production system that 

has higher expected benefits. Al though this system does not increase lan:l 

use 1:lu:'algh the year, it makes toore intensive use of it dur.in:J the crcp 

cycle by means of an association. Not only lan:l use 1:lu:'algh the year but 

also intensity of use matters. 

Earliness has :imninent potential to increase larrl use by intensifyirg 

the crop cycle. To urrlerstarrl this potential the fann system needs to be 

analyzed as a whole, arrl advantages for specific crq> syst.ems need to be 

carpared with what ha¡:.pens to the other crop syst.ems in the fann. Of 

course such analysis is highly location specific. 

Food availabilitv throuqh the year 

'Ihe :inportance of earliness for food availability 1:hrtu;Jh the year can 

be denonstrated with an exanple from Africa (Bittenberrler et al., 1984). 

When the crop is in its vegetative growth stage, farmers eat bean leaves. 

Iater on, when pcxls are beirq filled, green pods are con.sune:l. When the 

crop readles maturity, green shelled beans are eaten. Finally when the dl:y 

beans are harvested arrl dried, dl:y beans are eaten. 
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In a system where people rely on beans for part of their focxl needs 

fran so early onl the i.trportance of early varieties is obvioos. It shcW.d 

be stated that for focxl availability p.n-poses it is very advant.ageaJ.s if 

the early materials are CC!lplemented with late materials that provide food 

after the harvest period. 

sales opportunities 

Earliness in"proves the sales possibilities for the inlividual fanner. 

'lhis can be appreciated in figure 1 1 that shows average m:>nthly bean prices 

at wholesale level in Bucaramanga 1 Cblati:>ia fran 1982 to 1987 for the 

variety Radical). '!he harvest concentrates ara.nrl July (first cycle) arrl 

December (secxni cycle). At both harvest periods1 prices at wholesale 

level terrl to drop. For a f~ it is advantageous to sell his beans 

early, since this might cause a 20% difference in the price he receives. 

Not only the higher price matters to the f~. If he offers his beans 

before the majority of fanoors offers beans1 he will need less effort to 

sell, will face less quality restrictions and will have a higher ~ of 

cash payment 1 because traders still ha ve m:>ney instead of beans. 

Earliness as a means to inprove sales o¡:p:>rtunities is a dalbtful 

strategy. If only a limited group of féUllV2rS have acx::ess to early 

materials 1 they will sell at higher prices. Nevertheless 1 if all fanne.rs 

will have abtained aocess to the early materials 1 a dem.:in:l for even toore 

early materials will arise. 'Ihis might eventually lead to an "early to 

market" trap, where yield potential is continuoosly sacrificed for 

marketability. Furthenoore1 early materials a¡:pear to have smaller grain 

size on average than late materials1 which further affects the viability of 

earliness as a means to inprove sales QRX>rturúties (Komegay1 1988). 

However, to increase the feasibility of a new varietal introduction, 

earliness is very .i.nportant. If fanners are market oriented they will not 

quickly acoept a variety that delays their market acoess. 
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Alternatives to earliness 

Earliness is a¡:.preciated by fanoors for many reasons, as described in 

the previa.JS sections. Fa.nrers are willin:;} to sacrifice yield potential or 

nitrogen fixation capacity in order to obtain their harvests at an earlier 

stage. Why is earliness so a¡:preciated? To a large extent this can be 

urrlerstood by studying the alternatives to earliness. 

With respect to risk, alternatives to earliness are: a .better root 

systeros (drought) ; a crop insurance system; a high quality seed 

distribution system to avoid replanting. 

With respect to the crop management aspects of earliness, one might 

consider protecti ve Íl"lt:Rlts, education arxi to sorne extent other crops. 

Efficient resource use was treated as a major reason for preferring 

early varieties. As an alternative to efficient larrl use one rnight 

consider inproved fertilizer availabili ty or larrl reform prc:qrans. For 

Irore efficient labor use, mechanization can be considered. Earliness to 

reduce capital needs can be substituted by i.np:roved credit availability arrl 

by the existence of loans at reasonable interest rates. 

Focxi availability through the year can be inp:roved with storage 

methcrls or with focxi distribution an:i credit (for focxi prrchases) scheiOeS. 

Finally the wish of the fanner for early varieties in order to sell at 

better prices could be substituted with market support scheiOeS. 

Earliness forms an alternative to many different things, fran 

mechanization to crop insurance. Earliness is attractive to many fanoors 

because it canb~__s different altematives in one trait. '!he varia.JS 

alternatives to earlino__ss are probably Irore difficult both to manage an:i to 

urrlerstand. As well many of the al·ternatives fall ootside the scx:>pe of the 

individual farme.r an:i need to be supplioo at the aJil1ll1UJlity level. 
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In total fourteen altematives to earliness were rrentioned, nine of 

whic:il llave a large or allrost carplete institutional dimension. Market 

suwort prograrns for exarrple are absent in many cnmtries or tunction 

badly. In conclusion, for the irrlividual small fanner earliness is the 

altemative to a great ranJe of institutional solutions. It is the answe.r 

of the srnall fanner to the underdeveloped agricul tural sector in whidl he 

qJerates. 'Ihl.s also sug:Jests that if institutional arrarx.Jements inprove, 

the famers demarrls for earliness will pl.:"'Ci:)ably be reduced. 

Measuri.m the Value of Earliness 

'!he author of this paper is not aware of studies that ~licitly tJ:y 

to neasure the econanic value of earliness. 'lhree reasons cane to mirrl to 

~lain the absence. Firstly, econanic methodolo:Jies are often developed 

in the tenperate zones arrl aftel:wards applied in the trq:>ics. Since 

earliness is less .inportant in terrperate zones, there methods were probably 

never developed. Secorrlly, measuring the benefits of earli.ness is very 

difficult, because it has so many different dimensions. 'Ihirdly, as 

described in the previous section, earliness is the poor fanrers answer to 

deficient institutional arrangements. 'Ihis means it is a "secorrl-best 

solution". Most econanists are nore interested in study~ 

well-functio~ markets arrl institutions than in studyirg a "secorrl-best 

solution". 

saoo suggestions on rreasurin:J the value of earliness can be made. one 
can study the evidence of adoption. How many Jdlograms per hectare extra 

needs to be hal:vested to cx:tnpensate for a certain lack of earliness? For 

exarrple, ICI'A-Quetzal in Guatemala i s an ilnproved variety with reasonable 

diffusion, however without replacin:J the traditional varieties. It yields 

sorne 320 kg nore per hectare but is 25 days later. It then a¡::pears that in 

Guatemala a day earliness has a value of sorne 13 kg. 
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'lhe problem with this rnethcx:l is that aside fran lergth of grcMth cycle 

arrl yield, other differences (grain size, resistance) might be irwolved in 

the carparison. 'lhis can be avoided by the use of elicitation methods, 

which are also often used in risk analysis (Bi.nswan;Jer, 1980). In these 

methods fanners opinions on the relative value of earliness versus yield 

are elicited. 'Ibis is done for hypothetical situations. 'lhis brin;Js the 

advantage that other differences are not involved b.lt the disadvantage that 

the carparison is artificial. 

A cx::rrpletely different way to rneasure the value of earliness is by 

studyinJ arrl questioni..n;J fanners on objectives, activities, attitudes, 

resources arrl constraints. On the basis of this info:rmation a fann IOOdel 

can be built Which represents fanner behavior. In this mxlel the effect of 

early varieties can be simulated. In C'a'lp'rrison with the previously 

described rnethcx:ls, this rnethod offers more urrlers~ of why fanners 

like early materials. HCMever, the rnethcx:lological procedure is more 

c:x::srplex; the prcx::edure is no:rmative (it includes a decision-rule); and it 

is very difficult to specify a conplete farm mxlel. 

Conclusions 

Earliness has many dirnensions. It can irrprove labor, land and capital 

use, limit risk and insecurity, facilitate crop management, supply food 

shortly after planting aro irrprove market prospects. In breeding for 

earliness it is very Íllportant to knCM what dirnension is bein;J ai.nro at, in 

order to make a rigorous assessrnent of (breeding or institutional) 

alternatives. It should be very clear that it is llllch more than a d.l:-a.lght 

escape mechanisrn. 

To urrlerstand earliness, it is not enough to study the bean crop, not 

even the bean association. Farliness often is valued because it inproves 

the organization of the farm system and it facilitates farro management. In 

an equal way, studying the fann system might help to understand why 
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earliness is not needed. 

Earliness can be usefully canbined with ''lateness''. If early 

varieties are used to spread the planti.rg pericxl, to cbtain food rapidly, 

or to have access to intennediate capital for production pn:poses, it is 

not ~ that all beans planted are early. Also · a fanner m.ight have 

plots with different water retention capacity. He could plant early 

varieties on the dry larrl arrl late enes on the humid larrl. 

Fran a socio-econc:mic perspective earliness appears, more than a 

drought escape mechanism, an ".institutional deficiency" escape roechanism. 

For many fanners earliness is a way to deal with badly functioni.rg rnarkets, 

credit ~t and mechanization services. 'Ibis suggests t.hat c:I:q? 

i.nprovement should be integratErl in more CC!'!"prehensive developnent plans. 

'!he institutional catp:>nents of such plans could focus · on credit use arrl 

rrec::hanization, reduci.rg the objectives arrl the constraints for the crop 

i.nprovement carponent. 

Earliness has a price. Most clearly this is a¡::preciated in the 

reduced yield potential. Where the institutional deficiencies are big arrl 

the need for earliness great, fanners are willi.rg to pay a high price for 

earliness. Unfortunately, the author is not aware of econc:mic studies that 

have tried in a systenatic nanner to estiroate the price of earliness. 

In Iatin America earliness has large potential to increase labor 

prcxluctivity. EVen on small fanns prcxluctivity is constrained by seasonal 

peaks in the labor film. If earliness can contri.bute to the reduction of 

these seasonal peaks by spreaclin;J agricul tural acti vi ties through a larger 

part of the crop season, this will have strategic value in the stnlggle to 

increase small fann i.ncome. 
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Finally, earliness has to be associated with. poverty. Poor peq>le 

live fran day to day arrl will not wait until next week, if th.ey can abtain 

saneth.ing tarorrow. It is well known that th.e inability to save arrl invest 

is stron;¡ly con-elated with poverty. '!be ultimate conclusion is that 

earliness does not corresporrl with the expression "tilre is noney" nor with. 

"baste makes waste". .rt corresporrls with both at the sane norent. Often 

it helps peq>le to sm:vive fran day to day arrl year to year. HOW'eVer if 

they could do without earliness, this might well i.Irply that th.ey had 

reached substantially better living corrlitions. 
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Table l. Yields per hectare of different bean types in different crc:g>~ 

systems. In sa.rt:heast of Guatemala, 1985. 

Monocul ture 

Association with 
maize 

Association wfth 
sorghum and melze 

Association with 
sorghum 

Average yield 

Average yield per day 

Early 
varfetfes 

1350 

1364 

1122 

1092 

1232 

19.0 

1 
A <ffrst semester) 

lntermediate 
varietfes 

1818 

909 

1364 

779 

1218 

15.6 

1. No speciflc reference to traditional or improved varietfes. 

Source: lnternal data, Bean Economlcs, CIAT. 
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late 
varfetles 

1038 

1402 

1243 

1266 

1237 

13.7 

B (second semester) 
·Tradf t f onal lrrproved 

varf et 1 es varfeties 

976 1464 

864 1135 

694 990 

841 1179 

844 1192 

13.0 13.2 



Table 2. Traditional and experimental production systems, Ipiales, 
Colanbia 1988. 

Tradltional E~rlmental 

(1) (2) (3) (4) 
Bush beans . followed 1 rrproved beans 

Potato fol_lowed Beans associated by barley or essoc\ated wlth 
by barley with maize potato irrproved maize 

Duratfon (days) 150 + 120 245 165 + 135 220 

Net benefit 
(USS/ha) n.a. 703 970 1046 

Cash costs/ 
Total costs n.o. 0.32 >0.45 0.32 

Net benefit/day 
(USS/ha/day) n.a. 2.87 3.23 4.75 

Residual fertility yes no 

Period available for 
cattle grozing (days) 70 120 40 . 70 145 

Source: Internal data, Sean Cropping Systems, CIAT. 
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Figures 

Fig. 1. Colc::trbia: average prices per m:>nth 1982-1987. Radical, 

9.lcaramanga. 
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FIGURE 1. COLOMBIA: AVERAGE PRICES PER MONTH 1982-1987 
RADICAL. BUCARAMANGA 
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mYSIOu:x:;ICAL ASPECIS OF EARLINESS rn cx:M1:lN BEAN 

Jeffrey W. White* 

Intrcxiuction 

Receht interest in devel~~ early matur~ bean cultivars has raised 

many questions related to the ¡::hysiolCXJY of bean _ crcps. Forerost is 

whether earliness really offers advantages which offset the apparently 

inherent loss of yield p::rt:ential asscx::iated wi th short growth cycles. 

Accepting that earliness is desi.rable, one can ask how to breed cultivars 

which combine the desired level of earliness with acceptable yield 

potential. 'lhis problem has two facets where ¡:hysiolCXJY research might 

help. 'Ihe first co:ncems genetic arrl envirornnental effects on bean 

phenolCXJY. Given that beans are typically short day crops, effects of 

photoperiod are of particular concen1. 'Ihe secooo facet is whether certain 

rooqholcqical or physiolcqical characteristics can be identified which 

breeders can use as selection criteria for yield in early maturing 

materials. 'Ihis paper reviews available info:rmation on these physiolcqical 

questions. 

The Relation Between Yield and Maturity 

In the absence of marked seasonal variations in stresses, notably 

drought or lav temperatures, late maturing bean genotypes typically out 

yield similar, but earlier maturl.DJ materials by substantial amJUnts. As 

an exarrple, Figure 1 presents data frorn a yield trial of 42 genotypes 

varying in maturity from 52 to 83 days at CIAT Palmira. 'Ihis difference in 

rnaturities was associated with a yield differenoe of nearly 2000 kg ha-1 , 

* Crop physiologist, CIAT, A.A. 6713, cali, Colombia. 
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giving a linear correlation of r = 0.80 (p = 0.01). 

Another illustration of the same trerrl is fa.rrrl in the review of laing 

arrl co-workers ( 1984) • Using ¡ilotcpericx:i treatrnents to delay flc:Mering of 

R:>rrillo Sintetice, they fourrl that a 10 day delay in naturity was 

assc:x:iated with a 1000 kg ha - 1 increase in yield. F\lrther exanples are 

discussed by White arrl Izquierdo (in press), arrl the PJ.enanenon is well 

knavn in other crops (Olarles-F.dwards, 1982). 

Given the strong evidence for the loss of yield potential with 

earliness, it is :inperative to seek evidence for benefits of earliness which 

would corrpensate for the expected loss of yield potential. One situation 

where early naturing genotypes can out yield later naturing ones is when a 

najor stress increases in strength during the crop cycle, arrl early 

naturity results in at least partial "escape" of the stress. Drought arrl 

freezing temperatures are the I'ICSt obvious exanples, but for any disease or 

pest problern whidl increases in severity over time, early naturity also 

might pennit escape. 

circumstantial evidence for drought escape in beans is fa.rrrl in drought 

screening nurseries (White arrl castillo, 1988). When yield arrl naturity 

are conpared, a negative relation is frequently fa.rrrl . although many 

exceptions occur. As a single exanple, Figure 2 shows a significant 

negative correlation between yield arrl naturity for 72 genotypes evaluated 

under drought at Palmira. A sinple analysis of precipitation arrl potential 

evapotranspiration for five day pericx:is during the growth cycle indicated 

that starting approximately 25 days after planting, there was a 40 day 

period with only 22 rran of precipitation but a potential evapotranspiration 

of 193 rran. 

A particularly interesting case of drought escape is shawn by ~. 

acutifolius. Independent studies conducted in Horrluras arrl at CIAT have 

fourd that sorne genotypes of ~. acutifolius are mudl earlier than typical 
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lines of ,}?. vulqaris, arrl that this may explain saoo of the drought 

adaptation associated with ,}?. acutifolius (Zuluaga et al., 1988; White arrl 

castillo, 1988). 

Rather than ask whether dra.lght escape through earliness is a useful 

characteristic, a nore productive awroadl is to ask Urrler what corrlitions 

dra.lght escape is useful. Unfortunately, the response to this question is 

very site specific since it deperrls on such variables as rainfall 

distribution, soil noisture retention, arrl willÍI'X;Jl1eSS of fanners to take 

risks. 

Instead of attributing usefulness to earliness based on escape from a 

s:Lmle stress, it can also be at:gUed that earliness pennits escape from a 

wide range of stresses whidl may vary in inportance fran season to season. 

One approach for studying such an effect is through analysis of 

mul tilocation yield trials. Using a Finlay arrl Wilkinson ( 1963) type 

analysis one would expect early maturing cultivars to shCM lov.rer regression 

responses (B) arrl sma.ller deviations from regression (D) . 

In a review of date fran seven years of International Bean Yield arrl 

Adaptation Nurseries (IBYANs), only the 1975 IBYAN produced a significant 

relation between mean days to maturity arrl B (White, 1984; Fig. 4), arrl no 

significant correlations were found for D. This apparent lack of relations 

between earliness arrl stability was attri.buted to the typically very I1élrr'CM 

range of maturities found airol'YJ genotypes of individual IBYANs. 

'Ihis question has only received limited attention in other crops. 

Working with 54 sorghum genotypes in 48 envirol'1100nts, Saeed arrl Francis 

(1983) fOlll'd that nore than half of the variation in B was attributed to 

maturity effects, arrl D was also affecte:i by maturity. 
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COntrol of Earliness 

If it is accepted that earliness is a desirable dlaracter to seek in 

CCill'OC>n beans, the question arises of how to breed for earliness for a given 

region. Alt.l'lalgh such work cx:W.d be done on a strictly enpirical basis, 

infonnation on the genetic control of earliness ·arn on effects of 

¡ilotoperiod arrl tel!perature cx:W.d i.Irprove efficiency of breedl.nJ. 

studies on the inheritance of earliness in cx::mron bean are few. 

However, only two or three major genes seern to be of concern. 0ne or two 

genes have a direct effect on maturity, while another appears to IOCXlify 

¡flenology iniirectly through effects on growth habit. 

Masaya et al. ( 1986) reported that for the cross lerA Q.Ietzal x Rabia 

de Gato, earliness was dcani.nant arrl controlled by a single gene when 

evaluated at a site with a mean ternperature of 29°C. Recerit work at CIAT 

(White et al. , in preparation) with 19 early maturing in:letenninate 

genotypes seems to confinn this. Using test crosses of the early genotypes 

with A 301 (as the feroale parent), all 19 F1 pc:pllations flowered arrl 

matured a.l.Ioost as early as the respective early parent. lhe F2 porul.ations 

were slightly less early, rut were still mudl earlier than the mean of the 

two parents (Table 1). Further studies are needed to determine whether the 

same pattern of inheritance is fot.llXi in determina. te genotypes, arrl whether 

the different early parents share the same dominant allele. 

Another gene kncJr..m to have a major effect on ¡ilenology is the one 

governin:J the shift betv1een irrletenninate to determinate growth habi t. 

Most studies have suggested that the detenninate habit is recessive, 

showing a 3 to 1 se:Jregation ratio, arrl is associated with a 5 to 8 day 

increase in earliness (e.g. Bliss, 1971). However, recent VJOrk suggests 

that exceptions to the pattem of inheritance of stem type do occur (O. 

Ortiz, 1988 , personal communication) . 
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Urrlerst:arrlirg the basic rontrol of earliness is an inq:>ortant step in 

predictin;J hCM early the progeny of a cross will be. However, given known 

effects of teJrperature arrl ¡:hot.q,eriod on ¡;henology in cc:moon bean, it is 

easily anticipated that identifyin;J the basic genes rontrollin;J earliness 

will prove insufficient, particularly when materials are grown urrler 

different ¡::hotoperiod or t..enperature reg~. For exarrple, Figure 4 

presents data for evaluations of tine to maturity for 25 early genotypes 

groon at Cotaxtla, Veracruz, Mexiro (E. ~ S., 1988, personal 

CXJITml.Ulication) arrl at· CIAT Palmira. Although the overall rorrelation is 

highly significant (r = 0.68, p = 0.01), sane genotypes shifted their 

maturity as much as eight to ten days relative to other materials. 

Furthenrore, in this case, photoperiod response does not appear to have an 

obvious association with these shifts. FUrther exanples are fourrl in 

Masaya et al. (1986) where segregation ratios were fourrl to vary when 

populations were grown at two sites differin;J in rooan tenperature. 

our knowledge of effects of ¡ilotoperiod arrl terrperature on ¡:tlenology is 

not yet at the stage where one can predict ¡ilenology for any genotype urrler 

a gi ven set of envirornnental corrli tions (Masaya arrl Whi te, in press) . 

However four principies provide sane guidance: 

1. Each genotype has a characteristic mínimum tbre to flCMerin;J ( "ten:lency 

to flCMer", "maximLnn flCMerin;J rate"). 'Ibis is expressed urrler short 

photoperiods arrl, typically, wann terrperatures. Problerns with 

instability of earliness ten::l to ·cx::cur as delayed flCMerirx.J, not 

excessi ve earliness. 

2. For photoperiod sensitive genotypes, if daylengths are greater than a 

critica! minimurn lerqt.h, flCMer.in1 will be delayed. 

3. Higher temperatures increase sensitivity to P'lotoperiod. 'Ibis effect 

is rnost drarnatically expressed in Andean materials adapted to cooler 

regions. 
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4. Indeperrlent of the effect on photoperiod sensitivity, rate of 

develo¡:m:mt increases with tenperature. 'Ihus, . if IX> confoon::li.rx] 

photoperiod effect occurs, wanner tenperatures hasten flowering arxi 

maturity. 

In selecting for earliness, the worst p:rcblems with instability woold 

probably occur when materials are selected un:ier short photq>eriods (low 

latitudes or winter crowirq seasons) arxi then m:wed to lcm;r ones. 

However, in saoo cases tenperature effects will certainly be an additional 

confourxlirg factor. 

Inheri tance of photoperiod response in beans requires further study, 

but IIX)St evide.nce suggests that two genes are involved (Wallace and Masaya, 

1987, personal corrmunication) . Considerable variation in photoperiod 

sensitivity occurs within early maturirq materials (Table 1) • 

Selection Criteria for Yield in Early Materials 

Given that early maturity ÍltlJlies loss of yield potential, the need to 

find efficient ways to select for yield urrler earliness is even stro~er 

than for when maturity is not a factor. If precautions are rx>t taken, 

selection for yield will un:ioubted.ly lead to loss of the desired earliness. 

Followirg suggestions for ways to increase yield potential in genotypes 

with normal maturity, one approach is to suggest specific plant 

characteristics which partially determine the potential of yield of early 

matur~ gerx>types. To date, the only attempt to fo:rmul.ate a list of 

hypotheses relatirg yield to characteristics of early maturirg lines 

appears to be that of Rodríguez (1986) who corrpared growth of 13 early 

genotypes arrl 3 normal ones in two se.-rresters at CIAT Palmira. Testin:J su eh 

hypotheses is not as simple as one rnight think because they implicitly 

contain the sub-hypothesis that not only does a éharacteristic affect 

yield, but that this effect varíes v1ith 1~ of the grcrwth cycle of 
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in:lividual genotypes. For exanple, it is insufficient to say that a high 

harvest irrlex is desirable; it must be decided whether héuvest irrlex should 

be relatively greater in early or late maturi.nJ genotypes. nte si.nplest 

way to test such hypotheses is through multiple regression5. Usi.nJ yield 

as the depenjant variable, a test for significant effects of maturity, of 

the characteristic in question, arrl of the rnaturity by dlaracteristic 

interaction should suggest whether the characteristic is of special 

importance in early materials. Significance of the interaction with 

maturity is the critical test sinoe it irrlicates whether the effect. of the 

characteristic varies with length of gr<::Mth cycle. 

'lb illustrate this a¡:proach, five hypotheses were exarnined using data 

from the same trial of 42 genotypes presented in Fig. 1. '!he hypotheses 

were: 

l. Relatively long podfilling: Since yield is highly correlated with 

length of ¡xxifilling pericxi, but early rnaturity i.Irplies a shortening of 

the podfilli.nJ period, the relative proportion of the growth cycle 

allocated to ¡xxifilling should be increased in earlier maturing 

genotypes. ('!he proportion of the growth cycle represented by the 

podfilling period is defined as length of the podfilling pericxi divided 

by days to maturity) . 

2. High growt:h rate: '!he short growth cycle places a strong li.mit on 

overall grcMth, so a high growth :tate is :i.n'perative. One rough irrlex 

of the growth rate is biomass at rraturity. 

3. Higher harvests irrlex: Again, sinoe growth is li.mited, what growth 

does ocx::ur must be converted efficiently into yield, arrl the harvest 

index should be especially high. F\.lrthenrore, with a smaller plant 

size, less structural support is needed. 'Ihis should also pe.nni.t a 

higher harvest irrlex in early genotypes. 

162 



4. Iarger seeds: Early maturity i.nplies a reduced period for vegetative 

establi.shm:mt. Since large seed size sha.lld permit a greater initial 

crop growth rate, large seeds might be partia.llarly desirable in early 

maturin;J genotypes. 

5. Fewer seeds per pod: With a shortened podfillin;J period, the rate with 

whidl i.rrlividual pods can be filled might be limitin;J. 'lhus it woold 

be desirable to have srnaller, rut nore ~, pods. Since it was 

already argued that larger seeds are desirable, the only alternative is 

to have fewer seeds per pod. 

'lhe analyses of variance for variables associated with these five 

hypotheses are presented ·in Table 2. In all cases, the maturity effect is 

very large. 'lhe only hypothesis wheie a significant effect of other 

variables was fourrl was for crop dry weight. No interaction with maturity 

was fourrl for any of the five dlaracteristics. 'l:'akin:J these results at 

face value, one would conclude that all of the hypotheses have to be 

rejected. A nore generous conclusion is that sudl analyses sho.lld be 

atterrpted for a wider range of trials. 

'lhe related prd:>lem of hav to select directly for yield in early 

materials when higher yields will be associated with later maturity is also 

awroachable through regression anal ysis. 'lhis approadl seerns superior to 

the nore conventional one of calculat~ yield per day (yield divided by 

days to maturity) or yield aCCLmllllation dur~ podfillin;J (yield divided by 

lfiD1th of the podfill~ period) not withstarrli.JY::J the apparent pop.llari ty 

of sudl i.rrlices (e.g. Wallace and Masaya, 1988; CIAT, 1987). 

Yield per day suffers fran an inportant bias whidl frequently favors 

late matur~ genotypes, but depenclirxJ on the actual relation between yield 

and maturity in a given trial, can also favor early or intermediate 

genotypes. 'lhis bias is best illustrated by consider~ a line 

represent~ a constant level of yield per day on a grat:h of yield vs days 
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to rnaturity. SUdl a line is exactly equivalent to defining a fixed lilnit 

for selection based on yield per day. In Fig. 5 the data frctn Fig. 1 are 

replotted .includirg the origin on the two axes, arrl a line for yield per 
-1 . 

day = 25 kg ha 1s ch:awn. 'lhis line passes thrcAJgh the origin, as will 

any line for a constant yield per day. 'Ihis is shC1Wll by rearran:Jin:J the 

definition of yield per day (YPD) as a function of yield (Y) arrl days to 

rnaturi ty (M) • 

YPD = Y/M, 

thus becomes 

Y= YPD *M, 

which is the equation of a line through the origin and with slope of YPO. 

CUltivars lyin:;J alxwe the line in Figure 5 thus have yields per day greater 

than 25 kg ha - 1 day - 1 (e.g. RAB 60), arrl those lying below, less than 25 

(e.g. G 2923). For this set of data, if we imagine successive lower limits 

of yield per day, it is clear that all of the late rnaturin:;J genotypes will 

be selected first. 

'!he type arrl seriousness of the bias varies frorn trial to trial, 

acco:rding to the actual relation fourrl between yield and days to rnaturity. 

Replotting the two semesters of data frorn Rodriguez ( 1986) , one finds that 

in the first sernester use of yield per day would again favor late rnaturin:J 

lines (Fig. 6a), while in the secorrl semester, little bias would occur 

because the relation between yield and days to rnaturity would define a line 

s.iJnilar to that of constant yield per day (Fig. 6b). For the case where no 

relation between yield arrl days to rnaturity is foun1, here illustrated by 

data from Masaya an:l co-workers ( 1988) , selection based on yield per day 

would probably favor early rnaturing lines (Fig. 7). 
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Fortunately, regression analysis offers a si.nple an:l more ro1:ust 

alte.Inative. If the regression for yield as a function of days to maturity 

is calculated (Fig. 1), the residual values for each genotype (deviations 

from the regression) are equivalent to yields corrected for a maturity 

effect. 'lhus, superior genotypes will sinply be those with the lru:gest 

positive residuals. '!he -results of using different criteria for selection 

are evident in Table 3, where very different sets of : genotypes wa.ll.d be 

selected de~ on whether yield per day, yiel-d in podfill, or 

deviations frcm regression are used. 

In IrOSt trials, a linear nodel should be adequate, rot where both early 

arrl late genotypes are disadvantageous (as may ha~ at higher latitudes), 

addition of a quadratic tenn to the model may be necessacy. Analogous 

arguments hold for selection based on yield accumulation during podfillin;J. 

In this case though, days to maturity is replaced by duration of 

podfilling. 

Conclusion 

Breeding for earliness is an i.nportant arrl excitin;J opportunity for 

bean breeders. Although physiological studies of earliness are few (due in 

part to the paucity of early genotypes with minimal levels of disease 

resistance), existing physiological information should help breeders 

achieve their goals more efficiently. 

'lhere see.ns no question that drought escape through earliness is a 

useful characteristic. However, studies are needed to irrlicate what levels 

of earliness are needed for a given production area. Al::gl.lnv:mts for the 

value of earliness as a more generalized escape mechanisms seem plausible, 

but hard data are lacking. 

'!he basic genetic control of earliness seems relatively s.úrple, arxi 

many early genotypes are already known. Perllaps :rrore problematic than 
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achievi..Jl:1 earliness at a given site will be the task of unravelli.n;J effects 

of terrperature an:l ¡:hotopericxi when early materials are planted in 

enviroJ'lirel'lts different fran those they were selected urrler. It should be 

bom in mirrl that many materials which are early at CIAT show i.nt:entaliate 

to high ¡:hotoperiod sensitivity. 

We are still regrettably far fran bei..Jl:1 able to suggest an ideotype for 

early maturi..Jl:1 genotypes. Hypotheses are easy to generate, b.It correct 

testi.n:1 is 100re problematic. one pranisi..Jl:1 approadl is to use a nul tiple 

regression, pennitti..Jl:1 testi..Jl:1 for the desired interactions wi th maturi ty. 

Finally, bean breeders should not urrlerestimate the problem inherent in 

breedi.rg for yield in early genotypes due to the fact that yield usually 

varies directly with maturity. 'lhe traditional use of yield per day seems 

of dubious value, but again, regression analyses or ·use of maturity as a 

covariate in ANOVAs show promise. 
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Table l. Days to maturity of 19 early genotypes, A 301, arrl respective F
1 
~ popul.ations 

from crosses with A 301 grown at CIAT-Palmi.ra (White et al. , in p tion). 

Da~ to maturi:!2l 
Early Growth Seed Fhotol Early 
genotypes origin habit weight resp. geno. A 301 Fl F2 

ng 

Aguascal. 11 4 Mexico 3 250 S 56 70 58 60 
G 2923 El Salvador 2 260 N 55 70 63 60 
G 3017 Guatemala 3 220 N 56 70 60 62 
Orgulloso Nicaragua 3 280 N 56 70 61 62 
O.C. Sta. Rita Mexico 3 350 S 56 70 58 60 
G 1345 Nicaragua 3 220 N 57 69 59 62 
G 1344 Nicaragua 3 200 N 58 69 62 66 

CJ') Zacaticano Mexico 3 300 S 58 71 58 60 c.c 
Mexico S 59 O.C. 24 MV 3 350 69 59 62 

Pata de Zope Guatemala 3 230 N 59 72 66 66 
arile 20 arile 3 270 S 59 72 62 61 
A 59 CIAT 2 270 I 60 71 62 64 
G 1965 Guatemala 2 290 I 60 75 63 64 
Oilmason Turkey 3 330 S 61 71 61 65 
~ 304 CIAT 3 200 I 61 72 63 65 
RAB 60 CIAT 3 230 N 61 71 61 66 
Rabia de Gato Guatemala 3 200 N 61 ' 72 64 66 
Olarenteno Nicaragua 3 350 I 62 71 63 65 
Favinha Brazil 3 410 S 64 71 62 65 

Mean 59 71 61 63 

1 Fhotoperiod response surmnarized from CIAT scale of 1 to 8, where N ( 1 or 2) is day neutral, 
I {3 or 4) is intermediate in sensitivity, arn S (5 to 8) is Iñotoperiod sensitive. Scores are 
based on delay in floweril"q urrler 18 hour, artificially exterrled Iñotoperiod at CIAT Palmira. 



Table 2. Results of lllll.tiple regressions on yield for five variables 
hypothesized to have interactions with days to maturity. 
Based on data for 42 genotypes at CIAT-Pal.mira. 

Source of variation DF Mean square F 

Proportion of cycle as podfillirg cmoroD) 

I:ays to maturity 1 6054347 67.5** 
moroo 1 4923 0.1 
PROroD X maturity 1 7550 0.1 
Residual 38 89638 

Crop dr:y weiQht at maturity 

I:ays to maturity 1 6054347 124.3** 
Crop dry weight 1 1.519564 31.2** 
Crop dry weight x maturity 1 7721 0.2 
Residual 38 48696 

H.al:vest Iooex 

rays to maturity 1 6054347 76.8** 
Harvest irrlex 1 267308 3.4 
Hal:vest irrlex x maturity 1 154261 2.0 
Residual 38 78872 

Seed Weight 

I:ays to maturity 1 6054347 71.5** 
Seed weight 1 1 0.0 
Seeds weight x maturi ty 1 203214 2.4 
Residual 38 84619 

Seeds per Pcxi 

rays to maturi ty 1 6054347 70.4** 
Seeds per pod 1 90822 1.0 
Seeds per pod x maturity 1 60480 0.7 
Residual 38 85985 

** Significant at the p = O. 01 level. 
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Table 3. catparison of days to flCMer arrl maturity, yield, arrl three 
parameters used to correct for effects of lergth of growth cycle 
on yield. Yield in podfill is yield divided by duration of 
podfillirg. Oeviation fran regression is the residual fran 
regression of yield as a function of days to maturity. 

Jl:i:iS to Yield Yield in Oeviations 
Genotype Flot~er Maturity Yield per day podfill regression 

kg ha-1 -kg ha-1 day-1- kg ha-1 

G 4524 40 82 2351 28 .6* 55 . 5x -272 
l?VAD 1028 34 73 1785 24.7 46.4 -80 
B.l>.T 304 33 72 1794 25 . 1* 46.5 16 
B.l>.T 37 38 71 1888 26.5* 55.9x 132 
G 3807 38 71 1860 26.1* 56.1x 120 
NAG 30 36 71 1847 26.0* 52.0x 109 
XAN 141 34 71 1802 25.3* 49.2 73 
XAN 145 38 71 1920 27.3* 58.2X . 217+ 
A 260 35 70 1986 28.0* 55.8x 302+ 
XAN 146 35 70 1970 27.9* 56.4x 294+ 
RAO 14 35 70 1416 20 . 2 40.5 -253 
PVAR 1479 32 70 1325 18.9 34.8 - 343 
RAB 60 34 70 2135 30.5* 59.6x 470+ 
G 6416 32 70 1447 20.8 38.5 - 185 
G 1965 31 69 1248 18.0 32 . 7 - 364 
A 496 30 69 1466 21.3 37.4 -139 
OOR 200 36 69 1663 23.9 50.5x 72 
G 12494 30 69 1452 20 . 9 37.3 -137 
PVAR 1474 33 69 1317 18.9 36. 6 -271 
~T 41 35 69 1867 27.0* 55 .3X 286+ 
~T 1388 32 69 2007 29 . 2* 53 . 6X 433+ 
G 577 31 69 977 14.3 26 .1 - 562 
PVBZ 1776 33 68 1686 24 . 7 48 . 0 151 
A 59 32 68 1293 19.0 36.4 -205 
G 2858 31 68 1811 26 . 7* 48.6 324+ 
A 186 31 67 1441 21.4 39.8 1 
l?VAD 823 32 67 1357 20.4 38 .8 - 63 
PVMX 1604 31 67 1959 29 . 3* 55 . 1x 561+ 
G 1344 31 67 1181 17 . 6 33 . 3 -209 
G 4450 31 65 1300 19.8 38 . 5 20 
G 1621 31 65 611 9.6 18.0 -619 
G 274 31 64 716 11.1 21.6 -472 
G 7121 30 .64 1270 19 .8 37.9 92 
G 51 30 64 1565 24 . 4 46 . 5 391+ 
G 57 31 64 1192 18.8 36. 4 22 
G 1345 31 63 1461 23.0 45. 5 327+ 
G 122 30 63 1112 17. 6 34 .0 8 
G 4965 32 60 594 9.9 21.1 - 315 
G 2923 30 60 1222 20 . 3 40 . 7 344+ 
G 3017 29 59 890 15.4 30.0 116 
G 3255 31 59 372 6.5 13 . 4 -394 
G 2883 27 52 263 4.9 10 .4 -1 

* Genotypes selected using yield per day over 25 as criterion. 
x Genotypes selected using yield in pcxifil l over 50 as criterion. 
+ Genotypes selected using deviation frorn regression over 200 as criterion. 
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Figures 

Fig. l. Relation between yield arrl days to maturity for 42 genotypes grown 

at CIAT Palmira. 

Fig. 2. Relation between yield arrl days to maturity for 72 genotpes grown 

urrler drcA.lght comitions at CIAT Palmira. A. Yield vs days to 

maturity. B. Distril:ution of rainfall durin;J the crq{)irxJ 

season. 

Fig. 3. Relation between regression coefficient for yield arrl days to 

maturity for the 20 genotypes of the 1975 IB'iAN. 

Fig. 4. carparison of days to maturity for 25 early maturin;J genotypes 

grown at Cotaxtla, Ver., Mexico arrl CIAT Palmira. '!he symbols N, 

I, arrl S irrlicate day neutral, intennediate, arrl sensitive 

¡:ilotoperiod response as described in Table 1. 

Fig. 5. Relation between yield arrl days to maturity illustratin;J the bias 

introduced by usin;J yield per day as a selection criterion. '!he 
-1 -1 

line corres¡x>rrls to a constant yield per day of 25 kg ha day . 

Data are for 42 genotypes grown at CIAT Palmira. 

Fig. 6. Relation between yield arrl days to maturity illustratin;J the bias 

introduced by usirxJ yield per day as a selection criterion. Lines 

are for constant yield per day as irrlicated. Data are for 16 

genotypes grown at CIAT Palmira grown two sexresters in 1985, arrl 

are fran work of Rodriguez (1986) • A. Semester A. B. Senester 

B. 

Fig. 7. Relation between yield arrl days to maturi ty illustratin;J the bias 

introduced by usirxJ yield per day as a selection criterion. '!he 

line is for a constant yield per day of 20 kg ha -l day -l. Data 

are for 122 genotypes grown at Jutiapa, Guatemala as described by 

Masaya el al. (1988). 
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Figure 1. 
Relation between yield and days to maturity for 42 genotypes grown 

at CIAT Palmira. · 
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Figure 2A. 
Relation between yield and days to maturity for 72 genotypes grown 

under drought conditions at CIAT Palmira . 
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Figure 2B. 
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drought trial with 72 genotypes at CIAT Palmira. 
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Figure 3. 
Relation between regression coefficient for yield and days to maturity 

for genotypes of the 1975 IBYAN. 
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Figure 4. 
Comparison of days to maturity for 25 genotypes grown 

at Cotaxtla, Veracruz, Mex. and at CIAT Palmira . 
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Relation between yield and days to maturity illustrating the bias 
introduced by using yield per day as a selection criterion. 42 genotypes 

· at CIAT Palmira. 
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Figure 6A. 
Relation between yield and days to maturity for 16 genotypes grown 

at CIAT-Palmira, 1985a. From Rodríguez (1986). 
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Figure 6B. 
Relation between yield and days to maturity for 16 genotypes grown 

at CIAT -Palmira, 1985b. From Rodríguez (1986). 
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Relation between yield and days to maturity for 112 genotypes grown 
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at Jutiapa. Guatemala. Based on data from Masaya et al. (1988). 
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'lliE Dl!.VEI.OmENI' OF FARLY -MA'IUR.lliG V1úUEI'IES 

FOR CENTRAL AMERICAN AGRiaJillURAL SYSTEMS 

Porfirio Masaya* 

1. Introduction 

Bean production in Central America has certain traits in <XItmJl1 

1:hr'cuJhout the five c:x::mltries. 

a. 'lhe majority of productioo oocurs :Eran April to Noveri:ler. 

b. Small grain types II arrl III of the Mesoanerican class ("S" ¡ilaseolin 

~ gene pool) are predcminantly grown. 

c. It is a crc:p for small fanns. 

d. Production in mixed systerns or in sequential crq>S is ccmron. 

e. Frequently, the family whidl produces bean at the sane time const.nneS a 

significant portien o.f the voltnre produced. 

In the D:mdnican Republic, CUba, arrl, in a recent period, Guatemala , an 

awreciable quantity of production ~ fran plantin;Js that are made 

durin;J the dry season urrler irrigation, whidl begins in October, t.aki.nJ 
advantage of sane rains in climates urrler the influence of w.i.rrls whidl 

IOOVe fran north to sart:h durin;J the Northem Hernis¡:tlere' s winter. 

In all the central American co.mtries arrl the carilb?an, goverrnnents 

are facin;J the dilenuna of naintaining food prices, at levels low ena.lgh for 

poor people in urban oenters, arrl at the sane tinE of inprovirg livin;J 

corxli.tions for prcx:luoers of these low-cost foods, who are poor fanners. 

* Breeder, Bean Program, ICI'A, Apartado ~ 231 "A", Zona 10, Guatemala, 
Guatemala. 
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'Ihis situation arrl growin:J pressure on tillable larrl. stinulate the 

develcpoent of intensive production systems in whidl a crq> cycle limits 

qJtions, so that aoot:her relay crq> can ocx::upy the same larrl area durin:J 

the favorable climatic seasat. 

In the case of cataton bean, current varieties are adapted to zones 

with average tarpe.ratures aroon1 23°C. 'Ihese tarpe.ratures cxx:ur in the 

American trcpics at elevations between 800 arrl 1400 maters above sea level. 

1hese are zones of small valleys surrourrled by nnmtains, in whidl 

mechanization that pennits a 

been able to exterrl itself. 

mechanized are too hot arrl 

lowerin:J in cost of fcx:xi · production has not 

'Ihe CX)aStal plains or lowlarx:ls that can be 

hl.mlid, or too frequently lack roadways or 

present deficiencies or excesses of sane mineral element, or they have an 

inadequate Pf. In these zones, weed control arrl adequate drainage are also 

prablematic. 

As a consequenoe of this situation, the neoessi~¡ of developing 

early-maturin:J varieties with resistance to the principal diseases arrl 

pests in the region, an erect architecture, arrl high yield potential has 

been suggested. '!he Regional Bean Cocpmitive Program of Central 

America, Mexico, arrl the carili:>ean began a project to help resolve the 

w:gency of this varietal problern in 1987. 

2. Rlenology, Maptation, and Yield 

1he agricultura! value of a bean variety is defined by the hanrony 

between the two 100St integral ¡ilysiological processes in the plant: growth 

arrl develc:prent. Growth has been defined as the irreversible increase in 

cell, organ, or plant size. Develcpnent is the irreversible cflanJe in 

functions or forrn of a cell or group of plant cells. 

In the testin:J of crcp varieties, we often talk éll::n.lt adaptation, 

urrle.rstarrling for adaptation the capacity of the plant to adlieve its vital 
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functions in a given erwi.rorment. When we consider CCl1IOOil bean, an amrual 

senescent plant whidl. we grow fran its seeds, we should unierst:arrl 

adaptation as the ability. of the plant to genninate, grx:M, flower, an::l fonn 

fnri ts an::l seeds. 

On the other harrl, the fanner defines adaptation of bean varieties by 

their capacity to grow, flower, an::l prcrluce seeds within the li.mits of his 

agricultural system. 'Ihese li.mits are defined by climate, soil, an::l 

socioeconcmic dlaracteristics of the fann. 

In Central America ari:i the caribbean, the necessi ty has arisen for bean 

varieties that can be adapted to crop rotations or to short rainy periods, 

givirg origin to the seard1 for early varieties. It also lla¡:pms that the 

bean plant type that adjusts itself to sudl. requirements is nnre efficient 

but will require :i.nproved agronanic management for be~ a nonc:x:rrpetitive 

type visualized as a high-yiel~ - ideotype (D:>nal.d, 1968) . 

3. Genetic Control of Flowerirn Time arrl Maturity 

Maturity time in :Rlaseolus vulgaris is detennined by a terrlency to 

flower, with a basic develcpnent pattern as follows. 

3 .1 Detenninate growth versus irrletenninate cp:wt:h 

3.1.1 Detenninate varieties. In detenninate varieties, the recessive 

gene fin det:.ennine.s differentiation of the apical neristem in an 
·. 

inflorescence. '!he dominate allele Fin codifies for vegetative growth in 

the apical neristern. It is possible that there exists a reproductive 

tenninal meristem which is never prcxluced under normal ~ing corrlitions 

in irrletenninate cultivars. '!be stiltul.us codified by the fin gene is 

probably necessacy for differentiation of the tenninal neristem as a 

rep.roductive structure but not sufficient for ulterior differentiation of 

different floral structures, sudl. as sepals, petals, anthers, an::l stigma 
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(Bidwell 1 1974). 

3. 2 .1 Irdetenni.nate varieties. Irdetenni.nate varieties lack a gene 

for differentiation of an apical floral meristem. '!he Fin gene present in 

these plants permits the maintainenoe of apical daninance for vegetative 

growth. 'lherefore these varieties contimle growi.rg árx:l fonni.n:J ncxles on 

the main stem in a prol~ manner. 

3. 2 Modu1ation of flq.;erirg by Jilotoperiod arrl tenperature 

Multiple researd1 work that has been carried out on ¡ilotq>eriodness 

in several species (Bidwell 1 1974; Ojehaoon1 1966) arrl that which has been 

carried out on Blaseolus vulgaris (Vince-Prue1 1975) allows us to draw sane 

conclusions. 

'lhere exist at least two loci in the plant which codify for the 

response to corrlitions of tilotoperiod arrl tenperature. At least one allele 

in each locus provokes delay in the develcpnent of the floral meristem 

which nonnally is differentiated first. In detenninate varieties (Type 1) 1 

said floral meristan occurs in the axil of the highest node in the main 

steJn (Evans 1 1975). In irrletenninate varieties1 said floral meristem 

occurs in the axil of the first trifoliolate leaf of the rnain stem (Masaya 

arrl Wallace 1 1984) 1 when the average tenperature is fran 16-18°C. 

Acx:x:n:di.rg to resul.ts for other vegetable species 1 we can imagine that 

in the bean plant1 in Wetenninate varieties, an unknown substance which 

acts as a floral st.i:rrulus activates genes for differentiation of a meristem 

in the axil of the first trifoliolate leaf. 'Ibis floral stinulus is 

synthesized in the leaves arrl is transported to the meristem. ~ the 

synthesis arrl transfer process is initiated 1 its effects are permanent arrl 

irreversible (Bidwell 1 1974). Nevertheless 1 the subsequent activation of 

the same genes, or perha¡:s different genes for the ulterior differentiation 

of the different floral structures, seems necessary. 'lhere are irrlications 
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that the interaction of sugars arrl honrones is needed for the cx:rrplete 

sett.i.n;J in notion of the initiation of flowering (Bidwell, 1974). 

'Ihere are also irrl,ications that the cptim.nn of tenperature for 

developnent of floral structures arrl fruit growth is lower than the cptimurn 

for growth of stems arrl leaves in all the plant species. Probably as a 

result, when the bean plants grow in tenperature regimes higher than 

16-18°C, branches are develcp:rl in the axils of the first trifoliolate leaf 

arrl the subsequent leaves instead of floral racemes. 'Ibis is presented in 

Table 1, with data taken fran a study carried att in Guatemala in 1983. 

Accord.i.n;J to this hypothesis, norrlifferentiation of the axillary 

meri.stem of the first leaf in the main stem owes itself to the increase in 

net photosynthesis without a correspon:l.i.n;J increase in the rn.nnber of 

nocturnal imuctive cycles hav.i.n;J occurred. It should be noted that 

this is an effect of terrperature on growth arrl develoinent. 

Ihotoperiod also has a similar effect. !Dng days are in reality short 

nights. Accord.i.n:J to what is krl<:Mn about the action mechanism of the 

photoperiod and the phenanena associated with photoperiodicity, we can 

interpret the experi.Jrental results obsel:ved as an interaction between 

higher photosynthesis dur.i.n;J the day arrl a shorter, arrl therefore weaker, 

imuctive cycle. 

'lbe effect of lorg days thus has a double mechani.sm. on one han:l, the 

IOC>St prolonged light period produces a larger quantity of products of 

photosynthesis acctnTUl.ated dur.i.n;J the day. On the other, a short night 

(associated with a longer day) reduces the quantity of synthesized floral 

stimulus ( see Table 3) • '!he participation of the prcxiucts of 

photosynthesis in the irrluction and differentiation processes is well known 

(Bidwell, 1974). In the case of bean, the effect of photosynthesis on 

floral irrluction can also be noted by the effects of any treatrnent or 

cultural practice which might increase photosynthesis over the position of 
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the first inflorescence 0 the nain stem. For exanple, the use of SURX>rts 

in CCllTpélrison with growth as a prostrate plant increases net pxrt:osynthesis 

IOOaSUred as an aCCUitl.ll.ation of bianass arxi also results in the awearance 
of the first inflorescence in the main stem in a higher node, in::li.cating a 

delay in floral imuction (Table 2). '1he JOOSt intense Jñot:osynthesis 

prcrluced a ¡ilysiolo:Jical delay, in imuction am;or clifferentiation of the 

inflorescences, b.rt: not a delay in tille, s~ the 11llili:>er of days to the 

first flower was essentially equal. 

We can then conclude that average t:.en"peratures higher than 16-18° C, 

as well as daylen;Jt.h duration beyorrl 12 hours, delay imuction 

¡ilysiolo:Jically toward floral meristems arxi clifferentiation of floral 

stJ:uctures. 'lhis process takes place in so-callecr "sensitive" as well 

as insensitive varieties. Unfortunately, these prcx::esses have renained 

ignored by breeders arxi en¡ilasis of research in previa.JS years has been 

centered alirost exclusively in ¡:ilenolo:JY of the crq>. 

'!he nurnber of days required for anthesis will then be the result of the 

nurnber of day-night cycles required (irrluctive cycles) arxi the growth rate 

of the floral pri.Iro:rdia. '!he alleles present in "sensitive" varieties 

require a larger number of irrluctive cycles am;or lOrxJer arxi hotter 

nights. 

Insensitive varieties are a synonyrn for early varieties. These 

varieties flower in approximately 28 days urrler tenperature corrlitions 

around 24°C. Urrler regimes of average terrperature lc:Mer than that, 

flowering is delayed. 

4. Earliness arrl Yield 

Irrproved bean varieties prcrluce maximurn yields if they canbine a 

spatial distri.bution of the leaves which allows taking maxi1rum advantage of 

light arxi ro
2 

in the spaces between the clifferent leaves or levels of 
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leaves, with an ~ duration of growth arrl a maxint.nn efficiency of 

aco.nnulation of photosynthesis toward seeds. Early varieties have high 

efficiency b.rt: srnall size. Plant size is st.rorgly defined by the J1Ul1'ber 

of ncxles in the plant, arrl this is defined by the J'1Uiti:>er of days between 

gennination arrl flowerin;J arrl by teJrperature. 

Central Aroorican fanoers prefer an early variety, t:.ut perhaps they are 

not aware that yield is reduced, in c:x:rrparison with late varieties, unless 

plantin;J distances are ~ed, possi.bly alC>Dl with the quantities of 

fertilizer awlied. 

'Ihe tenn "earliness" has been used freely, bein;J necessary to define 

for each prcduction area the ll\.IJ'Ñ:)er of days whidl define the t:i.Ioo of 

maturity. 

'Ihe different alleles that surely exist for the at least two loci that 

are influenced by lorg days produce profourrl dl.arges in the size arrl 

noqilology of a plant, even when corresporx:ling changes in phenology may not 

be profourrl. In bean, genetic effects on the rate of develcprent of floral 

structures are associated with effects on the size arrl distrib.rt:ion of 

bianass in the plant. 'Ihe use of sillul.ation toodels, testín;J variations in 

rates of developnent, has confinned this (Wall ace, 1985). 

5. Priorities of F\lture Research 

Researchers arrl bean breeders can have a better urxlerst:arrlir of 

necessities in each production region if they agree on defini.rq production 

environments or, better yet, adaptation envirornnents, arrl if at the same 

t:i.Ioo types of maturity in c:x:::llUiOn bean are defined. 

Genetic effects would be visualized better if we knew the principal 

effects of genes with response to photq:leriod arrl t.enperature. Tak.in;J into 

acx::xx.mt the principle in biolCXJical systems toward sinpleness arrl savin;J of 
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energy, it does not seem prd::lable that genes whidl carey oot equa1 

ñmctions in the plant may have been duplicated. Al.tho.lgh superficial 

c::b;ervation of the effects on tnenolCXJY might give the inpression that the 

different genes with response to ¡::hot:cperiod arrl tenperature have similar 

vital ñmctions ( fran a point of view of their usef1:11.ness to sw:vival of 

the species), surely they differ in their ñmctions · or in environmental 

factors to whidl they resporrl. 

'Ihere is evi~ that different genes exist, with effects of different 

intensities on ¡:henolcgy, b.It 'Whose effects on distrib.Ition of bianass arx:l 

Iroq:holCXJY we can eJq>loit in breed.irg. 'lhis means, for exanple, that we 

can select early cultivars, b.It ones that are sensitive to ¡::hot:cperiod with 

local adaptation to eadl adaptation region. sane exanples can be cited. 

'!he variety Pata de z~ (G 37) is an early type in sa.Itheastem Guatemala 

(23°C - 13.5 hours), but late (sensitive) in the United states, arrl it 

seems to resporrl more to lorger days than to high tenperatures. 

'!he variety San Martín is an early type in the highlarrl of Guatemala 

(16-19°C - 13.5 hours), but late arrl unadapted in low c:x>aStal. zones, arrl it 

seems to resporrl Irore to high tenperature than to lorger days. '!he 

inportant thirg to point oot in this case is that both varieties are 

considered early types in the zone of their adaptation arrl canmercial 

croppirg. 

For SOlOO breeders, the early-maturín;J types are also the m::>St efficient 

arrl therefore the ideotype for high yield. 'Ihe reduced l1Ull'ber of leaves 

allows better light interception even in the lower leaves arrl better 

developre.nt of pods. Nevertheless, the majority of early Central American 

varieties are of growth habit type II or III, arrl their architecture is 

rather poor. one of the immediate high-priority oojectives should be the 

developrnent of a significant m.nnber of lines with erect architecture arrl 

early maturity. 'Ihere is evidence that the canbination of both characters 

is feasible. 'Ihese lines should shCJ'.tl SOlOO kirrl of delay in flowerirg so 
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that pods can develcp fran the third node of the main · stem, arxi they sha.tld 

avoid losses thro.lgh rottirx}. 

Once this groop of early erect lines exists, it is necessary to 

investigate plant:inj density, mainly varyinJ the distance bebveeen rcMS to 

ccrtpenSate for yield loss caused by a shorter growth péricd. 'Ihese sb.rlies 

shruld incl\Xle the stu:ly of fertilizinj qJticns. 
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Table 1. Insertion node of the first flower in plants of three bean 
varieties grown urrler varicm; average tenperature reqi.ne3 in 
Guatemala. 

Varie~ 
Average Tenp. Rabia de 

Place . e Gato san Ma.rtin JU-80-11 

Tecpán 15 2.0 2.1 2.8 
Chimaltenan:]o 19 2.0 3.8 4.7 
Guatemala 21 3.6 4.2 5 . 5 
Jutiapa 24 3.6 4.2 5.6 
Mita 26 3.7 6.8 6.9 
Olyuta 29 6.0 10.9 7.7 

Masaya, P. y Wallace, D.H. 1984. 

Table 2. ACCl.Dllllated biornass at the errl of the life cycle, node where the 
first inflorescence in the main stem awears, arrl number of days 
to flowering in bean cul.tivars, sensitive arrl insensitive to lorg 
days urrler two growth corrlitions in Pallnira, COlanbia. 

CUltivar 

JU-78-12 (insensitive) 
No supp::>rt 
With supp::>rt 

GI7648 (sensitive) 
No supp::>rt 
With support 

XAN 112 (sensitive) 
No support 
With support 

Flc:Mering 

43.0 
43.0 

42 . 0 
42.0 

41.3 
42.0 

Total 
g/plant 

101 
180 

87 
151 

106 
174 

P. Masaya and J. W. Whi te, 1985. Unpublished data. 
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Node of the 
first flower 

8.7 
8.7 

9.3 
11.0 

8.0 
8.7 



Table 3. R>sition of the first racerne on the main stem in three varieites 
of bean plant urrler three phot.c:period treatments. 

Olltivar 

JU-18-12 
G17648 
XAN 112 

12.5h (a) 

7.7 
6.7 
6.3 

(a) Natural ¡:hotoperiod. 

13.5h (b) 

8.3 
9.0 
6.7 

(b) Natural photoperiod an1 extension with artificial lightl.B:J. 

P. Masaya an1 J.W. White, 1985. Un¡rl>lished data. 
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14.5h (b) 

8.7 
11.0 
8.7 



Julia KornegaY* 

Introduction 

Bean breeders are wel.l aware that many of the traits they are tryinj 

to inprove are of a oc:rrplex nature arrl that the inheritance of these traits 

deperrls 011 genes at may loci. A recent review of bean genetics by sin]h 

(1988) S\.III11\arizes the information available to date 011 the genetic 

mechanisms in beans. It is 00\Tious, when cx:mpared with other crops such as 

maize arrl soybeans, that the informati011 available on bean genetics is 

limited an:I that investigation on the genetic mechanisms CX1ltrollin} many 

i.Irportant bean traits is i.noc::!rplete or non existinj. 

'Ihe tW.k of the quantitati ve genetic stuclies reported have been on 

yield an:I yield CCilpOl1eJlts of beans (Coyne, 1968; Clmr~ an:l Stevenson, 

1933; Hamblin arrl Morton, 1977; Sarafe, 1978; Fooland and Bassiri, 1983; 

Zimmermann et al., 1984; oonti, 1985; Nierihuis and singh, 1986, 1987; and 

others). other studies, ~er, have also shown that resistance to catm:>n 

Bacteria! Blight (review of Beebe, 1988) 1 FUsaritnn (Boanstra arrl Bliss1 

1977) 1 Rlythiurn (York et al. 1 1977) 1 arxi Rhizoctonia Root Rots (Dickson arrl 

Boettger, 1977), Dtpoasca leafh~ (Kornegay arrl Tenple1 1986), 

toleranoe to low soil ~rus (Fawole et al., 1982), seed protein 

quantity arrl quality (Bliss arrl Brt::Mn, 1984), seed tannins (Ma and Bliss1 

1978) arrl cx:x:>~ tirre (Wassimi1 1986) are also quantitatively inherited; 

thcugh in sane cases, conflictin} evidence does exist as to the genetic 

mechanisms responsible for the inheritance of the trait arrl the results 

1 Plant Breeder, CIAT, A. A. 6713 1 cali 1 Colanbia. 
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shalld be taken in context to the parental lines d1osen to sbxly, the 

genetic analysis enployed, arrl the environmental oorrlitions occurrin;J 

durin;J the sb.rly. 

For many other traits of interest no formal genetic stulies have been 

p.lblished, althcugh enpirical evidence in breeder's rrurseries suggests that 

resistance to Asa::x:ñyta Blight, Bean Golden K:lsaic Vil:us, Web Blight, Apion 

Pc:xl Borers, African Bean Fly, as wel.l as bean nitrogen fixation arrl dralght 

tolerance genetic medlanisns may also be controlled poligenically with low 

to tooderately high levels of heritability. 

For breeders to design successful programs for inprovin;J traits that 

are quantitatively inherited, it is inportant that a basic koowledge of the 

genetic mechanism controllin;J a trait be mrlerstocx:l. '!he ¡:urpose of this 

report is to define in broad tenns the science of quantitative genetics arrl 

its usefulness in bean breecli.rg. 

Qyantitative Genetics - ~finitions and Terminology 

Qyantitative genetics deals w.i.th those differences between irrlividuals 

in a pcpllation which are of a oontinuous nature, gradin;J iirperceptibly 

fran one extreme to another. 'Ihe inheritance of quantitative differences 

often depenjs on gene differences at many loci, the effects of which are 

not irrlividually distinguishable (Falooner, 1960; Spraque, 1966). 'Ihe 

traits are usually expressed in tenns of netric units sudl a length, 

weight, time, or proportions, arrl because of this reqUire a greater use of 

statistics in the data analysis. 

'!he science of quantitative genetics is based on the principles of 

classical (or Merrlialian) genetics (such as segregation, gene interaction, 

linkage, arrl recombination) and exten::ls the principies revealed t.h.rc::ugh the 

sb.rly of discrete categories, whidl are :relatively insensitive to 

envirol1Irel1t, to the study of continuous variation that is highly responsive 
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to enviroraoontal. variation (Spraque, 1966; Mather arrl Jinks, 1977). Stated 

Jll)re sinply, each of the genes that control a quantitatively inherited trait 

follc:M the same laws of transmission as genes that affect qualitative (or 

sirgle gene) traits. However, we are usually dealirg with many genes that 

have s:ual.l inlividual effects arrl only ~ the cx:rrplete set of genes 

controllirg a trait are present in an inlividual can the maxi.num expression 

of a trait be d:rt:ained. 

Gene aro Genotypic F'reguelx::ies 

'IhrcA.1gh the studies . of pcpllation genetics we kncM that the genetic 

pt:q)erti.es of a pcpllation of plants are theo:retically expressible in tenns 

of gene f:requencies arrl genotypic frequencies. 

Gene frequencies. '1he specificati on of all the alleles present at 

f!Nery locus, arrl the nurnbers (or prqx>rtions) of the diff e:rent alleles at 

each locus. 

Genotypic freguencies. '1he frequency of a particular g~ ~ 

the inlividuals in a pq:W.ation. 

In real life, however, we do not kncM the gene frequerx::ies of a 

quantitatively inherited trait in a plant popuiation (e.g. an F2 
generation), arrl genotypic diffe:rences are only measurable when we are 

OOJ'Omled with a sinJle locus when the genotypes are ¡:henotypically 

di.stin:]uishable (i.~ . AA vs aa) or when we are measuri!YJ the differences 

between highly inbred lines (Falconer, 1960). So, one may ask, hcM is i t 

possible to detennine the genetic IOOChanism of a quantitati vely inheri ted 

trait ~ the two basic genetic properties of a ¡:qlllati on are not 

measurable? '1he answer to this question lies in the scienoe of a¡:pli ed 

quantitative genetics. 
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Means arrl Variances 

A quantitatively inherited trait can be described thrrugh the use of 

metric tmi.ts. '!he frequency distrib.rt:ion of the metric units used to 

describe the trait will awroximate m:>re or less a normal curve, wi1ere 

discrete categories are not discernible. In studyin;J metric traits it is 

therefore possible to ~ use of the nonnal distrib.rtion of the units arrl 

a¡t>ly awropriate statistical analysis . . It sha.ll.d be noted, however, that 

when the curve is not nonnally distrib.rt:.ed (skewed to one side or the 

other) , then the data shoold be transfo:rmed so that the distrib.rt:ion 

becx:mes awroximately nonnal (Steel arrl Torrie, 1980} in order to fulfill 

one of the basic assunptions of the analyses of variance. 

'!he data t:.akfili as metric units can then be analyzed arrl three 

properties describin;J a pop.llation can be fourrl: the rneans, variances arrl 

covariances. 'Ihrough the partitionin;J of rneans, variances, arrl CXJVariances, 

information can be ootained as to the éU'OCJt.U1t of genetic variability in a 

pop.llation arrl the type of gene action involved. 

To inteq>ret the results generated thrrugh the analysis of metric 

units, a basic urrlerstarrlin;J of gene action is needed. To do this severa! 

quantitative genetic tenns need to be defined. 

fhenotypic arrl genotypic values 

A value is the measurenv:mt of a trait arrl is exp:ressed in metric units. 

fhenotypic value, therefore, is the value d:lse.J:ved when the trait is 

measured on an irrlividual plant family or line. All dJservations {whether 

means, variances, or CXJVariances) must be clearly based on measurements of 

¡ilenotypic value. 
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To analyze the genetic pl::'q)erties of a pqA.llation, the ~ic 

value has to be divided into its ~ parts attrirutable to different 

causes. 

P = G + E 

where P = ¡:henotypic value 

G = genotypic value 

E = envirornnental deviation 

. 
'Ihe genotype is the particular assemblage of genes possessed by the 

in::lividual plant. 

'Ihe genotypic value then is the metric ~ression of the genotype. 

'Ihe genotypic value = phenotypic value when the envirornrental deviations 

(positive arrl negative) sum to zero through the. use of a¡:propriate 

~imental design arrl replication. 

In the F
2 

generation of a cross between two inbred lines, eadl loc:us 

may exhibit one of three states 

genotype 

genotypic 

value 

MP d 

-a ----------4---------- +a 

In this case, the allele ~ increases the ~ression of a trait. (It 

does not .i.nply dominance like in Medelian genetics) . 'Ihe genotypic values 

are +a arrl -a for the hanozygotes and d for the heterozygote. 'Ihe value of 

d depenjs on the degree of dominance. (Falconer, 1960; note, Mather arrl 

Jinks, 1977, use a slightly different system of nanenclature for the 

genotypic values). 
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Keepin:j this silrple diagrarn in mirrl, we can use it to help explain the 

total gene action of a quantitatively inherited trait. 'lhe genotypic value 

can be sul:xli.vided into 3 basic groops of gene action. 

G = A+D+I 

where G = genotypic value 

A = additive gene effects 

D = daninanoe deviations 

I = interaction or epistatic deviations 

Additive gene effects are those due to gene action whereby the effects 

on a genetic trait are enhanced by eadl additional gene, either an allele 

at the same locus or genes at different loci. First we consider additive 

gene effects arx:l deviations fran additivity at irrli.vidual loci. 

Genotypic 

value ~/ 
/ 

+ 

In this case each additional allele adds an equal increrrent to genotypic 

value arrl the result forros a linear relationship. In other words, what is 

present at one allelic position has no effect on the expression at another 

allelic position. 'lberefore, at a given locus, genes that show no 

daninance are said to act additively. 

Now, with respect to cx:>ntinuous variation, we can not disti.n;Juish 

irrli.vidually the genes contributin:j to the expression of a quantitative 

trait. If we consider two harozygous lines, the departure of each of them 
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fran the mid-parent value will reflect the sinultaneous action of all the 

genes affectirq the trait by which the lines differ. If we asst.nne tbat the 

effects of these genes are sinply additive, the departure fran the 

mid-parent will be the surn of a' s, one fran each of the genes, t.aki..rq the 

sign into acx::oont. 

When these two in:lividuals are crossed, the genes of the two 

in:lividuals are passed on to their offsprirq. 'lhus, the transm.issi on of 

value fran parent to offsprirq can not be detennined by genotypic value 

alone, since parents pass on their genes arrl not their genotypes to the next 

generation, with new genotypes being created each generat ion. To measure 

the value of the genes, a new concept is needed. 'lhis is called the 

breeding value. '!he breed.i.rg value is the value of the genes of an 

in:lividual, judged by the mean value of its prcxJeny. 'lherefore, when we 

estilnate the breedirq value of an in:lividual (i.e. parental line) we are 

estimatirq the average e f fect of a group of genes tbat the progeny received 

fran a pa.rent. 0r in other words, the surn of the average effects of genes 

over all alleles and loci. 

D:::Jrni.nance deviation is the gene action which deviates fran additive 

effects such tbat the heterozygote is IOC>re like one pa.rent tban the other. 

It is a property of dominance aiOOn:J alleles at a locus, arrl in statistical 

tenns represents interactions between alleles, or wi thin -locus 

interactions. If dominant gene action oc:curs, then the relationship at a 

sin:;Jle locus would be quadratic: 

Genotypic 

effect 
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or viewed as deviation fran aó:litive gene effects: 

Value 

dominance " 
deviation { 

o 

1 dominance deviation .. 

o 
1 

: oadditive gene effects 
.J 

•represent phenotypic 
val u es 

IXminance gene effects in self pollinatinJ crops like beans are of 

little use. only those crops where hybrids are readily made arrl show 

significant heterosis can daninance gene effects be exploited. In beans, 

the only genetic effects we can use are additive (arrl aó:litive x additive) 

gene effects because the genetic state of an inbred line is hcmJzygocity at 

all loci. 'Iberefore, in breedinJ we l<X>k for the best canbination of genes 

that combine additively to improve quantitatively inherited traits. 'Ibe 

parental lines with the best breeding value, therefore, are those which can 

pass on to their offsprinJ a superior carplement of genes. 

Interaction or epistatic deviation occurs when the genotypic value may 

contain an additional deviation due to non-additive canbination when the 

alleles at one locus influence the expression of alleles at one or nore 

other loci. 'Ihree kirrls of interaction are known: 

additive x additive 

additive x daninance 

daninance X daninance 

Plant breeding and selection of a self pollinatinJ crop can capitalize 

only on additive x additive types of gene action. 
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For the sake of brevity, those interested in m::>re in depth eJq>lanation 

of interaction deviations are referred to Falex>ner (1960) arrl Mather arrl 

Jinks (1977). 

Interpretation of gene action through means arrl varianoes 

'!he develcpnent of an effective plant breed.inj program is deperrlent 

upon the existenoe of genetic variability. '!he annmt of variation is 

measured arrl eJq>ressed in means arrl varianoes. '!he cxrrp:>nents of variance 

are those described fof gene actiori, where: 

VA, additive genetic variance results fran the additive effects of the 

genes at all segregati.n;J loci. It is also desc:ribed as the variance of 

breed.inj values, arrl is CX>llSÍdered the rost inportant carp:>nent of genetic 

variance since it is the chief cause of resemblance between relatives. 

'Iherefore, it is the main cause of the observable genetic properties of a 

population that can be selected. (Falconer, 1960) . 

For bean breeders, the rost ilrportant CC~TpC>nent of genetic variance is 

additive genetic variance, with all the rest (non-additive genetic variance 

arrl envirornrental variance) bei.n;J l.mfixable. 'Ibis partitioniixJ gives us 

the ratio of 

which is the heritability of a character defined in the narrow sense (h~S) 
which considers only the additive genetic effects relative to the 
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Plenc>typic value. Heritabilities can also be defined in the broad sense 

{h2BS) 

'Ihough here, other properties of the genotypic varianoe may also be 

expressed in the calculated heritability figure whidl are not utilizable by 

bean breeders. 

'Ihe subject of heritability will be reviewed in the report on the 

inheritance of CCmron Bacteria! Blight, aro therefore, will not be detailed 

here. HCMever, it is irrportant to note that heritabllity is a property not 

only of a trait, but also of the IX'Pllation aro the environmental 

circumstances to whidl irrlividuals are subjected. since the calculated 

value of heritability deperrls on the magnitude of all the c:x:xrponents of 

genetic variance, a change in any one of these will affect the estimate. 

'Iherefore, whenever a value is stated for heritability of a given trait it 

must be urrlerstcx:xl to refer to a particular population urrler a particular 

set of corx:litions. 

Matirn Designs to Est.irnate Genetic Mechanisms in Quantitative Traits 

Parent-offsprirg regression 

Parent-offspri.rg regressions are also used to determine the 

heritability of a trait. Beginni.ng with a reference population (i.e., F2 
generation), one makes irrlividual plant roeasurenert:s for the trait of 

interest {Le., yield, disease resistance). 'Ihe seed is harvested fran the 

Il'eaSUred plants in the pq:W.ation aro then the measurements are repeated in 

the offspri.rg {i.e., F
3 

plants) of each parent {the F2 irrlividual). 
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Us.irq this proce:iure the degree of association between the traits 

neasured in the parents arxl their respective offspr.irq can be detennined 

usirg a regression analysis. 'lhe Y {or deperxient value) is the progeny 

~t, arxl the X (or irrleperrlent value) the parental plant 

~t. 'lhe starrlard regression no:lel of Yi = a + bXi + e. is used. 
1 

We want to firrl the calculated value of b, which is the regression of 

Yi on Xi. 'Ihis gives us a measure of the covarianoe of parent-offsprirg. 

To determine the heritability {h2
NS) , we can calculate it usirg two 

methods: 

one parent-offsprin;J mid-parent-offsprin;J 

or 

In the case of mid-parent-offsprirg analysis, we record the 

neasurements of traits in -each parent used in crosses arxl regress offsprirg 

neasurement Y on those of the means of the pairs of parents, X. 'Ibis methcxi 

is Irore ccmronly used in cross pollinatirg plants. 

In self pollinatirg crops, the b value nust be corrected to ~cx::amt for 

the measure of relationship (rXY) between the parent Y arxl its offsprirg X. 

'!he corrections were · outlined by Smith arxl Kenrnan (1965). 

Parent-offspring generation rXY h2
NS = b(2rXY) 

F1' F2 1/2 b F2 , F1 
F2, F3 3/4 (2/3)b F3 , F2 
F3, F4 7/8 {4/7)b F4, F3 
F4, F6 15/16 (8/15)b F5 , F6 
F5, F6 31/32 {16/32)b F6 , F5 
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'lhus1 the estirnates of heritability becane m::>re conservative when we 

have oontinuous self-fertilization. '!he major limitation . is that large 

mnnbers of parents arrl offsprirq are needed to give estimates of even 

nxxiest precision (Falroner 1 1960) • 

Generation means analysis CGamble, 1962) 

Fstirnates of genetic pararneters can be ootained usirq a mini.m.nn of six 

generations derived fran the cross of two haoozygous lines. '!he generation 

IOOans used are: 

Fstirnates of mean (~) 1 additive (a) 1 daninanoe (d) 1 add x add (aa) 1 

add x dan (ad) 1 arrl dan x dan (dd) gene ~ffects can be calculated from the 

IOOans. 

'lhe advantages of the Generation Means Analysis are 1) generation 

IOOans are used Wi.ch can be measured with m::>re precision than varianoes; 2) 

the generations are relatively easy to prepare in self pollinatirq crops; 

3) the nxxiel can be exterrled to m::>re carplex inheri~ patterns; arrl 4) 

linkage does not bias additive arrl daninanoe effects as it does in 

estirnates of variances. 

'!he disadvantages are 1) cancellation of positive arrl negative 

additive effects may ocx:ur; 2) potential sanpli.Íg prdJlems in the 

segregatirq generations; 3) possible border effects when the generations 

have different levels of vigor 1 arrl 4) information about the means does not 

allow estirnation of heritability. 

In order to estirnate heritability values1 nx:rlifications of the 

generation IOOans analysis have been designed (Wanter1 1952; Mather arrl 
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Jinks, 1977). 

Diallel analysis 

Diallel crosses are used to describe a prooedure in whidl a set of 

inbred lines are intercrossed in a diallel fashion. 'nle diallel can 

include or exclude the use of parents, F 1 or F 
2 

generations; nor do the 

:reciprocal F1 hybrids need be included clepen:lirg on the method of analysis 

chosen to be perfonned (Griffin;J, 1956). Gene action can be inferred fran 

the results of the analysis with severa! restrictions i.Jrposed on the 

inteJ:p:retation. 

'nle inteJ:p:retation depetrls on whether a rarrlan or fixed m::xiel was 

used. In fixed m::xiels, the parents utilized are the only genotypes urrler 

consideration arrl estimates of genetic parameters awly only to the 

genotypes included in the study arrl cannot be exterrled to a hypothetical 

:reference pop..tlation. 'nle rarrlan m::xiel includes parents that are a rarrlan 

sanple of genotypes fran a :reference pop..tlation arrl the inteJ:p:retation of 

the results can be exterrled to the :reference pop..tlati on (Hallauer arrl 

Miranda, 1981). 

In bean b:reedin;J, we are usually interested in studyin;J a specific set 

of pa:rents, arrl therefo:re, the genetic inteJ:p:retati.ons we can make are 

li.mited to the estimate of general canbinin;¡ ability effects (GCA) arrl 

specific canbinin;¡ ability effects (SCA) • 

GCA is the average perfonnance of parents in hybrid canbination arrl is 

primarily a measure of additive arrl¡or digenic variance (whidl may also 

include sorne daninance and epistatic variance). 

SCA is the deviation (both positive arrl negative) of in:lividual 

crosses fran the average perfonnance of their parental lines arrl are 

considered to be the result of dctni.nance arrl epistatic effects. 
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In the fixed m:x:lel, the diallel analysis gives considerable 

infonnation aba.rt: the fixed set of parents used in the stt:rly - infonnation 

that can be useful for the selection of parents that have good general 

carbi.n.in] ability in a series of crosses arrl good specific carbi.n.in] 

ability for specific pairs of parents. 

'!he disadvantage of the diallel matin:J design is that it is difficult 

to evaluate a large number of parental lines due to the number of crosses 

required, arx:l that no direct estimate of gene effects can be made. 

Desiqn II 

'!he Design II was develq:al by canst.ock arrl Robinson (1948) to 

estimate cx::rrponents of genetic variance fran cavar~ of relatives. It 

is often called a factorial crossing arrangenent, arrl awroximately twice 

as many parents can be use, catpared to the diallel cross, to make the sane 

mnnber of crosses. 

'!he Design II crossing arrangenent can be visualized this way: 

females 

fl f2 f3 fn 

m m1 Pll P12 P13 Pln 

a m2 P21 P22 P23 P2n 

1 m3 P31 P32 P33 P3n 

e m4 P41 P42 P43 P4n 

S mn Rn1 Pm2 Pm3 Pmn 

Estimates of GCA arx:l SCA can be made fran the data as well as 

estimates of o2 A arx:l o 2 D. 

By calculating the expected covariance of paternal half sets arx:l 

naternal half sets two foi1l1.llas can be derived when inbred parental lines 
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are used: 

= 

= 
= 

Because we have two sets of parents in design II, we have two 

irrleperrlent estimates of a 2 A, arrl an irx:lepen:lent estimate of a 2 o. 

other desiqns 

other mat:in] designs can also be used to estimate the genetic 

mechanisms in quantitatively inherited traits. However, many of the other 

designs (for exanple Design I arrl III) have not yet been used for beans. 

Estimates of genetic variances can also be obtained fran triple arrl dCAJble 

crosses, arrl fran the use of unsel.ected inbred Unes. Hallauer arrl Mirarrla 

(1981) give irrlepth descriptions of matin.J designs for quantitative traits. 

Altha.tgh their exanples are with maize, the ideas in nost cases can be 

adjusted to se.lf pollinators. 

Gain fran se.lection 

'Ihe primary p.n:pose for obtaini.rg estimates of genetic parameters is 

to provide guidelines in develcpinj breedi.rx.J programs, arrl to predict 

future gain fran se.lection. 'Ihe gain fran selection can be calc:ulated 

usinj the calculated h~ value, where: 

-
where: Xs = mean of the irx:li. viduals se.lected 

arrl - X = is the sillple mean of the pop..llation 
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When selection is practice.d aiOC>I"q families rather than aiOC>I"q 

in:lividuals sane no:iification in the fontUl.a is needed. 

!:J. FS = (Xs - X) a 2 A 

2a2 p 

5election dlan:]es gene frequencies arrl genotypic frequencies in a 

pop.llation. However, for c:x:mplex traits, such as those influenced by many 

loci with small effects, genetic variances wt:W.d prcbably cban::Je very slowly 

with selection. If this is the case, especially for traits of low 

heritability, drastic dlan:]es in variances with selection are unli.kely, an::l 

variances estimates in the original pop..Uations may serve for predictions 

over several selection cycles. 

Conclusion 

'lhis report has attenpted to give a brief S\.lll!t\arY of the basic 

concepts in quantitati ve genetics. '1he main etphasis has been on 

e>q>lal.ni.n:J gene action that can be interpreted through the statistical 

manipll.ation of neans, variances, arrl covariances. Several matirg designs 

are described that have been used by bean breeders to study quantitati ve 

traits. '!he science of quantitative genetics, however, is Im.ldl IOC>re 

c:x::arplex than this report can hope to surrmarize. Inportant subjects such as 

heterosis, genotype x erwirornnental interactions, arrl the effects of 

linkage have not been covered, an::l those persons interested in explorirg 

these areas shruld refer to the references cited at the erñ of the report. 

'!he u1 timate objective of a bean breeder is to produce varieties that 

are superior in sorne way to those already in cxmnercial prcx:iuction. To 

ac::x::xxrplish this, the breeder nust devise a bre.edin;J program whidl will allow 

him to produce arrl reproduce genotypes that represent, as best as possible , 

the optimum canbination of genes for a particular area. Infonnation 

concernin:J the variation that exists in the bre.edin;J pop.llation is of 
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furrlamental :inp>rtance in plannin:.J sud1 a program. 'lhe stu:ly of genetic 

variance arrl heritability can help the breeders answer these questions: 

l. Is there sufficient variability present to allON for inprovernent ? 

2. HaN extensive nust testin:J be to identify superior parents or superior 

pop.llations ? 

3. Which pop.llations or lines in the genrpla.sm are the IOOSt pranisin:J ? 

4. What breeding procedure will IOOSt rapidly arrl efficiently produce 

a~le levels of inprovernent ? 

For traits with high heritability, pedigree breeding sdlemes may be 

effective in identification arrl selection of superior progeny. For traits 

with lON heritability, hONever, selection in early generation will probably 

be inefficient, arrl the breeder risks losin:J the feM superior progeny that 

may be in the tail errl of the distrirution curve. For lON heritability 

traits, Wlk breedinci strategies are reccmnerrled, with individual selections 

made in relatively advanced generations when the genotype of the individuals 

are in a Irore hanozygous states arrl variance due to additive gene effects 

bein:J the principal cause of difference a100rg the genotypes. 
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~ GENEI'ICS lli Rlaseolus vulgaris: 'lHE EXAMPI..E OF 

RESISTANCE 'ro xantharonas canpestris pv. ¡:ilaseoli 

Steve Beebe* 

Introduction 

Although the science of quantitative genetics has not had wide 

a¡:.plication to the b~ of canroc>n bean (Rlaseolus vulgaris), severa! 

authors have :p.lblished studies on quantitative analysis of resistanoe to 

xanthornonas carrpestris pv. dla.seoli (Xcp), the pathogenic agent of cx::mta1 

bacteria! blight. 'lherefore, the case of resistanoe to Xcp is unique in 

bean, since it allows us, to a certain degree, to oc::rrpare results with 

different statistical methcx:ls arrl the int:eipretations that different 

authors give to these. Of course, such a c::arparison is possible in other 

crops arrl with other dlaracters. '!he p.n:pose of this article is, first , to 

review studies carried oot, arrl secorrl, to consider the a¡:.plication of 

their results arrl progress in b~ beans for resistanoe to Xcp .. 

Stmuna1:y of studies carried <Alt 

Quantitative genetic studies on resi stance to XCp are summarized in 

Table l. Parameters studied include heritability, the nurnber of genes 

controlli.n:3 the characteJ:, arrl vari ances which indica te whether genes act 

in an additive marmer, by daninance, or interact (through epistasis). 

'lhe results are not altogether ~le, since the same resistance 

sources were not used in all the tri als. Nevertheless, the IMjori ty 

worked with genes deri ved frorn two principal sources: Great Northexn #1 

* Bean plant breeder, CIAT, A.A. 6713, cali, Col cmbia. 
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Sel . 27 arxi P. I. 207262. 'Ihis is the case for the stu:li.es by Borges 

(1987) , Faure (unp..tblished data) , Oliveira (1987) , Coyne arxi Schuster 

(1974), Webster (1980), Valladares et al. (1983), arxi in part for Rava et 

al. (1987). 

Another group of researchers worked with ,P. acutifolius. M::Elroy 

(1985) and Drijfhout (1987) reported on results with P.I. 319443 and Odhoa 

(unpublished data) worked with genes of this species already introduced in 

,P. vulqaris. Scott and Michaels (1988) worked with three unspecified 

acx::essions of ,P. acutifolius. 

Also, different authors have studied the reaction to Xcp in different 

parts of the plant: in the unifoliolate, in the trifoliolates, and in the 

canopy (Table 1). 

'Ihese facts lirnit possible conclusions; however, severa! studies have 

enough in mmon to be able to eJTP1asize sane i.nportant points. Also, sane 

authors have reported results obtained by 100re than one method, which 

penni ts a cx::l'lparison a:rrong methods. 

Heritability 

Heritability should represent the degree of a character, expressed in 

the parent, which is expressed in the offspring. 'Ihat is, it is the part 

of the character which the offsprin;J inherits fran the parent. 

Estimates of heritability values (represented as h2) are calculated 

in two general ways: in a broad sense and in a narrow sense. 

Heritability in a broad sense (h2bs) is a very general concept which 

relates genetic variability of a given character with total variability 

( genetic plus erwirorunental) : 
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2 2 crg =Q....g 

cr2g + cr2e cr2T 

where cr2g is the genetic variability, cr2e is the enviro.l'liOOJ'ltal variability 

arrl cr2T is total variability. 

If there is much enviro.l'liOOJ'ltal variability, arrl cr2g is relatively 

small, h2m is lower. In tenns of selectin;J lines or irrlividual plants in 

the field, if there is l'IR.lch enviro.l'liOOJ1tal variability, one doesn't know if 

a line or plant is expressin;J its own genetic potential or if its reaction 

is merely an effect of the envirornnent, arrl therefore, it will not be 

inherited by the offsprin;J. 'lhus it is said that heritability is low. 

It is neoéssary to point out that h2bs is not based on a c::c::I'L"paiison of 

parents arrl offsprin;J arrl the de:;Jree of a character that the offsprin;J 

inherit. 'lherefore it is a general or broad concept of heritability. It 

presupposes that the reason for which an offsprin;J is not like its parent 

is because of the envi.rornoontal effect. arrl thus, if the range of the 

envirornnental effect is quantified, it will be ¡nssible to predict that so 

much of the phenotype of the parent will be maintained in the offsprin;J. 

Heritability in a narrcM sense (h2ns) is calculated in two very 

different ways, which in this article will be dealt with separately. 'lhe 

first way requires an estimate of the additive variance. 'lhat is, the 

total genetic variance is to be separated into various cx::ttpOnents in o:rder 

to arrive at an estimate of the additive part. 'Ibis requires a plan of 

crosses arrl backcrosses arrl the solvin;J of certain equations that will not 

be listed in detail . here. It is sufficient to point out that h2ns is 

defined as the relationship between additive variance arrl total variance: 
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Since a2a has to be equal to or less than a2g, h2ns has to be equal to 

or less than h2m. 

'!he calculation of h2ns is based on a carparison of varianoes of 

clifferent generations (parents, F2 , arrl backcrosses), rut it is not based 

strictly on the relationship between a given parent arrl its offsprin;J. 

'Ihat is, it is calculated in an artificial context, S\JR)OSÍD;J that it is 

possible to define arrl measure the causal factors of the parent-offsprin;J 

relationship, in order to extrapola te these resul ts to selection work in 

the field. 

'!he other way to calculate heritability in the narrow sense is by the 

regression of the value ·of the offsprin;J over the value of the parent: 

~. 'Ibis method involves a c:arparison · of parents arrl offsprin;J, arrl it 

has the advantage of bein;J calculated in the context of selection,· whidl 

the breeder is practicin;J. It is rather enpirical an:i therefore practica!. 

It is interestin;J to note that when Gal ton developed the ooncept of 

regression--whi.dl has had an awlication in all branches of science-he did 

it in the oontext of heritability. 

For di SOJSSion pn:poses in this article, h2ns will refer only to h2 

calculated on genetic varianoes derived in the descri.bed manner. 

Heritability calculated as parent-offsprin;J J::Eg1:"eSSion will be 

represented as Pph. 

With these introductory CClli'Ael1ts abcut methods of calculatin;J 

heritability in mirxi, let us refer to Table l. Here we see relatively lc::M 

heritability values (.14, .15, arrl even .OO!), i.nt.enTe:liate values (.28, 

• 34, arrl • 54) , arrl high values ( • 69, • 87, arrl • 98) • Wi th sud1 resul ts, i t 

is difficult to say if heritability is high or low! Even recx:xJ11izin;J the 

limitations cited previoosly, we are goi.rq to explore what effect the 

statistical method can have on the resul ts. 
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Let's ex>noentrate on the results of Faure {\.lJ'P.]blished data) rep:roduced 

in Table 2. Faure fam:l an average value of h2bs of • 44, an::i an average 

value of f3rb of • 75, a:r;:plyin:J two different rrethods to the sarre data taken 

fran six pcp.Uations. 'lhese figures represent a JOOderately large 

difference in the estimate of h2 , fran intenrediate to high. In addition, 

looking at the values of each pcpl.lation, there isn't a constant 

relationship between the two rrethods. For exanple, the pcp.Uation of OOR 

60 x XAN 112 has the highest h2oo {.59) rut the lowest f3rb {.52) • 

Oliveira {1987) has also presented ~timates of heritability calculated 

by different rrethods, an::i of evaluations of disease made on trifoliolates 

an::i on all the ~ {Table 3) . He also conpared the f3rb calculated on 

parents an::i offsprin:J planted in successive semesters, or in the sarre 

~ter. In general, results with trifoliolates arrl with the entire 

canopy are similar. 'lhe plantin;J of parents in the previous season, or in 

the sarre season with the offsprin:J seerns to have influenced the value of 

f3rb but not dramatically. '!he biggest effect was the effect of the 

statistical rrethcxl, an::i it wasn't a ex>nstant effect. In one pcpilation 

{Rio D:x::e x XAN 112) h2ns gave values a little bit above the pph. In the 

other two pc:pll.ations, values of h2ns were less than the f3rh. 'lhe widest 

difference is obsel::ved in the pcpilation 0Uro X XAN 112, where h
2
ns was .34 

an::i the PI;tl had an average value of . 62. 

Fran these two exanples it is evident that the statistical rrethod used 

has a great effect on the values obtained an::i on the evaluation of 

heritability as high, ne:liurn, or low. 'lhere is not necessarily a good 

ex>rrelation between the rrethods. Given this situation, each researdler 

should choose the rrethcxl that IOOSt a:r;:proximates the real situation in which 

the resea.rcher wishes to a:r;:ply results. In this sense, this author prefers 

the PJ;tl. 
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'!be other point to be nentioned in relation to heritability (in 

whatever sense) is that it is always reduced by envirornrental variability. 

Gcx:xi tedmiques at the field level (that is, an awrq>riate arrl unifonn 

agronomic management) will always result in greater heritability. Also, an 

inproved nethcd to distinJuj.sh genotypes will serve to increase 

heritability. In the case of resistance to Xcp, the inoculation methcxi has 

a big effect on h2• We see this effect in the results of Faure 

(unp.lblished data) arrl Coyne (1974). '!bese two calculated 13Iñ of F
3 

families on F 2 plants, arrl the two worked with the same resistance genes 

derived fran P.I. 207262 (in the work of Faure, represented in XAN 19). 

Nevertheless, Faure reported a 13th = . 90 arrl Coyne a fJIX1 = .14. 'Ihe 

difference in heritability is explained by the manner of inoculation arrl 

evaluation. COyne used an aspersion nethcxi whidl allc:MS m:>re escapes in 

the field arxi a diffuse develq:m:mt of synptans. Faure i.noculated 

trifoliolates plant by plant with razor blades, thus eliminatin;J escapes 

arxl creatin;J a discrete lesion arrl one easy to quantify. '!be resu1 t was a 

oore precise evaluation of the genetic potential of each plant arrl a 

greater heritability. 

Inheritanoe: Nuni:>er of Genes 

Of the varioos authors who have :plblished on resistance to Xcp derived 

fram P.I . 207262 and GN #1 Sel. 27, only Oliveira (1987) has attempted to 

detennine the rn.nnber of genes which cx>ntrol reaction to Xcp. Applyin::J the 

appropriate equations to the respective variances, Oliveira concluded that 

there was a sin;Jle gene actin::J on the reaction of trifoliolates, canopy, 

and pods, in cases where it was p:lSSible to awly the equations. 

Nevertheless, there were other cases where analysis irxlicated that 

epistasis existed. '!be existence of epistatic interaction does not allow 

the application of equations to detennine the mnnber of genes. 

Nevertheless, the existence of epistasis in sooe cases inplies the action 

of oore than one gene. 
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In a pc:pllation of ~ x XAN 112, Oliveira ciJseived transgressive 

segregation. In aCk:lition, XAN 112 in itself represents transgressive 

~tioo si.rx::e it camines :resistance of GN #1 sel. 21 arrl 

P.I. 207262 arrl is toore :resistant· than any of its progenitors. 'lhe 

existenoe of transgressive ~tion also inplies the acticn of toore than 

one gene. Coyne arrl Sdmster (1974) had also noted evidence of different 

genes in these two sources. 

In this case, quantitative genetics tells us one t.hirq arrl biolCXJical 

koowledge tells us sanet.hin:J else. 

In the case ofF· acutifolius :resistance, severa! authors ha.ve reported 

on its inheritance (Table 1). M:::!Elroy (1985) intel:pteted his segregation 

data by two methcxls: fonnirg discret.e classes anj awlyi.rq Merrlel.ian 

genetics; arrl thra.1gh the awlication of equations fran Mathers arrl Jinks 

(1977) to the a¡:prq>riate variarx:es. 'Ihrcugh the MeJñelian method, M::El.roy 

oonclu:ied that there was a si.rqle daninant gene. 'Ihe methcxi of Mathers arrl 

Jinks SlqJeSted three genes. z.i:Elroy reconciled these results sayi.rg that 

there existed a major daninant gene arrl two minor genes. An altemative 

:intel:pretatioo WQlld be that one or the other method is correct, b.It oot 

the two. Where a f.Erlelian interpretation seens to ~lain the facts, this 
1 

can be less theoretical arrl closer to the biolCXJical reality arrl therefore 

preferable. Irrleed, Drijfha.rt (1987), worki.n;J with the same SCAJrCe of 

:resistance, conclu:ied that a sinJle gene controlled the reaction. 

'1hese two exanples are offered here to illustrate the followinJ point. 

Quantitative genetics is a statistical description of biology. It may or 

may oot be a true description. We shoold not expect it to be precise b.It 

recxx;pú.ze that it offers estimates. Since quantitative genetics is oot 

precise, we should carpare its conclusions with biolCXJical facts. 

M::>reover, we shoold always look for a biolCXJical interpretation for 

statistical conclusions. 
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Manner of Genetic Action 

Coyne et al. ( 1966) reported data sugJestin:j that resistance of Great 

Northern #1 Sel. 27 was slightly recessive in the field. Afterward, Coyne 

arrl Schuster (1974) fOl.Uñ that resistance of P.I. 207262 was slightly 

dominant in the field. Valladares et al. {1983), in a diallelic study 

incluc:li.n;J these two sources, fOl.Uñ principally additive effects. All these 

studies were carried out in Nebraska, United states, urrler long sumrner 

days. Nevertheless, Webster (1980) deoonstrated that resistance to 

Xcp can apparently be altered by a ¡ilot:qJe.ricxi response, long days 

favoring vegetative grcMth arrl reducing expression of synptans. 'lherefore, 

segregation by maturity in the Nebraska studies, such as that descri.bed by 

Coyne arrl Schuster (1974), could be confused with segregation for reaction 

to bacteria. Bei.nJ so, the data are difficult to inteq>ret. 

Oliveira (1987), as well as Rava et al. (1987), stud.ied the manner of 

gene tic action through the method of generation rneans . Al though they 

worked with sc.tOO of the sane genes derived fran G. N. Jules arrl P. I. 

207262, Rava et al. studied the genes in crosses with the original 

genotypes, while Oliveira used advanced lines (XAN 40 arrl XAN 112) that 

cornbined genes from the two sources. In addition, Rava et al. included 

other sources of resistance. Nevertheless, the conlusions are not very 

different. 

'lhe two studies fO\.U'rl that additive effects were the rrost c.xmron in 

foliage resistance, frequently being the greatest effect. Effects of 

dorninance frequently were significant, espec:ially in Oliveira 's study. 

In the study of Rava et al., Jules presented principally additive 

effects, While P.I. 207262 as a souroe also presented dorninance. 

Oliveira fOl.Uñ daninance-dorninance interaction in two crosses, while 

Rava et al. fourd all ki.rrls of interaction. 
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Regarding reaction in pcxls, Oliveira reported only additive arrl 

daninance effects, while Rava et al. also foorrl interactions. 

McElroy carried rut a study of means of generations on resistanoe of ¡>. 

acutifoliusl fin::lin:J additive effects as well as daninance effects to be 

significant. 

Ochoa (tmp.lblished data) , working with genes derived fran PI 319443 rut 
introduoed into a ¡>. vulgaris backgrc:mxi, analyzed gene action usin:} the 

IOOdel of Mather arrl Jinks (1977) arrl the IOOdification of cavalli (1983). 

He fourrl that the additive-daninant IOOdel with three parameters definitely 

did not adjust, but with the inclusion of epistatic interactions the IOOdel 

adjusted well 1 which suggests a minimum of two genes with a high degree of 

interaction that control resistance. Nevertheless 1 there were certain 

values in the IreanS of the backcross generations which were difficult to 

explain. 

Application of Results of Q.lantitative Studies 

HCM have quantitative studies served to inprove resistance to cx:mm:>n 

bacteria! blight of beans? 

'!be estilnates of h2 in general have been intennediate to high, 

confinning the possibility of selectin:} in segregatin:} po¡:W.ations if the 

breeder desires. Nevertheless, gocx:l heritability deperrls on a gocx:l 

incx::ulation methcxl. In the last ten years 1 there have been advances in 

developin:} effecti ve arrl rapid methcxls that can be used at the field level. 

'lhe values of h2 (particularly those of p¡il) reflect the effectiveness of 

these methcxls. 

'lhe result that additive genetic action is the IOOSt inportant in the 

majority of cases confi.rns the possibility of selectin:} in early 

generations. Nevertheless, this is basically the same conclusion that 
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we derive fran fJF.h estimates, arrl while fJF.h is high, it is not critical to 

urrlerstarrl genetic action. In addition, less work is. required to estimate 

the fJF.h than to study genetic action throogh analysis of generation IOOanS, 

by diallelic sb.xlies, etc. In this situation, arrl. given the inprecise 

nature of the information that one derives fran studies on quantitative 

genetics, the breeder shcW.d consider if it is worthwhile to make such an 

analysis to study genetic action. 'Ihere is I!Dre justification to study 

genetic action where problems exist in the selection which the breeder 

wishes to clarify. 

Regardirg the number of genes that control reaction to Xcp, there is 

little information even on the 100St used saJrCeS (P.I. 207262, Jules, arrl 

related genotypes) • Nevertheless, all the stu:lies reported are in 

agreement that inheritance is not c:x::nplex, irrleperrlent frcm the source 

used! (Table 1) . 'Ihis is slightly surprising in the case of a 

quantitati ve dlaracter. 

All these facts (gocxl heritability, additive genetic action, arrl 

relatively sinple inheritance) shcW.d facilitate the inco1:p0ration of 

resistance, even I!Dre so since there is minimal or no interaction of 

resistance sources with isolates of pathogens. Nevertheless, progress has 

been slow, apparently because of genetic linkages to negative factors. '!he 

cases of a~ linkages are detailed as follows: 

1. Resistance with seed brillance: it was consistently observed at CIAT 

arrl at IAPAR, Brazil (Dr. Tara Mohan, personal cxmmmication) , that the 

resistant selections had brillinat seeds. Of c:nrrse, this was a 

limitation only in the b:reedin;J of q:aque grain varieties. Linkage 

probably occurred in Jules, which seemed to contrib.tte the largest part 

of resistance. Nevertheless, it was possible to :recover recanbinants 

of opaque grain, so that this linkage was not limitin:J over the lol'Y1 

tenn. '!he recanbination rate was never quantified. 
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2. Resistance with oolor instability: many resistant selections with black 

grain arrl derived fran Jules arxJ¡or P.I. 207262 suffered fran a 

terrlency to produce :pn:ple or ''washed-a.rt:" grain. Sinoe the penetranoe 

of the :pn:ple grain was !CM, this dlaracter was difficult to eliminate, 

rut it has been minimized throogh selection. In the case of bright red 

grain, it has been inpossible up to now to recover resistance in 

genotypes of clear red grain (Central AnErican type) fran the mentione:l 

sa.JrOeS, arrl alt:.hrugh selections of dark red grain exist, many of these 

also suffer fran ''was.hirg'' of grain. 0n the other harñ, it has been 

possible to recover resistance of XAN 159 (derived fran P.I. 319442, f'. 

acutifolius) with clear red grain, after two nore cycles of crossin;J 

arx:i selection. 

J. Resistance with bad adaptation arxJ¡or instability of yield: while this 

is a difficult effect to quantify, it is p:r:d:xlbly a greater prcblem in 

black grained genotypes. '!he original sa.JrOeS, Jules arrl P.I. 207262, 

have very poor adaptation in the tropics. Nevertheless, it was 

possible in the first cycles of crossing arx:i selection to overcane the 

majority of the bad adaptation arx:i produce black grained lines sudl as 

XAN 87 arrl XAN 112. In subsequent selection cycles, resistant lines 

with even better adaptation at CIAT were recovered, arrl many of 

these have been widely distributed. Nevertheless, after three cycles 

of crossing arx:i intensive selection starting fran the original srurces, 

the resistant lines still shCMn a certain terrlency to be inferior to 

black grain a:mne.rcial varieties urrler stress oorrlitions. 'lhat is, the 

resistant lines do not shCM the rusticity that is typical of black 

grained varieties. '1his is a subjective dJsel:vation. Until now, there 

has not been a stati~ical evaluation of stability of the lines, b.It 

soon these data may be available f~ trials in CJba (Benito Faure, 

personal CCiliilliÚcation). It is possible that in oertain envirornoonts 

the lines may have sufficient adaptation arx:i stability to serve as 

varieties. Certainly in CJba sane of them have are very well adapted 

in preliminary trials arx:i in Argentina, XAN 112 will be released as a 
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variety. ~ reds, the dark grained resistant lines seern to be 

as productiva an:l stable as the cx:::mnercial varieties. But in this 

case, the red cx:::mnercial varieties in themsel ves are not as stable as 

are the blacks. In the case of resistance derived fran F· acutifolius, 

adaptation of the resistant selections continues bei.rg bad after three 

selection cycles. 

'lhere has not been any attenpt to show in a fonnal sttrly a genetic 

linkage between resistance an:l instability of yield or ~ of grain. 

'Ihis would be very difficult, given the low penetrance of the ~, aro. 
the quantity of work whidl is .inplied in quantifyi.rg stability. 

Nevertheless, it is logical to suspect linkage problerns (or pleiotropy) 

when the sane problerns continue to be associated wi th resistance after two 

or three selection cycles. 

Search for New Sources of Resistance 

As a response to problems mentioned, at CIAT we are looking for 

alte.rnate sources of resistance. For a few years we have used G 4399 

(Tamaulipas 9-B) aro. its progeny XAN 91 as sources. 'lhese have good 

resistance but they are _also poor1y adapted at CIAT. Until now there 

is not enough experience with them to irxticate whether or not there are 

problerns related to their resistance. 

Since last year, a th'Orough evaluation of the Gentplasm Bank has been 

initiated. '!he low frequency of resistance in bean gennplasm has been 

surprisi.rg. .Arrong the first 12,000 accessions evaluated, only three 

small-grain enes have Shown an intenrediate to high level of resistance 

in three confirmation tests: G 6700 (MSU 183), G 6708 (MSU 305), arrl 

G 6772 (COlima 9). '!he G 6700 an:l -the G 6708 awarerttlY cx:IOO fran Midligan 

State University, United States, an:l the origin of their resistance is 

\.li'lknovm. '!he G 6772 is ~tly a larrl raoe variety. 
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In a sec:orrl groo.p of 3, ooo accessions of gernplasm, several seemed 

pranisirg, rut there hasn't been a confinnation of their :resistance yet. 

Conclusions 

'Ihis revision of quantitative genetic studies applied to :resistance in 

ccmron bean to the cx::mnon bacterial blight pathogen has been develq;>ed to 

illustrate several ¡:x:>ints on quantitative genetics. Its ex>nclusions are 

not original arrl it woul.d be ¡:xlSSible to repeat such a revision on other 

crops, with refereÍlce to other characters. Nevertheless, within the 

Rlaseolus vulgaris species, there are rrore studies on resistance to Xcp 

than any other character. 

It is evident that the resul ts of the studies deperrl in a large part on 

the statistical nethodologies used. 'lherefore, the researcher should 

carefully dloose hísjher nethcxls, arrl use even rrore care in the 

interpretation of results. It is a mistake to give excessive credibility 

to any result in a very specific sense. Conclusions should be general: for 

exanple, that heritability is leY, intennediate, or high, arrl not that it 

be a precise figure. 

Noove all, it is i.rrp:>rtant to carpate, whenever possible, the results 
' of quantitative genetics with whatever other infonnati on of a biological 

nature is available. In the errl, it is biology which should have the last 

word. Quantitative genetics is not perfect and it is subject to errors. 

But these can be minimized considerirg what they represent biologically. 

Although info:nnation of a quantitative type is m::>re CXITiplete for 

:resistance to Xcp than for any other dlaracter of bean, tmfortunately 

progress in developÍIY:J :resistant varieties has been delayed by the 

association of resistance with sorre negative characteristics. In this 

article, we have di scussed principally problems of - genetic linkage but 

the possibility of pleiotropy cannot be eliminated. 
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'lhus, sources of resistance that do not suffer fran such associations 

have been sought. While sc:&"OO altemate sources are available, it is still 

too early to kn<:M if they resolve the prd:>lems mentioned. 
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Table 1. studies in ~titative genetics on the foliar resistance to xanthomonas campestris 
pv. phaseoll. in bean. 

Heritabíl it:t: ~h2 l 
Broad Narrow Nurber Original 

Foliar sense sense of Genetic source of 
Author l.nit (bs) <ns> 8¡Xl genes action genes 

Adams et al (1988> Trifol iate 1 Recessive Co-60 

Borges ( 1987) Trifol iate .39 .15(F3F4 ) PI 207 Z62 

Coyne y Schuster Canopy .14(F
2

F
3

) Dominant PI 207 262 
( 1974) 

Drijfhout (1987) 1 Dominant PI 319 443 

Faure (1988) Trifoli ate .44 .75CF
2

F
3

) PI 207 262, 
GN Neb. 1 Sel 27, 

G 4399 

HcEl roy (1985) Trifoli ate 1 ó 3 Additive, dominant PI 319 443 

Ochoa Trifolate Reccesive PI 319 443 

Oli vei ra ( 1987) Trifol iate • 18- .54 .28- .87(F
3

F 
4

) 1 Additive > dominant, PI 207 262, 
Canopy .34- . 76 .26- .69( F

3
F 
4

) little interaction GN Neb 1 Sel 27 

Rava et al Unifoliate 1 o-.90 More aci:iitive than PI 207 262, .63- .982 
(1987) .41- .93 .09-.93 others GH Heb. 1 Sel 27 

Mexico 168, 
Mexico 29 

Scot t y Michaels Trifoliate 2 Dominant P. acuti folius 
(1988) 

Valladares ( 1983) Additive PI 207 262, 
GN Neb. 1 Sel 27 

Webster (1980) Unifo li ate- .16-.68(F
2

F
3

) PI 207 262, 
T rifo l i ate- GN Neb. 1 Sel 27 
Canopy 

Calculated on maxiiiUII values among four inoculations on each plant. 

2 Calculated on the average of tour inoculations on each plant. 



Table 2. Heritability calculated by two statistical toothods on the same 
data (Faure, 1988). 

Heritability 
Iq:W.ation Broad sense 

OOR 41 X XAN 91 40 90 

OOR 60 X XAN 112 59 52 

BAT 58 X XAN 112 51 52 

BAT 304 X XAN 112 42 88 

XAN 19 x ICA Pijao 46 90 

OOR 44 X XAN 87 25 75 

X 44 75 
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Table 3. Heritability ca.lculated by two statistical methods for the same crosses 
(Oliveira, 1987). 

h2ns 
BPh 

Foliar over 
Cross unit (by variance) two seasons 

Rio D:::lce X XAN 112 Trifoliate .54 .51 
canopy .76 .26 

Quro X XAN 112 Trifoliate .33 .87 
canopy .34 .63 

catu X XAN 40 Trifoliate .18 .41 
canopy .34 .69 

Within the 
same season 

.37 

.46 

.57 

.41 

.28 

.37 



DEVEIDFMENI' OF ~PRIATE BREEDING S'IRATEX:;IES FOR RESISTANCE 'ID 

Enpoasca kraemeri m a.:M1:)N BFAN 

Julia Komegay an:i Cesar cardona* 

Introduction 

'lhe leafhq:per Enpoasca kraemeri (Hooqrt:.era-: Cicadellidae) is 

generally considered to be the troSt inpJrtant insect pest of ccmron bean in 

many areas of Iatin America an:i the car.il:i>ean Islan:ls with yield losses up 

to 96% bei.n] :reported (Bonnefil 1 1965; Gutierrez et al. 1 1975; Eskafi arrl 

SChoonhoven1 1981) • 

Feecli.rg damage by E· kraemeri is nost severe duri.n] hot1 d.ry climatic 

corrlitions that occur duri.n] floweri.n] an:i pod-setting growth pericx:ls 

(SChoonhoven et al. 1978). synptans of lea:fhcg:ler feedin;J darnage are 

yellowirg an:i doNnward curli.n] of the leaves1 followed by necrosis at the 

leaf tip an:i margins. Plant growth is stunted1 an:l pod number an:i seed 

weight are re.duced. Urrler heavy infestations susceptible bean varieties may 

die. 

Gernplasrn Evaluations for Sources of Resistance 

Extensive ~ of bean gentplasrn for resistance to E· kraemeri 

has been corrlucted at CIAT since 197 4. OVer 18, ooo bean aa:::essions fran the 

world' s g. wlgaris ge.rnplasm collection hoosed at CIAT have .been 

systematically evaluated. '!he gernplasrn aooessions are rated on the basis 

of a 1-9 visual damage score, where 1= no damage an:i 9= severe darnage 

* Plant breeder an:i Entarologist1 respetively, CIAT, A.A. 6713, cali, 
Colc:anbia. 
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(leaves curled arrl yellowed, often acxx:npani.ed by necrosis of leaf tissue, 

arrl stunted · plant grcMth) (Korneqay an::l cardona, 1988) o '!hose accessions 

show:irg the least feedi.rg damage are reevaluated in replicated nurseries 

using botb feediJ'q damage scores arñ a visual estimation of pod mlllber as 

the selection criteriao · 

'!he resul ts of the genrplasm scree.nirg have shown that no high levels 

of resistance to E· kraeneri exist in these materials. Only low to 

IOCXierate resistance levels have been identified (CIAT, 1983) with 

srnall-seeded black arrl cream mlo:red OOsh bean lines of i.rrlete.rminate 

growth habit arñ maturity show:irg the highest levels of resistance. 

Mechanisms of Resistance 

Tolerarx::e to leafhopper feedin:J damage is the nDSt predaninant an::l, as 

to date, the lOOSt inp:>rtant tredlanism of resistance in beans. Tolerant 

bean lines are able to withstan::l IOCXierate pcpil.ation levels of the insect 

without a corresporxling yield loss as catpared to a susceptible check. 

However, when leafh~ pop.Ilations are high, even the IOOSt resistant 

materials may suffer mnsiderable yield loss (Komegay arrl 'l'ellple, 1986) o 

Nonpreference (antixenosis) to leafhq;per oviposition has also been 

identified in a few resistant bean lines in studies c::x:>OOucted uooer 

greenhouse and field corrlitions (Komegay et al. 1986; Komegay et al., 

1988) • In general, however, the bean lines mntain:irg antixenosis 

resistance to oviposition llave smaller plant bianass an:i lower yields than 

bean lines tolerant to leafhopper feedi.n;J (Komegay et al., 1988). 

Inheritance of Resistance 

Resistance to leafhq;pers was shown to be quantitatively inherited in 

studies involvirg s:irgle arrl da.lble crosses aiTK>D;J 14 tol erant bean lines 

(CIAT, 1978). Further studies s11<::1.Ned that the heritability of the tolerance 

resistance mechanism was low an::l that F 3 progeny fran superior F 2 plants 
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segregated widely, with few showing a unifonn high tolerance level to 

leafhopper attack (Galwey arrl Evans, 1982). '!he low heritability 

estimates were concluded to be influenced by lbnited genetic variation for 

resistance arrl to the difficulties of adequately ratirg the resistance 

reaction of the plants. 

Komegay arrl Tenple (1986) corrlucted inheritance arrl canb~ 

abilities studies with bean lines containin:J toleranoe am anti.xenosis to 

oviposition resistance IOOdlanisms. A generation IOOanS analysis usin:J 

parental lines, F1 , F2, arrl back.cross generations was studied, with EMP 81 

(a tolerant bean line) arrl EMP 89 arrl EMP 94 (nonpreferred for ovipositi on) 

crossed to a susceptible cultivar BAT 41. '!he resul ts shcMed that the 

additive-dominance genetic m:xiel was sufficient to explain the inheritance 

of tolerance arrl nonpreference resistance (Table 1). '!bese results 

i.rxlicated that epistatic effects had a minimal effect on the expression of 

the traits studied. Both additive [d} arrl dominance [h] gene effects were 

significant for damage scores arrl nonprot.ected yield, although dominance 

effects were m:>re inportant in the inheritance of yield. For nynphal counts 

(a measure of nonpreference to oviposition) only additive gene effects were 

significant for the progeny of EMP 89 arrl EMP 94. '!he hon-si gnificant 

genetic variation for nYJl'Plal count in the tolerant by susceptible cross 

(EMP 81 x BAT 41) suggested that EMP 81 arrl BAT 41 were sbnilar at all or 

m:>St loci influencing their suitability for oviposition by ~- kraeme.ri. 

To detennine whether overall resistance levels could be increased by 

combinirq different resistant mec:hanisms, a diallel study was conducted 

usin;¡ the F1 ard F2 progeny of crosses am:>ng five resistant bean lines: EMP 

81 arrl EMP 82, tolerant to leafhopper feeding damage, arrl three lines EMP 

89, EMP 94, arrl EMP 97, rionpreferred for oviposition (Komegay and Tenple, 

1986). 

General c:ombining ability (GCA) which reflects th~ average performance 

of a genotype in hybrid combination arrl j.s primarily a measure of additive 
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arrl¡or digenic variance was significant for nyi1Jilal. counts arrl damage 

scores in the F 1 arrl F 2 generati~ns, arrl for protected F 1 yield (Table 2) • 

Specific canbi.nirg ability (SCA), whidl is detected whenever specific 

hybrid canbinations perfonn better or worse than what wcW.d be expected 

based on the average perfonnance of the parental lines, arrl is a :resul t of 

dominance arxi other nonadditive gene action, was significant for F
1 

arxi F
2 

damage scores arrl nonprotected yield, F 1 protected yield, aro F 2 nyrrphal 

counts (Table 2) • 

For nyrrphal. counts, damage scores, aro protected F1 yield, the GCA 

mean squares were greater than SCA (Table 2). For nonprotected yield, the 

large SCA nean squares irdicata:i that daninance arxi other nonadditive gene 

effects were ll'Ore inp:>rtant in the inheritance of this trait. 

Estimates of GCA effects shCMed that the p:t"'CXJeny of crosses involving 

the tolerant lines EMP 81 arrl EMP 82 terrla:l to have higher nyrrphal 

pop.llations, while progeny of lines resistant to leafhopper oviposition, 

EMP 89 arrl EMP 94 had lower nyztplal pop.Ilations (Table 3). 

Estimates of SCA effects for nonprotected yield showa:l that certain 

cross combinations perfonned better (or worse) than what would have been 

expected on the bases of parental perfc:xnance (Table 4) • In the F 2 
generation one cross canbi.nirg tolerant arrl nonpreferred lines (EMP 81 x 

EMP 94) had significant positive SCA effects while another to1erant by 

antixenosis cross (EMP 82 x EMP 97) had significant negative SCA effects. 

'!he highest yielding cross urrler nonprotected con:litions was between two 

nonpreferred lines (EMP . 94 x EMP 97). 'Ihese :results irrlicated that 

transgressive segregation for higher lev~ls of leafhopper resistance may be 

obtained in p:t"'CXJenY of crosses anong resistant lines. 

234 



Developrnent of Appropriate Selection Strategy for Leafhopper Resistance 

In 1976, a breedirg program for increasirg lea~ resistance in 

beans was initiated at CIAT. '!he original parents used were gernpla.sm 

accessions containirg low to rocx:lerate levels of resistanoe. Pedigree 

selection procedures were used to advanc:::led generations with the main 

selection criteria beirg low visual damage scores. Yield trials were 

corrlucted on the F
5 

arrl later generations with the superior lines 

subsequently coded as EMP lines. 'Ihese lines arrl other prcmisirg gernpla.sm 

were then intercrossed to fonn the secorrl cycle of a recurrent selection 

program. 

After five cycles, progress had been made in diversifying resistanoe 

mechanisrns (Kornegay et al., 1986) th<:uJh the overall progress as rreasured 

by increased nonprotected yields ~ to superior checks, was not 

significant (Pino arrl Korne:Jay, 1985) • Severa! reasons could be given for 

the lack of overall progress: 

1. low levels of resistanoe in ~. vulqaris genrplasm 

2. resistanoe associated with specific bean types 

3. dominance genetic effects nore i.nportant in inheritance of 

resistance 

4. significant genotype. x envi.rornnental interaction make selection 

arrl evaluation resul ts variable 

5. only m:xlerate correlation between feedirg damage score (the 

principal selection criterion) arrl nonprotected yield 

6. no correlation between insect cc::m1ts arrl nonprotected yield 

In 1985, the breeding strategy for Errpoasca resistance was dlanged. 

'!he char"ges reflected a better understarrling of the problems listed above 

and offered an alt:.enlative solution for overcaning the genetic limitations 

of leafhopper resistance. 
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'!he first objective of the new breedirg program was to initiate a 

population ilrprovement program to develop a core pcpllation of different 

bean lines with high levels of resistance to leafh~ frcm which 

resistant varieties ca.lld be developed. 

'!he strategy utilizes a IOOClified recurrent selection arrl intermating 

pro;¡ram where nonprotected yield is the principal selection criteria for 

resistance (Table 4) • Yield trials are corrlucted in the F 
3

, F 
5

, arrl F 
6 

generations urrler natural, dry season infestations of the leafhO{:I>er. '!he 

F
2 

arrl F
3 

generations are carried fol:Ward as single seed descent (actually 

one pod/plant) with sorne selection made aiOC>n;J pop.llations to eliminate 

inferior CJ::'OSSeS as compared to the checks. '!he best materials (high 

nonprotected yield arrl lOW' percent yield reduction) frcm the F 
6 

yield trial 

are crossed azoong themsel ves arrl also crossed with other leafhq::per 

resistance sources, thus, beginning the next cycle in the recurrent 

selection program. For the first objective, little exrph.asis is placed on 

grain color, plant type or resistance to other diseases or pests. 

'!he secord objective of the breeding prograrn is to develop leafhopper 

resistant bean varieties in a wide rarge of grain types ard with a<::XJeptable 

agronomic traits. Selected lines roming out of the recurrent selection 

program which have cornmercially a<::XJeptable seed colors arrl growth habits 

can be increased :inlroodiately for varietal testing, or they can be crossed 

to other agronanically adceptable varieties that represent a wide rarge of 

bean types. 'lhese crosses can be han:lled in several ways. one way is to 

enter the crosses into a mainstream breeding program where the offspring 

are evaluated for overall agronanic value, including resistance to several 

diseases or other constraint factors, arrl acceptability of grain types. 

Generally, a dilution of resistance to leafh<JI.t>erS occurs in this type of 

program, but varieties with lc:Mer levels of multiple resistance to several 

major constraint factors nay be adequate in areas where several constraints 

occur together. A secord way is to enter the crosses into the leafhopper 

breeding nursecy ard select for high levels of resistance in CXJilllOOrCial 
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types. Iarge populations may be needed to fini the desired genotype, arrl 

again bulk or s.irgle seed descent practices of advanc.irg generations are 

rec:ct'IUOOl"d. Yield trials need to be cx::niucted over several seasons to 

detect pcssible genotype x envirornnent intéractiat. 

Prel.i.minary resul ts of new breedin:J strate:¡y 

'!he first F 6 materials originat.irg fran the new breedinj strategy 

showed that positive progress was made in increasing overall res~ 

levels to leafhoppers. For the first t.i.ne, resistant selections had higher 

nonprotected yield arrl lower percent yield reduction than the resistant 

check ICA PIJAO (Table 6). Progress was also made in transferrin;J 

resistance into naiium size detenninate bush beans (Table 7) , arrl F 
3 

populations of white seeded materials had higher nonprotected yields than 

the best white seeded check, EMP 175 (Table 8). 

Al.l three sets of materials irx:licate that the new breedinj program is 

carpleting its objectives: first by increas.irg overall res~ arrl 

smpassing the resistance level of the best check, arrl secx:ni, by 

transferr.irg resistance · into detenninate arrl white seeded types - blo 

groups where little progress had been obtaiÍled in earlier breedinj efforts. 

Conclusion 

'!he rocxiified recurrent select~on program beglm in 1985, utilizes yield 

:rreasurements as the criteria for selection of resistant offspring, arrl 

breedinj lines with superior res~ levels have been obtained in a 

variety of bean grain types. '!he advantages of this breedirg strate.gy are: 

1) that selection for additive genetic effects conlitioning res~ 

within families is enhanced by waiting until the F4 arrl F5 generations 

(when genotypes are relatively fixed) to m3ke the ~jority of selections 

within families; 2} selection is made against inferior crosses in the F2 
arrl F

3 
generations, thereby advancing only those populations with superior 
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specific canbi.nirq ability; 3) single seed descent practices are used to 

advance as many different potentially favorable genotypes as possible to a 

rore honozygotic state in the minim..nn annmt of space • . 'lhis practice 

increases the chance of fin:ii.n} higher levels of resistant recanbinants, 

especially with quantitatively inherited traits; 4) genotype x 
envirornnent interactions are minimized by the repeated selection arrl yield 

testing of pcp.llations over time urrler natural infestations of the 

leafhoppers. 

Although breedinq for resistance to E· kraemeri is a long process of 

intennating an:l selection, acceptable progress can be obtained when 

breeders an:l entonologists work together to urrlerstarrl the interaction of 

the insect an:l the host plant. A thorough knowledge of the genetics of 

resistance is needed to design an awropriate resistance breeding strategy. 

Controlled field infestations are essential to identify small differences 

in resistance levels. 'lbe erxl product is the developnent of leafhopper 

resistant bean lines. Host plant resistance is considered the IOC>St 

reasonable awroach for control of this pest by fanners who can not obtain 

or afford pesticides. 
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Table l. Estirnates of nean (m), additive (d) arrl dominance (h) gene effects frorn generation 
means analysis of leafhopper resistancea. 

crosses (X BAT 41) 

Nynphs 
El1P 81 
EMP 89 
El1P 94 

nmage scores 

EMP 81 
EMP 89 
EMP 94 

Yieldlplant 

EMP 81 
EMP 89 
EMP 94 

[m] 

6.70** 
5.25** 
7.01** 

3.78** 
3.67** 
3.67** 

14.25** 
13.81** 
13.87** 

[d] 

·0.72 
0.67** 
1.90* 

0.53** 
0.65** 
0.65** 

-5.04** 
-4.25** 
-4.55** 

[h] 

0.72 
0.59 

-2.29 

-0.34* 
-o.58** 
-0.6B** 

-7 .06** 
8.39** 
9.53** 

~ 

0.72 
0.16 
1.43 

0.94 
0.71 
0.13 

6.89 
3.88 
1.84 

p 

0.90-0.75 
0.99-0.97 
o.75-o.5o 

0.90-0.75 
0.90-0.79 
0.99-0.90 

0.10-0.05 
0.50-0.25 
o.7s-o.5o 

___________ .,..t '1 .__..,. w - ~- ... -- ·- - - -

*,** Indicate significance at P = 0.05 or P = 0.01 lavels, respectively. 

a Adapted frc:m Kornegay an:i Te.nple (1986) . 

b i2 denotes chl.-square value for test~ goodness of fit: P denotes prabability level. 
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Table 2. Mean~ of the diallel analysis ~or leafhopper resistance in F1 arrl F2 generations . 

Mean s~ares 
sLelant 

Source of Nvmdlal count Damage score Non erotected ~ield Protected ~ield 
variation df F1 F2 F1 F2 F1 F2 F1 F2 

Genotypes 14 5.96** 28.2** 0. 47** 0.72** 3.23** 32.2** 4.44** 32. 9 
GCA 4 14.56** 65.4** 0. 77'** 1.24** 2.35 14.9 5:65** 
SCA 10 2.52 13.3** 0.35** 0.51** 3.59** 39.2** 3.95** 
Error 28 2.23 3.8 0.06 o. 15 , .21 6.27 0.89 29.5 

**Mean squares significant at P = 0.01 level. 

a 
Adapted fran Kornegay and Terrple, 1986. 
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Table 3. Progeny neans an:l estimates of general combining ability (GCA) effects for each 
parental 

line in F
1 

an:l F
2 

diallel analisys for leafhopper resistanceb. 

NvmOOal camt Damaqe score 

F1 F2 F1 F2 

Parent Mean GCA Mean GCA Mean GCA Mean GCA 

EMP 81 7.9ba 0.74 13.2cd 1.38* 2.8b 0.33** 2.8b 0.30** 
EMP 82 8.lb 1.06** 14.0d 2.23** 2.4a -o.04 2.7b 0.11 
EMP 89 6.2a -o.92* 9.4a -1.52** 2.3a -o.u 2.2a -o.34** 
EMP 94 5.9a -o.97* 11.2bc -1. 74** 2.4a -o.o5 2.3a -o.u 
EMP 97 7.1ab 0 . 04 10.7b -o.34 2.3a -o.u 2.6b 0.04 

*,** Estimates of GCA effects s ignificantly different frcm zero at P = 0 . 05 an:l P = 0.01 levels, 

a 

b 

respecti vely. . 

Means within a coltmm followed by the same l etter are not signif icantly different 
(Waller-D..mcan liilltiple canparison, K ratio = 100). 

Adapted fran Kornegay an.:l Tetple, 1986. 



Table 4. Cross IOOanS arrl esti.mates of specific CXI'I'bining ability (SC'A) 
effects for nonprotected yield (g/plant) ift F

1 
arrl F

2 gene.rations in a 5 parent diallel analysis . 

F1 F2 

Cross Mean SC'A Mean 

EMP 81 X EMP 82 3.9 aba 0.10 11.0 crle 
EMP 81 X EMP 89 5.9 b 2.42** 13 . 9 def 
EMP 81 X EMP 94 3.6 a 0 . 59 14 . 9 ef 
EMP 81 X EMP 97 3.0 a -0.34 -6.7 ab 
EMP 82 X EMP 89 3.1 a -0.37 8.4 abe 
EMP 82 X EMP 94 3.3 a 0.36 10.2 bai 
EMP 82 X EMP 97 4.0 ab 0.67 4.9 a 
EMP 89 X EMP 94 2.5 a -0.22 13.4 def 
EMP 89 X EMP 97 3.3 a 0.23 7.0 abe 
EMP 94 X EMP 97 3.3 a 0.76 15.7 f 

*,** Estimates of SCA effects significantly different fran zero 
at P = 0.05 arrl P = 0.01 levels, respectively 

a 

b 

Means within a column followed by same letter arrl not 
significantly different (Waller-I:mlcan nultiple carparison, 
k-ratio = 100 ) • 

Mapt.ed from Komegay arrl Tenple, 1986. 
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0.93 
2.40 
3 . 44* 

-2.91 
-2.24 
-0.40 
-3.86* 
1.37 

-3.18 
5.56** 



Table 5. A rocxlified recurrent seléction program for Enpoasca resistance 
in beansa-

Genera ti en 

(cycle l) 
Parental lines 

(Cycle 2) 
Parental lines 

a CIAT ( 1985) 

Prcx:::e1ures for pcp.llation inprovement 

Intercrosses are made curo~ genrplasrn accessions arrl bean 
lines previously shown to have resistance toE· kraemeri. 

'Ihe hybrids are grc:::MI1 urrler protected conditions in order 
to obtain the maximum quantity am quality of seeds. F2 
seed fran each cross is bulked. 

F2 seed (600-1000) fran eadl. cross are planted in a block 
in the field urrler natural leafhopper infestation. 

At harvest, the F2 pop.llations tllat are visually inferior 
are el.ilninated. Fran the :renainin:J populations, 1 pod 
( a¡:p. 3 seeds) is taken fran eadl. plant in a cross an:i 
the seed is l::W.kErl (a¡:p. 1500 seedjcross). 

Each bulk is yield tested urrler leafh~ stress. 
Selection am::>~ F3 populations is made on the basis of 
yield data c:::atpared to resistant an1 susceptible checks. 
'lhe F4 seed is bulked. 

'lhe bulked seed is space planted in the field urrler leaf­
hq:per stress. Individual plant selections with the 
highest visible yield are made within each F4 ¡x:p.llation. 

Progeny rows of irrli vidual selections are planted urrler 
leafhq:per stress. Selections are made amo~ sister 
lines at harvest of the highest yiel<iinJ Unes arrl each 
selected line is bulk harvested. 

A yield trial of the selected lines with nonprotected arrl 
protected field treabnents is planted. Nonprotected 
yield arrl percentage yield reduction are used to select 
top lines with highest levels of resistance. 

'lhe secorrl cycle of intennatings are made us~ resistant 
selections plus other genrplasm. 
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Table 6. Yield of best F6 lines develqm usin;J the new breedin;J strategy 
to increase gvera11 resistance levels to Enpoasca kraerreri 
( CIAT, 1986) 

Yield (!g;¡Jha} % yield 
Lines Color Nonprotected Protected reduction 

Em> 187 9 1711 3137 45.4 
Em> 188 3 1335 2971 55.1 
Em> 189 9 1276 2820 54.7 
ÉMP 190 3 1238 2795 55.7 
Em> 191 9 1233 3115 60.4 
EMP 192 9 1151 3286 65. 0 
Em> 19a 3 1109 2342 52.6 
Em> 84 9 1061 3010 64.7 
Em> 135a 3 788 2841 72.3 
ICA P!j/iJa 9 1297 3863 66 . 4 
BAT 41 6 263 1786 85.3 

IBD 5% 412.9 700.8 
CIJ 29.9 17 . 0 

a Resistant check 

b SUSceptible dleck 

e Adapted frcm CIAT (1986) 
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Table 7. Best detenn:inate OOsh bean lines develc:p;rl ~irg the llE!Irl breeding 
strategy for resi.stance to E)rpoasca kraemeri 

100-seed NO!JJ2rotected ~ield (krt/ha} % yield 
Lines Color weight (g) 1986B 1987A reduction 

EMP 177 6M 29 1114 385 29.8 
EMP 178 6M 34 1102 596 35.5 
EMP 179 1M 25 903 600 39.9 
EMP 182 6M 33 807 495 39.9 
EMP 184 1M 34 776 399 53.9 
EMP 185 1M 30 749 488 50.4 
EMP 186 6M 26 718 383 52.9 

Checks: 

ICA P 11 6M 35 459 89 67.1 
BAT 1366 6M 32 404 203 66.8 
LINFA 24 6M 39 365 114 75.7 
A 36 6M 30 200 63.2 

lSD 5% 254 177 
c.v. 22.6 25.6 

a Adapted fran CIAT (1987) 
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Table 8. ~ ~ 3 pcpll.aticns develcp:d ~.i.n:1 the new breedin;J strategy for 
resi.starre to Drpoasca kraeoori 

Yield 'Jsglhal % yield 
Pcpllation Color Ncq>rotected Protected reduction 

ER 13815-ot(V) 1 896 984 8.9 
ER 13816-ot(V) 1 866 964 10. 2 
ER 13817-ot(V) 1 870 1027 15. 3 
ER 13861-ot(V) 1 967 1024 5.6 
ER 1387o-<M(V) 1 1085 1296 16.3 
ER 13844-ot (V) 6 931 1134 17 .9 
ER 1384~-QI(V) 6 756 894 15.4 
EMP 17~ 1 702 1058 33.6 
BAT 41 . 6 675 1325 49.0 

ISO 5% 287 393. 
c.v. 20.6 20.1 

a 
Olecks 

b Adapted fran CIAT (1987) 
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BREEDING FOR YIEID m cx:M-DN BFAN OF MIOOIE-AMERICAN ORIGIN 

Shree P. Sin;Pl* 

Ext.re.ne care should be exercised in parental selection for 

hybridization for yield breedi..rg in OCI'IIOOl1 bean, Fhaseoulus vulgaris L. 

For non-stress envirornnents, high yieldi.rq parents arrl parents with 

positive general canbinirq ability for yield should be crosSed with other 

yield promotirg traits. Urrler stress envirornnents these must be canbined 

with tolerance to factors causirg yield losses. 

Hybrid ~ations shoul.d be yield tested in replicated trials in F 
2 

arrl F3 arrl all low yieldin:j crosses should be di~ed as soon as 

identified. 'lhus, selection for inproved lines should be done only in 

large pcp.l].ations arrl anDTXJ families of high yieldi.rg crosses. 

Introduction 

'lhe purpose of m::>St crop breedi..rg prograrrs is to increase aro 
stabilize yield at a production cost which maximizes returns to the 

fanoors. Where growirg corrlitions are consistently favorable, yield 

increases by breeciin:J can prestnnably be bra.tght about by accumulation of 

genes which maximize bianass production arrl efficient partitionin:j of 

assimilates. Urrler unfavorable envirornnents, initial yield increases, also 

stabilizinj yield arrl reducirg production costs, can be ootained by 

breeding for tolerance to factors causirg crop losses (e.g., diseases, 

genes which rnaximize biomass production arrl efficient partitioni.n;J of 

* Bean Breeder, CIAT, A.A. 6713, cali, COlCIT'bia. 
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genes which maximize bianass production arrl efficient partitioni.n3 of 

assimilates. Urrler unfavorable environments, initial yield increases, also 

stabilizi.rq yield arrl reduci.rq production costs, can be abtained. by 

breedi.rq for tolerance to factors causirx;J c:rc:p losses (e.g., diseases, 

insects, drought, arrl low soil fertility). However, subsequent increases 

in yield can be brought aboot only by sinul:taneous acx::umulation of 

favorable genes for yield arrl tolerance to adverse biotic arrl abiotic 

factors. 

Most d.cy bean (Fhaseolus vulqaris L. ) production cx:::o.rrs urrler stress 

conditions where average d.cy bean yields are low (.:S 600 kgjha). '!bese 

production regioos ocx::ur in trcpical arrl sulrtrcpical I.atin America and 

Africa where fann sizes are srnall, bean is often intercropped for 

subsistence, arrl fanners rarely a¡:ply i.np.rts. Severe yield losses are 

caused by diseases, insects, adverse cli.matic arrl eda¡::hic factors, and 

other problems. 

SÍ!xJh (1988, 1989) described 12 gene ¡:xx>ls for d.cy cultivated canrnon 

bean arrl their association with yield.l.D] ability, crq:¡ping systems, arrl 

grc:Min] env.irorlloonts to facilitate breedi.rx} work arrl genrplasm resource 

roanagement. Six of these belorqed each to Middle arrl Sa.lth American center 

of danestication. Genrpla.sm representirq each of the 12 gene ¡:xx>ls of dry 

bean is presently grcMn canmercially, alt.l"lalgh they vary greatly in their 

yield potential arrl relative global econanic importance. 'lhe objective of 

this paper is to discuss breedi.rq for maxim..nn yield, in favorable 

envirornnents, for c:xmron bean of Middle-America. 

Selection criteria 

Morphological, }ilysiological arrl yield CXll"pC>nents are often suggested 

as selection criteria for rnaximizing yield. '!he usefulness of these traits 

will be discussed here with reference to bean yield inprovement. 
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Physiological traits 

fbysiological traits have often been suggested as selection criteria 

(Wallace, 1973; Wallace et al., 1972; Wallace arrl Munger, 1966; Iaing et 

al., 1984; Vieira et al. 1973) rut rarely have prcwen their VJOrth (Wallace 

et al., 1976; Kueneman et al., 1979) an:l utilized in selection programs to 

maximize productivity potential of c:x:moon bean. 

Morphological characters 

In conunon bean ncxie arrl leaf number arrl plant height are positively 

associated with pod numbei:', arrl c:x::msequently, with seed yield (Adams, 1982; 

Aggal:wal. ard Singh, 1973; COyne, 1968; Denis ard .Adalns, 1978; DJarte arrl 

lldarrs, 1972; I.aing et al., 1984; Nienhuis arrl Singh, 1985; Prakash arrl Ram, 

1981). Adarns (1973, 1982) advocated the utilization of Irorphological 

trait:;s as selection criteria arrl provided a description of an ideotype for 

sole crop to maximize yield of Navy bean in Midrlgan. Moreover, due to 

larger additive genetic control (Nienhuis arrl Singh, 1986) , their higher 

heritability (Paniagua arrl Pinchinat, 1976), arrl ease of visualization, 

selection for architectural traits is much easier than selection for 

physiological traits, yield arrl yield cxnp:ments. For exanple, selection 

for high node number to develop srnall-arrl meditnn-Seeded lines of growth 

habits I arrl II sudl as 'A 132', 'A 156', 'A 157', . 'A 475', arrl others 

(Sin:Jh arrl Gutiérrez, 1982) was ac:x:::anplished by selecting tall, upright 

plants with srnall leaves. Sane of these were canpared at 16 plant 

density-envirornnent a:mlbinations urrler high inp.rt:s (Nienhuis arrl Singh, 

1985). However, none of the irrproved architectural lines yielded 

significantly Jrore ·than their respective dleck cultivars. <:::cxttx>nent 

canpensation (Adarns, 1967), deficient agronanic management, arrl limitations 

of the growing envirornnent could be aJOOI1C1 possible causes for low yield. 

Moreover, contrary to our above results, sane irrproved architypes of Navy 

bean outyielded classic type check cultivars of similar growth habit II in 

carnparative yield trials in Michigan (Adams, 1982; Izquierdo arrl Hosfield, 
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1983) . 'Ihe increase in yield was thought to be due to inproved lodg~ 

resistance due to reduced branc.h.in:j arrl a narrowirg of the plant canopy. 

Yield arrl its canponents 

In chy bean, sare attempts to inprove seed yield have been ineffective 

(Coyne, 1968; Duarte, 1966; McFerson, 1983; Patiño arrl Singh, 1989; Sarafi, 

1978; Singh et al., 1989b; SUllivan and Bliss, 1983; Tblla, 1978). Failure 

to increase seed yield in bean is attributed to (1) the lack of desirable 

alleles in the base population (Singh et al., 1989b; 'Iblla, 1978), (2) low 

narrow sense heritability of yield (Chung ard Stevenson, 1973; Coyne, 1968; 

Mutschler arrl Bliss, 1981; Nienhuis and Singh, 1988b; Paniagua and 

Pinchinat, 1976; Zi.mrnennann et al., 1984), (3) large genotype x envirornnent 

interaction ( Coyne, 1968) , ( 4) negati ve carpensatory effect of yield 

pramoting traits (Adarns, 1982, 1967; Nienhuis and singh, 1985), (5) zero or 

negative general combining ability of high yielding small-seeded carnmercial 

cultivars (Nienhuis arrl Singh, 19BBa), arrl (6) deperrlance on visual 

selection for seed yield in early segregat~ generations. 

Panmtal Performance arrl Combinirg Ability 

Seed yield arrl its cornponents in camron bean are quantitatively 

inherited. Harnblin arrl Evans (1976) arrl Nienhuis arrl Singh (1988b) 

provided evidence for the inportance of additive genetic variance in the 

inheritance of yield and its components. 'Ibis suggested that high, stable 

yielding parents should result in good progenies (provided these do not 

carry cornplementary genes for hybrid disgenesis), arrl that ¡::xx>rly 

performing crosses ci:ruld be discarded in early generations without 

hesitation. In a subsequent study of the general cornbining ability (GCA) 

of a large number of rnostly small-seeded bean lines ard cultivars it was 

found that the high yielding bean cul ti vars of grcMth habi ts II and III in 

I.atin America (e.g., ' ICA Pijao', ' FOrrillo Sintetico', 'Jarnapa', 
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1Carioca 1 , 
1Rio Tibagi 1 , etc.) ¡x>ssessed either zero or negative GCA for 

yield and most yield cornponents (Nienhuis and Singh, 1988a) .Moreover, 

crosses arnong such parents did not p:rOOuce lines yielding higher than the 

best parent (Singh et al. 1989b). Nonetheles, fram quantitative genetic 

analyses, it was evident that in order to increase yield in CXJf!1IDOn bean, 

aiOC>ng yield and its cornpónents, yield mr se should be utilized as primary 

selection criterion (Nienhuis and Singh, 1988b) • 'lhus it becane necessary 

to consider sllnulataneously (1) parental perfonnance ~ .§g, (2) parental 

general cornbining ability, arrl (3) early generation yield testing in any 

selection program designed to improve yield of bean cultivars of 

Middle-Aroorica. Sorne data supporting these conclusions were obtained frorn 

selection experirnents (Singh et al., 1989a). 

Heterosis and Inbreeding Depression 

\.¡}-¡ile heterosis for yield cannot be comrnercially exploited in bean at 

the rnarnent (Gutiérrez and singh, 1985; Nienhuis and Singh, 1986), crosses 

with high positive heterotic values should result in greater 

recombinational variability in F2 and subsequent generations and would, 

therefore, provide greater opportunities for effective selection for yield 

factors ( Ghaderi et al. , 1984) . Such crosses would be of special value if 

their yields were more than the highest yielding check cultivars and did 

not exhibí t inbreeding depression in the subsequent gene.ration. In Table 

1, exarrples of four kinds of single crosses of bush bean, based on their F 1 
arrl F2 yields, are given. High yieldin;J heterotic crosses with minimal 

inbreeding depression and exhibiting transgressive segregation in the F2 
generation (the bottorn two groups in Table 1) ought to be elected for 

further evaluation and selection, since these should carry a high 

proportion of high yielding genotypes. 
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Selection Methcrls 

Recurrent selection 

After repeated cycles of phenotypic recurrent selection based on F 2 
testi.rg, it was possible to canbine st.ron;J, erect, upright plant types 

(growth habit IIA an:l IIB) of srnall-seeded cultivars in pinto bean which, 

traditionally, have mediurn-sized seeds an:l a sprawli.rg growth habit III 

with weak stems (Kelly an:l Adams, 1987). CCJtparative yield data are not 

available yet to irrlicate whether recx::rnbinant lines yield equal or better 

than ei ther pinto or small-seeded archi types used as the source of stern 

erectness in this program. D.J.arte (1966), after ~ cycles of recurrent 

selection in cross of 'Algarrobo' x 'Michelite' did not realize any 

increase in yield at any of the three locations in North or South America. 

Tolla (1978) failed to increase either bean yeild or protein content after 

two cycles of recurrent selection. Sullivan and Bliss (1983 ) were able to 

increase protein content but could not obtain yield gains frorn recurrent 

mass selection based on a desired gain irrlex in canm:::m bean. 

Inbred-backcrossing 

St. Clair and Bliss (pe.rs . canm., 1988) have sucx::essfully used 

inbred-backcross procedure to transfer an:l CXJmbine high N2 fixation arrl 

high yield frorn bean cultivar 'Puebla 152' to •sanilac'. The cultivar 

'Puebla 152' is an irrlete.rminate type III from the highlarrls of Mexico. On 

the other hand, ''anilac' is a srnall-seeded (<25 g/100 seeds) Navy bean, 

dete.nninate cultivar of growth habit I frorn Michigan. In their program two 

backcrosses to the recurrent parent followed by two or three generations of 

selfing often suffice. 

Early gPJ1eration yield test 

Frey (1954) and I.upton arrl Whitehouse (1957) discussed limitations of 
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cx:mventional pecligree ard 001k selection :nethcxis in the inp:rovement of 

self-pollinati.rg cereal crops ard elt'{:hasized the value of quantitative 

yield data in the early generations for selection. 'lhe latter authors 

prq>OSed two :nethcrls: F2 progeny tests follCYft'ed by yield trials withoot 

further selections in F 4 , F 5 , ard F 6 , ard the pecligree trial :nethod ( i. e. 

conventional pecligree selection canbined with yield test fran F4 onwards). 

Frey (1954) used only the first of the two :nethods in barley crosses ard 

fourxi it to be superior over conventional pecligree arrl 001k hybrid :nethcxis. 

Harri.rgton (1940) in wheat arrl Imner (1941) in barley reported that a 

reliable· estimate . of the value of a cross as a souroe of high yieldi.rg 

lines could be made fran a study of the yields obtained in trials of 

unselected bulks in early generations. On the other harrl, Atkins arx:l 

Murphy (1949) in oats ard FCMler ard Heyne (1955) in wheat failed to firrl 

any such relation. 

Use of any fonn of bulk or mass method of selection would be 

urrlesirable ,.m.en it can significantly reduce frequency of scma desirable 

genotypes. In studies of the effects of intergenotypic c:x::q:>etition in 

mechanical mixtures of dry bean lines of different growth habits arx:l seed 

sizes, generally high yieldi.rg lines in pure starx:l, characterized by 

small-seed ard irrletenninate grcMth habit were fcmrl to have a corrpetitive 

advantage in mixtures over peor yieldi.rg determinate ard large seeded 

genotypes (Dessert, 1987). 'lhe latter were eliminated when selection was 

practiced for seed yield in crosses of these with irrléterminate 

small-seeded typP.s (Si.rgh et al. , 1989a) • 

Harnblin (1977) and Harnblin arx:l Morton (1977) observed that in cxmron 

bean the bulk :nethod of breedi.rg did not alter the :nean yield perfonnance 

over generations in high yielding crosses but yield increased over 

generations in low yielding crosses. 
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Yield test.i.n;J in replicated trials urrler high pcp.tl.ation density 

(~ 250, 000 plants . ha - 1) in the F 
2 

am F 
3 

was incx:>zporated in rur program in 

1986 (Figure 1). At least 20% of the le7ft'er yieldin;J crosses are eliminated 

in each ~ive generation, thus leav~ only 60% of the initial F2 
pop.llations for s.i.n;Jle plant selections in F 

4
• 

For varioos reasoos -we are firñin:J this method (Figure 1) useful in 

rur program. It allows us to han:lle a relatively large l1lllli:>er of crosses 

(200/year). In the F2 arxi F3 generatioos of hybrid pcp.üations, s.inqle 

¡:x:x:ls fran each plant (SPD) are hal:vested arxi l:xllked together on a cross 

basis before harvestirg the plots for yield. After data analyses only the 

b.llk of pods fran selected crosses are saved for yield trials in the 

following generation. Also, yield testing of the F2 arrl F3 generations i s 

done at different sites in order to minimize genotype x envirol'1Irel1t e f fect 

arrl seek relatively broader adaptation arrl stability of perfonnance in 

experimental lines in advanced generations. sro is preferred over single 

seed descent (SSD) (Brim, 1966) ; because it facilitates harvest, minimizes 

labor cost, arrl the probability of carplete loss of favorable alleles 

(Sneep, 1977) are reduced as all seed is b.llked together for yield testing 

in the field un:ier sane pressure of int:ergerYXypic ca¡petition arrl natural 

.selection (unl.ike advaoo~ generatioos in sso in separate hill-plot for 

each F2 derived plant in glasshouse in terperate envirorarents). In SSD, 

advanced experimental lines can easily be traced back to the original F2 
plants but not in the sro methcx:l ad~ in rur p:rogram. In general, there 

is sorne increase (40-60%) in pcp.üation size in succe.ssive generations of 

SPD. 
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Table l. Mean Yield of the_ F
1 

aro_ F
2 

generation of sane dt:y bean single 
crosses grown in :replicat:ea trials at CIAT-Pal.mira, <l:>lanbia . 

Genera ti en 
Cross F1 F2 

kg ha -1 

G 4770 X A 23 2030 2624 
A 23 X G 7148 2329 2394 

ICA L 23 X G 3807 3143 2702 
ICA L 23 X A 30 3178 2418 

A 23 X G 5066 3023 3103 
A 21 x carioca 3225 3384 

G 3807 x carioca 2875 3146 
carioca x G 7148 3089 3953 

Fran: Gutiérrez aros~, 1985. 
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Figures 

Fig. 1. Use of early generation yield testin:J for yield breedin;J in dry 
beans at CIAT. 
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Figure l. Use of early generation yieldin;J test for yield breeding in dcy 
beans at CIAT • . 
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SU!!!!llal:Y 

BREEDING ~ BFAN (!haseolus vulgaris L.) 

roR YIEID rn 1NI'ERCROP 

Maria José de Oliveira Zimme:rmann* 

Despite the growi.nJ .i.rrlustrialization, increasinj IOOdemization am 
technological sqilistication of agriculture, an:l despite the fact that 

research has always been biased towards solecrowinJ, int:ercrort>inJ will 

always represent a good proportion of bean prcx:iuction, especially in 

tropical areas, due to ecx:>nc:mical, technical an:l social reasons. 

Amon::J bean :researdlers, breeders have always been questioned on their 

work, because nost breeding has been done in sole crc:p. 

'lhe present paper discusses sotOO results fran the literature on 

intercroppinj, addressed to answer the questions that are usually presented 

to breeders, with the following ex>nclusions: 1 - Gernplasm developed for 

sole crop may be gocx:l for i.ntercrq:ping, but this is not always tnle. 2 -

'!he characteristics of bean plants that would be specifically adapted to 

intercropping are unknown, but disease resistance is irrportant in all 

systerns. 3 - r:ue to sorne ex>nflicting objectives, special breeding programs 

for intercroppin} may J1?t be a gocx:l option generally. 4 - A better 

app:roach might be a conbined selection scherne, where early generation 

selection is made in sol e crc:p, wi th testing of the best lines of each 

species as intercrops in all combinations of superior lines of the species, 

* Bean Breeder, Centro Nacional de Pesquisa de Arroz e Feijao (cm>AF) , 
Enpresa Brasileira de Pesquisa Agropecuária (EMBRAPA). Rod. GYN 12, Km. 
10, caixa Postal 179, 74000 Goiania, Goiás, Brasil. 
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with cultivar release decisions being made on the basis of average yields 

of all systems tested •. 

Introduction 

CUtaton bean (Ihaseolus wlgaris L. ) is an aut.ogano.ls annua1, legmne, often 

grown in intercrc.p with other plant species, particularly where subs~ 

fanni.rq is practioed (Wiley arrl Osiru, 1972). '!he species that are 

in~, the spacial arranJetelt arrl relative density ~ them, may 

vary with location arrl fanners. Beans are IOOSt a:Jutonly i.nt:.e:rc:rq:p with 

maize, but are also fourrl with coffee, sorghtnn, cassava, sugar cane arrl 

other crops. 

Intercro¡:pin;J is W'rlerstocx:l as the grc:Ming of two or trore crcp; 

sinultaneously in the same field, where ctq> <Xl'lpetition cx:x:::urs durin;J all 

or part of ctq> growth (Arxirews and Kassam, 1976). '!he trore general term 

''Irul.tiple crowin;J" refers to all systems that incltñe the grc:Ming of two 

or trore crops in the same field in a year. 

'Ihere are not reliable statistics on how muen of the bean area is in 

intercroppin;J in any camt.J::y, but it is estimated that abrut 70% of bean 

production in I.atin Airerica canes from intercrc.pin;J arrl that the cx::JtPéli1Íon 

species is usually maize (Pinchinat et al., 1976). 

With the increasin;J in:lustrialization in the countries of the 

developin;J world, agricultura! labor has been decreasin;J arrl agricultura! 

practices are chan:]in;J in order t6 increase the efficiency of agricultura 

as a whole. As a consequenoe, areas devoted to intercropping will terrl to 

decrease. 'Ibis system is one of intensive land and laba.lr use. It is 

p:rojected that the decrease will continue until an "equilibritnn point" is 

reached. Although such a point is as yet unknown, in ~ical areas 

intercro¡:ping will probably always be important for the prOOuction of 

cx:mt'Dn bean. 
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'Ihere are many reasons why this is so. Soiie of them are: 

a) Intercropp:irg is a very efficient soil preservation practice due to the 

exploitation of different soil layers by the different depths oocupied 

by the root systems of the two or more crop species. 

b) Where sun-light is not a limiting factor, tenperature is high arrl water 

availability not always ideal, a taller crop such as maize or sorghtnn, 

can reduce the intensity of heat arrl water stress for a shorther crop 

such as beans, by the shad:irg due to the taller crop arrl also by a wi.rrl 

breaking effect. SUch effect may reduce transpiration losses of water 

for the shorter crop. 

e) Intercropp:irg is a safer arrl more stable system of agricultural 

exploitation than sole cropp:irg, for small areas with low input arrl 

labor availability. If one crop fails, the other can still give sorne 

yield (Andrews, 1974, Willey and Osiru, 1972). 

d) Intercropping makes possible the prcxluction of two or more crops at the 

sarre tilre arrl area which favors diversification of diets. 

Although it is accepted that intercropp:irg is inportant for corranon bean 

production in all countries where beans are an inportant agricul tural 

prcxluct, research has always been centered on sole cri::>};p:irg arrl gernplasrn 

development has always been done in that systern. Few atterrpts were made to 

select cultivars for intercrop (Francis et al., 1976) arrl in most cases 

they were on clbnb:irg bean-maize associations, that have obvious advantages 

because maize provides the necessary support for the bean plants, that 

should otherwise be provided by stakes (D::lvis et al., 1980). However, most 

fanrers who grow beans with maize, prefer bushy plant types because they 

make haivesting easier. 

For many years, plant breeders have been questioned about their work in 
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relation to int:.ercrc:H>irq. '!he main questions are: 

I - Will gernplasm that was develq;a:l for sole crq>, necessarily be gcxxl 

for intei:CLOft>irq? 

II - How will gernpla.sm that was selected for sole crq> differ fran 

gernplasm develq;a:l for intercrcnJirq? 

III - Is there a need for special breedi..rg prograns for intercrcg:>i.rq? 

IV - How CXJUld bean breedi..rg programs awroadl the int:.ercrc:H>in;J question? 

I. Will Gentpla.sm 'lhat Was Developed For Sol e Crop Be Always Gcxxl For 

Intercrop? 

Severa! articles report yields of bean culti vars in sole crop arrl in 

intercroppin;J with maize. In rrost cases the oorrelation coefficients 

between yields in sole crop arrl in intercrop were positive, high arrl 

significant (Table 1). These positi ve oorrelations have led to the 

oonclusion that cultivars that are gcxxl for sole crop may also be gocx;l for 

intercrop. However, significant genotype by Cl:'Oft>in:J systeJns interactions 

have been reporte.d (Francis et al., 1978a) . Paniagua (1977) fourrl that not 

all bean cul ti vars which where gcxxl in intercrop where also gcxxl in sol e 

crop. 

Hamblin arrl Zi.nnennann (1986) showed that it is possible to calculate 

how succesful selection in one system (sol e crop or intercrop) WCAild be for 

the other, by ranki.rq the cultivars f or yield in each system, awlyin;J a 

defined selection pressure (in their case 33%) in one system arrl observirq 

how many of the selected genotypes were arrong the tcp 33% in the other 

envirornrent. Selection efficiency (Se) in the alternate envirornrent is 

defined as: 
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no. selected. in 

altemate system -

no. expected 

by chance 

Se% = ---------------------- X 100 
no. dlosen in 

selection system -

no. expected 

by chance 

'!he number expected by chance, is calculated asstlillÍnJ that there would 

be the same probability of rarrlanly takin:.J good genotypes for the altemate 

system arnong the selected ones, as the selection intensity. For exanple: 

the trial of Santa- Cecilia arrl Ramalho (1982) included. 40 genotypes. With 

a selection pressure of 30% in sole crop, the 12 best genotypes were 

identified. for that system. Following the rationale described, the 

probability of having takin:.J the best ones by chance, was 0,30 x 12 = 3. 

Among the 12 that were selected for sol e crop, there were 7 that were in 

the group of the top 12 in intercrop. '!he m.nnber expected by chance was 

again the same (3), because it was again calculated fran the top 12. So 

selection efficiency in that case WdS: 

7 - 3 

Se % = ---- X lOO = 44% 

12- 3 

'lhat means that only 44% of the genotypes that were consciously 

selected in one systern were also consciously selected for the other system, 

al though the percentage of selected material in one system that was gcx:xi 

for the other (correlated. response) was 58%. '!hose are low percentages 

considering that there was a highly significant correlation for bean yields 

between the two planting systerns. 

Table 2, taken fran Hamblin arrl Zllmnennann (1986), shows the selection 

efficiency for intercrop when a selection intensity of 33% was applied. in 

sole crop. In only two cases, selection efficiency was greater than 50%, 

but this result may be due to the differential disease resistance of 
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the cultivars. In the case of Vieira arxi Aidar (1984), yield data arxi 

anthracnose data in sole crcp arxi in intercrcp were oorrel.ated. Also, 

disease inc:idence data in sole crcp were oorrel.ated to the sarne data in 

int.ercrq>, arxi the levels of resistanoe to anthracnose for eadl genotype 

were similar across systems. 

'!he results are very similar, in general t:.erns, for relay ~irg 

(beans planted between maize lines when maize readles ¡:hysiological 

maturity) arxi for sinultaneals inte.rcrcwirg. Altha.Igh crcp cx:mpetition is 

reduced in relay crq:pirg, because maize plants are not acti vely growirg 

when beans are planted, oorrelations between yields in relay crop arxi sole 

crop are positive arxi low, arxi selection efficiency · accross syst.ems was 

even lower than simul taneais intercrcp (Table 3) • 

In oonclusion, gernplasm that was developed for sole crop will not 

always be gocxi for intercrop, al though perfonnance in the two systems is 

often oorrelated. Selection for disease resistance may be practiced in the 

m:>St oonvenient system for disease expression, but yield has to be measured 

in the sarne systeln that the gernplasm is to be grown. 

II. How Will Genrplasm 'lhat Was Selected For SOl e Crop Differ Fran 

Genrplasm Developed For Intercrop? 

Selection parameters in c:x::moc>n bean vary with the program arxi region 

for which they are beirg selected. Generally for sole crop, beans are 

selected for resistance to the prevailing diseases arxi to sorne 

envirorunental stresses. '!hose resistances are useful in all planting 

systems arxi are oonsidered of equal inportance for int.ercrq> arxi sole crcp. 

It is · the Iror¡:hqilysiological traits that will Irore often determine 

adaptation to int.ercrowing. Sane trai ts may be Irore inq:x:>rtant to one 

system than to the other, arxi generally sane traits a~ to be of 

particular inportance when selecting for adaptation to int.ercropping but 

they are not really urrlerstocxi. 
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Zimmermann et al. (1984b) studied the relative inportance of sorre 

traits in segregating pcp.llations in int.ercrq:J arrl in sole crq>. It was 

reported that the same interactions noted for varieties also occurred in 

segregating populations. In those studies of seg:regating populations, 

hal:vest irrlex of beans was negatively related to yield in sole crq> an::l 

positively in int.ercrq:J arrl such ex>rrelations are not only ¡:henotypic but 

also genotypic (Table 4). For all other traits studied the genotypic 

correlations with grain yield were in the same direction for both systems, 

although for the phenotypic ex>rrelations there were sorre changes of sign. 

Those ex>rrelations shOW' that i t is inportant, when selecting for yield in 

intercrop, to avoid a ex>rrelated reduction in harvest irxiex in order not to 

obtain plants with excessive vegetative growth (IX>nald arrl Hamblin, 1976 

and 1983). 

A path coefficient analysis for yield con¡x:ments arrl grain yield of 

beans (Zimmermann et al., 1984b) showed that the inportance of such 

ccmponents for grain yield varied with system (Table 5), with the direct 

effect of 100 seed weight being nnre inportant for intercrop than for sole 

crop and the direct effect of m.nnber of pods per plant being the opposite. 

Also, for grain yield of F2 derived F4 arrl F5 progenies, the genotypic 

correlations between cropping systeros (Zirmnennann et al., 1984a) were 

higher for the cross when Drrk Red Kidney 2602, a larger seeded, 

detenninate cultivar was one of the parents, than for the other crosses 

where both parents were small seeded an::l indetenninate (Table 6). 

Iarger seed size gi ves plants a c::x:xrpetitive advantage because they have 

nnre reserves at the begining of the life cycle (Black, 1958; IX>nald, 

1963). In highly canpetitive situations, Harnblin (1975) also fourrl that 

seed size was positively related to corrpetitive ability measured as grain 

yield. '!bese highly c::orrpetitive situations involved different cultivars 

from the same species (Phaseolus vulgaris L.). It appears that the same 

relationship of seed size x competitive ability exists when campetition is 

imposed by another species (such as maize), as Zimmermann shows. 
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Guazzelli (1975) evaluated bean lines for their C'X:Il'petitive ability in 

mixtures, arx:i even am:mg black, small seeded, in:leterminate bean lines, 

differences c::nll.d be detected. In a c:x::ll'pleJ'Ielltary work, the same author 

(1976)' awlied selection for high arx:i low C'X:Il'petitive ability in foor bean 

varieties (pcp.llations), arx:i cbtained lines that differed fran the others 

for their carpetitive ability. later, those lines were tested in int:ercrcp 

situations (Vieira arx:i Aidar, 1984; Guazzelli arx:i Kluthcouski, 1988), and 

sane of the ones that gave the best resul.ts for int:ercrcp where those that 

had been selected for high carpetitive ability in cx::mron bean mixtures, 

whidl is technically a sole crq> because it invol ves only one species. 

'!he advantage of a IOC>re carpetitive bean cu1 tivar in int:ercrcp, 

suggests that the erwirornnent is not fully exploited by the current 

cu1 ti vars, whidl tooanS that short tenn gains may be expected by the 

enhancement of carpetitive ability of beans. In naiium arrl long tenn this 

may not hold because beans are grown for their seed production 

(reproductive growth) and carpetitive ability is related to vegetative 

growth (l):)nald and Hamblin, 1983) . J):)nal.d and Hamblin (1983) SUCRest that 

sane features corrm:>n to high yielding lines, adapted to sole crq>, make 

plants poor carpetitors rut the crq> fully exploits the erwirornnent. '!hose 

features are: 

. Ability to resporrl to high densities 

• Lcxlging resistance 

• Annual habit arrl detenn.inant growth 

• Inproved canc:py for efficient light interception 

. High biological yield 

. High grain yield 

• Mi.nirnurn carnpetitive ability bebveen plants 

• Ability to resporrl to high nutrient levels 

• Wide climatic adaptation 
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Sorne of those features may not prove as good as the others for beans, 

or very hard to combine, but generally they may prove valuable. r:avis arrl 

Garcia (1983) also suggested that indetenninate bean cultivars with low 

conpetitive ability may also have an advantage for int:.erc:ro¡;:ping. 

'lherefore the answer to "how will gernplasrn selected for sole crq> 

differ frcm that developed for intercrop" is still unclear. since there is 

not a clearly definei ideotype for either situation, it is unknown for 

which caracters the cultivars should differ from one another. 'Ihere are 

only sorne irrlications of traits to pay attention to, in order to avoid sare 

UJ"rlesirable side effects of selection (like decreased harvest index, or 

increase:l seed size when small seeds are preferred) • 

III. Is 'lhere A Need For Special Breedi.m Prcgrarns For Interc:roppi.m? 

This question was addressed in Zi.nunennann 's work (Zi.mrrennann, 1983; 

Zi.mrrennann et al., 1984a; Zimmermann et al., 1984b; Zimrnennann et al., 

1985) through studies of genetic effects, heritabilities, correla tions arrl 

selection gains for beans UJ"rler sol e crq> arrl intercrop wi th maize under 

constant conditions. A greater m.nnber of significant genetic effects 

(Z.immermann et al., 1985) was found for grain yield arrl harvest index of 

beans grown in intercrop with rnaize than as sole crop (Table 7 ) . Harnblin 

and Evans (1976) had also fourrl that epistatic effects decreased with 

increased sowing density. 

Z.immermann et al. (1984a), reported starrlard unit heritabilities 

(Table 8) that were la:rger for grain yield of beans in intercrop than in 

sole crop. In the saiTe paper (Table 9) it was shown that direct selection 

for each system was more efficient than indirect selection. Effects of 

indirect selection for intercrop based on selection practiced in sole crq> 

were nn.1ch smaller than either effects of direct selection or eff ects of 

selection on the mean of both systerns. Effects of indirect selection for 
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sol e crcp based on selection in int:.ercrq>, were variable arrl sc:matimes 

larger than effects of direct selecti011, rut selecti011 based 011 the IOOan of 

both systems gave alJoost the same resul ts arrl sanetimes better resul ts than 

direct selecti011 for sole crcp. 'lhese data showed that even if selecti011 

for int:.ercrq> only is not justified, selection based 011 the IOOan of both 

systems may inprove the selection efficiency. S~arly, Hani:>lin arrl 

Zinmennann (1986) also foorrl that selection on mean yield of sole crcp arrl 

int:.ercrq> was always JOOre efficient for both plantin;J systems than 

selecti011 in sin;Jle envirornnent for the alte.rnate systan (Table 10), arrl 

the IOOan was a better selection criteri011 to inprove yield for both systems 

than "tolerance to stress", defined as the difference between yield in sole 

crop arrl in int:.ercrq>. 'lhese authors concluded that bad lines can be 

eliminated based on perfonnance in a sin;Jle system ( for exarrple sol e crcp) 

but the final identificati011 of the best lines has to be made incl~ all 

envirormv:mts to which they should be adapted. Bean arrl maize, or any other 

species int.ercrq:p:rl wi th beans, are grown in many geogra¡:hical regions in 

nore than one crq:pin;J system, arrl rec:xmrerxied lines should perfonn well 

across all or IOOSt of the different c:orrlitions in which they are grown. 

'Ihere are also dCA.lbts, whether or not a specially develcped cultivar, for 

in~in;J oon:titions would be the best awroach for a seed p:rcx:lucti011 

prcqram that has to follow the breeclin:J of a new cultivar. 

A conclusion fran the foregoin;J discussion is that special breeclin:J 

p:r:o:JnUllS for int:.ercrq> would not be justifiable unless in~in;J is 

virtually the only plantin;J system in which the crq>S are grown. 

IV. How CCW.d Bean Breedirg Programs Amroadl '!he Intel:crouroi.m a.Iesti011? 

'!he previous discussion oonsidered beans as the system cx::mp::>nent of 

interest. Fran another point of view, in the bean-rnaize intercrq>, rnaize 

yields are usually not affected or suffer very little fran a:mpetiton fran 

the bean plant, whereas bean rnay suffer a severe yield decrease of 80% or 

JOOre. F\lrthenrore, there are interactions of rnaize arrl bean cultivars in 
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terms of bean yields, when different maize cultivars are used (I:avis an::l 

Garcia1 1983; Ramalho et al. 1 1983). Hal:per (1967) ·an::1 Fyfe an::l Rogers 

(1965) had previously sug:Jested that if two species are to be grown 

tCXJether 1 the greatest level of ec:x::>lCXJical cx:rnbining ability will be 

achieved by breedi.ng both crops simul taneousl y. Hamblin et al . ( 1976) , 

had suggested a method that allows i t to be done, based on a diallel 

design. Hamblin an::l Zi.rnmennann (1986) concluded that to obtain maxbm.nn 

crop yields in intercrr:p, plant breeders must breed for the crcn:>ing systern 

rather than breed irrli vidual c:::orrponents. 

Geraldi (1983) used a diallel approach with maize arrl bean lines in 

combination, each one of thern with all others. 'Ihe resulting yields of 

each crop were converted in "equivalent production" based on rnarket price 

ratios of maize to bean, arrl analysed the data as an adaptation of Gardner 

an::l Eberhart (1966) model for diallel crosses. 'Ihe best maizejbean 

combinations were those where there were large general effects of 

intercropping. In the case of bean cul ti vars 1 the best were those that 

interfered less with maize (high "combining ability"). Sorne exceptions of 

high specific "cornbining" ability also occurred. 'Ihe only problem with 

this and other diallel rnethodolCXJies is the size of experiments needed to 

test all combinations of the lines of the two species. For 10 bean arrl 10 

rnaize lines, with lO being a very srnall nurnber of lines to be considered in 

any breedi.ng prograrn, a trial of 100 treabnents is needed. For slightly 

larger 1 but still srnall numbers, the experimental size becomes too large to 

be handled efficiently. 

A more reasonable approach would be 1 for all species invol ved, to work 

on early generation selection (screening phase) of a large mnnber of lines, 

in the rnost simplified systern (sole crop), with later testing of a mud1 

srnaller nurnber of entries of the different species in all systems that they 

should be grown in the region, in all possible carnbinati ons with the best 

lines of the other species. It increases the work only in the final phases 

of the prograrn. 'Ihe final decision on which line to name and release for 
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each species shcA.lld be made ba.sed on the average yield of lines across all 

testirg env.i.rorments. To nake rapid yield gains on int:.ercrq>, selection in 

the early stages { sole crq>) a:W.d be practioed urrler high plantirg 

density, as used by Guazzelli (1976). 

Fran programs like the one suggested above, it wcW.d be possible to 

create aro identify genotypes that wcW.d perform better in the average of a 

rarxJe of different crq:pirg systems, rut in sane cases, they a:W.d perform 

not as wel.l in each one of them alone as if they were specially develc:ped 

for that fran the begi.nirx], thalgh the difference may not be as large as to 

be taken into aCCXJUnt. 

Conclusions 

As final remarks, it is ilrportant to point oot the followirg: 

Bean genrplasrn develc:ped for sole crop may also be gcxxl for int.ercJ:q> 

or for :relay crq>, rut that is not always true. Interactions exist arrl 

have to be considered. 

'lbere is no clear answer on how different or how similar bean lines 

developed especially for int:.ercrq> or for :relay crcp shcA.lld be. 'lbere 

is no defined ideotype for those systems. catpetitive abi lity seem to 

gi ve an i.nm:rliate yield advantage to genotypes grown in i.ntercrq> rut 

selection to irx::rease c:::x::npetitive ability may cause unwanted side 

effects that can decrease plant efficiercy for seed production. 

Disease resistanoe, on the other harrl, is i.np:>rtant for all crq:pin:J 
systems. 

Special breedirg programs, totally devoted to int:.ercrq> are not a gcxxl 

option unless i.nt:.ercrowing is the only plantirg systern in which crcp:; 

are grown in a region. 

For all species that are grown in an int.ercJ:q> situation with beans, 

early generation selection shoold be made in the crq:ping system which 

is JOOSt easily managed (sole crop) with final testirg of the best 
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selected lines of each species being made in all systeros aro in all 

canbinations ~ them. Final decisions on the releases to be made 

shoul.d be based upon averages across all testing systems. 

Iast, rut not least, intercrc:wing will probably decrease in inp:>rtance 

throughrut the world with tine, rut in the near future (until the errl of 

century at least), it is fran this system that a large prqx>rtion of bean 

production will cane. As long as no gcxxi héuvesting machines for beans are 

developed, as lorg as poor fanners exist, with small areas aro no e>cpenSive 

an1 sophisticated prcx:luction systems, withrut irrigation facilities , 

intercrop will continue to be responsible for a significant prqx>rtion of 

bean production. 
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Table l. Correlation between yields of bean rul.tivars in sole crql an:l in 
intercrq> with maize (Adapted fran Hanblin an:l z:i.ninennann, 1986). 

No. of 
cultivare r Reference Cannents 

19 0.88** Francis et al., 1978& Trial 2 
20 0.51* Francis et al., 1978& Tri al 3 
17 0.72*** Francis et al., 1978& Tri al 2 
17 0.55* Francis et al., 1978& Tri al 3 
20 0.81*** Francis et al., 1978b Tri al 2 
20 0.41 n.s. · Francis et al., 1978b Trial 3 
18 0.83*** Francis et al., 1978b Tri al 2 
18 0.54* Francis et al., 1978b Tri al 3 
59 0.66*** Antunes and Teixeira, 1982 T.rial 1 
64 0.54*** Antunes and Teixeira, 1982 Tri al 2 
34 0.69*** . Antunes and Teixeira, 1982 Tri al 
34 0.50*** Antunes and Teixeira, 1982 Tri al 2 
49 0.84*** Vieira and Aidar, 1984 
40 0.65*** Santa-Cecilia and Ramalho, 1982 Year1 
40 0.89*** Santa-Cecilia and Ramalho, 1982 Year2 
8 0.28 n.s. Chagas and Aquino, 1981 

10 0.61 n.s. Oavis and Garcia, 1983 Short maize 
10 0.24 n.s. Davis and Garcia, 1983 Mediun maize 
10 0.41 n.s. Davis and Garcia, 1983 Tall maize 
9 0.43 n.s. Serpa and Barreto, 1982 Site 1 
9 0.91*** Serpa and Barreto, 1982 Site 2 

40 0.64*** Ramalho et al., 1983 
8 0.89*** Araujo, R.S. (personal COIIIIU'l.) Appl i ed N 
8 0.43 n.s. Araujo, R.S. (personal COIIIIU'l.) Rhizobi al N 

*, **, *** = significant at the probability levels of 5X, 1X and 0.1X, respectively. 
n.s. = non significant . 
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Table 2. Effect of selection of the highest yiel~ 33% of cultivars in 
one environment on the rn.Il'lber selected in the al temate 
envi.rornnent, an:i selection efficieooy (Mapted fran Hant>lin an:i 
Zimmer.mann, 1986). 

No. No. Sel 
No. No. al t. exp. eff. Corr. 
cult . se l. env. chane e l Reference 

19 6 4 2 50 0.88*** Francis et al., 1978& 
20 6 2 2 ,o 0.51* Franc is et al., 1978& 
20 6 3 2 25 0.81*** Francis et al., 1978b 
20 6 1 2 25 0.41 n.s. Francis et al., 1978b 
59 20 13 7 46 0.66*** Antl.lleS ard Teixeira, 1982 
64 21 13 7 43 0.54*** Antunes ard Teixeira, 1982 
49 16 14 5 82 0.84*** Vieira and Aidar, 1984 

40 13 7 4 33 0.65*** Santa-Cec 1 l 1 a ard Ramal ho, 1982 
40 13 11 4 78 0.98*** Santa-Cecilia ard Ramalho, 1982 

40 13 5 4 11 0.64*** Ramalho et al., 1983 

*, *** = Signiflcant at the probabillty levels of 5X ard 1X, respectlvely. 

n. s. = non slgnificant. 
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Table 3. Correlations between sole crop arrl i.ntercrcp or relay crop 
(Adapted fran Hamblin and Ziltm:mnarm, 1986). 

bata source 

Francis et al., 1978a 
Francis et al., 1978a 
Francis et al., 1978b 
Francis et al., 1978b 
Antunes and Teixeira, 1982 
Antunes and Teixeira, 1982 
Santa-Cecllfa and Ramalho, 1982 
Santa-Cecilia and Ramalho, 1982 

Teixeira Monteiro et al ., 1981 
Teixeira Monteiro et al . , 1981 
Antunes and Teixeira, 1982 
Antunes and Teixeira, 1982 

Corr. coef. 

0.72*** 
0.55* 
0.83*** 
0.54* 
0.69*** 
0.50** 
0.65*** 
0.89*** 

0.71** 
0.29 
0.33** 
0.46*** 

Cooments 

Sole crop x simultaneous intercrop, 
Sole crop x simultaneous intercrop, 
Sole crop x simultaneous intercrop, 
Sole crop x simuttaneous intercrop, 
Sole crop x simuttaneous intercrop, 
Sote crop x simuttaneous intercrop, 
Sole crop x sfmuttaneous intercrop, 
Sole crop x simultaneous fntercrop, 

Sole crop x relay crop, tocation 1 
Sole crop x relay crop, tocation 2 
Sote crop x relay crop, year 1 
Sote crop x retay crop, year 2 

*, **, *** = Significant at the probabitity Levets of 5X, 1X and 0.1X, respectivety. 
n.s. = non significant. 

Table 4. Fhenotypic an:l genotypic correlations anr>ng four traits of 
conunon bean arrl grain yield in intercrop arrl in sole crop 
(Adapted fran Zi.Itutennann et al., 1984b). 

trial 2 
tri al 3 
trial 2 
trial 3 
trial 1 
trial 2 
year 1 
year 2 

Trait 
correlated to 
. grain yield 

Genotypic correlation 
Intercrop Sole crop 

Fhenotypic correlation 

Number of pods 
Seeds per pod 
100 seed weight 
HaJ::vest Wex 

3.58 
-0.95 

1.39 
1.80 

1.30 
-0.14 
0.20 

-0.20 

Intercrop Sole crop 

-0.34** 0.42 n.s. 
-o. 21 n.s. 0.05 n.s. 

0.68** 0.06 n.s. 
0.77** -0.11 n.s. 

*, ** = Significant at the probability levels of 5% arrl 1%, respective! y. 
n.s. = non significant. 
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Table 5. Path ooefficient analysis of the effects on grain yield of yield 
carp:>nents of beans grown in intercrq> with maize arrl in sole 
crq> (Adapt:ed fran Zimnennann et al., 1984b). 

Type of effect 

Effect of total mnnber of pods 
Di.rect. effect 
Irrlirect effect via seeds/pcxi 
Irrlirect effect via 100 seed weight 
Total correlation 

Effect of n\.IIOOer of seeds per pcxi 
Di.rect. effect 
Irrli.rect. effect via mnnber of pods 
Irrlirect effect via lOO seed weight 
Total correlation 

Effect of l OO seed weight 
Di.rect. effect 
Irrlirect effect v ia mnnber of pods 
Irrlirect effect via seeds per pcxi 
Total correlation 

0.451 
0.399 

-1.190 
-o.34** 

0.782 
0.230 

-1.222 
-o.21 n.s. 

1.608 
-0.334 
-0.594 

0.68** 

*, ** = Significant at the prdbability level of 1%. 
n . s . = non significant. 

Sole crq> 

1.115 
0.307 
1.002 
0.42 

0.472 
0.724 

- 1.146 
0.05 n.s. 

1.318 
-o.847 
-0.411 
0.06 n.s. 

Table 6. Genotypic correlations between the two crcppin;J systems for F2 
derived F4 arrl F5 progenies fran three crosses (Adapt:ed frc:m 
Zimnennann et al. , 1984a) • 

Crosses 

I:ark Red Kidney 2602 x 'I\lrtle Sa.Jp 39 
california Small White 7775 x 'I\lrtle Sa.Jp 39 
Gl oria x Turtle Soup 39 

All lines 
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Correlations 

1,08 
0,41 
0,25 

0,99 



Table 7. l-kxlels that fit the dJserved data for grain yields arrl hal:vest 
in:iex of three Cllltton bean crosses. 'Ihe genetic parameters that 
were incll.Xled in the nrx:lels showed estimated values larger than 
two times the estimates of their starrlard errors (Mapt.ed fran 
Zimnennann et al., 1985). 

Models 

Crosses 

I:Brk Red Kidney 2602 
X 

Turtle Salp 39 

califomia Small White 7775 
X 

Turtle SaJp 39 

Gloria x TUrtle Soup 39 

Grain yield 
Int.ercrq> SOle crq> 

m+a-d+dd m+ad 

m-a+d m+-d+ad 

m-a+d+aa 

Harvest in1ex 
Intercrc:p SOle crq> 

m+ a+ a a 

m-a+d+ad-&1 

m+a+d+aa m+ a 

m = mid parental value; a = additive effect; d = daninance effect; 
aa = additive by additive epistasis; ad = adlitive by daninant epistasis; 
dd = daninant by dcminant epistasis. 

Table 8. Starrlard unit heritabilities % detennined by correlations between 
grain yield of ~ 4 arrl F 5 bean lines for two CJ:q:t>IDJ systeJns 
(Adapted fran Ziñtrennann et al., 1984a). 

Crosses 

I:Brk Red Kidney 2602 x TUrtle Soop 39 

califomia Small White 7775 x 
Turtle Soup 39 . 

Gloria x TUrtle Soup 39 

All lines 
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Int.ercrq> Sole crop 

53 51 

36 40 

50 28 

60 54 



Table 9. Realized selection responses (kgjha) to a 40% selection intensity 
for grain yield, expressed as deviatialS fran the pcpll.ation mean 

(Mapted fran Z:imnennann et al. , 1984a) • 

Selection for intercrQe Selectfon for sote crQe 
lndirect selectfon lndfrect 

In sote In 
Crosses Dfrect crop On ~~~ean Dfrect fntercrop On ~~~ean 

Darle Red Kfdney 2602 
X 78 29 45 53 67 49 

: 
Turtle Soup 39 

Cal ifomfa Small \Jhfte 7775 
X 42 33 39 83 53 82 

Turtle Soup 39 

Gloria x Turtle Soup 39 53 12 52 43 -9 84 

All lfnes 91 45 63 140. 30 139 
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Table 10. Selection efficiency % of three selection criteria: mean yield 
{SC -f.M}/2, toleral')Oe (SC-M) arrl sirx;Jle erwironment selection (S) 
for the alternate system (Mapted fran .HarctJlin arxi Zimnennann, 
1986). 

Selectjon Test environments 
Source criteria Sote crop lntercrop Al ternate 

Antunes and Teixeira (1982) 

Year 1. Simultaneous fntercrop (SC+M)/2 86 57 
(SC-M) -57 - 29 

S 43 

Year 1. Relay crop (SC+M)/2 57 29 

(SC-M) -57 14 
S 14 

Year 2. Simultaneous fntercrop (SC+M)/2 86 57 
(SC-M) -29 o 

S 43 

Year 2. Relay crop (SC+M)/2 43 86 

(SC-M) -43 14 
S 29 

Santa-Cecilia and Ramalho (1982) 
Site 1. Simultaneous intercrop (SC+M)/2 78 66 

(SC-M ) -22 33 
S 33 

Site 2. Simultaneous intercrop (SC+M)/2 89 89 

(SC-M) · 22 ·22 
S 78 
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BREEDING FUR YIEI.D m SOYBFANS: FARLY GENERATICN TESTlNG 

ANO SP.EX::::IFIC ADM7l'ATIOO 'ID HIGH VERSUS Iatl YIEI.D ~ 

Abstract 

Selection of an awrq>riate breedirg proarlure can have a significant 

ilrpact on the success of a breedirg program. Prior to 1960, nearly all 

soybean breeders used · the pedigree prco:dure to develc:p high yielciirq p.rre 

lines. However, a major disadvantage of the pedigree prco:dure is that 

selection for yield potential in the early generations is based on visual 

esti.mates of yield, whidl can be quite inaocurate. In the early 1970's, 

soybean breeders began to adq¡t a JOOdified pedigree prco:dure which has 

becane known as the s.in;Jle-seed-descent (SSD) prco:dure. In this nethod, a 

sin;Jle seed is advanced fran eadl F 2 plant arrl the prco:dure repeated eadl 

succeeding generation until hanozygosity is reached in the F 5 or F 6 
generation, resultin;J in ·a sin;Jle p.rre line fran eadl F

2 
plant. 'lhis 

prco:dure has the advantage over the pedigree prco:dure in that nore F 2 
plants can be sampled per cross, harozygosity can be reached Imlch quicker 

(at least 2 generations can be grown per year) an:l all yield testin;J is 

done with p.rre lines, increasin;J selection efficiency. However, a major 

disadvantage of the SSD procedure is the lack of q:p:>rtunity for selection 

within selected F2 families. 'Ihere are two major oottlenecks in the 

breedi.n;J of self-pollinated crops. '!he first is the selection of the 

parents to be used in a cross. If the genes necessary for obt.ainirg a high 

yieldin;J recanbinate are not present in the parents, no breedirg prooedure 

will be effective. 'Ihe secorrl is the irrlividual F2 plant. Since there is 

* USD.l\, ARS Researd1 Agronanist arrl Mjunct Professor, Dept. of Agronat1}', 
Ohio Agricul tural Research arrl Developoont Center, 'lhe Cbio State 
University, Wooster, Ohio 44691, U.S.A. 

287 



no intennatirg durirg the generation advance to hClllOzygosity, all the genes 

necessary for a high yielclin:J recarbinate nust be present within a sirgle 

F 2 plant. 'lhus if F 2 plants whidl contain a superior CC1'!'pleroont of yield 

genes can be identified, selection for high yielclin:J recanbinates within 

these F2 families sha.Ild be effective. An early generation testirg (mi') 

procedure has been developed in soybeans for the identification of the best 

crosses in the F3, the best F2-derived lines in the F4 arrl the best p.rre 

lines, fran the best F2 family fran the best crosses, in the F5 arrl 

subsequent generations. 

As soybean yields have increased, it has becane increasirgly ~rore 

difficult to select a sirgle cultivar that is highest in yield over the 

entire yield range. Broadly adapt.ed, "universal" cultivars terrl to be too 

short in low yield enviroments arrl too tall arrl lodge in high yield 

envirorunents. In 1969, I initiated a breeding program to develop semidwarf 

cultivars with specific adaptation to high yield enviroments. '!he 

approach taken was to make crosses between two diverse genrplasm pools, 

northern u.s. adapted .i.rrletenninate (Dt1) cultivars arrl southern u.s. 
adapte.d detenninate (dt1) cultivars, arrl to select frcrn these crosses, 

detenninate types adapte.d to the Midwest. When the detenninate trait (dt1) 

is introduced into .i.rrletenninate cu1 ti vars by backcrossirg, to produce dt1 
isolines1 short, semidwarf plant types are OOtained but yields are 

significantly reduced c:orrpared to the ot1 recurrent parent. However, by 

selecting simultaneously for the desired semidwarf detenninate plant type 

arrl high yield, through the use of the early generation testing procedure1 

those detenninate semidwarf F 2 plants 1 fran the north by south crosses 1 

which recei ved the genetic backgrourrl genes necessary for producing a high 

yielcli.rq detenninate semidwarf plant type COlld be identified. Using this 

procedure 1 8 high yielding determinate semidwarf cul ti vars have been 

identified arrl released. In high yielcli.rq envirornnents where early lodgirg 

of the taller .i.rrletenninate cultivars is frequently a barrier to higher 

yields, these detenni.nate semidwarf cultivars have exceeded the yields of 

the irrletenninate cultivars 1000 to 1500 kgjha. 'lhese results suggest the 
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ror procedure may be effective in other self-pollinated crops where the 

goal is to introduce yield genes fran diverse gen¡plasm sources to develop 

high yielcl.irq cultivars of a specific plant type. 

RlilOSC!ÍlY of arx:1 Initial Experience with Early Generation Testirg 

In 1962, when I first began my career in soybean (Glycine max (L.) 

Merr. ) bree.di.n:J, the pedigree methcxl was the starxlard prooedure used by 

nearly all soybean breeders. A major weakness of the pedigree prooedure, 

however, is that selection for yield potential in the F
3 

tlu:u F 
5 

is based 

on visual estimates. Researdl has shown that in soybeans, the ability of 

the plant breeder to visually identify the highest yielcl.irq lines is quite 

limited (Hanson, et al., 1962). My own experieJ'laa in Minnesota confinood 

this. A surprisi..rq rnnnber of low yielding lines were advanced to the F 6 
when I used the pedigree prooedure. 'lhe difficulty with visual estimates 

of yield is magnified when differences in plant type, rr7il spaci.rq arrl 

seeding rate are invol ved. 

With the p.lblication of an article on the single-seed-desoent (SSD) 

· prooedure by Brim in 1966, many soybean breeders began . to shift fran 

pedigree to the SSD prooedure. 'lhe major ~ of the SSD prooedure was 

the rapid generation · turnover, at least 2 gene.rations per year, 'Whic:h 

decreased the tirre fran crossing to release of a new cultivar fran a cross. 

Part of the Iiúlosqily of the SSD prooedure is the assunption that 

plant breeders carmot effectively select for yield in early generations, so 

why not advance the genetic materials to hcm:>zygosity as quickly as 

possible arx:1 do all yield testi.rq with hcm:>zygoos lines. Another advantage 

of the SSD prooedure over . the pedigree prooedure is that nore F2 plants can 

be sarrpled, with one pure line descerrlant fran eadl of mariy F2 plants. 

It is the trade off for this advantage, however, whic:h concel:Tled me 

the 1t'OSt about the SSD pi:ocedure. 'lbere is very little if any within F2 
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family sanpling by this procedureo 'Ihus an F2 plant whidl received a 

superior catplezoont of yield genes wclli.d have, in the :prrest sense of the 

SSD procedure, only one pure line descerrlant to :represent ito '!he basic 

question then becx::Jioos, is it better to test one pure line frcm each of 1000 

F2 plants or 100 pure lines f:ran eadl of 10 selected F
2 

plantso '!he key to 

this answer is whether in fact soybean breeders can identify those F 
2 

plants which recei ved a superior cx:mpleroont of yield genes o It was on this 

basis I began my research in 1966 to develcp arrl test an early generation 

testing (mi') procedure for soybeanso With both the pedigree syst.em ard 

the SSD procedure, yield is the last trait selected for, yet it is the most 

importanto '!he objective of the mr procedure was to reverse this priority 

and select for yield firsto 

In a self-pollinated crq:> like soybeans there are two 

bottlenecks to sucx:::ess in developing superior yielding pure 

major 

line 
recanbinates o '!he first is the selection of the parents, usual! y two in 

soybeanso If the genes to produce a superior yielding recanbinate are not 

present in the two parents, no breeding rethod will be effective in 

developing a superior yielding cultivar f:ran that crosso 'Ibis is why most 

soybean breeders make many crosses per year (100 or IOC>re) in search of that 

best crosso Secorrlly, and perha¡::s less ctwious, is that all the genes 

necessary for a superior yielding recanbinant must be present within a 

single F 
2 

planto 'Ibis is true beca use in IroSt breeding prograrns of 

self-pollinated cro¡::s there is no intennating in the early generations as 

the lines are advanced by selfing to harozygosityo A basic asst.IITpt.ion of 

the mr procedure was that if all the genes necessary for a superior 

yielding recombinate are present within a single F2 plant, these genes 

should express themselves in the yield of their F3-progeny (F2-derived F3 
line) o Research by Brim _arrl others have reported gene action for yield in 

soybeans is primarily additive, thus su¡:porting this hYJ?othesis (Brim arrl 

Oockerharn, 1961)o 
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In an exhaustive thesis research study by Rcger Boenna (presently Dr. 

Boenna, soybean breeder at the University of Georgia), the mr prc:arlure 

was cx:mpared with the pedigree arrl SSD procedures, usi.rg fcur different 

crosses. 'Ihe results of this research were plblished in Crq> Scienoe in 

three articles (Boenna arrl <::cx:t>er, 1975a, 1975b, 19_75c) • Like many sudl 

long-tenn studies, it became obvious enroute to c:arpletion of the stOOy 

that SCJIOO rrodification in the mr prc:arlure wt:W.d be needed to nake it a 

practica! trethod. Saoo way had .to be fo.nrl to reduce the large anamt of 

yield testi.rg required in the early generations. However, much was leamed 

about the mr prc:arlure in this 10-year study. 

First, it was established that F
2 

plants which received a superior 

corrplernent of yield genes did express it in the yield o¡ their F 2 -derived 

F3 progeny. Secorrlly, it was also established that. yield of a 

heterogeneous F 
2 
-derived line was inlicative of the yield potential of tlle 

pure lines that could be derived fran it. 0ne sw:prise, however, v/aS haY 

uniform SCJJOO F
2
-derived lines appeared, a1nost as uniform in a~ as 

a pure line. Of ca.1rse sorre F
2
-derived lines were quite variable as to 

maturity which would limit the value of yield data obtained. However, in 

this study a maturity range of up to 10 days was considered acoeptable. 

Segregation for such yield unrelated traits as flCMer color, p.lbesence 

color aro hiltnn color were not considered a problem. 

In this long-term study, effort was made to remcwe saoo of the 

genotype x erwirornnental varianoe by the use of multiple reps arrl locations 

in the F
2
-derived F4 arrl F

5 
lines. One-rc:M plots were used in the F3 arrl 

F 
4

, and 3-rc:M plots ln the F 
5

, harvesti.rg the middle rcM to minimize border 

effects. Results fran this study irrlicated that yield testing in three 

unbordered tests (1 location in the F
3 

arrl 2 locations in the F4) resulted 

in the loss of hlgh yieldlng early lines due to the border effects which ,.. 
favored the later maturing lines. Early, hlgh yieldlng lines were obtained 

frorn the same crosses where the SSD procedure was used. Also testing of 

all lines in multiple reps, lcx::ations ·anct years to enable selection of 
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F 2 -deri ved lines based on the F 3 , F 4 , F 
5 

It83l1 resul ted in a large arrl 

e>q)ellSÍve yield testing pra;Jram. Since the yield of the best pure lines 

obtained by the :mr procedure in this study were equal to those of the SSD 

procedure, but no better, the conclusion reached was that the SSD prooedure 

would be the more efficient because of the less yield testirq required 

(Boenna arrl Cooper, 1975a) . 

However, I was encouraged by the resul ts of this study which confil::nai 

that the basic assurnptions of the Em' procedure were valid, :narooly F2 
plants which recei ve a superior corrplement of yield genes reflect this in 

the yield of their F2-derived progenies arrl secondly, the yield of a 

heterogenous F 2 -deri ved line is indica ti ve of the yield potential of the 

pure lines that can. :be derived from it. 'Ihus , even :befare corrpletion of 

this study, I began to adopt the mr procedure as the standard method in my 

rnain breeding program, modifying the procedure to overcame the majar 

disadvantage of this procedure, namel y the large anount of yield testing 

required in the early generations. 

:rhe Modified Early Generation Testinq Procedure 

I reasoned that in a stamard pure line yield testing program, the 

plant breeder does not test all his lines in rnul tiple locations arrl years 

befare he rnakes his selections. In actual fact, breeders rnake selections 

each year, advancing only the highest yieldinJ lines for testing the next 

year. So why not harrlle heterogenous F2-derived lines like pure lines, 

narnely advancing only the top yielding lines, for exarrple the top 33%, to 

the next year. Using this approach, the rnodified :mr procedure greatly 

reduced the amount of yield testirY:J required in the early generations, 

converting it into a practical arrl viable alte:mative t o ather breeding 

procedures (Cooper, 1982) . 

F'or the remainder of my presentation on bree:ling methods, I will 

discuss the rnodified mT procedure that ·r have been using for the past 15 

292 



years in the develc::ptent arrl release of 8 high-yielcling soybean cultivars. 

'!he procedure is outlined in Table 1. 

'!be numbers reflect the available resources of my project which 

detennined the size of the program. 'Ihese ll\li'I'bers, for exanple, rnnnber of 

crosses per year, can be m:xlified up or down deperrli..RJ on available 

resoorces. By reducin:J the I1UI'Ii:ler of F
2
-derived lines fran 300 per cross 

used in the original Boenra~ procedure, to 30 F2-derived lines per 

cross arrl usin:J sin:Jle rep, sin:Jle location data as the basis for selection 

in the F3 through F6 , it was possible to increase the mnnber of crosses 

that could be evaluated per year fran 10 to 100, usin:j the same rn.nuber of 

yield plots. To partially offset the disadvantages of sin:jle rep data, 

farnily selection is practiced, with lines vJithin a farnily (or cross) used 

as a fonn of replication. For ext."Ul'ple, if 90% of the p.rre lines derived 

fran a single F2-derived line were high yielding, all the lines would be 

advanced for a second year of yield testing. Another inportant difference 

from the Boenra-cooper procErlure is the alternating of 1-ro.v arrl 4-rc:M 

yield plots to minimize biased selection against earlier arrl shorter lines 

due to border effects of adj acent plots. In the F 3 and F 5 , single-rc:M 

plots were used because of the seed limitations from a sin}le plant. In 

the F 4 (F 2 -deri ved F 4 lines) arrl F 6 (F 4 -deri ved F 6 lines) sufficient seed 

is available fram the previous year's 1-row plots to permit planting of 

bordered rCM plots. Also, this permits p.illing single plants fran the 

border rows of F2-derived lines to obtain F4-derived lines without 

influencing the yield data obtained fran the middle 2-rows (note, 3-ror,.¡ 

plots ·could be used as well, but 4-rc:M plots aca::mnodated direct hal:vest 

with a plot combine). 

Basically the procedure consists of maki..ng crosses and growing F1s in 

the first year, F2 plants in the second year, 30 F2-derived F3 lines per 

cross for yield testing in 1-row 3 10 plots the third year, grawing the 

highest yielding F2-deriverl F3 lihes as F2-derived F4 lines in 4-ra..,r, 6 m 

plots the fourth year and pulling 10 to 50 plants from the border ~lS to 
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be sirqle plant threshed as a sarrce of F4-derived lines. 'Ihese sirqle 

plants are held until the yield data of the F2-derived lines are analyzed 

arrl only those plants fran the highest yielding lines are threshed arrl 

advanced for yield testi.rg as F 4 -derived F 5 lines in 1-rcM, 1 meter plots 

the fifth year. In the sixth year after the cross was made, the highest 

yielding F4-derived F6 lines are yield tested in 4-row, 6 m plots. 'Ihus 

lines which reach the F 6 yield test were selected based on 3 years of 

previous yield testirq, allowirq the plant breeder to ~trate his 

advanced stages of yield testirq on genetic materials of knc:Mn high yield 

potential. In cases where an F2-derived F3 line segregates too widely for 

meaningful yield data, single plants can be ¡lli.led arrl y i eld testing begun 

in F 3 -derived F 4 lines. 

The 30 F2-derived F3 lines per cross provide a fonn of replication in 

determining the yie>.ld potential of each cross and often pennits the 

elimination of lllc..-uty crosses in the F 3 gene....--ation. In the bo:rdered row, 

F2-derived F4 lines, those F2 plants that received a superior cc:nrplement of 

yield genes, within the selected crosses, can be identifi ed arrl single 

plants pulled from the bor:der rows to advance (or yield testing as 

F4-derived pure lines. 'Ihus the objective of this modified rol' procedure 

is to first identify the best crosses, then the best F2 plants within the 

best crosses arrl ultima~ly the best pure lines from the best F2 plants · 

from the best crosses. 'Ibis sequential rnethod of selection enables the 

plant breeder to control the size of his breeding program based on actual 

yield data arrl concentrate his :roore costly advanced stages of testing 

(rnultiple reps arrl locations) on breedirq material of knc:Mn high yield 

potential. '!he ror procedure enables the plant breeder to base his early 

selection decisions on the trait of greatest ilrportance in soybean 

breedh1g, seed yield. 

A rnajor \vealmess of the pedigree procedure is that even though yield 

is the rnost important trait, it is the last trait selected for. As 

previously stated, visual estimates of yield have serious limitation..c:;, 
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especially if conpar.ing differences in plant type. In soybeans, many lines 

can often be carried along, based in visual est.ilnates of yield, only to 

cliscover in the first yield test, usually in the F 
6 

generation, they are 

not conpetitive in yield with existing cultivars. '!be SSD procedures is 

based partially on the assunption that early generation test.ing would not 

be effective in identifying crosses or F
2 

families within these crosses 

that they have higher yield .POtential. If this were true, usin;J the SSD 

procedure to advance progeny fran a cross to haoozygosity arrl concentrating 

yield testing on pure lines only would be the nost efficient. 

Compared to the pedigree procedure (used by nearly all soybean 

breeders prior to the mid-1960's) the SSD procedure, as described by Brim, 

1966, offerErl t.he following advantages: 

l. Pe.nnits sarrpling of a larger number of F 
2 

lines. 

2. Advancing P 2 plants by single seed descent to the F 
4 

or F 
5 

genf>-ration 

increases the variance moong prog-eny means and thus increases the 

expected progress frorn yield selection. 

3. More rapid generation tumover shortens the time period from making of 

a cross until release of a new cultivar. 

4. I.ess record keeping required. 

Beca.use of these advantages over the pedigree procedure, the SSD 

procedure has now been adopted by rnany soybean breeders. 

'!he majar disadvantage of the SSD procedure is the loss of opportunity 

for selection within selected F
2 

families. It was this concern that led roo 

to explore the possibility of an early generation testing procedure that 

would pennit identification of F
2 

plants which received a superior 

complement of yield genes and enable the plant breedér to take advantage of 

the genetic variance withi.n these select:ed F
2 

families. Corrpared to the 

SSD procedure, the modified early generation testing procedure has the 

follCY.>Iing advantages and di.sadvantages. 

295 



Adyantages: 

1) Crosses with superior yield potential can be identified in the F2_3 
generation. 

2) F 2 plants which reoeive a superior c:atplement <:>f yield genes can be 

identified an:1 their progeny t'IDre extensively saripled. 

3) '!he sequential method of yield selecticn enables the breeder, on the 

basis of yield data, to cn1trol the size of his program in the early 

generations . . 

4) '!he more cnstl.y advanced stages of yield testirg (rrultiple 

replications, lcx::ations, an:1 years) are limited to genetic materials 

of Jmown high yield potential. 

Disadvantaqes: 

1) Fewer F2 plants per cross are sanpled. However, this is partially 

corrpensated for by utilizin"} recanbination within selected (for high 

yield) F2 subpcpllations, an:1 concentratin"} of effort on the best 

crosses. 

2) Higher cost of early generation yield testing. 'lhis is partially 

offset by the winter nursecy costs associated with SSD. 

3) Slower generation advance. Although canparative data with other 

breeci.in1 toothods are not yet available, this IOOClified ror procedure 

has proven to be an effective an:1 practical b~ procedure in 

soybeans an:1 other self-pollinated c.rcp; an:1 a _viable altel:native to 

the more COIIIfOnly used pedigree an:i SSD prooaiures. 'lhis procedure is 

ncM beirxJ adopted by other soybean breeders in the U. S. 
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Developing a.lltivars With Specific .Maptation to High arrl I.ow Yield · 

Envirornnents 

Historically it has been the goal of JOOSt soybean breeders to select 

cultivars with broad adaptation over a wide rarge of envirornnents, the 

"universal variety" a:wroadl. When soybean yields were in the 1,000 kgjha 

to 3 , 000 kgjha range, this was not too difficult a task. Within the last 

10 years, however, top grower yields have increased to the 4, ooo kgjha 

raiXJe arrl cx:::casionally reach the 5,000 kgjha level. Maximum yield research 

has shown that yields as high as 6, 700 kgjha are I1CM ¡x>SSible (PPI, 1983a , 

1983b, 1984; Oooper, 1984; Lawn et al., 1984; CSIRO, 1983). Thus it has 

become increasingly IIDre difficult to develq> a single cultivar which wil l 

be the highest yielding across the entire yield raiXJe ( 1, ooo to 6, 700 

kg/ha). Those cultivars which produce the highest yields at the lower 

yield range (1,000 to 3,000 kgfha) tend to get too tall and lodge in the 

Iror e productive envirornnents (3,500 to 5,500 kgjha). Corwersely, those 

lodging resistant cultivars that prcduce the highest yields in high yield 

erwironments tend to be too short for best yields in low yield 

erwirornnents. 

A. Sernidwarf cultivars 

When I first began soybean research in Illinois in 1967, on a highly 

productive soil in 9e11tral Illinois (13,000 kgjha maize yields) the best 

cultivars then available reached a height of nearly 5 f eet before they 

severely lodged in the early pod fill stage following a severe rain sto.rm. 

Subsequent research in this errvironroont, using artificial suw:>rts to 

prevent lodging, deJOOnstrated that early lodging could reduce potential 

yield by as much as 21% in soybeans (3, 700 kgjha vs 4, 700 kgjha) (Cooper, 

1971a, 1971b). 

Based on these observation, I initiated in 1969 a semidwarf breeding 

program in soybeans, analogous to the · successful semidwarf programs in 
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wheat aro rice, to overcane the lodgirxJ barrier to higher soybean yields 

(Cooper, 1981; 1985). Severa! awroadles to developin} semidwarf types 

were considered [e.g~ shorter irrleterminate (ot
1
), semidetenninate (ot

2
) or 

detenninate (dt1) gra.r.rt:h types) (Bernard, 1972) . Preliminary research 

irrlicated the detenninate trait, present in nearly all southern. u.s. 
cultivars, when intrcrluced by backcrossirxJ into the northern irrleterminate 

cultivars prcxluced a híghly resistant, short statured, semidwarf plant . 

type. 'Ihe semideterininate trait, ot2 , failed to reduce lodgin} enoogh in 

high yield environments while dlan;:Jes in irrletenninate height were m:>re of 

a continuous nature with no dramatic d1an;Je in plant height or lodgirxJ 

resistance. 'Ihus, the determinate trait (c:haracterized by abrupt stem 

tennination after fonnation of a tenninal flower bud) was selected f or use 

in developirxJ a high yieldirxJ semidwarf plant type. 

'Ihe detenninate genrplasm pool in soybeans arx:l the indetenn:inate 

gennplasm pool had largely been separated for rnany years because of the 

selection for i.rrletenninate types in northern China arrl detenninate types 

in southern China (Probst arrl Judd, 1973). 'Ibis separation of genrplasm 

pools was continued in the United States, with the photoperiodically 

sensitive soybean cultivars separated into detenninate types adapted to the 

shorter days in the southern U.S. (Maturity Groups V thru VIII) arrl the 

i.n:letenninate types adapted to the lorger days in the northern U. S . 

(Maturity Groups 00 thni IV). Crosses between these two genrplasrn pools 

resulted in many unadapted types, segreqating widely for maturity and for 

stem termination type. 'Ihese results discouraged earlier efforts by 

soybean breeders to develop cultivars fran crosses between southern 

detenninate arrl northern irrleterminate cul ti vars. 

Developrnent of dt
1 

isolines in an i.rrlete.nninate background reduced 

plant height nearly 50% in sorne cultivars, rut unfortunately it also 

significantly reduced yields (Hicks et al., 1969) . 'Ihus it becaire obvious 

that the backcrossing approach to introduce the. dt1 trait into northern 

irrletenninate cultivars would not be effective in developing high yielding, 
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determinate, semidwarf cultivars. It was postulated that with the 

isolation of these two genrplasm pools that plant bre.eders, by selectirg 

for yield in det.enninate types in the nore sOOthern latitudes had 

erpirically selected for a genetic backgrrurrl which cet1plemented the 

detenninate trait (dt1). Similarly, bre.eders in nore northern lat~tudes 

had selected for a genetic backgrourrl that carplemented the irrletenninate 

trait (Dt1). 'Ibis would help explain why isolines in either direction 

(i.e., dt1 in an irrleterminate backgrrurrl or ot1 in a detenninate 

backgrourx:l) tenied to resul t in lower yieldin;J genotypes. 

'!bus the objective of the semidwarf breed.inJ prograrn was not only to 

introduce the detenninate trait into an earlier maturin;J genotype adapte::i 

to the northern U. S. , but also to obtain fran the southern determina te 

cultivars, 'l.ll'lkrlam genes complerr.entary to the detenninate trait. 'Ihis was 

accornplished by cl'!)Ssing high yielding southem detenninate cultivars with 

high yieldirg northem irrletenninate cultivars arrl growing out a l arge F2 
population. Detenninate (dt1) F2 plant types with early ena:tgh maturity 

for adaptation to the northern U. S. were selected arrl progeny tested for 

yield as F2-derived F3 lines by the Em' breedirg procedure. By selectirq 

for early dt1 plants plus high yield, those F2 plants which received the 

complementary genes needed frorn the southern detenninate gennplasm for 

obtaining high yielding det:.enninate semidwarf plant types, were obtained 

erpirically (i.e. without knowirq what gene or genes were involved). 

'lhe early generation testirq procedure played a key role in my success 

in developing high yielding determínate semidwarf cultivars. Because of 

the contrasting plant types, it would have been inpossible to visually 

identify the highest yielding lines. Furthenrore, I did not know what a 

high yielding detenninate semidwarf variety \vould look like. Fortunately, 

with the use of the ror procedure, I did not need to know. I let the yield 

data frorn F 
2 
-de:dved F 3 arrl F 4 lines identify those plant types for me. 
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Sarre researchers have su:Jgested that the mr procedure WCA.ll.d be 

effective only in narrow, good by good crosses. I disagree arrl sul:mit the 

sua:::ess in developing high yielding senidwarf soybean cultivars frc:m the 

crosses between two diverse geinplasm pools as evidence that the ror 
procedure works well in wide crosses if properly awlied. ~e key to the 

sucx::ess of the :ror procedure in wide crosses is the simul t.anea.Is selection 

for the plant type desired (architecture, seed size, maturity, etc.) arrl 

yield. In this manner the breeder can identify those crosses with the best 

canbining ability for high yield, within the desired plant type, arrl obtain 

the conpleroont of backgrourrl genes fran the parental · sources necessary for 

canbining the plant type desired with high yield. By delaying yield 

testing until hotrocygosity, as in the pedigree procedure, much of the 

opportunity for yield selection within superior yielding F2 families is 

lost. In the SSD procedure there is no q:p::>rtunity for selection within 

selected high yielding F 2 families. 

I cite as an exarrple of the effectiveness of the mr procedure in wide 

crosses the resul ts of an F 
2 
-derived F 4 yield test in 1973. After three 

disappointing years in trying to identify high yielding semidwarf plant 

types, I noted 3 plots of an exceptional plant type in the test of 102 

F 
2 
-derived F 

4 
lines tracing to 34 different crosses. ~e three plots were 

extreme! y lodging resist.ant, short statured arrl expressed delayed leaf 

senescence relative to their maturity. When yields were taken, these lines 

ranked first, second arxl seventh, in yield arrl all traced to the sarre cross 

of Williarns, an in:ietenninate Ma.turity Groop III cultivar, by Ransan, a 

detenninate Group VII cultivar. ~e highest yielding two lines equalled 

the yield of the high yield indetenninate check cultivar, Williams. 

Because of their exceptional yield, a¡::proximately 50 plants were pulled 

from the lx>rder rows of each line to be single plant threshed arrl yield 

tested as F
4
-derived F

5 
lines the next year. It was apparent in the F5 

that the yield of the F
2
-derived lines \-!ere indicative of the yield 

pot.P...ntial of the pure lines that could be derived from them. Nearly all 

the F
4
-derived lines from the 10\vest yielding (seventh ranked) F2-derived 
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F4 lines were le1tJer in yield than the lc:MeSt yielcli.nl lines cbtained fran 

the ~ two F2-derived lines. Fran the two highest yielcli.nl ~2-derived 
lines, 54 prre lines (~4-derived) -were OOt:ained, the J?CX?rest of wdl 

c:utyielded the standard dleck cultivar Williams, with an avezáge yield 

advantage of 1,080 kgjha. '!he highest yiel~ line (later rel~ as the 

determínate semidwarf cultivar, Sprite) exoeeded ~ yield of Williams 

2,150 kgjha. '1hree cultivars, varyin;J in maturity by 14 days,were released 

fran one F2 .tamily (Pixie, Elf arrl Gncme) arrl two ~tivars· fran the other 

F2 family (Sprite arrl HctiJit) • . Many other_ high yi~din:] 1~ were_ dt:qp:d 

to avoid un:iue duplication. By the SSD piocedure, only one pn-e line WO!ld 

have been OOtained fran eadl of these F 
2 

plants. 

In high yield envirornnents, where lodgirq is frequently a barrier tó 

higher soybean yields, the sem,idwarf cultivars, Sprite arrl Hobbit, have 

exoeeded the yield of Williams 1,000 to 1,500 kgjha (OOOper, 1981, 1985). 

In dry years, llowever, this advantage may be lost because water becanes the 

overridin;J yield limitin;J factor. To c:arpensate for the specific 

adaptation of semidwarf cultivars to high yield envirornoonts, a soybean 

production system has been develcped specifically for semidwarf cultivars 

(~, 1981, 1985) • First, they shalld be planted only in envirornnents 

with a histo:ry of high yield (> 3, ooo kgjha) and shoold be solid-Seeded in 

17-an rc:M width at a seedi.n3 rate of 750,000 seeds¡'ha. 'lhis is in contrast 

to 76-an rcM widths at 375,000 seedsjha oc:mtOnly used for inietenninate 

cultivars. Averaged over 10 years in two diverse environments in ci-rio, 

solid-seeded Sprite averaged 800 kgjha higher yield than 75-an rcM Williams 

at one location arrl 1, 000 kgjha JYDre at the other. '!he yield advantage 

ran:Jed fran o to 2, 000 kgjha deperrlin;J on rainfall during the 9rcMin:J 
season. since the solid-seeded Sprite equalled the yield of 75-an Williams 

in dry years arrl was tmld1 higher in favorable roisture years, this resul ted 

in the higher average yields over the 10-year period. Based on these 

results, a production systern called HYSIP (high-yield--system--in-place) has 

been developed for soybean production (Cbcper, 1987). Since it is not 

possible to predict in advance the good noisture years, the ~ is 
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enccmaged to llave the high-yield-system-in-plaoe (in this case the 

solid-seecled semidwarf system) every year in order to take advantage of the 

favorable troisture years an:l long tenn higher average yields. 

B. Drought tolerant cultivars 

When I first arrived in Ohio in 1977, I ooted there were many m:u:ginal 

soils (too wet early in the season an:l too ch:y late in the season) where 

the nonnal irrletenninate cul tivars bein:j grown were quite short arrl low in 

yield. As a carryover fran my Wetenninate breeding program ( con:lucted 

before the detenninate semidwarf program was initiated), a very tall, 

vigorous vegetative growth, breeding line was identified as havin:j superior 

yield potential on dralght p:rone soils where yields were in the 2, 000 to 

3,000 kgjha range. However in high yield envi.rornnents, this line lcxlged 

severely arrl was a::>nside:red un::lesirable in envirornnents where the yield 

potential was above 3, 300 kgjha. 'Ibis line was released as the cultivar, 

Ancor, arrl recx:mnerrled specifically for m:u:ginal soils arrl for damle 

crowing, where its greater vegetative growth gave it a yield advantage 

over shorter irrletenninate cultivars (Walker arrl o::q,er, 1982). In 1978, I 

initiated a new breedirg program with the oojective of develcping cultivars 

with specific adaptation to m:u:ginal (primarily c:iralght prone) soils. '!he 

approach taken was to select for taller, trore vigorous growirg cultivars, 

which will prcrluoe adequate vegetative growth urrler the tenporary dra.lght 

conditions often experienced on sane soils in the Midwest. '!he require.rnent 

for lcxlging resistance was relaxed, since the cultivars develcped frcm this 

prograrn will not be recomrnen:ied for the rore prcrluctive erwironrnents where 

lcxlging can becare a problem. '!he first lines fran this program are just 

now entering the advanced stages of testin:j. Like with the semidwarf 

prcx;JrcUll, I have fourd it relatively easy to obtain a new plant type (e.g. 

short, detenninate semidwarfs or very tall, vigorous i.rrleterminates) . '!he 

difficult part is canbining these new plant types with high yield. 'Ihis is 

where I have fourrl the mr prooedure a superior breeding method in the 

developing of high yielding new plant types frcm wide crosses. Since all 
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selection for yield, beginnin:J in the F 
3

, is based on actual yield data, I 

do not have to knc:M what the high yielciinJ new plant type will look like. 

I can use the yield data obtained to identify which cleterminate semidwarf 

or in this case, tal! irrleterminate lines, can:y the yield genes necessary 

for a superior yielding cultivar. 

As mentioned previously, it is the belief of sane researdlers that the 

ror prooedure is li.mited to only narrc:M crosses of good x good lines. I 

disagree with this conclusion based on my e>q:>erience in the successful use 

of the ror prooedure in wide crosses to develcp high yielclinJ new plant 

types. It is for yoo to decide whether the ror prooedure will be of value 

in yoor Rlaseolus breedin:} programs. If yoo have as a major goal cxri:>inin:} 

high yield with specific plant types fram wide crosses, it is my belief 

that the ror prooedure, as described here, waüd prove to be an effective 

breedl.rx:J method. 
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Table 1. f.kxlified early generatioo t:est.irY;J (mi') breedirxj prooedure for 
soybeans. 

Year Generation* N\.mt>er Plot Size 

1 Cross 100/year field crossin:} blcx::k 

1 Fl 5 plants/cross space plants, winter 
nursery or greenhruse 

2 F2 300 plants/cross 18 m row, 17 seeds/m, 
75 cm row width 

3 F2.3 30 lines/cross 1-row, 3 m plots, 
100 cm row width, 
harvest 2.5 m, 1 rep 

4 F2.4 1 to 30 lines/selected cross 4-row, 6 m plots, 75 cm 
row width, harvest 5 m 
2 center :rc:MS, 1 rep 

5 F4.5 10 to 50 1ines/selected 1-row, 3 m plots, lOO cm 
F2 family row width, hal:vest 

2.5 m, 1 :rep 

6 F4.6 1 to 50 lines/selected 4-row, 6 m plots, 75 cm 
F

2 
family row width, Qat:vest 

· 5 m, 2 center rows, 
1 :rep, 1 location 

* Selection in the F , F 
4

, F 5 arrl F based on actual yield data 
(F

2
•
3 

equals F2-d~l~ed tj 1~; F
4

•5 ~s F4-derived F5 line, etc.). 
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BREEDrnG FUR YIEID rn OIHER r..a:;uMES 

F. J. Muehlbauer* 

Introduction 

Yields of cool season fcxxl lequrres (Pea, I.entil, Chickpea arrl Faba 

bean) are generally considered peor when carpared to .inportant world crq:s 

such as wheat arrl maize. Explanations for the drronic peor yields of the 

fcxxl legumes rafX1e frc:m the often quoted "yield barrier", "narrow genetic 

base", "lack of researd1 on fcxxl legumes in general" to "biological 

li.mitations". Of these cryptic explanations for peor yields, the latter 

may be an i.Irportant factor· of why fcxxl legurre yields have not kept pace 

with the IrOre prc:minent cereal grains. Also, it is ¡x>SSible, as sane say, 

that these legurnes sinply do not resporrl to selection for yield or are 

irrlifferent to selection (BUnting, 1988). Nevertheless, researd1 programs 

have begun to identify in'portant factors that limit prcrluctivity arrl 

breeders have begun to make progress in yields. 

Breeding prograns on :roc>St of these crops have been initiated recently 

arrl it is possible that systems of breeding arrl ¡:hl.losophy of breeding 

developed arrl proved to be effective for the cereal grains do not transfer 

readily to the legurre crops. 'Ihen too, rnany early breeding prograns for 

the food legumes have terrled to concentrate on breeding for inproved 

nutritional quality (usually higher protein conceñtration) arrl not on 

inproved yields. In retrospect, this direction of breeding may ha ve 

curtailed or reduced advances in yields that might otherwise have been 

made. More recently, breeding programs have begun to focus on overcaning 

* Research Geneticist, .u.s. Departrnent of Agriculture, Agricultura! 
Research Service. Pullman, WA 99164 , U.S . A. 
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biotic aro abiotic stresses on the e.xpectation, often realized, that yield 

wtllid be inproved. concurrent with the develcpnent of bre:edin} programs 

for the other food legumes, there has been a ~ effort by many 

oenters aro research institutions to collect aro preserve the i.rrligena.tS 

lan:lraces aro wild fonns of these legumes, aro to make those collections 

available to breeders. 

A¡:proaches to yield iltprovement have incltrled awrq>riate ¡:ilenology, 

altered ardrltectural types, nore favorable partition.i.rq of bianass into 

seeds aro broader adaptation aro stability of yields CNer locations aro 
seasons. Recent develc:poont:s in biotechnology may make it possible to 

better un:lerstan:l the genetic IreChanisrrs urrlerlyirg yield aro other 

quantitative traits that affect yield. 'Ihese aro other issues that affect 

breedi.ng for yield are reviewed ~ disalSSed herein. 

Genrplasm Available 

'!he la.rrlraces of the food legumes have been collected aro are 

maintained in rnnnerous collections worldwide (Table 1). 'lhere are regions 

of the world tha.t are unlerrepresented inclu:li.rq ~ where these ~ 

have either evolved or where they are now i.rrp>rtant. Prilre e.xanples 

include Orina for faba beans, Afghanistan for lentils, aro China aro 
Ethiopia for peas. '!he seerningly large TJLDti::er of acoessions (Table 1) 

maintained for these crops may be misleadirg. Exdlan:]es between breeders 

aro gernplasm cw:ators have urrloubtedly resulted in much duplication 

between collections. Rather than an \.D1Wartted burden, this is probably a 

good safeguard against loss of acoessions. In any case, there a~ to 

be sufficient genetic variation in the food legurre crq>S on whidl to base 

breedi.ng program;. 

Genrplasm collections contain nostly irrligena.tS larrlraces arrl inproved 

cultivars collected in areas easily acx::essible to collectors. 

Unfortunately, many early expedi.tions to collect gernplasm have ignored the 
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wild ancestoral species whidl might have easily been collected. '!he 

habitats of the wil~ species of these crcp:; can be reaclily defined an:l 

characterized in addition to awropriate times for collection of seeds. 

Fortunately, the wild species are not likely to be easily lost because of 

their irrligenc:m; nature arxi their ability to survive in their native 

habitats. SUccessful explorations {I.adizinsky et al., 1984; Muehlbauer 

et al., 1988) ard others have provided rn.nne.ra.JS aocessions of wild species 

that are I1CM maintained in the u.s. Depa.rt:Ioont of Agric:ulture, Plant 

Introduction collection at Pullman, Washington arrl in the I CARrlr\ collection 

at AleftXJ, syria. 

Breedin;J efforts in chickpea, lentil an:l faba bean were limited until 

the international centers, ICA.RDr\ arxi ICRISAT, began extensive work on this 

gra.1p of crops. Gernplasm is available arrl there a~ to be a 

developin;J network of breeders in national programs devoted to the 

inproverrent of these crops.· Short tenn efforts have been concemed with 

broad adaptation ard certain disease problems. Iorq tenn goals focus on 

inproved yield potential. 

Constraints to Yield 

'lhere are numerous ronstraints to yield in the cool season food 

legrnnes. Faba bean has exceptionally high yield potential that has been 

estiinated to be 5-6 tonsjha; however, the problern i s IOOStly of instability 

of yield. Infestations of Orobanche in the Mediterranean region arrl 

northern Africa, Egypt in particular, is a major problem. Chocolate spot, 

is also ronsidered a major field limitin;J factor. Yield instability is 

thought to be the result of a hiqh percentage of flower arrl pod abortion 

due to heat, drought arxi other stresses. In this l atter case, .i.rrlepelrlent 

vascular suwly {Borrl, et al. 1985) to the develq:>in;J pods may ultiinately 

inprove yields. 
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.Maptation of the lentil crq> to medlanical means of harvest is 

currently the major goal of bree.dirg in the ch:y areas of the middle east. 

'!he high oost of haOO labor needed for harvest of the lentil crq> is 

bec::x:W.rg prchlbitive arrl has actually reduoed the area SCMn to the crq> in 

many coontries that have traditionally produoed lentils. Good progress is 

being made in the develcpnent of tal!, non-lodgirg genotypes which are 

expected to be nore adaptable to mac:hlne harvestirg. 

other oonstraints to lentil yields incltrle shatterirg (Erskine, 1984), 

lentil rust (Uromyces fabae), .Ascodlyta bl ight, Sitona weevil , 

susceptibility to rnnnerous viruses, arrl parasitism by severa! species of 

Orobanche • 

.Ascodlyta blight (A. rabiei) is the major cx:mstraint to yi eld of 

dúckpea in nearly all regions where the crq> is grown. Resistance has 

been identified at ICARDi\ arrl is be~ incorpo:rated into inproved 

cultivars. However, variation anong biotypes of the furxJus may overcx::rne 

present soorces of res~ arrl cause difficulties in bree.dirg. Chlckpea 

crcp; can also be seriously affected by F\Jsaritnn wilt (F\Jsarh.nn oxysponnn 

f. sp. ciceri) arrl various root rots altha..tgh resistance is available arrl 

is being incorpo:rated into inproved cul tivars. 

Pea root rot caused by F\Jsaritnn solani f. sp. pi si arrl Pythium ultimum 

is CX>nsidered the IOOSt devastat~ disea.se of peas. In addition, 

Aphanomyces eutedrles is a particularly devastating root disea.se of peas in 

CXX>l wet regions. F\lsarium wilt (incited by Fusarium oxysponnn f . sp. 

pisi, downy arrl pov.Uery mildew (incited by Peronospo:ra viciae arrl Erysime 

oolygoni, respectively) can also be cx:>nstraints to yields of peas. Insect 

pests such as the pea weevil (Bruchus pisonnn) arrl the leaf weevil (Sitona 

lineatus) seriously limit yields. ~ a¡irld borne vin.tses can also 

affect the pea crop. 
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Methods of Breedinq for Yield 

Yield inprovernent of the food lequnes by neans other than reducirg the 

yield depressirg effects of diseases arrl pests has involved sare 

cart>ination of awrcpriate ¡ilenology to avoid stress periods 1 al tered plant 

architecture 1 adaptation to envirornnent1 increased total bianass1 arrl rrore 

favorable parti tioni.rg to the seeds. Methods of breedi.rg have ~ed fran 

prreline selection in larrlraces to cyclical recurrent selection to obtain 

favorable cart>inations of genes. 

Conventional rnethods of breed:i.m cool season food legumes 

Methods of breed.i.rq food legurres are the sarne as those used for other 

self-:pollinated crops. 'Ihese rnethods include: mass arrl prreline 

selection, ruJ.k poJ;:W.ation breeding, pedigree selection1 sirgle seed 

descent 1 arrl cyclical schemes. 'Ihese rnethods of breedi.rg the food legumes 

have been well dcx:::uirellted (Bond, et al. 1985; I:avies, et al. 1985; Hawtin, 

et al. 1980; Muehlbauer and Sli.nkard, 1985; Muehlbauer, et al. 1980 ; 

Robertson, 1985; and Singh, et al. 1985). 

Mass and p.rreline selection. Selection within introduced genrplasm 

arrl indigeJ'1a.lS larrlraces has led to .i.rrproved crcp unifonni ty arrl user 

accept.ance; hc1.Yever overall yield '[X'tential arrl adaptation to the 

envirornnent has not changed awreciably. 'Ibis a¡:proach has been followed 

by recently establishoo programs in order to quickly provide inproved 

cultivars. Most programs quickly turn to hybridization arrl selection to 

recanbine trai ts considered inportant. 

Hybridization and selection. Breeding programs for the food legurnes 

nonna.lly produce large numbers of crosses designed to rec:::cJTt)ine desired 

traits. Procedures for hybridization have been described in detail (Borrl, 

et al. 1980; Gritton, 1980; Muehlbauer, et al. 1980; Aucklarrl, et al. 

1980). Followin;J hybridization the populations are usually handled using 
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conventional tedmiques. '!he b.1lk pq;W.atioo method a¡:pears to be the IOOSt 

pq:W.ar. A descriptioo of these nethods arrl how they are etployed in the 

fcxxi legumes is as follows: 

Bulk pcpllation. '!he b.1lk breedirg method has becane the preferred 

roothod for lentll arrl chickpea breedirg because of the ea.se of awlication 

and the difficul.ties often eJ'lCnli1tered with other methods. Sinplicity arrl 

the relatively !CM cost makes it an attractive nethod for progLans 

attenptin;J to prcxluoe cul.tivars with broad adaptatioo. With the b.1l.k 

roothcxl, large pq;W.ations are available for nulti-location evaluation arrl 

selecti on. However, there is a possibllity that genetic variation can be 

lost due to genetic shifts within SU<::OeSSive generations of b.ll..kin:J. 'Ihis 

is particul.arly true in wide crosses in whlch the parents differ greatly 

for such traits as plant height, flowerin:j tiroo arrl seed size. Tall, late 

flowerirg segregants that produce large 1"'Ul''iJers of small seeds can rapidly 

becane predaninant durirg ·generation adval're. Desired genotypes might 

easily be at sud1 low frequency in the pq;W.atioo .in later generations that 

their selection can be very difficul.t. 

'!he food legume breedirg program at PUllman, Washington, USA has 

adapted a IOOdification of the b.1lk roothod that c:x:.rrt>ines oertain aspects of 

mass selection. Hybrid pop.llations are mass selected in each generation of 

advance for highly heritable traits. selectioo is then practioed in the F5 
arrl la ter generations. 

A IOOdification ·of the bulk roothod, sin;Jle seed desoent, is known to 

maintain genetic variation in breedirg pc:pJl.ations durin;J ~ive 

generations of inbreedin;J (Haddad arrl follehlbauer, 1981) • However, the 

roothod is not widely used in grain legume breedin;J because it teros to be 

tedioos arrl ocx:asionally a large percentage of plants have been lost thus 

rerlucing variation avallable for selectioo. 

!CARDA uses a CXll'bination of the bulk arrl pedigree roothcxi. 
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~. 

Iq:W.ations are usually advanced to the F
4 

by the bÚlk nethod after which 

the pedigree nethcxi is used. With this IOOd.ification, pranis~ b..tlk 

pcpllations can be identified for subsequent selection of in:lividual 

plants. After in:lividual plant selection, usually in F
4

, the progenies are 

harrlled us~ pedigree selection procedures. A possible disadvantage of 

this procedure is the reliance on F 
4 

plant selection arx:l assuming there 

will be sane ex>rrelation with later generation perfo:rmance. Slinkard at 

8askatoon, canada uses F2 derived bulk pcp.ll.ations arx:l selects primarily 

for yielding ability (f.llehl.bauer arrl Slinkard, 1985) . 

'Ihe pedigree nethcxi of breeding is not generally used in grain legumes 

possibly because of the plasticity exhibited by .llrlividual plants arx:l their 

tendency to exparrl arx:l oc:x::upy available space. Perfo:rmance of irrli vidual 

plants, l.JIX>n which selection is usually practiced, can therefore be very 

different frcm that in nore densely sown starrls as used in the final 

evaluation of a potential new cultivar. Also, there can be a high degree 

of non-additive genetic effects in early generations of hybrid populations, 

particularly those frcm wide crosses, that can lead to bias on the part of 

the selector. 

'Ihe backcross nethcxi. Backcross~ has been especially useful in the 

grain legume.s for transferr~ s~le genes to otherwise acceptable genetic 

backgrourrls. 'Ihe nethoo has been used sucx:.essfull y in the transfer of 

s~le genes for resistance to diseases arrl for the inoorporation of genes 

that affect plant habit, leaf structure, flowerirq tine arrl other si.rrply 

inherited traits. Tile backcross methcxi inqJoses a limitation on 

inprovements that can be made by breeding since addi tional dlanJes are 

usually not made in the recurrent parent. 

Population iroprovement. Iq:W.ation i.rrprovement or cyclical selection 

involves the overall irrprovement of the qernplasm pool used in the breeding 

of irrproved cul ti vars. Tile methods of pop.llation i.rrprovezrent arrl how Slld1 

methods are awlied to the grain legumes were recently :reviewed (f.llehl.bauer 
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et al. 1988) • 'lhe general lack of an efficient mechanism of male sterility 

arrl the difficulty in obtaining large annmts of crossed seed in the grain 

legumes has p:revented the adq¡tion of pcp.üation inprovarent methods in. 

JtDSt of the grain le:guroos except faba bean. In that crc:p, the high 

percentage of natural art:cross~ makes recurrent selection feasible. 

Controlled intercross~ of the other food legmoos by harrl pollinations 

shool.d be considered. 'lhe Diallel Selective Mat~ System of Jensen {1978) 

is a syst.ermtic means of ciJta~ recurrent selection pcp.llations with a 

miniinurn of harrl cross pollinations. 

Breeding for Inproved Yield Potential 

Ccllparisons of food legume yields with those of the cereals are often 

made arrl usually foorx:l to be unfavorable for the legmoos. Minllnal. resea:rdl 

on the legumes OCJTpaied to oereals may be the reason; .however, energy 

requirenents for seed yield in legumes may be greater than that of the 

ce.rea.ls arrl therefore such carparisons may be misleadi.n:l. Also, there has 

been a general tren:i t.oward displac~ food legmoos to marginal larrl arrl to 

limit production inp.rt:s for the legumes. 

Severa! awroadles have been used to breed for i.nproved yield 

potential in the food legumes. 'lhese include al terations of plant 

ardti.tecture, ~rore favorable partitioning, i.nproved adaptation to 

environnett, arrl adaptation to abiotic stresses. 

Al terations of plant ardrltecture 

Genetic arrl grcMth ·habit variations for plant form are available in 

the food legumes. 'lhere are genes for altered leaf structure, flower~ 

tilne, pocHing habit, arrl l'l\.lllerOOS other genes that affect plant structure 

arrl fonn. Alterations of plant form currently bei.Ig attenpted for the 

pn:pose of :i.nprovin;J yield are described as follows: 
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Peas. Fonns of pea plants not previously available -were made possible 

with the discovery of the •afila' gene by Goldenb.lrg (1965). '!he afila 

gene (af) converts leaflets to terrlrils which has proved to be a valuable 

trait for int>roved starrling ability. '!he additional terrlrils of afila 

plants intertwine am produce a canopy which resists lcdging. ~ leaf 

area is reduced by an estimated 25-30 percent; ~er, yields have been 

carparable to normal leafed types. '!he reason may be that the afila leaf 

allows solar irradiation to reach leaves in the lower part of the canopy 

for ¡:::hotosynthesis. In nonnal leafed types, there terrls to be a great deal 

of mutual shading of leaves which in tum may reduce their ¡:hotosynthetic 

activity. Besides the presumed benefit of greater light penetration, the 

reduced leaf area am better stan:ling ability may reduce the incidence of 

foliar diseases such as: Sclerotinia white Irold, Botrytis grey Irold am 
possibly others (03.vies et al., 1985). Reduced leaf area types ar.pear to 

prarote early am rapid naturity which is particularly i.np:>rtant for 

quality dry peas. Breeders · in the European Econanic ccmnunity have begun 

to focus on the develcpnent of so-called serni-leafless (af) cultivars for 

canbining peas. '!he peas are interrled for use as protein su¡:plerents for 

animal feedin:.J am therefore high yield is the nost inp:>rtant breeding 

objective. 

fbd dehiscence of peas interrled for dry seed harvest can be a serious 

problern that can significantly reduce yields. Genes are available that can 

reduce the problern am include the p am y genes for reduced pod fiber. 

CUltivars such as 'Colt' am 'Umatilla' have one of these genes, am have 

been released. 

As a result of the work of Murfet (1977) on major genes controlling 

flowering in peas it is n<::M clear that the trait once considered 

quantitatively inherited can n<::M be explained by the action of several 

major genes. As a result of this work flowering time arrl thus ¡:::henology of 

peas can be accurately predicted frcm the genotype. .AWrq>riate ¡:henology 

for pea cultivars is essential if the :pea erq> is to take the best 
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advantage of the env.irorment in whidl. it is grc:Mn. 

I.entil. I.arger arrl trore stable grain yields are the major oojectives 

of lentil breeding programs worldwide. Maptation to stress environments, 

especially in regions of low rainfall, is also a pri.macy oojective. As the 

higher yieldin;J arrl nore easily produced oereals assume the better lan:l 

areas, lentils have been displaced to progressively poorer areas, usually 

with less rainfall, poorer soils an:l generally sta1y areas. 'Ibis situation 

presents a difficult d1allenge for breeders of how to maintain or inprove 

yields for generally poorer prcx:hlction areas. \'bat makes the prcblem 

particularly difficult is the absence of efficient madl.ine harvestin;J 

methods. 

Currently, nost lentil crops in the Mid:Ue East an:l north Africa are 

harvested by harñ pll.lin;J because the short vine height an:l rough soil 

surface precludes machine harvest. A major goal in nost b~ programs 

in that region is to increase the cancpy height to acx:x:tlltalate rredlanical 

harvest. Irrproved straw an:l residue yield is also .inp:>rtant because of the 

value placed on lentil straw as animal feed. In srne instances, the straw 

an:l residues fran the threshin;J cprration have a:mnarrled prices greater 

than that of the grain. · Total biolCXJical yield of lentil crops is thus an 

inportant selection criterion. 'Ihe oorrelation between seed arrl straw 

yields is stron:r an:l positive an:l so sinultaneoos selection for .both traits 

is possible. 

Several traits are considered to be inportant for the sucoess of 

mechanical harvestin;J an:l include increased plant height, p00s borne well 

above the soil surface, erect growth habit, inproved starxliD;J ability, 

reduced pcxi dehiscence, arrl reduced pcxi drq>. 

A clearance of a.bc:l.It 15 an between the soil surface an:l the lowest pcxi 

is required for sucoessful mechanical cuttin;J or p.Ulin;J of lentil plants 

(Khayrallah, 1981; Diekmann an:l Papazian, 1985). 'Ibis leads to the view 
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that ne:hanical harvest:i.rg of lentil wccld be facilitated by the 

intrcxluction of tall cultivars with lowenoost pods borne ~1 abcNe the 

soil surface. Genetic variation for plant height am lowest pod height in 

the !CARDA collection ran:JE!d fran 10 to 45 cm am 6 to JO cm, (Solh arrl 

Erskine, 1981). It was also fam::l that the two traits are positively 

oorrelated whidt irdicates that selection for both traits is possible. 

However, tall plants have a terrlency to lodge am both traits are highly 

affected by the environment (Saxena am Hawtin, 1981). 

Relative pod in:lehisoenoe has been identified in lentil, am selection 

was feasible for this trait sinply by the delayin;J of hal:vest. HoWever, 

significant variability for pod shattering, whidt aCXX)Uilts for as l1llCh as 

twice the loss caused by pod dehisoenoe, does not seem to be available 

(Erskine, 1985) • 

Non-lcxigi.n;J lentil . cultivars ca.lld be a very .brp:>rtant devel~ 

toward the sua::ess of medlanical harv~ting in stony areas arrl also to 

reduce losses in those areas where lentil is medlanically harvested 

already. stem thickness, st.em lignification, an1 greater t.errlril 

production arrl activity may be inportant oontril:utions to lodginJ 

resistance in lentil. Good progress is beinJ made toward types that retain 

canopy structure at maturity. 

Tall, erect lentil types such as t.hoSe considered inportant for 

successful mechanized harvest of lentil may have reduced yield potential. 

Fran experience, it seens that erect genotypes with acute branch arx;Jles 

terrl to be relatively peor yielding arrl do not CCI'I'{)ete well with weeds. 

'Iheir peor c:x;l'lpetitive ability is the result of a reduoed ability to fill 

available space. By not coverinJ the soil surface as rapidly as nore 

spreadin;J types, there can be losses of limited soil roisture. Also, the 

slower rates of canopy closure in upright types terrl to provide an 

advantage to weeds, which then deplete water even nore. Genotypes that 

rapidly cover the soil surface arrl develq:> a full cal'qJY shalld allow for 
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successful rredlanical harvest of acceptable seed arrl straw yields. It 

SE!E'l1S that variability for traits that wool.d ccntril:m:e to ~ful 

mec.hanical harvesti.JY;J is available in lentil genrplasm. 

In the absence of basic illprovemmts in yield potential, reduced 

losses fran pod arrl seed shatteri.JY;J cx:W.d illprove harvested yields 

significantly. Shatteri.JY;J has averaged 15% in the USA an:l Erskine {1984) 

has repo:rt.ed similar estinates of shatteri.JY;J. Shatteri.JY;J losses can result 

frcm either pod dehiscenCe or pod drcp. Erskine (1984) repo:rt.ed that pod 

drcp was the nost serious of the two types of shatter. Sale small-seeded 

lentils have pods tbat retain their integrity duri.JY;J t:hresh:in;J. '!he 

strongly irrlehiscent pod trait carried by sane small seeded lentil 

genotypes should be transferred to large seeded cultivars to reduce losses 

fran pod dehiscence. 

Introgression of micrdspet11'a types (small seeded) with macrospenna 

types (large seeded) is viewed as a potentially productive strategy for 

hybridization because the two types evolved fran arrl became inportant in 

different ecological regions arrl are therefore likely to possess different 

genes an::l adaptive cx:rrplexes. I~ has utilized accessions of Iens 

orientulis, the presumed progenitor of the cultivated fonn in their 

hybridization program arrl have made selections that have :recently ~ 

in intemational yield trials. 

Chickoeas. 'lhe major chjective of the drickpea breedi.JY;J programs in 

the major production areas is to overcane the devastati.JY;J effects of 

.Ascochyta blight. Inprovement of yield potential cannot be considered when 

faced with this disease. To avoid losses frcm the disease the crop is sown 

in the spri.JY;J when the dry c:orrlitions inhibit the spread of the dj sease. 

Consequently, yield potential is greatly reduced. 

Irrproved yield potential cx:W.d be realized if it were possible to 
plant the crop in the fall or early winter arrl allow the crop to take 
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advantage of the cool DDist winter season for plant growth. Fall or winter 

SCMn chickpeas yield substantially DDre when a:.trpared to spring sown crq>e;; 

however, an epidernic of Ascodlyta blight can cc:rrpletely destroy the crq>. 

Resistance to the di sease will allow winter sowing arrl make i t possible to 

obtain higher yields. 'lhis is a pri.Ioo exanple of how resistance to a 

disease can make it possible to d::Jtain better water use efficiency. 

Vegetative arrl early reproductive liJases take place urrler cool , DDist 

corxtitions while pericxls of high evaporative dernan:i cx::.tre later. 

Tall upright plant habit for chickpea is also an iltp:>rtant selection 

criterion for chickpea breeders who are atterrpting to adapt the crop to 

mac:hlne hal:vesting. Taller DDre upright cul ti vars might be grown at higher 

plant p:p.llations whidl, deperrling on available m:>isture, could :inpruve 

yield potential. 

Faba bean. Yields of faba bean are erratic between seasons arrl sites 

where the crop is grown. Excessive flower arrl pod abortion is generally 

considered the IOOSt likely cause. 

In:ieperoent vascular suwly to irrlividual flowers arrl to develq>ln:J 

fruits could be of major iltp:>rtance in the develqm:mt of cultivars with 

stable pod setting arrl seed yields (Borrl et al. 1985). 

c.ultivars with strorq stems, few branches arrl concentrated pod settin:J 

are being sooght by breeders. :Reduced vegetative growth after final fruit 

setting also may be beneficia! to high yields. 

True detenninant types of faba bean have been isolated arrl may hold 

p:ranise for future breedi.n;J for inpruved stability of yield. Breeders have 

concentrated on detenninant plant habit, b.rt: detenninant cultivars with 

high yields are yet to be made available. 

In areas of lCM insect activity, autofertile faba bean cultivars are 
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sa.Ight. 'Ihe autofertility trait is beirq used in breeding high yieldin;J 

cultivars for sud1 areas. Autofertile lines will require an alteration of 

awroadles to breeding (Bon:i et al. 1985) . 

Partitioning 

For all of the legumes it is generally agreed that · grain yields can be 

inproved thrrugh increased bianass arrl a llDre favorable partitie>tlinJ into 

the seeds. Tall arrl erect types that are relatively cx:rrpact arrl 

non-<::x:ltpetitive with neighborirq plants in a starrl cx:W.d allow increased 

plant density arrl greater total biological yield. With catparable 

partitionirq into seeds, yields waild increase accordingly while the 

adclitional CI"q> residues waild provide nuch needed forage for livestock. 

Breedi.ng for Adaptation arrl Yield 

Mul ti -location testing 

Results of testirq for yield potential are generally less consistent 

than are the results of testing other traits. I.arge envirornnental effects 

can be estimated by nulti-location testirq targeted to the maj or production 

areas. large genotype x enviroJll'rei'lt effects are usually not wanted rut 

often cause c:x:mplications for selection. '!be dloice often has to be made 

between developnent of cultivars for broad adaptation or for specific 

adaptation. Intemational centers, with their marxlate of improvirq crq:>S 

for a wide area, have very sua::::essfully used multi-location testirq to 

identify broadly adapted genotypes. As those programs have advancecl, there 

has been an increasirq E>Jllhasis on specific adaptation arrl selection of 

genotypes for nore specialized uses. 
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Reqression analyses 

Regression of genotypic yields OOtained at specific locations on the 

Irean of all genotypes at particular locations has been suggested (Fimlay 

an:l Wilkenson, 1963) as a ~ of identifying selections with broad 

adaptation. '!he trethod is not widely used possibly because of the need for 

a large rnnnber of genotypes an:l locations of t.estin;J in order to abtain 

reliable estimates. Also, it is likely that performance of genotypes, 

including their adaptation, can be estimated directly without having to use 

regression trethods. 

Molecular Approaches to Grg? Inprovement 

Until rather reoently, only rrcr¡:tlological markers were available for 

genetic stl.ñies in plant species. 'lbeir use in plant breeding was limited 

by their relatively low rn.nnber that were available in nost crosses, their 

often deleterioos effects an:l their usual epistatic effects on other 

cha.racters. Becaru;;e of these disadvantages in the use of rrcr¡:tlological 

markers, their direct use in breeding as 1 tags 1 for inp:>rtant genes has 

been quite lilnited. Molecular markers seems to have much greater utility 

for awlied breeding. Large l1\.ll'liJers of alleles can be fourrl at rrclecular 

marker loci. Genotypes of irrlividual plants can be easily detennined 

because of the corrlaninant expression of rrclecular markers. Molecular 

markers usually are neutral an:l have no deleterioos effects. 

Isozyrres is a tenn coined for 11 isoenzyrne11 an:l refers to enzyrnes that 

catalyze the same reaction. Isozyrnes can be distinguished by their 

differential rrd>ility in sane type of strata; usually stardl gels or 

polyacrylamide gels. Isozyrne profiles of irrlividual plants can be 

detennined on relatively srnall sarrples of leaves, seeds, or roots. 'lhey 

can therefore be used extensively in genetic an:l breeding studies silnilar 

to the use of rrcq:tlological markers. Weeden et al. (1988) rec:ently 

reviewed the application of isozyme analysis in pllse crq:s. 
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Isozyme analysis of plant genanes is lilninted by the J1lll1'ber of enzyme 

assays available arxl the degree of polyzoc>rprlsm available in the species of 

interest. Fortunately, there is available another type of IOOlecular marker 

t.eJ:m:d "Restriction Fragment I..erl;Jth Polyrroqil.isns" (RFIPs). RFIPs focus 

directly at the I:NA level arxl were made possihle thra.Igh the use of a wide 

rcm;re of restriction errlonucleases that are used to isolate unique rnA 

sequenc:::es of a plant -genane. SUd1 unique ~ can then be cloned arxl 

used to probe gels conta:irt:IDJ restricted nuclear rnA. R>lyrroq:hl..sns of 

restricted I:NA can then be identified arxl mawed in the same manner as 

other IOOlecular, or IOOr¡ilological markers. Presumably there is virtually 

no limit to the nUI'I'ber of RFLPs that can be mawed in a plant genare arxl 

therefore "high density" gene maps can be develcped for use in detailed 

genetic analyses arxl in plant breeding. Possible uses might incltñe the 

identification of "tags" for illportant genes, the use of highly density 

gene maps to study ciuantitative genetic variation aoo the JOOJ1itorfn1 of 

introgression of genes fran exotic sarrces. 

Tags for important genes 

Useful linkages between isozyme markers arxl disease resistanoe genes 

are kncMn in pea. '!he linkage of a seed esterase (Est-s) with the gene for 

resistance to Fusaritnn wild race 1 (Fw) was derronstrated by Hunt arxl Barnes 

(1982) . 'Ihe extreirely clase linkage reported shool.d make it possible to 

select plants with resistance to wild by dlooslnl plants with the Est-s 

allele associated with the dorninant gene for resistance. Similarly, an 

allozyme of Ihos¡:ho-gluco-nutase (1\:.Jm-P) can be used as a marker for the 

gene which rontrols resistance to bean yellow rrosaic virus in pea (Weeden 

et al., 1984). other clase linkages, it foorrl, may pennit the breeding arxl 

selection for resistance to certain cliseases wit:lla.rt: actually havfn1 the 

disease present. 
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Study of quantitative variation 

High density gene maps have been p:rqx:>sed arrl used in the study of 

quantitative genetic variation in crcp plants (S'b.lber et al. 1 1982; Stuber 

et al. 1 1987) with success. Recently1 Havey an:i Muehlbauer (subnitted) 1 

develcp:rl a genetic linkage lt'ap for lentil that ex>ntains 37 100q:ilological 1 

isozyrne arrl I:NA markers. It was estimated that 50% of the lentil genane 

wo.lld be linked to within 10 cM of one or 100re of the mapped loci. Studies 

of quantitative variation can therefore be attenpt.ed. 

Introgression of genes fran exotic soorces 

Molecular makers might be very useful in denonstrati.rg the 

introgression of genes fran wide sarrces into the working genepool used by 

breeders. Many of the food legtll'teS are oonsidered to lack sufficient 

genetic variation for significant inproveroont. '!he transfer of 100lecular 

marker alleles fooni in wild or exotic gernpla.sm sources to a cultivated 

backgroorrl W'CW.d facilitate the introgression of closely linked loci that 

may be difficult to identify in breecli.rY:J pcp.Uations. 

Nearly all breecli.rY:J programs for the food legurres have had as their 

ultimate goal the increase in grain yield an:i inproved stability of yield 

over seasons an:i locations. Progress in resistance to CClllDOC>n diseases of 

these crq>s includin;J Ascochyta blight, Botrytis grey 100ld1 root rots arrl 

wilts, anorg others, have made these ~ generally 100re stable in tenns 
of yield an:i in sane cases have made it possible to grow these crq>s in 

seasons 100re favorable for growth an:i yields. Ascochyta blight resistance 

in chickpea is a classic exanple of how the crcp may eventually be able to 

take full advantage of the oool 100ist winter season in the Medi terranean 

region an:i the Middle Ea!?t. 
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Appropriate ¡ilenology, to take best advantage of time available for 

crop gro,¡th, is an inp:>rtant ooncept for breeders to consider in their 

hybridization arrl selection programe;. Similarly, inproved plant roor¡ilology 

toward resistance to lodgi.rg of tall upright types that are adaptable to 

machl.ne harvesti.rg is also an inportant selection consideration as is 

reduced pod arrl seed shatteri.rg. 

Mul ti -location testi.rg of breedi.rg material is still relied on by 

breeders to identify selections with broad adaptation arrl stable yields. 

Pop..llation irrprovement involvi.rg fonns of :recurrent selection have not 

been widely used in food legmne breedi.rg other than in faba bean. '!he lack 

of an efficient male sterility system to facilitate intercrossin;J is the 

primal:y reason the method has not been widely USéd. '!he use of wild 

:relatives of the grain legurnes is feasible in .cicer arrlicm. 

'!he use of high density gene maps to study quantitatively inherited 

traits may provide a clearer urrlerst.arrlin;J of such traits arrl provide a 

basis for parental selection. 

References 

Aucklan:i, A. K. arrl L.J .G. van der Maesen. 1980. Orickpea. In: W.R. Fehr 

an:i H. H. Hadley (eds.), Hybridization of C!:q) Plants. Anerican 

Scx:::iety of Agronany, Madison, Wisconsin, U.S.A. p. 249-259. 

Borrl, D.A., D.A. Iawes arrl M.H. Poulsen. 1980. Broadbean. In: W.R. Fehr 

arrl H.H. Hadley (eds.). Hybridization of C!:q) Plants. Anerican 

Scx:::iety of Agronc::my. Madison, Wisconsin, U.S.A. p. 203-213. 

Borrl, D. A., D. A. Iawes, G.C. Hawtin, M.C. Saxena arrl J .H. steplens. 1985. 

Faba bean (Vicia faba L.) • In: R.J. St.nmerfield arrl E.H. ROOerts 

(eds.), Grain I..egurre ercp;. <l:>llins. I.orrlon. p. 199-265. 

324 



Bunting, A.H. 1988. A personal review of the International Food I..egume 

Researd1 Conference. In: R.J. SUrrmerfield (ed. ), World Cr'q:)s: Cool 

Season Food I..egumes. Kluwer Academic Publishers, Th)rdrecht, 'Ihe 

Netherlarrls. p . 1155-1167. 

I:avies, O.R. , G.J. Berry, M.C. Heath arrl T. C.K. I:awkins. 1985. Pea (Pistnn 

sativum L.). In: R.J. SUn'I'OOrfield arrl E.H. ROOerts (eds.), Grain 

I..egume Crcps. Collins. I..orrlon. p. 147-198. 

Diekmann, J. arrl J. Papazian. 1985. M:!chanization of production of faba 

beans, drickpeas arrl lentils. In: M. C. Saxena arrl S. Vanna ( eds . ) . 

Proceedings, Faba Beans, Kal::W.i ati.ckpeas arrl I..entils f or the 1980's . 

An International Workshop 16-20 May, 1983. ICARI:ll\. Ale¡:p:::>, syri a . 

p. 281-290. 

Erskine, W. 1984. Selection for pod retention arrl pod in:iehiscenoe in 

lentils. Euphytica 34:105-112. 

Fin:Uay, K.W. arrl G.N. Wilkinson. 1963. 'Ihe analysis of adaptation in a 

plant breeding programne. Aust. J. Agric. Res. 14: 742-754. 

Goldenburg, Jose B. 1965. "Afila" a new mutati on in pea (Pistnn sativum 

L.) Boletín Genetico, Instituto de Fitotecnia, castelar, Argentina, 

p. 27-28. 

Gritton, E. T. 1980. Field Pea. In: W.R. Fehr arrl H. H. Hadley (eds.), 

Hybridization of Crop Plants. Alrerican Society of Agronomy. Madison, 

Wisconsin, U.S.A. p. 347-356. 

Haddad, N. I. arrl F .J. Muehlbauer. 1981. Ccrrparison o f rarrlan bulk 

porULation arrl si.n::Jle-seed-desoent neth<Xis for lentil breeding. 

Euphytica 30: 643-651. 

Hawtin, G. C., K. B. SÍ.DJh arrl M.C. Saxena. 1980. Sare recerit develcpnents 

in the urrlerstarrling arrl inp:rove:roont of Ci cer arrl I..ens. In: R.J. 

SUnt"rerfield arrl A. H. amt:in:J ( eds.} , ~ in l.egun'e Scie.nce. 

HMSO. l.Drrlon. p. 613-624 . 

Hunt, J.s. arrl M.F. Barnes. 1982. Molecular diversity arrl pl ant disease 

resistanc::e: An elect:.rqiloretic cx:rrparison of near-isogenic lines of 

wilt resistant or susceptible Pi stnn sativum L. cv . Wi l liam Massey. 

Euphytica 31: 341-348. 

325 



Jensen 1 N. F. 1978. Con¡:x:site breeding rnethods arrl the IE-1 system in 

cereals. Crop Scienoe 18: 622-626. 

I<hayrallah1 W.A. 1981. '!be mechanization of lentil hal:vesting. In: 

e. Webb arrl G. e. Hawtin ( eds. ) • I.entils. Ccltm::>nweal th Agricul tura1 

Bureaux. Famhan Royal . En]larrl. p. 131-141. 

Iadizinsky1 G. 1 D. Braun1 D. Goshen arrl F.J. Muehlbauer. 1984. 'lhe 

biological species of the genus I.ens L. Bot. Gaz. 145:253-261. 

Muehlbauer, F.J. arrl A.E. Slinkard. 1985. I.entil Inprovenent in the 

Americas. In: M.C. Saxena arrl S. Varma (eds.) 1 P:roceedin:}s1 Faba 

Beans 1 Karu.li Ori.ckpeas arrl I.entils in the 1980's 1 An Intemational 

Workshop 16-20 May1 1983. Ale¡:tX>1 Syria. W· 351-366. 

Muehlbauer, F .J. 1 W .J. Kaiser arrl Z. Kutl.u. 1988. Collection of focx:l 

legume gernplasm in Turkey. Plant Genetic Resa.J.rces Newsletter 

(in press). 

Muehlbauer, F .J., A. E. Slinkard arrl V.E. Wilson. 1980. I.entil. In: W.R. 

Fehr arrl H.H. Hadley (eds.), Hybridization of Crop Plants. American 

Society of lqrorarr¡1 Madison1 Wisconsin U.S .A. p. 417-426. 

Muehlbauer1 F.J. 1 R.J. Redden1 A.M. Nassib, L.D. Robertson arrl J.B. 

Srnithson. 1988. Pop.llation .i.nprovement in p.ü.se crq>S: an 

assessment of rnethods arrl t.echniques. In: R.J. S1.lmrterfield (ed.) 1 

World Crops: Cool Season Focx:l Legtnnes. Kluwer Academic Publishers1 

Dordrecht, '!he Netherlarrls. p. 943-966. 

Murfet1 I. c. 1977. '!be physiological genetics of flowering. In 

sutcliffe 1 J. F. arrl Pate 1 J. S. ( eds. ) 1 'lhe Ihysiology of the Garden 

Pea, IDndon: Acadernic Press, p. 385-430. 

Robertson1 L.D. 1985. Genetic iltprovement of faba beans f or increased 

yield and yield stability. In: M.C. Saxena arrl S. Vanna (eds.). In: 

P:roceedin:}s1 Faba Beans1 Karu.li <lrickpeas arrl I.entils in the 1980's. 

An Intemational Workshop 16-20 May, 1983. ICARIY\. Ale¡:p:>, Syria. 

p. 35-53. 

Saxena
1 

M.C. arrl G.C. Hawtin. 1981. Mor¡:hology arrl growth pattems. In: 

C. Webb arrl G.C. Hawtin (eds.) I.entils. CottroJ'IWealth Agricultura! 

Bureaux1 Farnhan Royal. En]larrl. p. 39-52. 

326 



Si.n:Jh, K. B. , M. V. Red:iy ani R. S. Malhotra. 1985. Breedi.n;J kal::W.i chlckpea 

for high yield, stability ani adaptation. In: M.C. Saxena ani 

S. Vanna ( eds.) • Proceedirgs, Faba Beans, Katllii Chi.ckpeas ani 

I.entils in the 1980's. An International Workshcp 16-20 May, 1983. 

ICARilA. Ale¡:p:>, Syria. p. 71-90. 

Solh, M. ani W. Erskine. 1981. Genetic Resalrces. In: C. WelX> arrl G.C. 

Hawtin (eds.) I.entils. CcJTm:>rJwealth Agricultural Bureaux. Farnhan 

Royal. England. p. 53-67. 

Stuber, C., M. Goodman and R. Moll. 1982. Inp:rove.rrv:mt of yield arrl ear 

number resulting fram selection at allozyrne loci in a maize 

pcp.llation. crop Science 22:737-740. 

Stuber, c., M. Edwards arrl J. Werrlel. 1987. Molecular marker-facilitate:i 

investigations of quantitative trait loci in maize. II. Factors 

influencirg yield arrl its catpOnent traits. Crop Science 27:639-648. 

vanderMaesen, L.J.G., W.J. I<"aiser, G.A. MarxandW. Worede. 1988. 

Genetic basis for ~se crop inp:rove.rrv:mt: collection p:reservation arrl 

genetic variation in relation to needed traits. In: R.J. SUrrrrerfield 

(ed.), World CI:q>s: Cool Season Food I.egurres. Kluwer Acadernic 

Publishers, D:>rdrecht, 'lhe Netherlarrls. p. 55-66. 

Weeden, N.F., R. Provvidenti ani G.A. Marx. 1984. An isozyrne marker for 

resistance to bean yellow nosaic virus in Pisurn sativurn. Jarrnal of 

Heredity 75:411.412. 

Weeden, H. F. , D. Zamir and Y. Tadrnar. 1988. A¡;plication of isozyrne 

analysis in ~se crops. In: R.J. SUimrerfield (ed.), World Crcp;: 

Cool Season Food I.egurres. Klower Academic Publishers, IX>rdredlt, 'lhe 

Netherlarrls. 

327 



Table l. ~ions of cool season fcxxl legurnes in major gemplasm 
collecticn.c;. (Fran van der Maesen, et al. 1988). 

SOec i es conserved 
Jnstitute and locatfon Cfcer Lens Pisllll Vicia sect. faba 

1. Ege Agrlc.Res.lntrod.Centre 2000 
Menemen, Turkey 

2. Ethioplen Genebank 717 413 1860 1298 
Addis Ababa, Ethlopla 

3. Geneva Pisun CollectiÓn >5000 
Geneva, NY, USA 

4. Germplasm Laboratory 5000 2000
8 

Bari, ltaly 
S. !CARDA 4500 6000 5000 

Aleppo, Syrla 
6. ICRISAT 14400 

Patancheru, India 
7. INIA 1600 

Mexico City, Mexico 
8. John lmes lnstitute 2000 

Norwich, England 
9. NBPGR 1400 

New Delhi, India 
10. Netherlands Genebank 800 700 

Wageningen, The Netherlands 
11. Nordi e Genebank 5000 

l und, Sweden 
12. NSSL 2698 702 2213 18 

Fort Coll ins, CO, USA 
13. Pakistan Agr.Res.Council 626 144 10 13 

lslamabad, Pakistan 
14 . USDA NE Reg. Station 2800 

Geneva, NY , USA 
15. USDA W Reg. Station 3431 1973 295 

Pullman , \lA, USA 
2525a 16. Vavilov lnst.Pl.lndustry 1685 2470 5550 

Leningrad, USSR 
17. ZG ICulturpfl. 40 160 2000 1300 

Gatersleben, DDR 

a 
Other sections also inctuded. 
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rRY BFAN PRXlJCI'ION ANO OONSUMPITON m 'IHE YEAR 2000: PROJEC!'IONS, 

~ ANO GUESSES WI'lli EMmASIS 00 IATIN AMERICA ANO AFRICA 

Willem Janssen* 

Bean prcxiuction t.rems in Iatin Aroorica arrl Africa frcm 1966 to 1976 

arxi fran 1976 to 1986 are analyzed. In the fi.rst pericxi production growt:h 

in Africa was satisfactory, rut mainly based on area expansion. In the 

sea::>n:l pericxi production growth in Africa slowed down considerably, with 

~ exception of the SOOthern African region. 

In Iatin ~ica the perfonnance of the bean production sector was 

very different. Fran 1966 to 1976 production growth was very slCM, 

after:wards it sped up, especially in Mexico an:l Central Anerica. '!be 

inproveJOOnt of bean production was due nore to area e>q:léU'lSion than to yield 

increases. 

In the year 2000 bean production in Africa has to be 72% al::xJve 

present levels to satisfy dernarrl. In Iatin America production has to 

increase 42%. '!be production increases in Africa have to be based to a 

larger extent than in history on yield increases. A drastic inproveJOOnt in 

the perfonnance of the bean sector is needed. In Iatin Anerica, · the 

required production increases are less an:l perfonnance of the bean 

production sector is better. Consequently the chance to satisfy future 

dernarrl ar.pears bigger. 

* Ea:>ncmist, Bean Program, CIAT, A.A. 6713, cali, Colanbia. 
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In Iatin Arrerica bean prcxluction will i.rx:reasin;}ly be determined by 

market forces. Fanters will becane m:>re market oriented; will start 

relyirq to a large .extent on p.rrchased iip.rt:s; arrl will grow those beans 

that provide IOOSt :incx::ne. '!he decision to grow beans will be made on the 

basis of profitability. '!he case of soybeans versus bean yields shows that 

marginalization of beans is to a large extent a ñmction of profitability. 

Beans will need to be m:>re prcxluctive in order to maintain their role in 

the agricul tura1 sector. 

Within Iatin Arrerica, beans will remain an i.nportant food CI'q) for 

poor consumers. Nevertheless, for beans to maintain its role in the urban 

diet, digestibility, convenienoe, storage arrl marketin;} need to be 

addressed in m:>re detail. Beans will IOOSt prOOably be grown by small 

fanne.rs, rut for different reasons than in history. Instead of heme 

COl1Sl.m'ption, sales will · be the principal objective. 'lhis suggests that 

increased enqilasis is needed on yield potential arrl cxmnercial quality. 

In Africa food security is the principal objective of bean production 

inproveroent. Urban versus rural ~ data suggest that food security 

will be m:>re at risk in the rural areas. African farmers are less market 

integrated arrl traditional production inproveroent strategies, which 

en¡:hasizes resistance more than ccrnmercial quality, will be awrq:>riate. 

'Ibe evidenoe suggests that bean production increases will be m:>re 

easily obtained in Iatin America than in Africa. '!he challenges ahead are 

very big, especially in Africa, rut shoold still be faca:i with confidence 

arrl enthusiasrn. 

AckncMledgeroents 
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Introduction 

Research for the problems of today is often an activity of doubtful 

value. By the time that a¡:prq>riate solutions have been foorrl1 drasti e 

c:harges might have ~~ that reduce the relevance of the prq>osed 

solutions. Research shcW.d be based on a sol id assessnv:mt of future 

production arrl OOilSUI1pt.ion. '!he researd1 agerrla of today is a function of 

the expected eircumstances of the future. 

Of course a profourrl urrlerstarxling of present eircumstances is vital 

for aa::urate production arrl consurrption predictions. In fact 1 the onl y way 

to rrake reasonable predictions is by urrlerstarxling historie developnents1 

projectin:J arrl JOOdi.fyi.rg these for the tuture. It should be elear1 

however 1 that the value of urrlerstarxling the present a.rrl the past lies in 

the future. 

'Ibis paper will try to contri.bute sorne infonration arrl sorne 

speculation to our urrlerst.an:li.n;J of bean prcduction and coi1Slll'lption in the 

year 2000. J.k:lst of the infonration canes fran trend analysis and 

cross-section analysis of bean prcduction arrl coi1Slll'lption. '!he speculation 

involves a judgrrent on the relevance of past tren1s for tuture projections. 

Both infonration arrl speculation are needed to obtain a vision of beans in 

the year 2000 that is more than a mechanical analysi s or a mere opinion. 

'!he look ahead to the year 2000 is more urgent than many of us might 

have tha.lght. For exarrple the developnent of an in1?roved variety1 takes 

sane six arrl half years 1 not as an average rut as a mi.niinum (J. Kornegayl 

1988). '!he SU<X:eSSful extension and dissemination of an :inproved variety 

takes another three or four years. 'Ibis means that the crosses of the 

varieties that we hope to see successfully grown in the year 2000 1 should 

be made before 1991. 

'!he present paper will first analyze historie production arrl 

331 



consumption trerrls in Africa arrl latin Aroorica arrl derive projections for 

the year 2000. Aftenlards scrce major dlallenges for the bean sector in 

Africa am latin Aroorica will be described. Newly arisin;J issues in bean 

production arrl col1SUllption will be discussed, mainly by analyzin;J 

developnents in latin Aroorica. Finally scrce conclusions on the future of 

beans will be drawn. 

Historie Bean Production Trerrls 

'lhe a.rea planted with beans grew very rapidly in mJSt of Africa duri.rq 

the late sixties arrl early seventies. Aftenlards the rate of area 

expansion decreased oonsiderably to levels of sate 1. 8%. per year. In both 

periods area expansion was the main CC~tp>nent of bean production increases. 

'lhe reduction of the rate of area expansion in the secorrl period is 

in::licative for the larrl scarcity faced in the bean production reqions of 

Africa (Table 1). 

In Iatin Aroorica the trerrls are m:>re OCilplex. Brazil maintained m:>re 

than 2% annual area expansion for m:>st of the last 25 years. In the Arx:lean 

countries the area planted with beans decreased fran 76 to 86. Mexioo arrl 

Central Aroorica are cases were area growth was acx::elerated in the seoorrl 

part of the period. Fran 1976 to 1986, larrl oonstraints were not as 

birrling in latin Aroorica as in Africa (Table 1). 

Bean yields in Africa increased in the first period, at a considerable 

rate in the Great I.akes arrl a m:>re m:xlest rate in Southern Africa. In 

Eastem Africa yield growth was negative. In the late seventies arrl early 

eighties only Southern Africa was capable of maintainin;J a reasonable 

growth rate in yields. In the Great Iakes yield increases were m:>re m:x:lest 

than before, in Eastenl Africa yields oontinued to fall (Table 2). 

In Brazil yields fell t:.hralgh both periods, rapidly in the beginni.rq 

arrl m:>re slowly in the late seventies arrl early eighties. In the Arrlean 
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region arxl Mexico 1 yield increases leveled off during the twenty years of 

study. Only in Central Anerica were fallin;J yield levels converted in 

risin:J yield levels (Table 2) . 

Production growth ·is roughly the sum of area and yield growth. 

Production growth leveled off in Eastem Africa arxl the Afri can Great 

I.akes. In Sa.Ithern Africa bean production grew at a steady 2.6% per year 

(Table 3). 

In Bra?il a decreasin:J production trerrl was converted in an increasin;J 

trerrl. In Mexico a similar rut even trore marked conversion took place. 

Also Central Anerica was able to increase the dynamics of its bean 

production. Only in the Arrlean region did production growth slow down. 

Bean production was oore dynamic in Africa than in I.atin America in 

the late sixties and early seventies. Area expansion was the major reason. 

In the years frcm 1976 to 1986 the area expansion in Africa slCMed down1 

while yields did not increase trore rapidly than before. OWOSite to 

Africa 1 in I.atin America area expansion was very sluggish in the sixties 

arxl seventies rut obtained trore rromentum towards the eighties. 'lhis was 

the major reason for the dynamic production growth in the second ten year 

period. Yields 1 in I.atin Anerica did not show a consistent increase. 

Will the growth in bean production1 as oc::o.rrred in the last decade be 

sufficient to maintain consurrption levels? 'Ib assess this 1 expected 

pcpllation growth fran 1985 to 2000 is reported in Table 3. 'lhese data 

show that only in MeXico and Central Anerica bean production grew rapidly 

enoJgh to satisfy pcpllation growth. In all the other regions bean 

COilSl.Dlption will have to fall 1 or beans will have to be inportedl i f 

present t.rerxis continue. 

'lhis conclusion is consistent with what has been observed in the last 

20 years. A¡:parent consurrption levels of ¡:;ulses (this . includes other 
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species, which for the regions in question are of secoOOary ilrportance) 

fell fran 13 .1 kg per head per year to 12. 2 in Africa . arrl fran 16. 2 to 13. 2 

kg in Iatin America. Prtx:luction has lagged behin:i J?ClX.llation growth, 

consequently constiiTpt.ion per head has been falling. 

Proj ections of bean col"lStnl'ption trerrls 

On the basis of available inccme elasticities arrl inccme arrl 

pcp.ll.ation growth, bean deman:i has been estimated for the year 2000. 'Ihe 

results of these projections for Africa are reported in Table 4. ~e to 

high population growth, bean deman:i is projected to ;increase very rapidly. 

For evecy region, bean prcxluction has to increase with sare 70% in the next 

fifteen years, in order to satisfy deman:i. 'Ibis will be a major challerge, 

especially for the Great I.akes region where prcxluction growth was very low 

in the period between 76 arrl 86. 

'!he sane figures for Iatin America are given in Table 5. In Iatin 

America the growth of constiiTpt.ion will be considerably slaver than in 

Africa, mainly because of lower population growth. Consequently the growth 

of production to satisfy dernarrl is more m:rlest. Prcxiuction has to increase 

with 42% if bean ~rting countries (Argentina arrl Chile) are excluded 

fran the analysis. If these are included, prcxluction only has to increase 

with 32%. '!he biggest deficits are shawn for Mexico arrl Central America. 

Nevertheless, these were the onl y two regions whidl maintained prcxluction 

growth rates higher than population growth in the last decade, partly to 

eliminate bean ilrports. 'lheir projected deficits are highest, but they 

still are the regions that have IOC>St potential of actually satisfying 

fut:ure bean dernarrl. 

'!he prrduction challerge that lays ahead for Africa is eno:rm:JUS arrl 

will need major attention by scientists, develcpnent specialists arrl 

national goverrnnents. Within the presented scenario arrl excluding 

totalitarian measures that divert beans fran danestic C011SI.I1Tption to ~rt 
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the possibility to export beans a¡:pears extreJrely renote. For Latín 

America, the scenario is slightly better. 

Strategic considerations for bean production develognents in I.atin 

America arrl Africa 

Bean production has to be consistent with the agricultural sector arrl 

the national econany in which it takes place. As can be seen in Table 6, 

I.atin America arrl Africa are at very different stages of develcpnent. 

First of all, the average i.na::me in I.atin America is aOO.It three tiloos 

the average incane of Africa. In I.atin America, rnost people do I1CM live in 

an urban environment arrl firrl errployment outside agriculture. In Africa 

most peq>le still live in the countcyside arrl depend on agriculture for 

their livi.rg. Inc:::are differences between agriculture arrl the rest of the 

econany are large on both continents. Nevertheless, the fact that 

non-agricul tural inc:x:roos in Africa are alnost six ti.rnes the agricul tura1 

i.na::mes, irrlicate that in Africa IOC>St poverty is still concentrated in the 

countcyside. At the same time average protein arrl calorie availability are 

more wonyi.rg in Africa than in I.atin America. 

In ratin Anerica the warket will becane the focus of bean pnrluction 

developnent. '!he large majority of beans consumed will be~· In a 

similar way fanners will be increasi.rgly incane oriented arrl will tcy to 

maximize their incane per day of work. If they are not able to earn a 

reasonable incane in the countryside, they will probably migrate. Future 

bean pnrluction in Latin America will have to pay increasi.rg attention to 

market requests ( quality! ) arrl to fanners desires to increase labor 

productivity by technifyi.rg their production. In short, a major effort 

shc:W.d be made to make beans a more attractive crop both to producers arrl 

to COI1SlliOOrS. 

In Africa focx:l security is the main issue (Mellor, Delgado arrl 
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Blackie, 1987). Focx:l security shool.d be focused on the rural areas, where 

presently IOOSt poverty is foorrl. 'Ihe possibility to expan:l the area of 

production is li.mited arrl attention shculd be focused on larrl productivity. 

'Ihe reduced potential for area expansion also suggests that sustainability 

p:rOOlems will be<::x:xoo very fntx>rtant in the region. 

'lWo other suggestions shool.d be made with respect to Africa. To a 

large extent Africa deperrls on agriculture for cbtai.ni.n3' foreign exdlanJe. 

Hence bean production has to be integrated with cash crcps or ~rt crcps. 

Finally it ~ that beans have constmption potential in certain 

regioos, where they are not traditionally oonsumed (e.g. the Central 

Province of Zani:>ia). I f feasible production areas can be, foorrl bean 

constlllption cx:W.d be stimulated in sudl non-traditional areas. 

F\lture Bean COnsunption Issues 

As was written before, the i.rrportance of markets is a principal issue 

with respect to bean collSUitption. Table 7 shows what urbanization inplies 

with respect to markets. Al thaJgh urban consumers deperrl less on beans 

than :rural c:x:>nSUI'Im'S, the i.rrportance of bean prrd1ases is considerably 

higher in the urban areas. 'Ihis is not only true in a relat ive sense (% of 

beans purchased) but also in an absolute sense (grams of beans purchased). 

'Ihe inplications are that bean quality dlaracteristi cs as awreciated in 

the market will increase their inportance relative to agroi1Cl1Úc 

characteristics. Sirnilarly awropriate storage arrl market in] will becare 

as critical to coJ'lS\.II'l'Ption levels as costs of production. 

In the future beans will :remain a very :inp:>rtant focx:l product for many 

poor col1S\.lil'erS. 'Ihese are arc:mrl in very large rn.nnbers, also in Iatin 

Aioorica. In Brazil the poorest sixty percent of the porAllation has an 

i.nc:::ane per year of sane US$448. In Mexico the poorest 40% has to live with 

US$515/years. In Peru the poorest 60% of the population survives wi th 

US$286 per capita per year. For carparison, the average irx:x::rre per capita 
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in the developirg world is US$610 per year. 

'lhe effects of inc:x:Jne on bean coilStllTption are not strong. No:rmally 

bean COilS\llll)tion increases with risirg incanes in the lower i.ncate strata, 

levels of in the middle inc:x:lne strata arrl decreases in the weal thiest 

strata. {intemal data, Bean EcollCilli.cs, CIAT). Of ca.trSe inc:x:lne 

elasticities vary accordirg to bean type. In Colanbia, preferred large 

grain types have positive incx::xre elasticities arrl less preferred small 

grain types have negative inc:x:lne elasticities {Pac:hi.co, Iomoño arrl r:uque, 

1983). On average, inc:x:Jne elasticities in Iatin America are very close to 

zero. Since average inccmes in Africa are lower, i.ncane elasticities are 

positi ve on that continent { aroorrl o. 2) • 

Nevertheless, in countries such as Brazil bean constliTption has fallen 

significantly over the last fifteen years. (Table 8). '!he evidence 

suggests that is due partially to price increases and urbanization. For 

the period fran 1971 to 1981 44% of coilStllTption decrease coul.d be explained 

by the price arrl 16% by urbanization. 'lhe other 40% is due to other 

reasons, aroc>ng which the followirg can be suggested: 1) Although beans in 

Brazil as well as in the rest of ratin America do not have clear 

substitutes {such as lentils, chickpeas), the prices of scme partial 

substitutes decreased very rapidly. 'Ihis was for example the case of 

pcW.b:y {tedmological change) and wheat (policies). 2) Urban const.nnerS 

terrl to prefer food products that are easy to digest such as vegetables, 

anllna.l proteins or rice. Bean digestibility is rather lo.v, a factor 

against its COI'lStBI'ption potential in urban areas. 3) People terrl to sperrl 

nore tiire away fran hane, especially if ha.ISeWives work, arrl prefer food 

whidl can be rapidly prepared. Beans have lorq cooking tiires and do not 

fit these requirements. · 4) Food marketirq has changed drastically. 

Products are available that before coul.d not be obtained, because of better 

road infrastructure arrl transport capacity. Food preservation has .i.Jrproved 

rapidly, especially in case of Jreat arrl daicy products. Before beans were 

am::>ng the prcxlucts that c::alld be marketed 1l'OSt easily in the urban 
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enviroill'lellt, I10W that advantage has ercxled by food marketi.rq develcpoont.s 

of other products. O:>nsiderin;J that beans are appreciated by many 

nutritionists for its healthy nature, it DJJSt be clear that studies to 

i.nprove the feasibility of beans in the urban diet could have a very high 

pay-off. 

F\lture bean production issues 

Beans are an outstarrling small farm crc.p, as can be appreciated in 

Table 9. It is one of the roost i.rrportant crops for small fanners, arrl what 

is roc>re, small fanners are its roost i.nportant producers. Will beans be 

grown by small fanners in the future? '!he available evidence suggests this 

will be the case but also suggests that production nethods might c::i1an;Je 

rapidly. 

Whether beans will be grown by small or by large fanners depems to a 

large extent on the CXJSts of production. Table 10 shows production costs 

for three systems in Costa Rica. '!he "tapado" system is a traditional lOW' 

:i.np..lt systern, practiced by small farmes with no principal larrl constraints 

or with hilly larrl. 'Ihe "espeque" system is a production system with m::>re 

intensive larrl preparation arrl m::>re care of the crop. 'Ihe 

"semi-mechanized" system is only practiced by large fanners arrl depems on 

mechanized larrl preparation. 

At a full cost baSis the semi-100d1anized system is roost efficient. 

HOW'ever machinecy arrl :i.np..lt CXJSts ( cash ·costs) are high for this production 

system. If larrl costs are left out of the cala.llation ( fanners often do 

not value the CXJSt of larrl since it is their own), the "semi-medlanized" 

systems is already less attractive. If labor costs are reduced (again, 

fanners often do not cost their own labor) the semi medlanized system is 

the least attractive. It appears that in a situation of CXJitl?etition (for 

exarrple because of low prices) the "espeque" arrl "tapado" systems are less 

vulnerable. 'Ibe conclusion should be that the flexibility of the small 
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fanner will be an inportant inst.rulrent to CCII'pete witli lcn:ge fanoors. 

Evidence fran Brazil su¡:ports the thesis that the srnall fanner will 

cx::>ntinue to produce IrOSt beans ( IffiE, various years) • .8ean production in 

the states of Parana arrl Rio Grarrle do SUl dim:inished fran 1976 to 1986. 

In areas with many small producers such as the Northeast arrl the state of 

Santa catarina production increased rapidly. 

'!be small producer of the future will not be similar to the srnall 

producer of the past. Sinall fanners, when integrated in the rnarket, terrl 

to discover quickly the potential of inp.rt:s as a lard-enhancing mechanism. 

(Padricx::>, 1984). For exarrple, in the coastal fringe of Peru, all bean 

fanoors use chemical cx::>ntrol methods, 72% made use of credit an:l 46% 

p.rrchased seed. If i..rl¡xlt use can be held within reasonable limits, this 

might reduce the demarx:l for disease aJrl insect resistance in bean 

varieties. At the same 1n01llent, the demand for integrated cx::>ntrol 

strategies will increase. 

'!be rnarket oriented srnall fanner will judge beans on their .i.nc::are 

potential. In IOOSt cases beans are not the onl y crop that a fanner grows. 

'lhe role of beans in the fann system will deperrl strorgly on their relative 

profitability with respect to other crcp;. If by irrproving productivity, 

the profitability of beans irrproves, this will be rapidly reflected in 

growth in the area planted, as shown in Guatemala arrl Costa Rica. 

If beans do not compete, they will be ¡:.m;hed out of production 

systems. Clear evidence in this respect comes fran Brazil, where during 

the seventies beans were p.lShed towards marginal production areas by 

soybeans. Figure 1 shows the soybean/dry bean yield ratio for the U.S.A. 

aro Brazil. Since 1971, when soybean production took off, bean yields have 

been less than fifty percent of soybean yields. Even if it is taken into 

acx::amt that bean yields in the South of Brazil are 40% above average 

yields, the ratio rernains above two in 11 out of 16 years an:l above the 
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ratio for the U.S.A. in all years. 

'!he brief corrp:rrison of soybean arrl bean yields wall.d suggest that 

beans were marginalized because the yields were low. SUd1 a conclusion has 

rather strong inplications for the reseat:ctt process. M:>re eJIP'lasis on 

yield appears to be needed to iltprove the attractiveness of the crop. 

Conclusions 

Bean prcx:luction trerrls over the last twenty years have been very 

erratic. Until 1976 prcx:luction grew m:>re quickly in Africa than in Iatin 

America, a:fterwards Iatin American prcx:luction recovered, especially in 

Mexico arrl Central America. Neither in Iatin America nor in Africa has 

bean production risen quickly enough to maintain co1'1Sll1Tption per capita at 

historie levels. Fspecially in Africa, this in worryin:;¡. 

If present constiiTption levels are. projected towards the year 2000, 

larger deficits between existing prcx:luction arrl future dernarrl slow up. In 

scme regions where bean prcx:luction has becare IOOre dynamic, like Mexico arrl 

Central America, demarrl might be Iret. In other regions arrl especially in 

Africa the challenge of providing sufficient beans for intemal co1'1Sll1Tption 

is enonrous. '1hinking about exports is very unreal.istic. 

Although Iatin America is the major bean producing continent, 

production growth will mainl y have to occur in Africa. Gi ven the low 

incane levels arrl the very precarious protein arrl calorie availability, it 

is of extreioo inportance that this prcx:luction growth will be realized. 

Bean prcx:luction developnent has to be b..ú.lt on different prernises in 

Africa arrl Iatin Anerica. In Iatin America the market will daninate the 

developrent of bean production arrl put additional requests on the reseat:tit 

agerrla. Beans will increasingly be sold by fanners arrl bought by 

consurners. To sane eXtent the cXJIIlnodity needs to be repositioned in urban 
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markets. 

In Iatin America beans will remain a small fann crq;>, but the small 

fanner, however, will be inc:reasingly sales oriented. If beans do not 

provide sufficient income they will be replaced by other crc:ps. labor 

productivity in beans should bec:x:!re a principal area of research. Yield, 

¡:ct:ential arrl earliness will be .i.np:>rtant characteristics. 

Althalgh bean consunption is not very :i.ncx:!re deperrlent, it might 

suffer fran a terrlency towards nore digestible arrl rrore convenient fcx:xls. 

At the same tine marketing tedmolay in other products is inproving 

rapidly, for example cold storage for meats . If the prices of other 

products decrease arrl the price of beans stays constant, beans might still 

loose inportance in the diet. In an Uiban envirornrent, the constD'Cier price 

is not onl y depe¡Pent on production but al so on marketing costs. Research 

to d.iminish the cost of storage and Uiban marketing to i.nprove COnstllle.r 

quality will be very useful. 

In Africa, food security is the main issue. '!he challerge is to 

increase food availability per capita for a quickly growing pcp.llation on a 

1educed larrl basis. Not labor but larrl productivity will be the !ocus 

'Ibis might, annrg others, i.nply shifts fran bush beans to climbing beans. 

At the present stage of develcpnent marketing consi derations are less 

inportant in Africa. since African fanners are less integrated in the 

market arrl have reduced access to inp..Its, genetic resistance arrl nitrogen 

fixation capacity are highly valued. Additional requests on the African 

research agenda will be made by concenlS on sustainability of the fragile 

African highlarrl production systems. 

Where will nost progress be made? '!he conventional wisdom states that 

fanners that are well integrated in the market are better targets for ·· 

production inprovements than their subsistence colleagues. In Iatin America 

considerable research efforts have been dedicated to beans in the last 15 
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years. In severa! countries the results of these researd1 efforts are rrM 

beirg expressed in production statistics. Production trerrls have inproved 

in the last decade arrl pop.Uation grcMt:h has slCMed down. '!he aitiook for 

bean p:roduction in I.atin America should be rather cptimistic. 

In Africa, production grcMt:h has slCMed down, pcp.ll.ation grcMt:h 

remains very high arrl fanoors are less integrated in the market society. 

The dlalleD;1e for Africa is definitely bigger arrl the dlance of satisfy.in;J 

future bean demarrl is less. Nevertheless, cptimism is in the nature of the 

scientist. With the energirg results fran I.atin Aioorica in the back of 

our mi.rrl, we should aim for awropriate progress in Africa. 
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Table l. Growth rates in bean area (% year) 1• 

Eastem Africa 
African Great Iakes ~. 
Southem Africa 
Brazil 
Mexico 
central America 
Arrlean Region 

SOOrce: Revised F'Acrn:tta. 

1966/75 

7.0 
3.3 
2.2 
2.0 

-3 . 0 
1.6 
0.6 

1 
Bean producin;J regions _mmtioned include the followfn1 countries: 
a) Easte.rn Africa: Ethicpia, Kenya, Sanalia, SUdan, U]arrla. 
b) African Great I.akes: Rwarrla, Bl.lrurrli, Zaire. 
e) Southem Africa: Tanzania, Zambia, Malawi, Botswana, Iesotho, 

swazilarrl, An:]ola, Moz~ique, Zi.mbabwe, Madagascar. 

1976/86 

3.0 
-0.3 
1.8 
2.5 
3.3 
3.7 

-0.6 

d) Central America: Guatemala, El Salvador, Horrluras, Nicaragua, Costa 
Rica, Panama. 

e) Arrlean Region: Venezuela, Colanbia, Ecuador, Peru, Bolivia. 

Table 2. Growth rates in bean yields (% year) 1 • 

Eastern Africa 
African Great Iakes 

· Southem Africa 
Brazil 
Mexico 
central America 
Arrlean Region 

Source: Revised FAO-D:lta. 

1 See footnote 1, Table l. 
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1966/75 

-7.0 
2.6 
0.4 

-3.1 
2.3 

-1.0 
1.8 

1976/86 

-o.s 
0.7 
0.9 

-1.0 
0 .5 
0.6 
1.0 



Table 3. Growth rates in bean p~ion (% year). Expected growth rates 
of population 1985-2000 • 

Eastern Africa 
African Great Iakes 
Sa.rt:hem Africa 
Brazil 
Mexico 
Central America 
Aniean Region 

Salrce: Revised FAO-lata. 

1966/76 

6.3 
5.9 
2.5 

-1.1 
-0.6 
0.6 
2.4 

World Developnent Report, 1987. 

1 see footnote 1, Table 1. 

1976/86 

2.5 
0.4 
2.7 
1.5 
3.8 
4.3 
0.4 

Expected population 
growth rate 

1985-2000 

3.2 
3.2 
3.3 
1.8 
2.2 
2.5 
2.1 

Table 4. Bean demarrl in the year 2000 versus average su¡::ply in 1984/1986
1

• 

Expected demand Average suwly Oeflcit 
In the year 2000 1984/1986 De"ficit (X or productlon) 

(000 tons) (000 tons) (000 tons > S'-"PlY 

Great lakes Reg!on 968 593 375 63 

Southem AfricJ 840 487 353 n 
Eastern Africa 1926 1090 1836 77 

Others 312 192 130 71 
Total 4046 2352 1694 n 

Source: FAO-Production Statistics. 
Intenlal data, Bean Econcmics. 

1 
2 see footnote 1, Table 1. 

rata for sare countries are not available. 3 Kenya-data not available in FAO-Statistics, developnents in Kenya are 
assumed to be on same trerrl line as in rest of the region. 

345 



Table 5. Bean deman:1 in the year 2000 versus average suwly in 1984/19861 • 

Expected denllnd Average suwl y 
in the year 2000 1984/1986 

(000 t~) (000 tons) 

Brazil 3296 2465 
Hexico 1535 989 

Andean Region 340 260 
Central Americe 442 290 

Others 338 454 
Total 5940 4459 
L.A. without Chile and 
Argentina 5840 4125 

Sa.Irce: FN:>-Production Yearbook. 
Intemal data, Bean Eoonanics. 

1 see footnote 1, Table 1. 

Deficit 
(000 tons> 

831 

546 

80 

152 . 

-126 
1481 

1715 

Deficlt 
(% or procb:tion) 

Sl.JR)ly 

34 
55 
31 
52 

-27 

33 

42 

Table 6. socio eoonanic parameters for Iatin America arrl Africa 

Average i..ncane, 1985 
(US$jhead years) 

% Rural ¡:qW.ation 1985 

Non agricul tural i.nc::ate, 1980 
Agricul tural i..ncane 

Protein availability 1985 
(grams/capfday) 

calorie availability 1985 
( caloriesjcapjday) 

Sa.Irce: World Develcpnent Report 1987. 
FAO Production Yearbook 1986. 
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Iatin America Africa 

1660 550 

31 75 

3.2 5.9 

68 49 

2712 2158 



Table 7. 'n1e i.np:>rtan::e · of beans am beans pm:hases in the diet in Brazil 
1974-1975. 

Grams of bean X of protein Grams of bean 
protei n per day intake X purchased protein purchased 

Urban: 

Recife 8.7 14.1 93 8.1 
Belo Horizonte 9.5 16.6 95 9.0 
Rio de Janelro 11.6 16.6 97 11.3 
Sao Paulo 11.1 16.4 95 10.5 

Rural: 

North East 21.0 33.7 32 6.7 
Minas Gerafs 19.7 32.3 33 6.5 
Sao Paulo 16.9 25.9 68 11.5 

South 16. 7 22.5 31 5.2 

sa.troe: IB;E, ENDEF, 1977. 
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Table 8. 'lhe reductioo of bean cxnstmptioo in Brazil fran 1971-1981. 

u roan Total 

Consunption 1971 
{kg/capjhead) 19.4 35.7 26.4 

% of pcp.ll.ation 56 44 

Consunption 1981 
(kg/capjhead) 14.1 26.0 17.9 

% of pcp.ll.atioo 68 32 

Effect of: 

Uroanization (kg) 1.36 
(%) 16 

Price irx::reases (kg) 2.33 4.26 3.74 
(%) 44 44 44 

other factors (kg) 2.13 3.88 3.40 
(%) 40 40 40 

Sa.lrce: CFP, Brasilia. 
IOOE, Rio de Janeiro. 
Padrioo, et al. , 1986. 

348 



Table 9. '1he dimensions of entrepreneurial arrl small-fann agriclli ture in 
Iatin .America, Early 1980's. 

N\.mi)er of ecx:>nani.c uni ts 
Area covered 
SUWly of pe.nnanent crcps 
SUWly of armual crc.ps of which: 

Maize 
Pota toes 
Rice 
SUgar cane 
Beans 

SOUrce: l..q)ez Cordovez, 1982. 

Entrepreneurial 
agriculture 

(%) 

22 
82 
59 
47 
49 
39 
69 
79 
23 

Small-farm 
agriculture 

(%) 

78 
18 
41 
53 
51 
61 
32 
21 
77 

Table 10. Costa Rica production cost in different production syste.ns, 
1986/1987 .. 

"Tapado" ''Espeque'' 

Yield (kg¡'ha) 513 1039 
Production costs (US$jha) 224.4 446.3 
Prcxi. costsjkg (US$) 0.44 0.43 
% machinery costs 
% inp.It costs lO 33 
% larrl costs 34 17 
% interest costs 4 7 
Prcxi. costsjkg 

( larrl costs=o) 0.29 0.36 
Prcxi. costsjkg 

( lan:i+ labor costs=o) 0.06 0.17 

SOUrce: CIAT, Bean Program, Annual ~rt 1987. 
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"Semi -mechanized" . 

1380 
555.2 
0.40 

34 
28 
15 

7 

0.34 

0.28 



w 
CJ1 
o 

YIELD 
RATI 

4.00 

3.00 

2.00 

1 

FIGURE 1: SOY SEAN VERSUS SEAN YIELD-RATIO. 1963-1986 U.S.A. ANO SRAZIL 

1. SOY BEANfBEAN- YIELD. BRAZIL 

2. SOY BEANfBEAN X 1.4- YIELD. BRAZIL 

3. SOY BEANIBEAN- YIELD. U.S.A. 

,., 
1 ' 

" 1 \ 
~ "--) 1 ... _ 1 \ 
"' 1-... 1 ' ...... ,~" "' 1 ', 1 ....,.. ... , ~ 

.. ' 1 )/ (l) _... \ 1 
~ \ 1 , ....... 

... ~-~~ -~ , 
,..,~-... , ...J--r!:'..::.~--------·' .~·-. ..-·-·-·--. __...... ....... - .• 

,_.~:.......... ...__.;:..e::-_:-.... " ........ / ...................... • ....... _........ (j) 

--- T- 1 

63 65 70 75 80 85 86 

YEAR 

SOURCE: fAO. PRODUCTION YEARBOOKS. VARIOUS YEARS. 



'!HE FUIURE OF SMALL BFAN FR:>I:UCERS lli MEXI<X> ANO 'IHElR 

REIATIOOSHIP WI'IH o:::M1ERCIAL ~ 

Rogelio Lépiz* 

In the last 20 years, Mexico has registered a small reduction in surface 

area harvested, frcm 2.1 to 1.8 million hectares, arrl a m::x:lerate increase 

in grain production, frcm O. 91 to o. 99 million tons annually. 'Ilris has 

been possible because of an increase in yields fran 427 to 555 J.-gjha. 

For the same period, there is evidP.nce of a change in bo_an producing 

areas. Production has shifted from st.c1tes in the central part of the 

country, such as Jalisco airl Ve..."'Clcruz, t~mrd the northet:n region located 

in the central high plain, es¡x.:cially the states of Zacatecas, Du.nmgo, and 

Chihuahua. In 1985, these states harvested 60% of the natio.n:u surface 

area dedicated to beans. 

'Ihe information presented previously reflects the t'¡pes of producers 

fourrl in I1exico. In the centrcu part of the country, bean producers are 

typically small fanners. More than 80% grcM less than five hectares of 

beans, they produce principally for their a-m constmption, the chief labor 

force is the family, they use trad.itional production systems, their 

productivity are generally la.¡ arrl so is their income, arrl they can:y out 

econc:mic activities outside the production unit. on the other hand, more 

than 70% of the producers in the northern part of the OCJlmtry, including 

* Researcher for the Instituto Nacional de Investigaciones Forestales 
Agrícolas y Pecuarias (rniFAP) of Mexico, currently at CIAT, A.A. 6713, 
cali, Colanbia. 
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Nayarit arrl Sinaloa, present characteristics of teh so-called ccmnercial 

fanrers. 

Regarding the situation of srnall bean producers in f.iexiaJ over the last 

15 years, one can awreciate a reduction in their I1tiitlPer arrl in the volume 

of their production. 'Ibis has been caused .by the displacement of the area 

devoted to beans fran the central to the northern part of the country. It 

is estimated that in sane of the central states there has been a reduction 

of 203,000 mnal.l producers, who have s~ producing 20% of the national 

total. 'lhis situation has been brought about by the plSh toward planting 

rnaize in t11is region, by the use of herbicides arrl a mechanical hal:vest 

which does not pennit the planting of associated beans, by the scarcity arrl 

high cost of manpower, arrl .by the displace.rrent of bean by other crops with 

less risk a'"Xl greater retum. 

Noblithstanding this, the situaticn has not changed in other central arrl 

southen1 states of the country, an:i in the near future, an increase in the 

number arrl participation of srnall producers can be anticipated. 'lhis is 

due to the growing demand of fanners without larrl arrl the agricultural 

policy whidl is pushing the small farm beyorrl what is teclmically arrl 

economically recanmerrlable. 

On the other hard, from the socioeaJnomic point of view, the future of 

the srnall producers is not very pranising. In spite of the fact that in 

the last few years, interest in this sector has increased, research arrl 

development prograrns focused on inproving incane through greater 

prcx:luctivity are not sufficiently broad. 'lhere are prd::llerns in financing 

not cnl y for new prograrns, but al. so to se:rve those that are already in 

progress. Technology generated. on e.xperirnental fields is being utilized 

very little by srnall prcx:iucers. Extension setvices are limited and they 

r.ave become part of a bureaucracy. Sir.all prcducers do not have capital and 

have fe'l..¡ possibilities of obtainil-q it, especially when they are corroron 
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landholders (ejiditarios1). 

Because of the previoos explanation arrl knowing that this sector is not 

going to disawear, rut on the contrary, that its participation will 

increase in i.nportant over time, an intensification of research arrl 

develcpnent programs terrling ' to adrleve an :in'prove.Irellt in i.nc:are arrl social 

well-being is required. Achieving this will not be easy arrl will require a 

great coordinated effort am:>nJ the different parties that intervene in 

prcxluction. In research, work focused on this sector sha.lld be 

intensified, to oonsider the production units as a system, arrl on a 

regional leve!, to identify real prcxluction problems, their causes, arrl 

possible solutions, arrl to evaluate prcmising tedmolcqies in fields arrl 

with the participation of prcxlucers. Upon releasing the recx:mnerrlation of 

a tedmolcqical cntpOilellt, all the necessary support for it to be 

sucx::essful sha.lld be c:x>ntenplated. 

Introduction 

As happens in the majority of bean prcxlucing countries of Iatin 

America, a great percentage of fanners who dedicate themselves to growing 

this 1~ in ~co are small prcxlucers. 'lhese prcxiucers are principally 

located in the central arrl salthern area of the country where, in the last 

15 years, the surface area for beai"1S has been reduced considerably. 

Reduction has been greater in the states of Jalisco and Veracruz--395,000 

hectares having been renmred fran 1970 to 1985. 0n the other hand, in the 

northern part of Mexico, where ~ial fanning predaninates, plantings 

of beans have increased notably, fran 444,000 hectares in 1970 to 1,100,000 

hectares in 1985. 'Ibis signifies an increase of 148% arrl represents 62% of 

the national surface area hal:vested in 1985. 

1 Producers who cul ti vate federal lands called ej idos. 
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'Ihis shift in production regions, which inplies · a reduction in the 

participation of small prcx:lucers in the national production of beans, 

plants doubts about the causes of the change, an:l regarclin;J the future of 

the small bean producer, especially regarcling priorities in the near future 

for research an:l developnent programs. 

As is well known, in the last few years there has been much interest on 

the part of public institutions, an:l on a srnaller scale of private ones, 

and programs oriented tcMard inproving prcx:luction of small producers (who 

traditionally have been forgotten) have been established. One carmot say 

that in all cases there has been success, but something has been achieved. 

'!he q-..1estion now is for the attention that small bean producers should 

receive in relation to cormnercial fanno..rs. If the tendency is for srnall 

prcrlucers to disappear, is it worthv.:hile to invest in resources for this 

sector? On the contrary, if their mnnber is rraintained or eventually 

increases, what should be done an::l hcM far should we go? 

'Ibis docurnent attempts to go over the previous topics urrler the weak 

light of the lack of abundant sta.tistical data, and takes into account 

experiences and resul ts of work wi th small producers in Mexico an:l other 

countries of the wi::>rld. 

Evolution of Eean Production in Iatin America 

According to statistical infonnation (FAO, 1986), Brazil and Mexico 

continue to be the two countries in Iatin America that produce the rnost 

.beans. In the three-year period 1984-1986, Brazil harvested IOC>re than five 

núllion hectares annually (63.6% of the total) and produced 2.5 million 

tons (55.4%). Mexico, on its behalf and for the same period, harvested an 

average of 1.8 núllion hectares (21.1%) and produced 0.99 million tons of 

grain annually (22 .2% of the total). Both CXJUntries harvested 84.7% and 

produced 77. 6% of the total for Iatin America (Tables 1 arrl 2) . 
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Another grcAJp of camtries that distin;Juished themsel ves in bean 

production were Argentina, Guatemala, Colarbia, arrl Chile, whose surface 

area harvested totaled 7 .2%, with production readrlng 12.2% of the total · 

for Iatin America. 'Ihese cruntries, notwit.hstarrlirq their reduced surface 

area dedicated to the grcy..li.rg of .beans, make a good contri.bution to 

production in the region because of their high yields, whidl averaged 

888 kgfha for the three-year period of 1984-1986 (Table 3). 

• 
With regard to evolution of production in the region durirg the last 20 

years, one can a_wreciate the followirg. Of the s ix principal bean 

producirg cruntries, Brazil, Argentina, Guatemala, arrl Colanbia increased 

significantly surface area harvested arrl, as a result, their production. 

Unitary yields in Brazil were reduced noticeably, frcm 657 to 511 kgjha. 

In Argentina, they ranained without dlarges, a.roun:l 1020 kgjha, whil e they 

increased in an inp:>rtant marmer in Guatemala arrl Colanbi a upon goin:J fran 

512 and 542 kq(ha to 670 and 769 kgjha, respectively (Tables 1, 2, and 3). 

With regard to Mexico, there was a slight reduction in harvested area, 

frcm 2.1 to 1.8 million hectares, and a m:::x:ierate increase in production, 

fran 0.91 to 0.99 million tons. 'Ihis was possible due to the increase in 

unitary yields, whidl in the three-year period 1964-1966 were 427 kgjha, 

and in 1984-1986, 555 kgjha on the average. 

arile has maintained figures without many dlanges. Area has varied 

between 62, 000 and 86, 000 hectares harvested and producti on between 87, 000 

and 95,000 tons annually. 0ne can a_wreciate a small decrease in unitary 

yields, fran 1401 to 1104 in the period urrler ref~. Another ca.mt:ry 

that has registered increases in proouction is El Salvador, especially for 

increased productivity, whidl has gone frcm 556 to 769 kgjha in the period 

mentioned. 
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Evolution of Bean Production in Mexico 

Upon maki.n:J an historical analysis of bean production in Mexico after 

1925, sorne i.nportant c:harqes can be awreciated (Figure 1 arrl Table 4). Up 

to the five-year pericxl 1935-1939, there was a decrease in area harvested 

as well as in production obtained, arrl as a result, in coilSUllption per 

person, which reached the lowest leve! of 6 kg per year. 'Ihis depression 

was very possibly caused by irregularity arrl insearrity in the hold.in;J of 

larrl due to the cu:m:rl IOCJVe.Irel1t begun in 1910. 

Frorn the pricxi 1935-1939 up to 1965-1969, there was dynamic arrl 

constant grcMth, a stage in whidl area increased at an annual rate of 4% 

arrl production increased 7% per year. '!he greatest increase in production 

was due to the canbined effect of increase in area arrl in yields, whidl 

went fran 204 kg¡ha to 467 kg¡ha. Such dynamic arrl sustained growth in 

this historie stage can be explained by the social stability which the 

country achieved, the creation of ~rt institutions such as credit 

banks, arrl research arrl · extension insti tutions, and the dernarrl for the 

product bra.Ight aba.rt: by generally higher per capita incanes. At the errl 

of this pericxi, per capita consurrption reached the highest recorded leve!, 

18.5 kg of beans per person per year. 

In the decade of 1970, there was a notable decrease in area harvested 

arxi total production, in spite of the fact that yields continued to rise. 

'Ihe depression in production is explained on ene the harrl by the lack of 

stimulus for planting beans due to the freezing of product prices an::i 

includes the reduction of these in the years 1976 arrl 1977, fran 21% arrl 

17%, respective! y, in relation to the price of 1975. On the other harrl, 

production was affected by climatic hardships, espe!piall y in 1979, when 

drought arrl frost at the errl of the cycle depressed production by 307, 000 

tons in relation to the year befare (I.épiz, 1986). 
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In the five-year period 198D-1984, production recovered its growth, 

since the hal:vested area was near two million hectares, with yields over 
600 kgjha, arrl grain production was 1.2 million tons. In spite of this, 

arrl because of growi.rg interna! dert\éll'Xl for this base product of national 

food intake, ara.trrl 50, 000 tons of beans have been inported armually 

(Table 4). 

Dynamics of Bean Produci.rg Zones 

In addition to the variations in bean production between years, whidl 

chiefly reflect effects of cli.mate arrl sale price, there have also been 

production dlarxJes in sate of the inportant regions of the ca.mtry whidl 

dedicate t:hert5elves to ~ production. 

Table 5 includes hal:vested area of this legurne by states, for the years 

1970, 1977, arrl 1985. By means of this infonnation, one can awreciate the 

followi.ng. Am:>rg the principal bean produci.ng states in Mexia:>, Oúhuahua, 

~o, Zacatecas, arrl Tamaulipas significantly increa.sed area ha!:vested, 

fran 444, 000 hectares in 1970 to 1, lOO, 000 in 1985. 'Ihis signifies an 

increase of 148% arrl represents 62% of the national area ha!:vested in 1985 

(Fig. 2). 

'!he group of produci.ng states whidl remained rrore or less a:>nstant in 

bean production were Sinaloa, Nayarit, Querétaro, Guanajuato, PUebla, 

oaxaca, aúapas, arrl Yucatán. Accord.irq to data in Table 5, Sinaloa arrl 

Nayarit really reduced their area hal:vested in the years whidl were 

included. Nevertheless, upon d::lseiV'i.ng their production in the catplete 

historical cycle, in reality they have maintained a rrore or less a:>nstant 

area. 

'Ihe group of produci.ng states whidl significantly reduced the area 

dedicated to this crop were Aguascalientes, Jalisa:>, Midloacán, the state 

of Mexia:>, arrl Veracruz. In 1970, they harvested 642,000 hectares, arrl in 
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1985, this figure barely readled 133,000 hectares. 'Ihere was a very 

inportant reduction in Jalisco (300,000) arrl also in Veracruz (95,000). 

'!he five states mentioned hal:vested 37% of the national area in 1970, .t:ut 

only 7% in 1985 (Fig. 3). 

All of this irrlicates an interna! novenent in bean producinJ areas in 

the last 15 years. 'lhere is a clear displaoerrent in bean production fran 

the central area of the CXJUJ1try toward the northern region located in the 

central high plain, that -is, toward the states of Zacatecas, Dlrango, arrl 

Chihuahua, whidl nost increased area dedicated to beans in this period. 

Types of Bean Producers 

As cx::x:m:s in the majority of the latin American CXJUntries, if not in all 

of them, small bean producers are much IOC>re rnnnerous than large ones in 

Mexico. Even though statistical information isn' t available now to su¡::port 

the previous affirmation, there isn't the slightest doubt for the author 

that in that CXJUntry, the I1UIIiJer of so-called small producers, small 

fanners, or subsistence fanners is greater in relation to the rnnnber of 

ccmnercial fanners, inpresarios, or capitalists. 

What is not possible to affinn is which of the two kirrls of fanners 

contributes the largest volurne of grain to national production. Again this 

is because of the lack of statistics, arrl because there is no clear 

definition of what is a subsistence fanner vs which producer is a 

cornmercial fanner. 

As has been a:mnented by other authors, there is no sinJle criterion 

which defines the srnall producer. Aspects related to larxiholcling, 

extension arrl quality of larrl, social arrl econcmic factors, arrl cliiM.tic 

effects all should be considered. '!he interaction of all of these arrl the 

variation in the danination of one of them fran one region to another makes 

it impossible to separate things into black arrl white. 
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Based on this, one generally leaves to the judgroont of the reader the 

definition arrl identification of the small producers, pointing oot only 

sorne of the dlaracteristics whidl they have in <.Xl'l1'0Cln. In this dOC\.lll'eJlt, 

we will not give a definition. On the other harrl, we will note sorne of the 

characteristics of srnall producers in Mexico: 

l. 'Ihey own am;or cultivate an area generally no lcu:ger than five 

hectares. 

2. 'lhey dedicate the lcu:gest extension to basic food C1:'q)S. 

3. 'Iheir central oojective is to produce fcx::x:i for the family arrl afterward 

sell products. 

4. 'Ihe principal labor force is the family. 

5. 'Ihey usually work on the basis of their own resources (scarce), with 

the least investnent of capital arrl at low risk. 

6. 'Ihey use cx:qJlex production systerns of more than one species, in 

single crop, associated crop, intercrop, or relay crop. 

7. '!he agronanic managerrent of crops is traditional, ·with few IOOdern 

technological inputs. 

a. Productivity arrl production are very low, arrl so is income. 

9. 'Ihey carry out econanic activities outside the production unit arrl. 

suffer fram migration of the farnily labor force to the big cities. 

10. 'Ihey have a low leve! of schooling arrl deficient health arrl 

educational services. 

11. 'Ihey are generally located in isolated regions, on low quality 

terrains, arrl face climatic prd:>lems during prcx:luction. 

0n the other harrl, commercial fanners grow lcu:ger extensions than five 

hectares; they can dedicate themsel ves to basic grains arrl to irrlustrial 

crops or crops for export; the principal oojective is to produce for the 

zrarket (rusiness); they use machinery arrl a hired labor force; they "WOrk 

with credit arrl a high investment of capital, with single ~ing systems, 

arrl high technological i.n¡:uts; their productivity, production, arrl incare 

are high; they are located near roadways arrl generally on fertile terrains, 
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with favorable climate or with irrigation available; arrl at the sane tilre, 

they have access to different social services, Stldl as education, medicine, 

arrl recreation. 

Acx::::ording to the statistical infonration in Table 5, in the last 15 

years in Mexico, inportant dlanges in bean production areas have occurred. 

One can awreciate the displacement in production of this legume fran the 

central states (Jalisco, the state of Mexico, arrl Veracruz) toward the 

northern states of the semi-arid high plain. In 1985, Zacatecas, D.rrango, 

arrl Chihuahua harvested nnre than one million hectares, which in total 

represented 60% of the national area. 

'Ibis infonration reflects type of bean pnxiucer involved. In the 

central arrl soothern areas of the country, producers of this legume are 

typically small farners. Withoot any doubt, more than 80% grc:M less than 

five hectares, they produce first for their own consunpti on, the principal 

labor force is the family, they use traditional production systems, their 

production arrl productivity are generally lOYI, arrl they can:y oot econcmic 

activities outside the production unit (Table 6). 

With rega.rd to bean producers in the northern part of the COlU1try, also 

incluclin:J the coastal states such as Nayarit, Sinaloa, arrl Tamaulipas, nnre 

than 70% are on the side of the comrnercial farners, altha.Igh they might not 

meeting all the requirerrents of the case. Tables 7 arrl 8 arrl Figs. 4 arrl 5 

shOYI variation in area which the producers of the plains of D.rrango arrl 

Sombrerete, Zacatecas, dedícate to the planting of beans. In D.rrango, for 

exarrple, 72% grc:M more than five hectares, arrl in the region of Sanbrerete, 

Zacatecas, 92% do. '!he principal target of these crops is the national 

market. Producers use machinery driefly for the work of soil preparation, 

planting, arrl harvesting; they contract labor outside the family for work 

such as weeding; arrl they make investments with their own capital or that 

which CCI'!eS fran bank credit for the p..rrchase of agrochemicals, soil 

preparation, arrl harvesting. In spite of the previoos staternents, arrl 

360 



especially regardirg producers fran the semi-arid high plains1 sane of 

their dlaracteristics are trore typical of srnall producers. 'lhey don' t 

always use high tedmological inp.Jts (e.g. they plant native varieties); 

climatic corrlitions are adverse (scarce ( 450 nm annually] arrl irregular 

(periods of 10 to 20 days witlla.It rain] rainfall) ; arrl as a result 

productivity arrl production are low (470 kgjha in 1985). 

'lhe FUture of Srnall Bean PrOOucers 

In this paper 1 the concepts of srnall fanrers 1 small producers 1 

subsistenoe fanners 1 arrl producers for self-col1Sllitpt.ion have been used as 

equi valents. Nevertheless, the tenn srnall producers or small fanners has 

been preferred. When speaki.n;J aboo.t subsistence fanrers 1 the canbination 

of words inplies a st.ron:J inclination with reference toward small producers 

who live urrler very critical corrlitions at the sw:vival level. 'lhe sarre 

a¡;;plies to the concept of farmer or producer for self-col1S1.llTption 1 where we 

would be referrin;J strictly to those who prcxluce solely for family 

col1S1.llTption. 

On the other harrl 1 arrl although statistical information is not 

available, it is the author's opinion that in the case of Mexico arrl Iatin 

America in general 1 the percentage of bean producers in real subsistenoe 

corrlitions or who produce exclusively to satisfy their own const.mption 

needs is very low. For that reason1 the concept of smal.l producers or 

fanners has been preferred1 where all those at the subsistenoe arrl 

self-col1S1.llTption level are included. 

Upon speaki.n;J aboo.t the future o f smal.l bean producers in Mexico in 

relation to their m .. nrber arrl their participation in the national prcx:luction 

of this legtiite 1 arrl acx:::o~ to statistical data in Table 5 already 

cxmnented upon 1 one can affinn that there is a clear ten:::lency toward 

reduction. 'lhis is primarily due to the displacerrent of the bean area fran 

the central to northern regions of the country 1 as has already been pointed 
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out. Upon makirg an estinate for the reduction in the nt.ntiJer of srnall 

producers in the states where, in the last 15 years, a decrease in the 

harvested area of 509,000 hectares has been registered, arrl assumi.ng an 

area of 2. 5 hectares for eac:h p:roducer, the reduction represents a loss of 

203,600 srnall p:roducers. On the other harrl., upon maJc.i11g an estilnate of the 

reduction in production arrl cx:>nsidering an average yield of 500 kgjha in 

the area i.nlicated, 254,800 tons of grain have not been produced. 'lhis 

voltiiie represents arourrl 20% of the current national production. Fran the 

preceding estinates we would have to discoont bean area whic:h, upon being 

transferred to northern states, is also being cp:am by small producers. 

'Ihere are no data for atterrpting an estímate of this area. 

Sane of the possible causes which have bralght about the reduction in 

area hal:vested arrl mnnber of bean producers in the central axis of the 

countcy fran Jaliscx:> to Veracruz could be the following, not necessarily 

listed in the order of their inportance. 

l. '!he goverrurent' s policy of Sll{lX>rting maize production in the states of 

JaliSCX>, Mexicx:>, arrl Veracruz 1 with favorable cx:>rrlitions for this crop. 

2. 'Ihe use of technologies in the growing of maize 1 such as the use of 

herbicides arrl rnechanical harvesting 1 whic:h have restricted the 

planting of beans in association. 

3. 'Ihe scarcity arrl high cx:>st of rnanpower in the region because of 

increased enploynent in irrlustrial centers such as Aguasca.lientes, 

Jaliscx:> 1 Mexicx:>, arrl Veracru.z. 

4. '!he increase in ti.ne dedicated to outside-the-fann activities brcAlght 

about by nearness to big cities arrl factory centers, whidl have 

elevated producers' ¡:m:chasing power arrl pennitted them to cbtain beans 

in the market. 
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5. '!he displacement of beans by crops with less production risk, such as 

sorghum arrl maize, or with a greater return, such as vegetables. 

6. In saoo cases, severe damage caused by diseases such as gol den IOOSaic 

in the northé.m part of Veracruz, arrl ftlt'gal infections in Jalisco, or 

severe attack of pests (Eoiladma arrl Apion) in Michoacán have made 

bean crops unprofitable. 

In spite of the terrlency toward reduction in the rn.nnber of producers arrl 

production itself in sane states of the central area of the country, upon 

making a historical an:i social anaiysis, it can be affinned that this form 

of production is not going to disa~. '!he same statistics show that in 

sorne states such as Yucatán, Chiapas, oaxaca, arrl Puebla, typically of 

small producers, charges in the sense with which they have been discussed 

here have not occurred. 

On the contrary, and in spi te of the fact that the population growth 

rate has been reduced, there is a constant migration fran the country to 

the cities and as a percentage, the agricultura! population has diminished, 

but the nurnber of people requirin;J larrl in the country continues to grcM. 

D.le to this increasing demarrl, the limited anount of new la.nd, arrl the fact 

that through agrarian reform laws, the small fann is continuing to be 

pushed beyorxi the limits recanrnerrled for econanic productivity, the mnnber 

of snall famers is increasing. 

On the other hand, · arrl fran the social, econanic, arrl t.eclmological 

point of view, the future of srnall agricultura! producers is not very 

prcxnising. As has occurred in other developin;J countries, it has only been 

in the last few years when in Mexico the goverrnnents, through p.lblic 

institutions of education, research, extension, arrl credit are making 

serious efforts to inco:rporate this sector into develcpnent. Nevertheless, 

because of economic problems which occurred in thls country during the last 

years of this decade, there are financing problems not only for increasing 
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research to benefit small fanners, rut for maintai.nirg orqoing research arx:l 

developoont prograns. Until now, agricul tural technolcqy developed on 

experinental farms arrl in research laboratories has been used very little 

by srna.ll producers. Extension services are insufficient, with personnel 

with little experience arx:l notivation arrl a bureaucratic stnicture that 

reduces efficiency. Small producers do not have capital to invest in 

inputs, arx:l have very few possibilities for obtai.nirg sud1 capital. nris 

is even worse for the ej idatarios, who, in order to be able to get credit, 

have to organize thernsel ves in credit associations. Many of these 

producers are located in isolated areas, where i.np.Its cannot be obtained, 

arrl there are marketi.rq problems for their prcxlucts. others are fanning 

marginal larrl, with severe problems with soil arrl cli.mate. In general, 

their productivity is low, arx:l as a result, their inc::lc::a:te is mudl below that 

whidh is dbtained in the cities (2/3 below in 1970). Finally, 

comrm..lJÜcation, educational, arrl health services are not imp:roved at the 

rate desired to adhieve their incorporation into national develcpnent. 

Research arrl Developnent Programs 

In spite of a future with little pranise for srna.ll farmars arx:l other 

producers who dedicate them;elves to bean production on a srna.ll scale, 

there currently exists the belief in the need to reduce the separation 

between srnall producers arrl commercial farmars, arrl associated differences 

in :incane arrl services between rural areas arrl urban arx:l irrlust.rial 

centers. 

For the nnnent, it is unknown how far one can go or what improvements 

can be adhieved. What is certain arx:l urgent is that much can be done. It 

is necessary to accept the hypothesis (or, just in case, reject it) that 

the srna.ll producer is rational, that his lack of education does not signify 

the absence of intelligence, that just like any human being he aspires to 

material arrl social i.nprovement, arrl that, as a result, he is capable of 

assimilatin:J arrl incorporatin3 · tedmological innovations into his 
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prcxiuction system. 

Definitely, as many researd1ers have noted, the path is not sinple: to 

achieve an ilrprovement in incane arrl in the small fanrers 1 social 

well-being will require a great coordinated effort arrong the clifferent 

catq:x:>nents whidl inte.tvene in production. 

With regard to researdl, there currently exists a serioos precx:x:::upation 

of researdlers arrl leaders of the Instituto Nacional de Investigaciones 

Forestales Agricolas y Pecuarias (rniFAP) in Mexico, that there will be a 

greater use by pt::'QdUcers of tedmology whidl has been develcped for 

other crcp:;. With this purpose, rniFAP is helping the Productora Nacional 

de Semillas (~E) produce basic seed, arrl it is perfonning trials for 

validation arrl cliffusion of pranising technological catpe>nents to the 

terrain of producers. At the same time, on a regional level, DITFAP 

searches for greater integration between researd1 arrl extension service, 

and seed prcxiuctiori arrl credit. 

Regardin;J researdl, DITFAP looking for results whidl will resporrl to the 

real necessities of fanners, especially those of small p:roducers. With 

this pu:rpose, arrl on a regional level, i t is being insisted upon that work 

be done on real production problems. 

In spite of the previoos statements arrl also as has been explained, in 

order to achieve an inproverrent in production, in income, arrl in the 

well-being of small producers, it is an irrlispensable corrlition to 

intensify efforts whidl are a.rrrently bein;J urrlertaken arrl to suwort 
regional researd1 prcqrarns closely linked to those of production of i.npJts 

( seeds, fertilizers, etc. ) . arrl services ( credit, insurance, 

c:x:mnercialization). In researd1 projects, althaJgh one may work on the 

basis of p:roducts (beans, for exarnple), one rnust not lose the holistic 

perspective of the p:roduction unit as a system. Equally, one ll'USt use 

current diagnostic teclmiques to identify problems, causes, arrl ¡::xJSSible 
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solutions, to evaluate pranisinJ technologies in fanrers' fields, arrl to 

involve them in carry.in:J a.It these trials arrl in the final selection of a 

technological c.::atpOnent to recc:moorrl. 

Upon releasinJ the recx:mrerrlation arrl startinJ diffusion of a 

technological carponent, the stl¡lX>rt necessary to assure its sucoess shoold 

be contenplated. First, the tedmology sha.ll.d have a solid experimental 

back-up, arrl it should signify an advantage for the produoer. It shoold be 

widely diffused. When p:rt::I'!Otion is done, if it is a question of an inp.It 

(seed, inoculant, agrochemical), it should be available arrl within readl of 

producers. '!he necessary stl¡lX>rt institutions should be invol ved in an 

organized arrl responsible manner. Finally, the evolution of the 

technological carp:>nent should be followed up to kncM about its sucoess or 

failure, arrl to save as feedback for the whole process. 
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Table l. Evolution of hal:vested area (1000 ha) of beans in Iatin America 
in the last 20 years. 

1964-1966 1974-1976 1984-1986 
COU'ltry Avera9e X of total Average X of total Average X of total 

Brazil 3243 51.9 4140 60.1 5374 63.6 
Hexico 2149 34.4 1680 24.4 1781 21.1 
Argentina 32 0.5 129 1.9 230 2.7 
Chile 62 1.0 74 1.1 86 1.0 
Guatemala 86 1.4 103 1.5 167 2.0 
Colonbia n 1.2 104 1.5 126 1.5 
HonciJras 74 1.2 78 1. 1 67 0.8 
Nicaragua 59 0.9 71 1.0 91 1.1 
Haiti 40 0.6 41 0.6 85 1.0 
El Salvador 27 0.4 53 0.8 59 0.7 
Peru 58 0.9 57 0.8 62 0.7 
Venezuela 89 1.4 83 1.2 68 0.8 
Ecuador 65 1.1 66 1.0 47 0.5 
Paraguay 32 0.5 59 0.9 51 0.6 
Daninican Replblic 38 0.6 44 0.6 55 0.6 
Clba 37 0.6 35 0.5 35 0.4 
Bolivia 9 0.1 9 o. 1 9 0.1 
Costa Rica 49 0.8 36 0.5 48 0.6 
Panama 19 0.3 14 0.2 10 0.1 
UrugUay 5 0.1 4 o. 15 5 0.1 

Latín Americe 6249 100.0 6884 100.0 8456 100.0 

Source: Sanders &nd Alvarez, 1978; FAO, 1986. 
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Table 2. Evolution of bean production in ratin America in the last 20 
years (in thoosarrls of tons) • 

1964-1966 1974-1976 1984-1986 
COU'ltry Average X of total Average X of total Average X of total 

Brazi l 2130 58.6 2117 53.5 2465 55.4 
Mexico 917 25.2 1047 26.4 989 22 .2 
Argentina 32 0.9 132 3.3 237 5.3 
Guatemala 44 1.2 78 2.0 112 5.5 
Col amia 39 1.1 75 1.9 97 2.2 
Chile 87 2.4 ' 73 1.9 95 2. 1 
Hondlras 50 1.4 54 1.4 40 0.9 
Nicaragua 39 1. 1 53 1.3 52 1.2 
Haiti 41 1.1 44 1.1 48 1.1 
Paraguay 30 0.8 42 1.1 41 0.9 
El Salvador 15 0.4 37 0.9 45 1.0 
Peru 46 1.2 36 0.9 48 1.1 
Venezuela 43 1.2 37 0.9 36 0.8 
Daninican Rep.bUc 25 0.7 35 0.9 45 1.0 
Ecuador 28 0.8 28 0.8 29 0.6 

Clba 25 0.7 24 0.6 27 0.6 

Bolivia 14 0.4 21 0. 5 12 0.3 

Costa Rica 19 0.5 16 0.4 28 0.6 

Panama 6 0.2 4 o. 1 3 0.1 
Uruguay 3 o., 2 o., 3 0.1 

Lat in America 3635 100.0 3957 100. 0 4452 100.0 

Source: Sanders and Alvarez, 1978; FAO, 1986. 

369 



Table 3 o Evaluation of bean prOOuction (kgjha) in Iatin Arnerica in the 
last 20 years. 

Country 1964-1966 1974-1976 1984-1986 

Brazil 657 511 459 
Mexico 427 623 555 
Argentina 1019 1021 1030 
Chile 1401 987 1104 
Guatemala 512 754 670 
Colanbia 542 719 769 
Horrluras 676 688 597 
Nicaragua 661 739 571 
Haiti 1025 1073 564 
El Salvador 556 708 769 
Peru 794 630 774 
Venezuela 485 449 529 
Ecuador 433 431 617 
Paraguay 937 712 804 
JXmtini.can Replblic 653 801 818 
CUba 675 686 - 771 
Bolivia 1555 2333 1333 
Costa Rica 388 444 583 
Panama 316 286 300 
Uruguay 600 500 600 

Iatin Aioorica 582 575 526 

Source: Sarrlers arrl Al varez, 1978 o FAO, 1986o 
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Table 4. Five-year evolutioo of bean prcrluction in ~co since 1925. 

Cons1.111't 1 on 
Five year Area harvested Yleld ProdJction Forelgn Trade ~tonsl kg per 

perlod (ha> (kg/ha) (tons) lqx¡rts Exports capfta/year 

1925/29 893 .939 189 169.621 1.608 7.249 10.5 
1930/34 666.367 198 132.000 2.533 3.755 7.6 
1935/39 574.220 204 116.992 842 1.590 6.2 
1940/44 698.460 223 156.026 86 6.224 7.2 
1945/49 775.172 243 187.993 482 1.464 8.0 
1950/54 997.969 287 286. 591 29.094 218 11.4 
1955/59 1'281 .114 372 476.465 19.981 5.038 15.0 
1960/64 1'683.671 413 695 .186 10.951 10.865 18.0 
1965/69 11946.607 467 908.892 427 61 .671 18.5 
1970/74 1'764.076 536 945 . 759 13.873 15.912 17.4 
1975/79 11446.168 571 825 . 293 29.172 43 .588 12.8 
1980/84 11913.499 632 1'209.855 

Source: SARH, DGEA {1983); FAO {1985) . 
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Table 5. Area hal:vested arrl bean yields in Mexico, by federal entities. 

Entity 1970 
1 

19n
2 

1985
3 

Area(ha) Yield(kg/ha) Area(ha) Yield<kg/ha) Area(ha) Yield(kg/ha) 

Baja California N ~ 849 278 705 120 1.066 
Baja California S 1.078 1.036 802 1.081 2.401 908 
Sonora 2.198 1.608 2.160 1.181 8.147 1.023 
Sinaloa 38.670 1.282 84.885 1.112 35.680 1.064 
Nayarit 91.200 938 64.569 1.125 37.905 1.015 
Colina 1.630 680 1.100 671J 289 740 
Chihuahua 49.970 750 146.713 320 149.308 445 
Durango 169.742 410 162.518 338 285.680 492 
Coahuila ~.169 800 8.613 896 6.164 751 
Nuevo León 4.349 620 11.862 501 2.566 412 
TMiaUl ipas 8.795 548 8.785 576 23.656 427 
Zacatecas 215.231 397 411.215 289 641.412 471 
Aguascal i entes 30.900 415 28.148 442 18.388 341 
San Luis Potosf 56.486 505 40.892 376 58. 726 290 
Jalisco 350.635 426 122.650 828 51 . 188 530 
Hichoac¡¡án 85.264 255 91.745 195 19.803 722 
Edo. de México 59.900 405 26.345 622 18.053 891 
Querétaro 35.860 300 25.388 300 34.223 572 
Guanajuato 130.725 508 45.034 655 112.577 307 
Hidalgo 30.700 500 21.534 333 35.186 804 
Puebla 43.100 316 72.255 254 57.543 468 
Texcala 6.126 170 9.600 721 2.342 761 
More los 5.668 1.005 7.787 1.034 1.671 1.039 
Veracruz 120.065 1.130 47.115 519 25.262 559 
Distrito Federal 150 720 3.693 926 354 675 
Guerrero 25.500 642 35 .050 616 13.066 525 
Oaxaca 70 .980 466 76.890 407 36.244 428 

Chiapas 80.075 400 57.500 512 74 . 484 689 
Yucatán 17.645 424 8.155 397 19.334 309 

Campeche 10.440 410 4.221 881 531 166 
Quintana 398 518 5.000 600 5.878 271 

Tabasco 4.950 909 5.200 1.140 4.076 607 

National 1'746.947 529 11636.703 475 1'782.257 507 

1 
Plascencia et !.!.·, 1986. 

2 
Lépiz, R. 1980. 

3 
SARH, 1987 <unconfinmed data). 
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Table 6. Olaracteristics of producers of beans asscx::iated with maize in 
highlams of Jalisco in ~co. 

87% plant frcm ooe to five hectares. 
78% use seed stored frcm the p:revioos year. 
90% use native varieties. 
65% use organic fertilizers. 
73% use chemi.cal fertilizers. 
95% don't use ciedit. 
74% prepare soil with their own ora rented tractor. 
67% carry ait weedin:J with animal traction. 
85% don't receive technical assistance. 
lOO% keep at least 100 kg for self-consunption. 
'lhey hal:vest an average of 350 kgjha of beans. 

Sa.lrce: INIFAP, Jalisco. 1988. 

Table 7. Extension of agricultura! prcx:luction units principal! y for beans 
in the region of the D.IranJo plains in Mexico. 

Raoses of variatfon (ha2 
Mlllicipal fty 0.5-5 .5 5.6-10. 5 10.6-15.5 15 .5-20.5 20.6-25 .5 > 25 .6 

Suchil 114 231 7 19 
V. Guerrero 247 861 50 19 . 17 31 
Poanas 1084 1162 2 39 10 45 
N. de Oios 725 541 87 14 3 11 
Pánuco 174 1004 32 17 2 11 
G. Victoria 713 2787 235 126 16 99 

Cuencamé 152 181 56 37 38 98 
P. Blanco 114 408 124 38 9 100 

Total 3323 7175 593 309 95 395 

X of Total 28 .0 60.3 5.0 2.6 0.8 3.3 

Source: INIFAP-Durango, 1982. 
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Table 8. Extension of production units principally for beans in the 
ntmicipality of Sati>rerete, Zacatecas, Mexico. 

Size 
(ha) 

1.0- 5.0 
5. 1-10.0 

10.1-20.0 
20.1-30 
> 10.1 

Total 

Source: INIFAP-Zacatecas, 1982. 

SUbtotal 
( 11\lili>er) 

421 
2066 
2290 

263 
379 

5419 

374 

Average 

7 . 8 
38 . 1 
42.3 
4.8 
7.0 

100.0 
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Joao Illiz Alberini * 

Introduction 

Brazil is the largest producer of cx:mron bean (Fhaseolus vulgaris L.) 

in the world, havirg always been a great inporter of the product as well. 

Bean is the Brazilian food par exoeilenoe, fo:rmin:} part of the habit of a.1r 

peq:>le, mid~y arx:l at dinner, constitutirg an inportant soorce of energy 

arx:l protein, for urban arx:l rural dwellers alike. 

Retrospective 

In the decades fran the 40's through the 60's, béaJ:t production enjoyed 

the privilege of an assured yield in the principal established production 

systens, principally in the sooth, in new soils of good fertility, beirx.J an 

inseparable CXl'lpaJlion crcp of coffee, arx:l based in the al:::mrlant marrual 

labor of migrants fran Sao Paulo, Paraná or Minas Gerais. 

Beans in that pericxi were principally intercalated between rows of 

coffee, or associated with maize, maintainirx.J a reasonable production 

garanteed by the good levels of organic matter arx:l low costs of prcx:luction. 

In the decade of the 60's a new alternative presented itself to 

fanners in the sa.rt:h of Brazil: soybeans. Oil crcp par excellenoe, arx:l of 

high protein value, with potential for carplete IOOdlanization, this 

* Melhorista Convenio: HATA-cenetica e MelhoramentojFI'-Pesquisa e 
Sementes. Rua 14 de Julho, 1817, So. Arrlar, Sala 81. ampo Gran:le-M3, 
Brazil. · 
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represented an escape for the large larrl owners fran the "prd::>lem" of the 

new brazilian labor laws whidt had cerne to rural areas, arrl even had a 

great advantage of rotation with wheat, thus creatinJ a production system, 

a type of "doobl~inJ", mudt prc:m:Jted by the governrcent of the 

"Brazilian miracle" aro by the nurne.ra.lS multinational producers of i.rJp.rt:s 

whidl had established themselves in the country. It was toward the errl of 

the decade of the 60's that coffee production entered a serious 

international arrl interna! crisis with the threat of coffee rust, that 

fatally damaged Brazilian coffee plantations at the beg:inni.rg of the decade 

of the 70's, arrl drove oot of those areas rni.xed crq:pinJ with beans, due to 

the need for ned'lanized dlemi.cal control of the d!-sea.se. Finally, in 

1975, a severe frost gave the final blow to Brazilian coffee production arrl 

expelled once arrl for all both the migrants arrl mixed crq:pin:J. 

A new agricultura! system was defined fran that date onward in the 

center-south of Brazil, the principal bean production region. 

A thoroughl y na:nanized agricul tural system based on annual crops, 

namely soybeans arrl wheat (in the sane agricultura! year) carne to dcminate 

the larrlscape of the so.rt:h of the country, arrl the rural labor force 

migrated to the cities, in an intense arrl uncontrolled excx:lus. 

Present Situation 

Bean production in the whole of the country, with a few exceptions, 

was restricted to areas of quite prol'lCA.li'lCed slopes, where the mechanization 

of soybeans is inpractical, in acid soils of low native fertility, in srnall 

arrl rnedil.Dll'-sized lan:i holdin:Js with farnily labor to execute field 

operations of planting arrl harvesti.rg. 'lhese srnall farm:rrs, arr 

"peasants", in the majority nearly illiterate, presented mudl resistance to 

technical c:::han;Jes, arrl although they were i.nstnicted for long pericx:ls, only 

after many years ca.I.ld aJStans be dlanged. 
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Great have been the efforts of research an:i extension in the past 10 

years for this c1ass of small farmers. Notwi~, other factors such 

as the clifficulty of aquir.irq seed of inproved varieties at reasonable 

prices; the non-availabili ty of equi¡:m:mt that is both adequate am. 
accessible to the small farmers, for cultivation, aplication of products, 

arrl t:hreshi.n:J; lack of a storage structure at the srnall fann leve!; 

difficulties in ~ialization (90% of this type of p~ion is 

:prrd1ased by intennediaries at the fann gate at inferior prices) ; all these 

factors have had a negative effect arrl have led small lani holders to sell 

their lots arrl to swell the ranks of the Brazilian slum dwellers. 

A strorg terdency toward the concentration of lani into large 

larrl-holdirgs has been verified in reoent years: 50,000 srnall holdirgs (of 

5 to 20 ha) clisawear yearly in the camtry, in spite of all the política! 

speeches, ani the creation of an "Agrarian Refo:rm Ministry". 

If we refer to Table 1, we will conclude that Brazilian p~ion of 

rice, maize, soybean arrl wheat increased dramatically, while that of beans 

was maintained at the same leve! for the last 18 years. Quantities of bean 

i.rrports also were maintained stable, at the CXJSt of a severe reduction in 

per-capita col1SUllption: fran 26 kg in 1970 to 15 kg in 1987. 

'!he average yields of soybean, maize, ani wheat showed significant 

increases, a.roorrl 50%, in the same pericxi in whidl beans presented a 

decrease in productivity (Table 2}. '!he increase in area planted, fran 

3,484,778 ha in 1970 to 5,524,427 ha in 1987, is dueto new agricultura! 

frontiers, principally in "cerrado" soils with or witha.It irrigation. 

In Brazil bean production is considered to be high risk am. in fact, 

it is. In Paraná, Santa catarina, Rio Grarrle do SUl ani Sao Paulo, whidl 

are traclitioned production zones, the principal harvest is called the 

"rainy harvest". It is planted in the driest tronths of the year (August, 

September am. oct.OOer) am. harvested in the JTOnths of highest precipitation 
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(November, December an:l January) • It is very CCITI'OC>n the occurrence of 

partial or total crq:> loss due to rains at harvest, which, bei.n;} mannual, 

is slow an:l laborious. 

'!he planti.n;}s in January /February jMarch in th~ regions are not 

practica! due to the occurrence of Bean Golden M:Jsaic Virus (EGW). 

In the llDnths of February an:l March, soybean harvest is initiated, an:l 

the white fly (Bemisia tabaci) migrates to the bean fields. 

I..arge areas in the state of Paraná, nearly 100,000 ha, are planted 

with beans in the "early" season (July) , as an experimental crq:>, so as to 

still pennit the planti.n;} of soybean in NovemberjDecernber, as the principal 

crop. 

It is the crop failures in different regions of the country, that 

lower the national average so dramatically fran the potential of the crop, 

which with Brazilian varieties is ai."'CM'rl 3, 000 kgjha. 

'!he sarne ocx::urs in other regions of Brazil. '!he region of !rece, in 

Bahía, plants nearly 150.000 ha of beans in the llDnths of February/March, 

the rnajority in irrigated systens. '!he probabili ty of "nonnal" rainfall in 

the pericxi do not equal even 50%, an:l crcp failures are CCl'I1'0C>n in this 

region. 

'!he llDSt secure COI'IIrel:'Cial prcxiuction region presently on a l arge 

scale an:l where yield averages nonnally attain 2, 200 kg/ha, is the winter 

crq:> in the north of .Sao Paulo, in irrigated syst.ens, an:l in irrigated 

zones of amerrled "cerrado" soils in Central Brazil. 

Nevertheless, bean prcxiuction in irrigated areas suffers strong 

C!OI'Ipetition frorn other species of high profitability, suc:h as peas, 

inlustrial tanate, arrl lately, winter seed production of soybean, given the 
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high intemational prices of the grain. 'Ihese factors result in that the 

beans produced in these regions are of high cost, altlÍoogh of low risks. 

Future 

It is very difficult to make predictions a1::nit bean production in the 

next centucy, particularly if we CX>nSider the st.rc.o;J attadlment to culinary 

traditions of the Iatin pcpllation. Nevertheless, everything leads us to 

believe that the daily ex>nstiitption of beans by Brazilian families should 

decrease in the next centry, principally in the trore pcpllrus urban 

centers: 

1) 'Ihe IOOdernization of family life, where the wanan st.nl9gles to enter 

the labor market, will not pennit the preparation of slow-<XlOk.in;J 

foods at mid-day, which will be gradually replaced by ltmehes or fast 

foods, American-style. 

2) An intense labor of research arrl extention is bein:.J realized to 

increase the oonsurrption of soybean in the diet, to feed the Brazilian 

people, particularly in the classes of low arrl medium b.Iyin:.J power. 

'Ihe develcpnent of soybean varieties for human consurrption is 

urrlerway. Lines which exhibit absence of lipo-oxigenase enzymes, as 

well as absence of kunitz trypsin inhibitor arrl of good flavor are now 

in final stages of testin:.J. Hurxlreds of hane arrl irrlustrial recipes 

for the production of milk, y~, cheese; for the use of flour in 

traditional pastries; for the use of textured protein, already on an 

irrlustrial scale, in harrb.Irgers, beef arrl other dishes; arrl for the 

oonsurrption of black soybeans as sudl, are bein:.J distri.b.Ited arrl 

derronstrated in schools, slurns, churdles, diverse associations arrl 

hospitals. Products of soy origin present great advantages fran the 

nutritional point of_ view arrl are of low cost, arrl are accessible to 

families of low b.Iyin:.J power. 'Ihe food :irrlustry already offers to the 

OOJ'lS\.n'Oer nore than a hurrlred different soy-based products, arrl 
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p.lblicity on the "miraa.llaJS" qualities of the sane is intense. 

In spite of all these considerations, it is inp:>rtant to renenber that 

it falls to researd1 a major role in the next years, of consciously 

dl.an;Ji.rg sane of its directions, to maintain, in the lon;J :run, bean 

production on a c::x:ll'petitive scale with other products. 

Amolll these measures, we consider the JOOSt inportant to be: 

1) ~velopnent of new bean cultivars whidl lerrl thernselves to IOOChani.cal 

harvest (such as with the sane harvesters utilized for soybean arrl 

wheat) arrl the study arrl spread of these varieties to production 

systems of mediurn arrl large larrl-hol~s, withart: fear of social 

conflicts. It is .i.nportant in this respect that new alten"latives that 

make better use of available manual labor on small lélrrl hol~s be 

developed, such as: production of edible snails, earthwonns, frogs, 

fish arrl crustacions, nushroans, fruits arrl small animals, to inprove 

family incane arrl maintain in existence the small r:ural property 

holders. 

2) Inprovenent of protein quality of bean, principally nethionine 

content. 

3) Control of golden IroSaic, to make viable the planting in seasons of 

more adequate precipitation arrl terrperature in the different regions 

of Brazil. 

4) Inprove the levels of symbiotic nitrogen fixation, to make it more 

carpetitive with soybean. 

5) Develop studies of i.n:iustrialization arrl conservaton of the product, 

for utilization in more rapid arrl practica! forms, in the modern life 

of the next centw:y. 
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Table l. Evolution of Prcx:luction. 

Production (Metric tons) 
Year Rice Beans Maize Soybean Sorghtnn Wheat 

1970 7,553.143 2,212.834 14,216.000 1,508.540 170.000 1,844.263 
1971 6,593.376 2,688.479 14,129.700 2,077.291 220.000 2,011.334 
1972 7 1 824. 483"' 2,675.962 14,891.400 3,222.631 249.993 982.901 
1973 7,158.935 2,227.762 14,109.340 5,011.614 500.000 2, 031.338 
1974 6,483.818 2,235.437 17,284.200 7,876.209 483.000 2,858.530 
1975 7,538.550 2,267.048 17,138.605 9,892.299 201.699 1,788.180 
1976 9,559.188 1,841.161 17,763.200 11,075.193 490.000 3,225.830 
1977 8,993.696 2,290 . 007 19,255.936 12,513.406 435.141 2,066.039 
1978 7,296.142 2,193.977 13,569.401 9,540. 577 227.502 2,690.888 

~ 
1979 7,595.214 2,186.343 16,306.380 10,240. 306 121.913 2,926.764 

00 1980 9,775.720 1,968.165 20,372.072 15,155.804 180.292 2, 701.613 
-.J 

1981 8,228.326 2,340.947 21,116.908 15,007.367 212.901 2,209 . 631 
1982 9,734.553 -2,902.657 21,842.477 12, 836.047 226.473 1,826.945 
1983 7, 741.753 1,580.546 18,731.216 14, 582 . 347 231.819 2,236.700 
1984 9,027.363 2,625.676 21,164.138 15,540. 792 312.716 1,983.157 
1985 9,024.555 2,548.378 22,018.187 18,278.485 268.143 4,320.267 
1986 10,404.676 2,219.478 20,541.227 13,334.691 370.122 5,638.470 
1987* 11,092.083 2,417.206 27,621.981 16,707.039 505.877 4,534.376 

Source: IB:iE¡'GCEA¡FE0:7IRIG:l 

* Estilnate 



Table 2. Evolution of average yields. 

Yield (kgjha) 
Year Rice Beans Maize Soybean Sorghum Wheat 

1970 1.517 635 1..442 1.143 2.125 973 
1971 1.384 683 1.339 1.210 1.833 886 
1972 1.623 679 1.413 1.470 1.702 424 
1973 1.493 584 1.424 1.386 2.000 1.104 
1974 1.481 537 1.601 1.531 2.100 1.157 
1975 1.450 570 1.550 1.698 2.326 610 
1976 1.451 456 1.586 l. 760 2.538 909 
1977 1.501 503 1.632 l. 770 2.450 655 

(,.,) 
1978 1.297 475 1.220 1.226 2.180 957 

00 1979 1.393 519 1.441 1.240 1.700 764 
00 

1980 1.566 424 1.779 l. 727 2.305 865 
1981 1.349 466 1.833 l. 765 2.309 1.151 
1982 1.615 490 l. 731 1.565 1.847 646 
1983 1.515 389 1.750 l. 792 1.701 1.190 
1984 1.687 494 l. 761 1.650 1.830 1.139 
1985 1.895 479 1.866 1.800 1.576 1.614 
1986 1.861 405 1.649 1.462 1.864 1.447 
1987* 1.804 437 1.955 1.827 2 . 076 1.445 
1988 

Source: TIGE/ GCEA/FECm'RIGO 
* Estima te 
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EVAIIJATICN OF SEX;REX;M'ING roRJIATIOOS OF ~ BFAN 

Rlaseolus vulgaris FOR GRAIN YIEI.D 

Rogelio Lépiz an:l Shree P. Sin:Jh 

Centro Internacional de Agricultura 'I'rq?ical (CIAT) 

A•A.' 6713, cali, Colombia. 

As part of a resea.rd1 project on yield inproveroont of cx:::mtDI1 bean, 

segregati.rq }XPllations were evaluate1 in three localities of Oolanbia in 

the 1988-A season. '!be central objective was to determine if, in early 

generations, it is possihle to evaluate an:l identify bean pcpllations of 

high an:l lc:M yield. 

To this em 33 F2 }XPllations an:l three varieties were plante1 in 

Iqxlyan, Santarrler de Quilichao, airl Palmira, Colanbia in a 6 x 6 lattice 

design with two repetitions an:l with an experimental plot of 4 rows wide by 

3 m lon;J. '!Wenty-five seed were plante1 per neter, an:l in R::piyan plots 

were inoculate1 with anthracnose, an:l in ~ilichao, with CIDJUlar leaf sp::>t. 

rata taken on diseases, adaptation, maturity, seed weight, an:l grain yield. 

rata were analyzed both by locality and in a combined analysis, an:l 

correlations anong the vario.JS data were calculate1. 

In this ¡i1ase of the project the data present differences for yield in 

each locality arrl in the canbined analysis, arrl. also a pcpllations x 

locality interaction. 'Ihere was no correlation in the behavior of the 

}XPllations over localities: in Popayan arrl Palmira there was a negative 

correlation between diseases arrl adaptation, arrl a positive correlation 

between adaptation arrl yield. In spite of the differences between 

localities, the pcpllation-locality interaction, arrl lc:M oorrelation in 

behavior of materiais over localities, it was possible to identify F2 
}XPllations of cat1'IDI1 bean of high arrl lc:M yield in eadl locality arrl in 

the canbined analysis. 
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R&SIQNSE 'ID VISUAL SEIECTION FOR YIEID rn F 
2 

ANO F 
3 

GENERA.TICNS 

. OF a:::r-M.:N BEAN, Fhaseolus vulgaris L. 

Harold Patiño arrl Shree P. Sin:Jh 

Centro Inttemacional de Agricultura 'l'l:q)ical (CIAT) 

A~A. 6713, cali, Colombia. 

Lines of CCl1I'OC>ll bean, Fhaseolus vulgaris L., were studied, these bein;J 

deri ved fran nine segregatin;J p::>pUlations of three types of crosses: 

sinple, triple, arrl IOOdified dooble. '!he oojective was to evaluate the 

effect of visual selection for grain yield in F 2 arrl F 3 generatioons. Fran 

eadl c:ross were selected 15% of the superior lines, for a total of 149 

lines. 'lhe 149 selected lines were evaluated together with 18 b.llks of the 

discarded plants in F
2 

arrl F
3

, the 23 parents, ad 6 dlecks, in a partially 

balanced 14 x 14 lattice design with three repetitions. A density of 

166.000 plants ha - 1 was utilized, arrl 6.3 m2 of eadl plot was harvested to 

estimate yield. 

Differences were fO\.ll'ñ between parents arrl the crosses. However, when 

means of selected arrl. discarded lines in F 
2 

arrl F 
3 

arrl . their parents were 

catpared, or when the best parents arrl the best line in eadl cross were 

catpared, it was concluded that visual selection for yield was not 

effective in any of the nine crosses studied. 
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HERITABILITY OF YIEI.D OF ~ BEAN m SOIL WI'IH 

l.CM ItDSIH>RaJS cnn'ENl' 

carlas Urrea an1 S~ P. Si.rgh 

Centro Internacional de Agricultura Tropical (CIAT) 

A.A. 6713, cali, COlombia • 

• 
'!he F 

2 
arrl F 

3 
generations of each of 22 crosses of CCI'!I'OC>Il bean, 

Rlaseolus vulgaris L., were evaluated in corrl.i.tions of low an1 high 

fertility soil in CIAT-Q.rllichao. '!he objective was to estimate 

heritability of grain yield thra.lgh the regression of the F 
3 

1 s on their 

corresporrli.rxj F 
2 

1 s. 'lhe 44 entries were planted in a rarrlcmized block 

design with three repetitions in each of the treatn'Íents of low arrl high 

fertility. Each plot was 4 rows wide by 4 m lon;r. An area of 4 m2 was 

haJ:vested frcm the two central rows to measure yield. 

arrl high fertility received 26 arrl 78 kgjha of 

'lhe fields of low 

p, respectively. 

Heritability values were • 61 arrl • 57 in corrlitions of low arrl high 

fertility, respective! y. 
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~ OF SEIECI'IOO AT DIFFERENI' DENSITIES 00 'IHE YIEID 

OF c:x:M>I::N ·BEAN, Rlaseolus vulgaris L. 

J. Ariel Gutiérrez, James Garcia arrl Shree P. Si..rgh 

Centro Internacional de Agricultura Trq>ical (CIAT) 

A.A. 6713, cali, Oolambia. 

In two crosses of cc:mron bean, Fhaseolus vulgaris L., selection for 

y~eld was practiced at three plantinl densities: ;tow ( 4 pl/m) , JOOdium 

(8 pl/m), arrl high (16 pl/m) fran the F2 to F7 generation. Fran eadl cross 

arxi eadl density six lines were selected. '!he 36 selected lines arxi their 

13 parents were then evaluated at foor densities: low, ne:li.um, high, arxi 

very high {24 pl/m), in a study layed oot in strip; with a 7 x 7 lattice 

design in three repetitions. 

Results of the first semester of evaluation irrlicate that selection 

for yield was effective only in a cross between parents of small-by­

natitn"~rSized grain. In this cross the lines derived .at high density were 

superior to those derived at low density. IDw density is oot adequate to 

evaluate yield since the two crosses presented yields statistically 

inferior to the other three densities. 
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STA'IUS OF '1HE ~ CO~OO OF Rlaseolus BE'ANS 

RigOOerto Hidalgo 

Centro Internacional de Agricultura Trq>ical (CIAT) 

A.A. 6713, cali, Colombia. 

In 1975, CIAT was designated as the depository for the preservation of 

the world collection of beans of the genus Rlaseolus. To fulfill this 

responsibility, CIAT created the Genetic Resairces Unit with the necessary 

installations an:i specialized persormel to manage the collection. 'lhe bank 

was fonned with a working oollection of the Bean Team, an:i later, with 

contributions fran the· majority of known collections in camtries of I.atin 

America, North America an:i El.lrcpe. Up to the present, donati ons of 

gernplasm have been received fran 63 ca.mtries, fran whidl awroxinately 

40.000 accessions have been introduced, correspon:linJ to four cultivated 

species an:i 28 wild · species. 

'lhe principal responsibilities for the manageJOOllt of bean gernplasm of 

the genus :Rlaseolus are: acquisition, multiplication, 

characterization-evaluation, dOCl.IIrelltation, an:i q:>en distribution of said 

gernplasm to agricultura! investigators in national programs. Elt{ilasis has 

been given to Rlaseolus vulqaris as a consequence of the high priority of 

CIAT in the consezvation of this species. 

Of all genrplasm introduced, al::x::ut 23. 000 accessions have been 

increasErl arrl are ready for distribution. Of this material, 90% is I?. 

vulgaris, 7% correspords to other dcm:sticated species, 2% are wild 

ancestral species, arn less than .5% are wild non-ancestral species. 
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Porcentual distr.il:m:ion of available E· vulqaris genrplasm as 
seed color ani growth habit (1987} 

Growth Seed color (%} 
habit White cream Yellow Brown Pink Red Purple Black Total 

I 7.2 3.7 4.9 1.2 1.2 2.0 1.7 1.6 23.5 
II 1.6 1.1 0.4 0.4 0.3 0.4 0.5 7.2 11.9 
III 6.3 8.0 3.2 1.5 1.9 6.7 2 . 0 6 . 9 36.5 
IV 5.3 5.~ 3.0 1.6 1.4 2.3 1.7 6.2 27.3 

Total 20.4 18.6 11.5 4.7 4.8 11.4 5.9 21.9 100.0 

Status of the world collection of Rlaseolus beans in the Genetic 
Resource Unit at CIAT until IJecerrt)er 1987 

Species 

P. vulqaris 
P. VUlqar1s wild ancestrals 

P. lunatus 
p. IunatuS wild ancestrals 

P. coccineus supsp. coccineus 
P. coccmeus Sl¡lbsP. poltwhthus 
p. coccmeus wilcf ances s 

P. acutifolius 
P, acut1fol1us wild ancestrals 
w1ld ñOt CUit1vated 
P. angustissinus, P, leotostadwus, 
P. ~ae, P. r1l1~rm1s, 
P.~~-; E· pauc1florus, 
P. glabe.lUS,:. grayanus, 
P. jai1scanus, P. ma~, 

~: iiaT~f~~-p~~· P. ~ 1f o~ P.zoJJ es, 
P. ~vnon;!!us, P. re us, 
P. ri ens1s e P. oval1t:Ol1US e 
P. tüerckhellliii,~i, 
P. , añahuacens1S, -p. riOrililirlus, 
P. neqlectUS, P. striatüS, 
p. cañthotr1é:hüs, _e. paryulus 

Total 
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No. of accessions 
Introduced M.lltiplied 

34.665 20.743 
410 357 

2.835 844 
97 41 

928 439 
460 246 
102 24 

143 116 
57 57 

307 61 

40.005 22.928 



EVIDENCE FUR ISOZYME AI J EIE DIFFERENCES BE1WEEN 'lHE 'lWJ MAJOR 

GENE RX)IS m Fhaseolus vul.garis 

Susan L. Sprecher an:l M. Wayne Maros 

Crq> an:l Soil Scienoes ~, Midrlgan state University 

East I.ansl.nJ, MI 48824, USA 

Bean CcM Pea rnsP 

'lhe two major gene pools recognized in Fhaseolus vul.garis on the basis 

of seed size ctifferences, region of daoostication, ¡ilaseolin markers, etc., 

tend to ctiffer in the alleles which they carry at six to eight enzyme or 

protein loci. Am:>n:J bean larrlrace lines sarrpled fran Malawi, the two IroSt 

numerous isozy¡re genotypes consisted of alternate allozymes at six 1oci, 

arrl were asscx::iated with large an:l small seed size. Frcm isozyne an:l 

growth habit evidence it awears that extensive recanbination between the 

gene pools has not occurred in Malawi, due to gene tic, rather than 

geogra¡::hl.c barriers. In adctition, anon:J lines carryinJ IMarf I.ethal an:l 

phaseolin variants already associated with the two gene pools, an:l aiOC>n:J 

dry bean cllitivars in use in the USA, there is high horoogeneity for isozy¡re 

genotype within p:x>l. '!he presence of stron:J recanbination barriers, 

in:licated by the isozyme ctifferentiation arrl by rnale sterility associated 

with allozyne heterozygosity, has .i.nplications for the future .i.nproveroont 

of comitDn beans via intennating between the gene pools. It also su¡:p:>rts 

the conclusion that incipient speciation is occurrinJ in Fhaseolus 

vul.garis. 
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ISOZYME VARIANl'S AT 'IW) BEI'A-NAIH DIAIHORASE I..DCI IN mY BFANS 

(Ibaseolus vulgaris L. ) ANO 'IHEIR (l)RREIAT!ONS 'ro 'lHE GENE RX>IS 

Susan L. Sprecher arrl M. Wayne Adams 

Crop arrl Soil Sciences Department, Midligan State University 

East lansing, MI 48824, USA 

Bean Ct:M Pea CRSP 

Isozymes of beta-NAIH Dia¡:horase (DIAP: a general terin for oertain 

oxidoreductase flavqrrot.eins} , were identified as gene products of two 

closely linked loci in cultivated Rlaseolus vulgaris. '!he locus Diap-1 was 

shown to have three alleles, tenned Fast, Slow, arrl Intennediate fran their 

m:>bility in the starch gel electrophoresis rutfer system used, an:i a Null, 

or no activity, allele. Fast, Slow arrl Null alleles have been foorñ at the 

Diap-2 locus. '!he barrling pattel:n produced in electrophoresis irrlicates 

that the n'Ost active DIAP enzyme in beans is a tetramer, the holoenzyme 

being made up of four subunits, and that subunits produced by alleles at 

Diao-1 and Diap-2 interaCt to fonn multiroors. In a harozygous plant with 

active alleles at bot.h DIAP loci, five tetrameric isoenzymes are produced, 

arrl consequently five barrls are visible on the electrophoretic gel. 

'Ibis study shows that DIAP is genet:ically differentiated between the 

large an:i small seeded gene pools in beans, arrl that it displays specific 

allelic variation within sub-groups of domesticated types. Several 

canbinations of those alleles specific to different gene pools have not 

been fourrl to date, and this suggests that recombinational barriers exist 

within the species. 
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M.M. I<hairallah arrl M. Wayne Adams 

Crop arrl Soil Sciences Deparbrent arrl B.B. Sears (Botany arrl Plant 

Pathology) Michigan state University, East Iansl.n;J, MI 48824, USA 

Bean COW Pea CRSP 

'lhe cnnoept of genetic clive.rsity has been a salient issue for plant 

breeders for decades. With the advance of nolecular techniques, we can now 

estimate the genetic cliversity at the basic hereditary level: the I:NA 

nolecule. In addition to the nuclear genc:::rre, plant cells c:x:mtain two 

organelle gerlCJOOS of ltllCh srnaller size, that of the chloroplasts (cp) arrl 

of the mitochorrlria (mt). Both genanes are non-Men:ielian in their 

inheritance, with the mt genane being strictly maternal in rrost 

angiospenns. Organelle genanes have been used to estimate the cliversity 

within arrl between species, to draw ¡::hylogenies arrl maternal lineages, arrl 

to sol ve unanswered questions in the evolution of plant species. 

In this study, the mitochorrlrial genanes of 23 bean lines arrl two 

Phaseolus species ·are be].n;J examined for di versi ty us].n;J the restriction 

fragrrent lenJth polytroqirism (RFI.P} teclmique. '!Wenty of these lines were 

collected fran Malawi, and show differences in norpho-:agro:nanic characters 

arrl in isozyrre patterns. 'lhe other lines are pure bred cultivars, 

'Mecx>sta', 'Sanilac' an1 'Terx:lergreen'. One accession of Ih. coccineus arrl 

!h. acutifolius are used in order to c:atpare the arrount of intra- versus 

interspecific variation. 

'!he RFIP technique cnnsists of isolatl.n;J ~, digestl.n;J it with 

various restriction erxionucleases that reaJgi'lize different palirrlrc:mic 

sequences, arrl separatl.n;J the fragrrents generated by agarose gel 
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elect:rq;iloresis. A polynnq:trlsm is seen as a difference in migration of a 

barrl(s) or as the absence/presence of barrl(s} , arrl in::licates a l::lase-pair 

mutation or an insertion-deletion event. 'Ihe bean mt genaie is large arrl 

the restriction pattems it generates are quite carplex. 'Iherefore, in 

onler to detect RFI..P 1 s, the I:NA · has to be transferred to a nert>rane 

(Southern transfer) arrl is hybridized with radioactively labelled probes. 

'Ihe p:rd;:)es used in this study are large rarrlan c:x:snid clones (34-48 kb) of 

the bean mt genane, kin:lly provided by Dr. c. Chae · (Univ. of Florida, 

Gainesville) . 

To date, 4 probes x 8 errlonucleases <XIllbinations have been examined. 

Restriction pattems, of Fh. coccineus arrl Fh. aa.rt:ifolius are quite 

distinct fran the Fh. vulgaris ones. 'lhree intraspecific RFIP 1 s have been 

detected whidl differentiate the small arrl large-seeded Malawian lines. 

'Ihe 3 cultivars examined _were alike arrl similar to the Small-seeded lines. 

'.lWo other RFIP1s differentiated 1Mecosta 1 fran all the other bean lines. 

More data is needed before it can be concluded that the mt genames of the 

two gene p.:x:>ls of beans (large and small seeded) are distinct. '!he percent 

sequence divergence a:nDng the Fhaseolus spec:ies will be calculated by the 

shared fragnent ~thod as nore probes are screened. 
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INDIVII:lJAL 

PIAN!' SEIEX:l'ICNS OF CLIMB1NG BFAN (Rlaseolus vulgaris L.) IN 'lHE 

REIAY SYSTEM WI'lH MAIZE (Zea mays L.) 

Alberto Ranán Vélez 

Grain Legume arrl Annual Oil Crcps Program 

Centro Regional de Investigación "la Selva" 

A. A. lOO, Rionegro, Antioqu.ia, Colati::>ia 

In the Regional Research Center, . ICA "la Selva", situated in the 

nunicipality of Rionegro, Antioqu.ia, Colari:>ia, eight trials we.re planted in 

1986 arrl 1987 with the p.n:pose of definin:j a new methcxiology to evaluate F5 
progenies of clint>in;J bean (Fhaseolus vulgaris L.) in the relay system with 

Maize (Zea mavs L.). A system of snall plots ( .84 m2) served to evaluate 

arrl screen large quantities of materials with respect to yield, lOO seed 

weight, days to ¡ilysiological maturity, arrl days to flower, utilizin;J fa.rr 

repetitions. 'lhus, 77.76% of plantin;J area was saved, in carparison with 

plantin;J of plots in hills arrl three repetitions, arrl research costs were 

reduced. 
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PATI'ERN ANALYSES OF GENOIYP.ES WI'lHIN YEARS ANO OF LOCATION 

OVER YF.l\RS, FRCM RmiONAL NAVY BFAN TRIAlS 

R.J. Redden an:l I. Deiacy 

Deparbnent of Primary Irrlustries 

D. P .J. Hennitage Research station 

Warwick, Qld. 4370, Australia 

Grain yield data frcm six years of regional trials grown at a wide 

range of looations in Queenslarrl, Australia were exami.ned for trerx:ls in 

genotype x envirornnent interaction usin:J pattem analyses. A total of 21 

genotypes were entered in Irore than one year, with a . max.imum of 14 in any 

one year. Up to 4 locations were used wi th a maximum of 10 in any one 

year. Matrices of dissimilarity estilnates within years for locations, were 

canbined over years for nine locations to p:rovide a c:orrplete matrix despite 

absence of particular canbinations in particular years. Iocations were 

classified .into groups reflecting geographic proximity arrl a separation 

between irrigated and rainfed management. Within years genotype 

classification was influenced by: responsiveness to irrigation; reaction 

to rust; corrnnon blight arrl zinc deficiency; erect vs spreading plant habit 

(type II) ; arrl maturity. 
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SCREENING Rlaseolus vulgaris GER1PIASM roR GENERAL OOWI.ATICN ABILI'IY 

R.J. Redden, A. Diatloff an:1 T. Usher 

Deparbtent of Primary Irrlustries 

D.P.J. Hennitage Researdl Station 

Warwick, Qld. 4370, Australia 

An initial genrplasm collection of 1462 a~ions was rated for 

ability to nodulate with irrligenous rtrlzobia, in plots split for nitrogen 

fertilizer. A secorrlary screening of the u¡:per 6% in a replicated tria! 

identified 19 pranisin::J ac:x:::essions. 'Ihese plus CIAT an:1 local checks were 

conpared over four locations for nodule fonration, a) with irrligenous 

.rhizobia, b) inoculated with one :rhizobial strain, an:1 e) in the presence 

of nitrogen fertilizer. Ability to nodulate generally across sites an:1 

treatments was shown by ICA 21573, Epicure an:1 to a lesser extent Amarillo 

155. sane acces5ions were specifically responsive to inoculation, one was 

nainly responsive to hrligenous :rhizobia, an:1 others including CIAT checks 

showed site¡treatment specific responses. 
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~ OF NI'I'RCX;EN FIXATIOO IN Rlaseolus vulgaris 

J. A. Kipe-Nol t arrl H. Vargas 

Centro Internacional de Agricultura 'l'rcpical (CIAT) 

A.A. 6713, cali, Colombia. 

In 1985 experiments to evaluate c.arponents of nitrogen fixation were 

initiated, with the oojective of selecting the nost pranising lines arrl 

incorporating their dlaracters in breeding programs for inproved nitrogen 

fixation. 

Greenhalse arrl field trials with African arrl Central Airerican 

i.rdigenoos genotypes arrl sane agronanically pranising materials fran CIAT 

were cotrlucted. 'lhe genotypes varied in grcMth habit. 

'Ihe J'1Uil'ber of ncdulesjplant was detennined at different stages during 

the plant grcMth cycle, fran which the parameters early, maximLun, late, arrl 

total ncdulation were derived. Specific ncdule activity, use of 

carbohydrates arrl sensitivity to mineral N were also evaluated. 

'!he genotypes varied widely according to these dlaracteristics, arrl 

the differences did not appear to be related to grcMth habit. 'Ibis 

variability can be used to select superior genotypes for each parameter arrl 

include them in breeding programs for inproved nitrogen fixation. 
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BFAN IMPOOVEMENl' m '!HE GRFAT IA1<ES REX;IOO· OF AFRICA 

Pierre Nyabyeroa 

ISAR, B.P. 138, Butare, Rwan:1a 

'!he regional bean program has as its goal to develq> minirnurn inp.rt: 

tedmology for the benefit of poor fanrers, based on inproved disease arrl 

pest resistant varieties, together with bean based Cl:'qi>ÍTg systems for 

soil conservation arrl inprovement. 'Dle work is done by a network of 

collaboratirg scientists in the national programs of Zaire (INL), amnx:li 

(ISAIU) arrl Rwarna (ISAR), in partnership with regional scientists of IRAZ 

and CIAT. '!he long-tenn sustainability of the program is obtained thralgh 

trainirg arrl workshops, whidl ruild on the researd1 capability of 

.in:lividual scientists, arrl develq> stronger collaborative ties between 

scientists of neighbouring coontries. 'lbe sustainability of the tedmology 

generated is ensured by encouraging national programs to involve the fanrer 

in the researdl process, arrl by workirg with develqEent p:rojects in on 

fann researdl ainai at canbinirg inproved productivity with soil 

conservation. '!he mechanisms for adlieving collaboration in technology 

generation are the regional variety inprovement nurseries, arrl the 

sub-p:rojects. 

Introductions include the VEF arrl EP nurseries fran CIAT eadl year. 

other introductions include the intemational disease nurseries, especial! y 

for angular leaf spot (BAISIT), anthracnose (IBM'), halo blight (IIEm) arrl 

ascochyta. '!bese are the IOC>St inportant diseases of beans in the region. 

Early generation hybrid material is also introduced fran CIAT for selection 

locally. A line develope1 by the Rwarrla prograrn fran the hybrid of 

Rubona 5 x G 7480 (WUl.Iña) has been coded as mR 221, arrl has proved 

exceptionally pranisin;J in on fann trials. It will shortly be released for 

seed multiplication arrl distrirution to fanners. 
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'Ihe regional nurseries are fo:rmed every year out of the materials in 

the three national program variety test in;} schemes. 'lhey forro the rrucleus 

of all col labora ti ve research proj ects between CXJUJltries 1 arrl also serve to 

encourage collaboration between disciplines wi thin national prograiiL5. 

Finally1 at the level of the AFBYAN 1 they serve to bring together the 

efforts of all three African regional programs through a systematic 

inte.rchanqe of the best varieties. 

'Ihe 1Pepiniere Regionale de Lignées Avancées de 1 1Afrique Centrale 1 is 

formed every year in Septernber frorn the varieties entering the prel:iminary 

yield trials ( 1 Essais Conparatifs 1 
) of eac:h CXJUJltry. It fonns the nucleus 

of the regional testing scherne 1 arrl is the basis of the regional 

sub-projects. 'Ihe varieties in the mEIMC are evaluated for the 

irrlividual traits which are studied in the sub-projects1 including 

tolerance to bean fly, asccx::hyta 1 resistance to anthracnose1 halo blight 

arrl angular leaf spot. By bringing expertise frorn neighbouring CXJUntries 

to bear on the same group of materials, much more infonnation can be 

generated than would otherwise be possible by any i.rrlividual national 

program. out of 100 bush bean arrl 49 clirnbing bean varieties in the 1988 

PREIMC1 14 of eac:h were selected for the 1989 regional yield trials 

(ERGL). 

For halo blight there was generally excellent agreement between the 

results in the glasshouse in England (NVRS) with race 3 arrl the field 

observations in Kisozi (Burundi) 1 where race 3 is knc:Mn to predominate, as 

in the rest of the region. 'Ihe situation for anthracnose was more c:orrplE::!X. 

A 3211 ANO 303 and ZAV -83052 were resistant in all foor test sites1 but 

liOSt lines showed differential reactions at the sites1 irrlicating 

considerable pathogenic variation. For an;JU).ar leaf spot 1 there was liOStly 

gocxi agreement between the results at Rubona (Rwanda) arrl Mulungu (Zaire) . 

'Ihe best were A 364 1 A 74, Ecuador 299 1 G 2858 1 XAN 68 arrl ACV 83031. For 

bean fly 1 there were significant differences in wilting anong varieties. 

Sorne of the varieties in the nursery suffered up to 98% wilting. 'Ihe best 
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we.re A 364, ANO 10 arrl IMV 78. For the first time, canbined resistance to 

:ocMV, halo blight am anthracnose was obtained in a climbin;J bean line, 

ZAV 83052. 

'Ihe priority regional sub-projects in plant protection are: 

anthracnose arrl bacteria! blights, as the major seed-borne diseases whidl 

cause severa! problems in seed multiplication programs; angular leaf spot, 

as the IOOSt widespread arrl yield-reducin;J foliar disease; bean fly, as the 

JroSt widespread arrl devastatin;J insect pest. Of local inportance are: 

ascxx:hyta, flow:y leaf spot arrl root rots. 

'Ihe anthracnose sub-project is based at ISAR in Rwama. Anthracnose 

is probably the JroSt inportant seed-borne pathogen in the region. stuclies 

on the variability of the anthracnose pathogen in Burundi arrl Rwa.OOa have 

shCMil the presence of four arrl seven different races respectively. In both 

countries Cornell 49-242, which has the much used ARE gene, was susceptible 

in the field. 'Ihe sub-project includes a breecliig prograrn whose objective 

is to develop stable resistance in well adapted local gennplasrn. G 2333 

offers excellent resistance to all known races, arrl preliminary firrlings 

indica te that this is based on severa! genes. 

'!he halo blight sub-project is based in Burundi (ISAru) arrl field work 

is carried out at Kisozi. From work done in Eo;Jlarrl (NVRS), it is known 

that race 3 predominates in the region. Race 1 is also present but does 

not seern to be very inportant. Race 2 is not known to occur, but it is 

fourrl in the neighbourin;J SAIX:C region. Resistance to race 3 is mudl less 

canrron than resistance to race 2. 'Ihe first objective of the halo blight 

project, therefore, is to inco:rporate resistance to race 3 into i.Irproved 

gennplasm, arrl the secorrl longer-tenn objective is to develop race non 

specific resistance. Most varieties currently available to fanners are 

susceptible to halo blight, arrl this p:>SeS a serious problem especially for 

seed multiplication. 0ne line in the 1988 PREIAAC showed race non specific 

resistance to halo blight, A 204, arrl this should be used as a parent in 
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future crosses. A race 3 resistant line has already been develq>ed fran 

Kilyurrukwe, a pranisirg but susceptible RwaOOan variety. 

'lhe oojective of the I01V sub-project is to develq:> gentplasm 

resistant both to the mosaic arrl black-root synptans. Crosses, backcrosses 

arrl early generatior:t screenirg are done at CIAT with a mixture of Florida 

arrl Nlr3 strains. Materials are then screened in the field at Rubona 

(ISAR) urrler natural infection, usirg spreaders of infected seed. 'lhe 

problem of I01V has been nost severe in cli.rrbers. New resistant lines have 

been develq>ed. For example GIB 1 is a resistant line descen:led fram a 

cross with e 10, a well known Rwarrlan cli.rnbirg bean variety. GIB 6 is a 

mosaic resistant version of G 2333. 

Root :rots are caused especially by Fusa.rium solani arrl Rhizoctonia. 

Screenhouse screenirg in soil fram problem sites iirlicates that resistance 

is available. 

SUrveys irrlicate t.héit poorer fanners frequentl y have to buy in seeds, 

while the ridler fanners can keep séed fram household stocks. 'Ibis 

indicates that it would be :possible to target new bean varieties to poorer 

farmers by ensuring the availability of seed at critica! times of the year. 

For constiiTption, farmers go to the market or to a local store, but do not 

generally buy fram neighbours. By contrast, when buyirg beans for seed, 

farmers nostly go to their neighbors. 'lhey IOC>Stly do not trust rnarket 

rnercha.nts who rnay mix seed fram different regions. 'lhere is a need, 

therefore, to stinrulate decentralized multiplication of irrproved seed by 

small fanners thernsel ves, and identify IrOre effecti ve channels for 

distributirg seed. 
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DIS'IRIIlJI'IOO OF a::t-M:N BEAN ANO SOIL <liARACI'ERISTICS 

IN IR:>UJCI.'IOO ARFA'3 m IATIN AMERICA 

J .N. Fairbairn 

Centro Internacional de .Agricultura 'l':t"q>ical (CIAT) 

A.A. 6713 1 cali 1 Colombia. 

Introduction 

'Ibis series of p::lSters is to show in a very general way 1 a part of the 

work of the lqroeoOlogical St:trlies Unit, which has as its principal 

objective to collect, organize arrl analyze infonnation over areas of 

interest to CIAT's prograns. '!he higtiest level of definition of these 

areas is shown here as a continental study of the geogra¡ily of bean 

prcrluction1 a.rxi, upon canbi.nin;J this distrib.Ition with infonnation on soils 

arrl climate, a catalogue of existing production envirornrents is carpiled. 

Lata Collection 

Infonnation on the bean production areas was obtained fran all 

ca.mtries of Iatin Anerica arrl the caribbean, frcm several available 

soorces. 'lhese sources included agricul tural censuses 1 annual agricul ture 

statistics, regional reports arrl personal infonnation: 

1) '!he troSt recent infonnation for each ca.mtry was utilized. 

2) Infonnation was utilized by placing points in the smallest possible 

political or natural region. 

3) Consistency was checked with other soorces, as well as with local 

experience. 
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Construction of the Map 

Points representin;J 1000 ha of beans were placed on the map, usin;J as 

the tq>ogra¡;túcal base the O.N.C. maps on a scale of l:l,OOO,OOO, arrl were 

localized usin;J tq>ographical infonnation within the political divisions. 

I..arrl utilization maps were also used, as well as I..ANOOAT images, arrl in 

SOIOO cases CIAT's climatological data base (S1\MMDATA). 

Soil Olaracteristics.' 

Points were dig~talized usin;J an AI1I'EK table arrl were drawn on a scale 

of 1:5,000,000, and cin the ~ projection as the World Soil Maps of the 

FAO. Eadl. point was then marked with a soil unit that inclu:les several 

types. Cllaracteristics of soil types were taken fran descriptions of 

representative prof.f.les arrl laboratory analysis of the FAO p.lblication. 

'!he maps show the production areas which are limited by low pH arrl low 

levels of available ¡:hos¡;horoos. It seems that in the case of ¡:hos¡ilorous 

allrost half (47%) of the a.rea planted has adequate levels of ¡:hos¡iloroos 

(>lO pprn), 20% is deficient (<5 ppm) and 33% would benefit from phos¡ilorous 

fertilization or the introduction of varieties that are more efficient in 
the utilization of phosphorous (at levels from 5 to 10 ppm). 
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ARE '!HE saJrnERN ANDES A BROADER ARPA OF r:x:MESTICATIOO OF 

'!HE ~ BFAN Rlaseolus vulgaris L.? 

J. Tdlme, J. Vargas, W. Roca, arrl D.G. Debouck 

Centro Internacional de Agri~ tura Trq;>ical ( CIAT) 

A.A. 6713, cali, COlombia. 

Recent biochemical analyses have provided additional evidence that the 

sa.tthe.m .Arrles have been a centre of bean dornestication. In the 

traditional large seeded cultivars, several ¡ilaseolin types different fran 

the ones foorrl in Oolanbia arrl Mesoélloorica were identified .but their wild 

COlUlterparts have not been yet fully dlaracterized. '!Wenty-four wild 

camon bean accessions from recent gernplasm explorations in southe.m Pe.Iu 

arrl Bolivia were analysed by SOO/ PAGE. All the phaseolin types reported in 

cul ti vated larrlraces from the southem .Arrles have now been foorrl in the 

wild relati ves of .E. vulgaris fran that area, wi th the exception of 'A' 

¡:ilaseolin. Worth Irentiorrin:J is the high frequence of 'H' phaseolin in the 

wild pop.llations of CUzco. Moreover new phaseolin types have been foorrl in 

southe.m Peru ('K') arrl in Bolivia ( 'To' and 'Ta'), not identified so far 

in larrlraces, thus suggesting a "fourrler effect" in bean danestication in 

that area. '!he Il'DSt frequent phaseolin types in larrlraces 'T', 'C', 'H', 

were also foorrl in wild populations aver a broad geogra¡iric range, roughly 

over 2300 km from Junin to '1\lcuman. OUr results suggest that the beans in 

the southe.m Andes were dornesticated in m:>re than a single place, but 

perhaps repeatedly in different places of that range. Definitive evidence 

would have to be looked for in isozynes profiles studies or mt rNA 

analysis. 

·, 
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BIOCHEMICAL EVIDENCE FüR 'liD DIFF'ERENI' GENE RX>IS rn LIMA BFANS 

A. Maquet, C.E. Posso, arrl D.G. Debouck 

Centro Internacional de Agricultura 'I'rq:>ical (CIAT) 

A.A. 6713, cali, Colombia. 

Sanq:>les of :Rlaseolus lunatus L. (82 cultivated and 14 wild fonns) fran 

different t.rq">ical coontries were analysed by SOO/PAGE technique for the 

total seed storage protein. 'lWo major families of electrophoretic patterns 

can be identified anong the cultivated materials and traced back to two 

different wild ancestors, one distributed from Jalisco~ Mexico up to Salta, 

Argentina along the eastern slopes of the Arrles, . and another one in 

cajamarca, Peru. Furthennore, there is an intennediate pattern displayed 

by a wild fonn present in Panama. 'lhese results confinn the existence of 

at least two groups of wild fonns and support the idea of separate 

dc:>mastications, also in aa:ordance with archeological evidences. '!he 

variability as judged on seed storage protein patterns is higher in Pero 

and surroun:iinJ highlands, since the Big Limas and their wild ancestors 

display more variable patterns in corrq:arison to Mesoamerica. 'lhe Big Lima 

seed mo:rphotype is frequently associated with the Peruvian pattern, while 

the Sieva aro Potato mo:rphotypes are associated with the Mesoamerican 

pattern. Although it is not a strict correlation, a larger seed size is 

usually associated with the Peruvian pattern; apparently there is no 

correlation between the type of pattern and seed shape or color. 'lhe lack 

of correlation is further evidenced by a landrace of Nariño, Colombia 

(ffiD-1336), a Big Lima-like type segregating for seed color and displayinJ 

the 3 patterns (Peru, Panama and Mesoamerica). 'Ibis case of natural 

introgression would indicate that the two well separate gene pools 

overlapping in Southern Colombia are still genetically conpatible. 'lhese 

preli.rninary results should be confinned by testing more materials, 

especially wild fonns, since the later also shaw resistance to the bru.chid 

Acanthoscelides obtectus (Say). 
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INI'ERSI'EX:IF'IC HYBRIDIZATICN FOR 'IHE IMiroVEMENl' OF Ihaseolus vulgaris 

Objective 

V. Schmit 

CIATjUniversity of Gerrbloox Collaborative Project 

Centro Internacional de Agricultura Tropical ( CIAT) 

A.A. 6713 1 cali1 Colombia. 

'lb introduce interestirq dlaracteristics of other Ihaseolus species to g. 

vulgaris with E'!IJ'Iilasis on resistance to Ascochyta airl bean fly. 

Species to be crossed with g. vulqaris: 

Fhaseolus cxx::x::ineus 1 g. oolyanthus 1 g. p..u:.prrasoens 

Methodology 

l. Collectiat am seed in:rease of g. cxx::x::ineus arxl g. polyanthus. 

2. Evaluatiat am selectiat of interestirq g. cxx::x::ineus arrl g. oolyanthus 

accessions at CIAT. 

3. crossi.rg between ,P. vulgaris elite lines arrl selected g. cxx::x::ineus anj 

g. oolyanthus 

4. Selectiat of interspecific hybrids resistant to pests arrl diseases 

5. Integratiat of haoogeneous resistant lines to the VEF 1 EP 1 arrl bean 

breeciiiq program. 

Type of crosses created at GemblOQX: 

Direct crosses: usi.rg g. vulgaris as female arrl g. cxx::x::ineus or g. 

oolyanthus as male parent. 
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catplex crosses: Cross between a wild E. c:xxx::ineus or E. pn:p.rrascnes as 

female arrl E· vulqaris as male, backcross of the F1 with 

E. c:xxx::ineus or E. oolyanthus, arrl backcross of the F 
1 

with E· vulqaris: or reciprocal. 

Selection for resistance to: 

F6 

arrl 

Asoochyta Bean Fly 

Seed increase at :Eq>ayan 

Irrlividual selection 

at fq>ayan 

Irrlividual selection at 

Popayan arrl Rionegro 

Selection for disease resistance 

arrl E. vulqaris plant type 

Selection at A.V.R.D.C. for 

bean fly resistance for 

agrol"lC!TTY 

Selection at A.V.R.D.C. for 

bean fly resistance 

Selection for agronomy 

Backcross with E. vulqaris 

further 

progenies 

eontinuation of the same selection scheme 

Selection of homogeneous arrl resistant 

lines to be integrated in rrurseries of 

the Bean Program, in the VEF and the EP 
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EI..OCmOIH:>REI'IC SIUDY OF IHASEDLIN IN AFRICA GERMPIASM 

CDUB::I'ICNS OF cx:r+t.:N BFAN 

M. Triana, D.G. De.l::x::uck, H. Ramirez, arrl W. Roca 

Centro Internacional de Agricultura Trc:pical (CIAT) 

A.A. 6713, cali, Colombia. 

Crosses made between the Mesoamerican gene pool of Fbaseolus vulqaris 

L. arrl the SOO:th Arx:lean gene pool in order to cx:arbine their higher 

prcxiuctivity arrl larger grain type respectively often failed because of two 

carplE!ll'elltary dani.nant genes causi.rg hybrid weakness. One can worrler 

however whether natural :re.canbinants c:nUd exist where the two gene pools 

were in contact for a long period of time. One place to investigate with 

a¡:prq>riate cli.matic corrlitions cx:W.d be Eastern Africa, where beans were 

brcught fran their American centres of origin 2 or 3 centuries ago arrl 

where natural a.rt:crossi.rg has been reported. After a SOO/ PAGE analysis on 

275 haoogenous bean acx:::essions of 6 East African c::amtries, it appears that 

'T' ¡:haseolin is dani.nant, followed by 'S' arrl 'C' types ; no :re.canbinants 

between the two gene pools were foorrl. Gernplasm fran the SOO:thern Arrles 

form thus the major part of East African mixtures, perhap:; because of their 

attracti ve larger seed size. Al thcugh sare larrlraces are very el ose to 

their Sooth American counterparts, they differ however by their f requenci es 

specific selective pressures arrl¡'or adaptive c:haracters. 
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L. R. Iareo 

Centro Irrt:.ernacional de Agricultura Tropical (CIAT) 

A.A. 6713, cali, COlombia. 

Strorq varietal differences annrg the eight primary testa colors of 

conm:>n beans (Fhaseolus vulqaris L.) were fCJUirl with respect to the 

nolecular size, inferred by the differences in absortivity of their 

procyanidins measured by the acidified aai trethod. No one relationship 

was fCJUirl aiOC>nJ the colors arrl the total tannins content either by the 

vanillin assay or acidified BuOH, either for Cl:Ude or "tnle" tannins, by 

the PVP trethod. 'lhese differences will be due to the different polymeric 

fractions cntpOSition as can be visualized in the circular pa.per 

c.h.rarotograms. 'Ihese firrli.rgs inply clearly that the tnle quantification 

of the comensed ~ in cx:mron beans arrl perhaps in other foods arrl 

feeds requires the preparation of their own starrlard.s because is not 

possible to generalize with only one for all the materials evaluated arrl 

because the canmon referenoes as catedrln arrl tannin acid have a different 

behaviour arrl do not reflect the true cx:xrp:>Si tion arrl amotmt of the tannins 

in the evaluated material. 
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BREEDING FOR 'rol.ERANCE 'ro rn:u;m' m BE'AN 

J .A. Acosta G., F .J. !barra P., A. Pajarito R., R. Ochoa M., 

R. I.épiz I. y M. W. Adams 

Instituto Nacional de Investigaciones Forestales y ~ias (INIFAP) 

Apartado Postal 186, D.lrargo, D.lrango, México 

Of the approximately 2 million ha of beans planted anrrually in Mexico, 

87% deperrls exclusively on m::>isture fran natural rainfall for its 

develcpnent. 'Ihe greater part of the area in rainfed corxlitions is planted 

in S\.ll1ITler an:i is located in the semiarid region of the oenter-north. 

'!he National Institute of Forestry an:i Agricultura! Researd1 of Mexico 

(INIFAP) initiated this breedin:J project in 1980, arrl in 1982 Michlgan 

state University (Bean-cowpea rnsP, Title XII) joined INIF1'J> to work 

collaboratively. 

Aroc>ng results cbtained to date are the following: 

Genrplasm: 

Of a. 100 genotypes evaluated in a systernatic screenin:J in three 

stages, a group of approximately 40 were identified t;hat possess a notable 

degree of tolerance in relation to the mean. 

Knowledge: 

a) To date, no characteristic (nor gene) has been identified, whidl by 

itself can explain the drought tolerance dJserved in these bean 

genotypes. 
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b) 'lhe dlaracteristics which seern to be associated with dra.lght tolerance 

in bean are: an al::A.lrdant arrl deep root systern, st.anatal sensitivity, 

p.tbescence, leaf novement, arrl the capacity to rendJilize stored 

assimilates before the onset of dra.lght (before pod fill~) • 

e) Genotypes of an intennediate vegetative cycle present a marked 

¡ilenological plasticity in response to dra.lght. 

Methodolcx:w: 

a) Group~ of genrplasm based on its noqilology arrl ¡ilenology 

facilitates interpretation of results, arrl thus, the identification of 

the nost pranis~ genotypes. 

b) It is necessary for the ~uation of dra.lght tolerance to define 

first the level of dra.lght which permits differentiation of 

susceptible arrl tolerant genotypes. Under very severe dro.lght 

pressure, it is difficult to recognize genotypic differences. 

IroJECI'IONS 

1) Breeding for drought tolerance and incorporation of disease resistance 

in a recurrent selection scheme, workin;J with the nost inportant 

ccmnercial types separately. 

2) In the process of recurrent selection, yield evaluation urxier dro.lght 

conditions of segregating pcp.llations in early generations. 

3) Continue try~ to identify characteristics (norphological, 

¡ilysiological, and biochemical) which facilitate the identification of 

dra.lght tolerant genotypes. 
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MEASURING 'lHE GENJl'YPE X ENVlRONMENI' INI'ERACI'IOO EFFEX::T 

00 TIME-REIATED ~00 ANO YIEI.D 

D. H. Wallace 

Comell University, 402 Bradfield Hall 

Ithaca, N.Y. 14853, U.S.A. 

Multiple location yield trials · involve large genotype x envirornnent 

interaction. '!he G x E sums of squares fran the ANOVA of such trials is 

divided us~ principal carponent analysis into plus arrl minus G x E 

effects. 'Ihe negative G x E interaction represent the decrease in days to 

flower~ (or consequent effects on days to ma:turity or yield) caused when 

a higher mean tenperature decreases the time the cultivar needs to develop 

a nade. 'Ihe positive G x E interaction represents the increase in days to 

flower~ (or consequent effects on days to maturity or yield) when the 

sarre high tenperature arrljor larger day length anplifies the ¡ilotopericxi 

gene activity to thereby increase (delay) the node to flower. 'Ihe 

photopericxi gene activity contests the rate of partitioning to the 

reproductive growth, which is control over the rate of accumulation of 

yield. A high growth rate of the flower buds gives days to flower~ in a 

shorter time than slow growth. A continua! high growth rate of the seeds 

leads to early maturity while slow growt:h leads to later maturity. 'Ihe 

analysis likewise assigns negative G x E to the envirornnents if they affect 

developnent arrl predcmi.nantly through the rate of node develc:prent, arrl 

assigns positive G x E if they affect the develc:prental rate primarily by 

controll~ the ¡ilotopericxi gene activity. 
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STRAT.EX;IES FOR aJUriVAR SEI.ECI'ION OF I.EX:;UMES 

H. P. Milllerl 'Ih. Büscher 1 c. I.eonards1 s. Pick arrl D. Sdlaefer 

Institute of Genetics 1 .Abt. BioChemical Genetics 1 University of Bonn 

D-5300 Bonn 1 1 Kirschallee 1 1 West Gennany 

Different a¡:t>roaches for dtaracterizi..n;J legmne genotypes are shown1 

the use of which facilitate selection for desirable traits in specific 

crosses arrl backcross programrnes. Favourable alleles of genes whidl 

control distinct characters are to be found. 'Iherefore1 field trials1 

¡:hytotron experiments arrl electrophoretic investigations on cul ti vars an:l 

wild pcpllations are carpared with regard to their usefulness for 

establishing an efficient system for selection accordi..n;J to breeding 

objectives in legurnes. '!he prq:x:>sed strategies 1 shown for fbaseolus 1 Pismn 

an:l Vicia will accelerate the develc::p:rent of field an:l laborato:ry methods 1 

using 1r0lecular genetic markers (isozyrres 1 RF1.P's) which aid selection work 

an:l have inplications for further inprovement of beans. 
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Africa 

APmiDIX 1 

LISl' OF PARI'ICIPANI'S 

Tesfaye Beshir 

Scientific Ih}'tq)athological Laborato:ry 

P.O. Box 152 

Anix:>, Ethicpia, East Africa 

Rlone: 94 

Teshane Girma 

Junior Researd1 Officer 

Institute of h]ricultural Researd1 

Nazret Researd1 Centre 

P.O. Box 103 

Nazret, Ethicpia, Africa 

Cl1arles Wycliffe ~iraki 

Scientific Officer (Plant Breeder) 

Kawarxia Research Station 

P.O. Box 7065 

Karrpal.a, Ugan1a, Africa 

Osroan Hussein Yusuf 

Field Officer 

Central Agricul tural Research Institute 

P.O. Box 6852 

1-k:lgadishu, sanal.ia, Africa 

Fhone: 80515 
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Peter Rarradhani Dinn;o 

Principal Agricultura! Officer - Research 

Department of Crq> Scienoe 

Sokoine University 

P.O. Box 3005 

Morogoro, Tanzania, Africa 

Rlone: 056-3511 

Telex: 55308 UN!VM) TZ 

Elizabeth T. Maren;]e 

Field Officer II 

T .A.R. O. Lyanungu 

P.O. Box 3004 

Moshi, Tanzania, Africa 

Rlone: 4411 

catherine Syl vester Madata 

Student in Plant Breeding arrl Genetics 

Michigan State University 

Uyole Agric. Centre 

P.O. Box 400 

Mbeya, Tanzania, Africa 

Phone: 7011-255-65-2116 

Pierre Nyabyenda 

DepartmentHead 

Insti tut des Scierx::es Agronaniques du Rwarrla 

ISAR 

B.P. 138 

Buta.re' Rwarrla 

Phone: 250-30446 

Telex: 250-30599 
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Argentina 

Australia 

Brazil 

Nicolás carlas r::mrt:ur 

Coordinador del Programa de !Uruto 

Estación Experimental Aqroirrlustral. <l:>ispo Colcri:lres 

casilla de Correo 9 - ras Talitas 

4101 San Miguel de '1\lcumán, Argentina 

Fbone: 216561 1 225475 

Telex: 61152 REYES AR 

Rcbert Jahn Redden 

Senior Plant Breeder 

Depart:ment of Primary Irrlustries 

D.P.J. Hennitage Research Station 

Warwick, Qld. 4370, Australia 

Fhone: 076612944 

Joao Iuiz Alberini 

Fitanejorador 

Hata, Genetica e Melhoramento 

Rua 14 de Julho 1817 - So. Andar 

sala 81 

canp:> Grarxle, MS, Brasil 

Phone: (067) 384-1792 

José Eustáquio de Sa.tza Carneiro 

Pesquisador em Melhoramento de Feijao 

EMBRAPA 1 CNPAF 

Rodovia GYN 12, Km. 10 

caixa Pcstal 179 

7 4. 000 Goiania, Goiás, Brasil 

Phone~ (62) 261-3022 

Telex: 062.2241 EBPA. BR 
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Maria José de Oliveira Zi.nm:mnann 

Coordinadora del Prcqrama Nacional de Pesquisa 

de Frijol 

EMBRAPA 1 CNPAF 

caixa Postal 179 

74.000 Goiania, Goiás, Brasil 

Phone: (62) 261-3022 

Telex: 062.2241 EBPA BR 

Joaquim Geraldo Cáprio da Costa 

Pesquisador - Melhoramento de Feijao 

EMBRAPA 1 CNPAF 

Rodovia GYN 12, Km. ·10 

caixa Postal 179 

74.000 Goiania, Goiás, Brasil 

Phone: (62) 261-3022 

Telex: 062.2241 EBPA BR 

Pedro Antonio Arraes Pereira 

Researcher Plant Breed.i.rg 

EMBRAPA 1 OlPAF 

Rcxlovia GYN 12, Km. 10 

caixa Postal 179 

7 4. ooo Goiania, Goiás, Brasil 

Phone: 55 (62) 261-3022 

Tetex:· 062.2241 EBPA BR 
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canada 

PauloMirarrla 

Pesquisador 

&¡presa Pemani:Jucana de pesquisa .Agl:cpeomria - IPA 

Avenida General San Martin, 1371 Bonji 

caixa Postal 1022 

50.000 Recife, PE, Brasil 

Pbone: 227.0500 

Telex: 0812286 

Antonio Sidney Pc:rtpeu 

Fitanelhoramento 

Instituto Agronémico 

Avenida Barao de Itap.lra 1481 

caixa Postal 28 

13.001 campinas, Brasil 

Phone: (0192) 410511 

Telex: (019) 1059 

I..earrlro Oliveira e Silva 

Pesquisador 

EMJOPA 

caixa ·Postal 608 

77 .100 Aná¡x>lis, Goiás, Brasil 

Fbane: (062) 3212851 

Soon J. Park 

Field Bean Breeder 

Agricul ture canada, Research station 

Harrc:M, Ontario 

canadá NOR 100 

Phone: (519) 738-2251 

Telefax: {519} 738-2929 
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Colatbia GiJ.berto Bastidas Ra100S 

Coordinador Nacional de I.eguminosas de ~ 

Instituto Colc:ri:>iano .Agrc:pecUario (ICA) 

Apartado Aéreo 233 

Palmi.ra, Valle, Colatbia 

Rlone: 28167 

Telex: 55749 

Alberto de Jesús Ranán Vélez 

IrY;Jeniero .AgrónaTD 

Instituto ColCll'biano Agrcpecnario (ICA) 

Apartado Aéreo lOO 

Rionegro, Antioquia, Colad:>ia 

Rlone: 2714875 

Osear de Có:rdoba 

Gerente Investigación y Desarrollo 

CARGILL mi..GmiANA S.A. 

División de Semillas 

calle 56 Norte # 3-19' La Flora 

Apartado Aéreo 4850 

cali, Valle, Colanbia 

Phone: 642271 1 655540 

Telex: 55705 BAR<D m 

CIAT 

Apartado Aéreo 6713 

cali, Colanbia 

Rlone: 675050 

Telex: 05769 CIAT m 
cables: cnwmoP 
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Costa Rica 

steve Beebe 

Jeffrey White 

Midlael Dessert 

I:a.lglas Padrico 

Julia Komegay 

Sh:ree Si.n:$1 

Cesar cardona 

Jpe~ 

Oswaldo Voysest 

Willem Janssen 

Midlael'lb~ 

Marcial Pastor-corrales 

Judy Kipe-Nolt 

Jonathan Lynch 

Daniel Debouck 

Ariel Gutiérrez 

Cesar caj iao 

carlos urrea 

Albeiro Melina 

Harold Patiño 

Rigoberto Hidalgo 

Yolarrla López 

Jairo Quiros 

Iván Ochoa 

Adrián Morales Gá1ez 

Jefe Sea::ión li!gLDni.nosas de GraJx> 

Ministerio de Agricultura y Ganaderia 

Sabana SUr, Antiguo COlegio "Ia salle" 

Apartado 10094 

San José, Costa Rica 

Rlone: 552027 Ext. 19 

426 



Ibminican Rep. 

James Midlael Dessert 

COordinador, Programa Regional de Frijol en 

centro América y el caribe 

CIAT/IICA 

Apartado 55, 2200 Coronado 

san José, Costa Rica 

Phone: 290222 Ext. 390 - 454 

Telex: 2144 IICA rn 

Evelio Juan García Sánchez 

Director del Area Experimental de Granos Velascx> 

Ministerio de la Agricultura 

c. Recreo # 21 

Velascx>, Holguín, CUba 

Ihone: 42109 

Benito Faure Al varez 

Fitomejorador 

Estación Experilnental de Granos "El TaregUin" 

Avenida 85 # 6811 entre 68 y 70 

Alquizar, la Habana, CUba 

Ihone: 2829 y 2949 

Eladio Anlaud Santana 

Encargado Estación Experimental de Arroyo Loro 

Secretaría de Estado de Agricultura 

Apartado # 145 

san Juan de la Maguana, Rep.lblica Dcminicana 

Phone: (809) 557-3114 
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Ecuador 

El Salvador 

France 

Gennany 

Mario caviedes Cepeda 

Jefe, Programa de I..eguminosas 

lNIAP, Estación Experimental Santa catalina 

Panamericana SUr Km. 17 

Apartado 340 

Quito, Ecuador 

Phone: 629-691 1 629-693 

Telex: 2560 INIAP ED 

carlos Atilio Pérez 

Coordinador, Programa de I..eguminosas 

CENl'A 

Km. 33 1/2 carretera a Santa Ana 

Nueva San Salvador, El Salvador 

Phone: 28-2066 

Hubert Bannerot 

Directeur de recherches 

station de Génétique et D'Amélioration des Plantes 

INRA 

Centre de Recherches de Versailles 

Route de saint-<:.'yr-78026 Versailles-cedex 

France 

Phone: (33) 1.30.83.32.85 

Telex: 695269 INRAVER F 

Hennann P. Müller 

University Professor 

Institut fur Geneti.k, Universitat Bonn 

Abt. Biochemisdle Geneti.k 

Ki.rschallee 1 

5300 Bonn, Federal Rep.lblic of Gennany 

Phone: 0228-735518 
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Gua tena la 

Horrluras 

Porfirio Masaya 

Coordinador del Programa de Frijol 

ICI'A . 

Apartado 231-A 

Guatemala, Guatemala 

Fhone: 312195 

Sanuel Ajquejay 

Fitanejorador del Programa de Frijol 

ICI'A 

Apartado 231-A 

Guatemala, Guatemala 

Fhone: 312195 

José Antonio Jiroénez Torres 

Jefe del Programa de Frijol 

secretaría de Recursos Naturales 

Dmlí - El Paraíso, Horxiuras 

Fhone: 93-2112 Ext. 50 

Juan car los Rosas 

Profesor Asociado 1 Fitamejorador 

Escuela Agrícola Panamericana - El Zanorano 

P.O. Box 93 

Tegucigalpa, Honduras 

Fhone: (504) 332717 1 333173 

Telex: 1567 FAPlAM HO 

Telefax: (504) 328543 
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México Rafael Atanacio Salinas Pérez 

Experto "B" Red de Leguminosas o:mestibles Zona Norte 

INIFAP 

canpo Agrícola Experimental del Valle del Fuerte 

Apartado Postal. 342 

Los Mochis, Sinaloa, México 

Phone: 91 (681) 6-03-20 ó 21 

Rogelio Iépiz Ildefonso 

Fellow CIAT 

INIFAP 

Apartado Postal 77 SUc. A 

Zapopán, Jalisco, México 

Phbne: 330508/330738 

Francisco Cárdenas RaiOOS 

Director del CENID -Recursos Genéticos 

INIFAP 

Apartado Postal 10 

01apingo, México 

Ihone: 5-361513 

Jorge Alberto Acosta Gallegos 

Experto "A" Red de Leguminosas 

INIFAP 

Apartado Postal 186 

34.000 I:Xlran;¡o, ~' México 

Phone: (181) 21133/21155/21044 
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Ernesto López salinas 

Investigador del Programa de Frijol 

rniFAP 

Apartado FtJsta1. 429 

Veracruz, MéxiCX> 

Fhone: 350418 

Vida! Ortiz Arriola 

Coordinador, Programa de Investigación de Is;)uminosas 

de Grano - aJSCO 

INIAA 

Avenida Huascar 226 

ClsCX> 1 Perú 

Phone: 227351 ó 222031 

Juan Risi carbone 

Director del Programa de Investigación en 

Leguminosas de Grano 

INIAA 

Apartado Aéreo 248 

Avenida Guzmán Blar\CX) 309 

Lima lOO, Perú 

fhone: 360849 

Argel Valladolid <hiroque 

Coordinador-costa, Programa de InVestigación de 

Is;)uminosas de Grano 

INIM 

Panamericana SUr Km. 203 

Apartado 115 

Chincha' Pel:ú 

Fhone: 262351 
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Venezuela 

United states 

Guille.noo Gál vez 

Coordinador del Programa de Frijol, Zona Ardina 

CIAT 

Apartado 14-o185 

Lima 14' Pero 

Ihone: 229623 

Telex: 25672 PE 

Telefax: {51-14) 424554 

~el L. Borges F. 

Profesor de Genética 

Universidad Central de Venezuela 

Facultad de AgroiXllÚa 

Maracay, Estado Aragua, Venezuela 

Phone: {043) 545252 

Ik>nald H. Wallace 

Professor of Plant BreE!clirg arrl Vegetable 

Comell University 

Plant Breedin} Departrnent 

Emerson 1 Bra~ield Hall 

Ithaca, New York 14853-1902 

U.S.A. 

Phone: {607) 255-1657 

SUsan IDuise Sprecher 

Postdoctoral Researd1 Associate 

Michlgan state University 

Crop ard Soil Sci~ Deparbnent 

East Lansin}' Midrlgan 48824 

U.S.A. 

Phone: (517) 353-3954 

Telex:· 650-264-1762 MCI 
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Mireille M. I<hairallah 

Graduate Student (Rl.D.) 

Michigan state University 

Crop arrl Soil Sciences Deparbnent 

Plant arrl Soil Sciences Builclin:J 

East Iansing' Michigan 48824 

U.S.A. 

Rlone: (517) 355-2248 

Telex: 650-264-1762 MCI 

catherine Sylvester Madata 

student - Plant Breeclin;J arrl Genetics 

Michigan State University 

Plant arrl Soil Sciences Builclin:J 

East Iansing, Michigan 48823 

U.S.A. 

Phone: {517) 355-0766 

John Giles Waines 

Professor Genetics, Director Botanic Garden 

University of california, Riverside 

Department of Botany arrl Plant Sciences 

Riverside, california 92521 

U.S.A. 

Phone: (714)-787-3706 
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Fred J. M.Ie.hlbauer 

Researc:h Geneticist 

usm-ARS 
Grain I.egume Genetics an:l Rlysiology Research 

215 Jctmson Hall 

washin;Jton State University 

Pullman, WA 99164-6421 

U.S.A. 

Phone: (509) 335-9521 

Richard L.~ 

Soybean Breeder 

USili\IARS 

Agronany Department 

OA.ROC--<.&1 

'!he Ohio State University 

1680 Madison Ave. 

Wooster, Ohio 44691 

U.S.A. 

Rlone: {216) 263-3875 

434 



APPENDIX 2 

PR:GRAM OF 'lHE ~p 

7 Noveni>er 

08:00 
09:00 

Registration/Coffee 
Welc:x::!re, Introduction 

Advances in studies of genetic resa.trees in CUIIIOJl bean 

09:30 
09:45 

10:15 
10:30 
11:00 
11:15 
11:30 

12:00 
12:15 
13:30 

14:00 
14:15 

14:45 
15:00 
15:15 
15:45 
16:00 

16:30 
16:45 

lblerator 

Introduction 
Drplications for bean bree:iers of studies on 
the origins of c:x::mron beans, Fhaseolus 
vulgaris L. 
Discussion 
'!he bean gernplasm bank of Mexico 
Discussion 
Coffee 
Races of c:x::mron bean, :Alaseolus vulgaris L. 

Discussion 
lJJnch 
Use of wild Rlaseolus vulqaris to inprove 
beans for resistance to b:rudrids 
Discussion 
Potential of bioteclmology in gernplasm 
evaluation arrl the genetic inprovernent of 
Fhaseolus beans 
Discussion 
Coffee 
'Ihe potential of hybrid beans 
Discussion 
Use of interspecific crosses to inprove 
camnon bean (Fhaseolus vulqaris L.) 
Discussion 
General discussion 
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D. Padti.cojConfer. 
Coord. 

R. Lépiz 

R. Lépiz 

D. J:leboockl 
J. Tc:tnne 

F. Cárdenas 

S . SinJh¡P. Geptsj 
D. J::leboock 

c. Cardona/ 
J. Kornegay 

W. Roca/H. Ramirez 
P. Cllavarriagaj 
L.C. Muñoz 

H. Bannerot 

G. Waines 



8 Novernber 

08:00 Welcare f:ran the directors 

Breeding for early maturity 

08:15 
08:30 

09:00 
09:15 

09:45 
10:00 
10:20 
12:30 
14:00 

14:30 
14:45 

15:30 
17:00 

Modera ter 

Introduction 
A socio-econc::mic perspective on earliness 
in beans 
Discussion 
Fhysiological aspects of earliness in 
a:::mnon bean 
Discussion 
Coffee 
Visit to denonstration plots 
I.llnch 
'!he developnent of early-maturin:J varieties 
for Central American agricul tura1 systems 
Discussion 
Rourrl table cliscussion wi th audience 
participation 
CoffeejRefreshments/Presentation of posters 
Cocktail 

9 Novernber 

07:30 Field trip to santamer 

10 Novernber 

D. R. l..aÍn;J 

J. White 

J. White 

w. Janssen 

J. White 

P. Masaya 

Awroaches and p~ in breeding for quantitative traits in cc:.mron beans 

08:00 
08:30 
08:45 

09:15 
09:30 

10:00 
10:15 

Moderator J. Komegay 

Introduction J. Komegay 
Discussion 
Quantitative genetics in Ihaseolus vulgaris: 
the example of resistance to xanthcm:>nas 
campestris pv phaseoli s. Beebe 
Discussion 
Development of appropriate breedin:J 
strategies for resistance to Enpoasca J. Komegay¡ 
kraerneri in COill['OC)n bean c. cardona 
Díscussíon 
Coffee 

436 



10:30 

11:10 
12:00 

13:30 

14:10 
14:25 

15:05 
15:20 
16:00 
16:15 
16:30 

17:15 

Breeding for yield in cx:mron bean of 
Middle-.American origin 
Discussion 
lJJnch 

Moderator 

Breedin:] camron bean (Rlaseolus vulgaris L.) 
for yield in intercrop 
Discussion 
Breedin:] for yield in soybeans: early 
generation testin:] arrl specific adaptation 
to high versus lCM yield emrironrnents 
Discussion 
Breedin:] for yield in other legrnres 
Discussion 
Coffee 
Rourd table d.iscussion with audience 
part.icipation 
Discussion with Brazilian breeders over 
fonnation of a nursery of sources of 
resistance - Q.Iirobaya Room 

11 November 

Fonnn: Bean production in the year 2000 

S. Sirgh 

A. Parpeu 

M. J. Z.i.nmennann 

R.~ 

F. Muehlbauer 

S. Singh¡S. Beebej 
M. 'lbung 

Moderator D. Pac:hioo 

08: 00 Dry bean production arrl ooTlSUilption in the 
year 2.000: projections thoughts arrl guesses 
with errph.asis on Latin Arnerica arrl Africa w. Janssen 

08:30 Discussion 
08: 45 '!be future of small bean producers in Mexioo 

arrl their relation with ccmnercial faril\Ín;J R. I.épiz 
09:15 Discussion 
09:30 Bean production in the year 2.000: 

canrne.rcial production J. Alberini 
10:00 Discussion 
10: 15 Coffee 
10:30 General Discussion 
11:30 Closin:] rerrarks D. Pac:hioo 
12:00 lllnch 
13:30 Free for consultations 
13:30-16:30 Breeders of c. Arnerica arrl caril:::bean: 

Discussion arrl plannirY;J of crosses 
Tayrona Room 

18:30 Dinne.r 

437 



12 Novernber 

08:30 
12:30 
13:30 

Trip to FUpayán 
lJ.lnch in Popayán 
Retmn to CIAT 
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