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ÀB STRÀCT

The value of intra- and interracial popul-ations in connon

bean (Phaseoius vuTgaris L,) needs to be determined for

creating useful genetic variation to rnaximize gains from

selection, broaden the genetic base of co¡nmercial cultivars,
and nake efficient use of available resources. objectives of

this study were to (i-) characterize and conpare variation for
marker and agronomic traits generated by intraracial- versus

interraciaf populations, (2) measure heritability and gains

from selectj-on for seed yield and other agronomic traits, and

(3) identify marker traits that could be used as indirect

sel-ection criteria for yield and other agronomic traits. Five

large-seeded deterrninate parents of Andean origin (race Nueva

cranada) and three smafl- or rnedium-seeded determinate or

indeterrninate parents of Middle America (races Mesoamerica and

Durango) were hybridízed to produce one j-ntraracial (Nueva

cranada x Nueva cranada) and three interracial (crosses of

Nueva Granada with Mesoamerica and Durango) populations.

Seventy-nine Fr-derived F, recornbinant inbred lines randomly

taken from each population along v¡ith their respective parents

\.,Jere evaluated in two contrasting envíron¡nents (Palmira and

Popayán, cotonbia) for two years. A reps-in-set design with

two replications was used. Plot size in 1990 sras a single row,

3 rn J-ong. In l-991, each plot consisted of 4 rows, 5 n long.
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Spacing between rovJs at Pal-nira was 0.6 m and at Popayán 0.5

n. Nonetheless/ a population density of approxirnately 221,000

plants/ha was obtained at both locations. Data were recorded

for seed yield, days to rnaturity, 1oo-seed weight, biornass,

harvest index, fifth internode l-ength, and pods/rnz. Al-so,

growth habit, leaf shape, bracteol-e size and shape, and f l-ower

col-our r¡/ere recorded. Phaseofin, and total seed proteins, and

seven polymorphic isoenzyrne systerns (diaphorase, rnali-c enzyme,

mal- j-c dehydrogenase, shikirnic dehydrogenase, ribuLose

biphosphate carboxylase, glutamate oxaLoacetate transaminase,

and acid phosphatase) r¿ere also analysed for all entries.

Effects of l-ocation, year, population, recornbinant l-ines

within populations, and their interactions were significant

for al-l- agronomic traits inctuding seed yie1d. variation for

morphological traits, proteins, isoenzymes, and agronornic

traits includj"ng seed yield was l-arger in interracial

populations cornpared with the intraracial populations. Mean

seed yield of recombinant inbred lines as wefl as yield of the

highest yielding lines from two interracial popul-ations were

signif i.cantJ.y higher than those of the intraracial- population'

However, none of the lines fron these two interracial
populations outyielded their best parent. Onl-y in the low-

yieJ.ding interracial- and intraracial popul-ations did

recombinant lines outyiel-d their best parent.
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Heritability vaÌues for seed yield ranged frorn O.l-9 +

0.17 to 0.50 + 0.1-6, fron 0.80 + 0.1-5 to 0.94 + 0.15 for l-00-

seed weight, fron Q.26 + 0,1-7 to 0.55 + 0.1-6 for biomass, fron
0.51- + 0.15 to O,72 + 0,2L for harvest index, from 0.38 + 0.16

to 0,61 + 0.16 for pods/rnz, from 0.48 + 0.16 to 0.89 + 0.16

for days to maturity, and fron 0.30 + 0,16 to 0.91 + 0,15 for

fifth internode length. Ranges for gains from selection (at

2OZ selection pressure) for these same traits, respectively,

\,¡ere 3 .92 Eo LL.42, l-1.1-? to 26,62, 4,62 to 1-2.52, 3.0 å to

9.62, 6.3å to L7.7Zt 2,52 to 5,0å, and 4,42 to 5L.52.

Seed yield was positively associated with biornass yie1d,

pods/m2, and days to rnaturity. Harvest index was negatively

correlated with biomass, pods/rnz, and. days to rnaturity.

Bionass, pods/rnz, and days to naturity were positively

associated among each other. Correlat.ions of l-00-seed weight

with harvest index and fifth internode length were positive

and those with pods/rnz and days to rnaturity were negative.

Fifth internode length r¡¿a s also negatively associated with

pods/n2 and days to maturity.

Pol-ynorphisrn for phaseolin, tectins, protein Group 1-

fraction, protein croup 2 fraction, and six isoenzyrne systens

(ME, MDH, SKDH, RBSC, GOT, and ÂCP) at a single locus and for

one isoenzyme systen (DIAP) at two independent loci was
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recorded, mostly in j.nterracial populations.

Reconbinant inbred lines r¿ith indeterrninate growth habit
had significantly (P < 0.01-) higher seed yield than their
determinate counterpart (Redkl-oud x MAM 4). A1so, lines with

T phaseolin, DiapÈ al-IeIe, and lilac flower col-our tended to

possess higher seed weight. Similarly, lines with

indeterrninate gro!¡th habit, lanceolate leaf shape, whitê

f l-owerr acp% al1e1e, and T phasêol-in had a higher bionass

yield. Línes with determinate growth habit, MdhË, R.bscË, and

S phaseol-in had a higher harvest j.ndex. The S phâseo1in, Me199,

skdåUS, and Large bracteole size were associated with a higher

number of pods/n2. Indeterminate gro\,/th habit, Iil-ac f l-ower

col-our in one population and rvhite in the other, DiaplZ, and

T phaseolin were associated with detayed naturity. Similarly,
lines with deterrninate growth habit, cordate bracteole,

Rbsc@, /'cdl4, and T phaseolin, possessed longer fifth

internodes .
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I. INTRODUCTION

In nany developing countries, food legumes are a major

source of proteins and often pl-ay an irnportant role in crop

rotations, Ho$,¡ever I since the early 1970s, concern has been

raised regarding the negl-ect of Leguninosae research necessary

to increase their yietd and correct certain nutritional- and

food-use qualities (PAG Statenent No. 22t !973),

Denand for and consumption of comnon bean (Phaseol-us

vuJgaris L. ) are expected to rise sharply j-nto the next

century. By the year 2000, bean production in Africa will have

lo be 722 above L989-90 production l-evels in order to satisfy
demand, while Latin Anerican production wil-l- have to increase

by 42e" (Janssen, l-989). Presently¿ connon bean is largel-y

produced by small farmers who will progressively be chal-l-enged

to j-ncrease food availability for a rapidly growinq populatj-on

with l-ess access to land (Janssen, L989). In sunnary, future
conmon bean production will be predicated not on labour

productivity but, rather, land productivity.

Common bean is a non-centric crop/ originating in the two

najor genepools of Middle Anerica and Andean America (centry,

1969; Kap1an/ 1981; cepts, l-984, 1988a, and 1988b; Gepts et

aÌ., 1986; cepts and Debouck, 1991). Supportive evidence coTnes
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fron electrophoretic analysis of the najor storage phaseol-in

protein, Þ/hich deternines tr,¿o genepooÌs according to phaseolin

type: Middl-e American S phaseolin and Andean Tf C, H and other

phaseolin types (Brown et aI., L98l-b; Bliss and Brown, 1983;

cepts et aI. , 1986).

Isoenzyme characteri zation confirms the two genepools

(Sprecher, 1988a and 1988b; Koenig and Gepts, 1989a and 1989b,'

Singh et al,/ l-990 | !99Lat and 1-991b). Àdditional isoenzyme

analysis identifies gene flow fron wil-d to cultj-vated

germpl-asrn and further stratifies the MiddLe A¡nerican and

Àndean genepools into five and four cultivar subgroups,

respectively (Singh et al-., 1991a).

Middle Arnerican gernpl-asm is characterized as having

small-er seed size (10o-seed weight < 40 g) than its l-arger

Andean counterpart (l-00-seed weight > 40 g) (Singh and

Gutiérrez, l-9S4), Perhaps the nost consequential agrononic

factor separating the tr,¡o germpl-asm types is their overal-f

yielding abifities. Evidence from comparative trials shows

that s¡naLler seeded indeterminate Middle American genotypes

with growth habits II and III have consistently outyielded

larger seeded types with similar growth habíts by an average

of 0.4-0.6 t/ha, and even as high as 1.0 t/ha (Singh, 1988b

and 1991-,' White and GonzáIez I L99Oì l¡hite et aL , 1992) .



There are several reasons for the growing interest in

cornbining Andean and Middle American genotypes, not the least

of which is to enlarge the genetic base for reliable and

increased levels of resistance to both biotic and abiotic
factors. Impetus for combining the higher yieldj.ng Middle

American materials with their large-seeded Ândean counterparts

also sterns fron greater market denand for large-seeded

materials in the Andes and Africa. There, the urgency to

irnprove and stabiLize yield is heightened because of l-i¡nited

resources available to farners, diseases, l-ow soil- fertiJ.ity,
and drought.

Certain crosses of common bean cultivars between large-

seeded Andean and srnall-seeded Middl-e American genotypes have

resulted in F1 hybrid v/eakness, growth abnormalities, and the

appearance of dwarfing or crippling (York and Dickson, L975;

van Rheenen | L979; Shii et at., I98o; cutiérrez and Sl-ngh,

L982 and 1985; Singh and cutíérrez, 1984; cepts and 81iss,

l-985; Vieira et al. | L989,' Koinange and Gepts, l-992). singh

and Gutiérrez (L984) found that the frequency of F1 hybrid

drvarf isrn was approxirnately 22 in smaLl--seeded (Middle

Arnerican) by large-seeded (Andean) crosses.

There

geneticists

a general tendency for bean breeders and

utilÍze intraracial- crosses. As Singh (1989)

Ls

to
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argues, breeders traditionalty emphasize hybridization within

bean genepools as there has been a history of poor adaptation

of introduced germplasm, low frequencies of desirable

interracía1 recornbinants, and strict seed and/or pod quality

requirernents. The value of increased qenetic diversity and

selection criteria, whether rnol-ecu1ar, rnorphological, and/or

agronomic traits resulting from interracial crosses not

demonstrating dwarf isrn or cripplj.ng, is not $/el-l- understood.

Likewise, the value of interracial populations for irnprovement

of large-seeded gernplasm is not presently known.

Most genetic studj-es and selectÍon experiments focus on

the use of earl-y generation segregrating populations and

famifies and do not use recornbi.nant inbred 1ines. These l-ines

offer the advantages of providi.ng a perpetual genetJ-c material

in which a high degree of homozygosity is f irrnly established,

and they can be evaluated for rnultipl-e desirabfe traits over

several environnents (Burr et aI., 1988). often, it is not

possible to obtaín reliabl-e estimates for quantitative traits

such as yieJ-d frorn individual reco¡nbinant gênotypes because of

a red.uced quantity of seed and their differential- gene action

in earl-y generations.

For this study, 79 randomly chosen Fr-derived Fó

reco¡nbinant inbred l-ines and their parents for one intraracial



and three interracial populations were grown over two 
"".r= 

ui,

two locations in Colombia. Seed material- was also cultivated
in a greenhouse j-n order to analyse isoenzymes and total-

proteins. Agronornic field data and biochemical data were then

used to characterize the recombinant inbred li-nes for their
agronomic value and other traits.

The objectives of this study v¡ere to (1) determine the

potentials of intra- and interracial- populations to improve

seed yield and other agronomic traits in large-seeded Andean

germpl-asn, (2) measure heritabj-Iity and gains from selection

for seed yiel-d and other agronomic traitsf and (3) identify
potentiaL norphological and molecuLar narkers that could

facilitate seLection for seed yield and other agronomic

tra its .



II. I]ITERÀTURE REVIEW

A. Com¡non bean (PåaseoTus vuLgaris L.) as a non-éentric crop

1. The exístence of tvro élo¡restication centÌes ancl two najor
groups of conmon bean gernplasBl

WiId comnon bean is the im¡nediate ancestor of the two

najor groups of present-day cultigens that possess

rnorphologica.L differences corresponding to their geographic

origin (Burkart and Brücher, 1953; Kaplan L956; Miranda, L967;

Gentry, ]-969'i Gepts et af., 1986i Vanderborght l-986). A

comparison of cultivated and wil-d conmon bean fron both the

southern Andes (of South Arnerica) and Mexico ref l-ects

differences between the two groups of gernplasm. Beans from

Mexico possess shorter racene peduncJ-es, larger f1or,/er

bracteoles, and a greater quantity of flower nodes per race¡ne

(cepts and Debouck, 1991) . Most significantly, wild and

cuftivated connon beans frorn Mexico and parts of Central

America possess snall-er sized seeds than those originating in
the Andes.

cepts et at. (l-986), Gepts and Bliss (L986), Koenig et

al-. (1990), and singh et al. (1991b) found several phaseolin

types-each one typicaf of its respective region of origin in



studies of both wil-d and cul-tivated conmon ¡"un u".".=io.,"l
l^/il-d beans from Míddle Arnerica di-splayed eÌectrophoregrams

that resenbled those of the cultivar Sanil-ac, thereby denoted

as rrSrr phaseolin phenotype (Bronn et a1., 1981b). Sirniì.arly,

r¿ild forms fron the Southern Andes had phaseol-in

e lectrophoregrams that resenbl-ed the cuLtivar Tendergreen

phaseolin pattern and were denoted as rtTrr types (Bro\,/n et al. ,

l-981-b,' BLiss and Brown, L983 ) . A large group of other

phaseolin types found only in wíId beans from Middle America

has been grouped as trMrr (Mexico) . Likewise, other phaseol-in

types, ê.9. , "C" (Contender) , rrHrr (Huevo de Huanchaco) , rrArl

(Äyacucho), rrlrr (Inca) , and "J" (Jujuy) / were reported from

the Andes (cepts et al-., f986; cepts and B1iss, 1986; cepts,

1988a and l-988b). PhaseoLin types from the wil-d beans are

preserved in their cultivars from the respective regíon (cepts

et al. , 1986).

Studies involving isoenzyme-a1loz1ane anal-ysis have

provided further proof of the existence of the Middl-e American

and Andean genepools (Schinkel èt al., 1988; Sprecher, L988a

and l-988b; Koenig and cepts, 1989a and l-989b; Koenig et al.,

L99o ì Singh et al., l-99rb) . Sinilarly, using ¡nitochondrial

RFLPS, Khairallah et a1. (1990 and l-992) have cl-ustered bean

l-ines corresponding to the two genepools. Using rnitochondrial

DNA (mtDNA) , they were abl-e to identify five restriction
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fragment l-ength poLymorphism (RFLP) systems, three of which

r¡/ere used to group their experirnental bean lines into two

groups based on seed size, isoenzyme patterns, and phaseolin

B. ProbLenatic crosses affecting gro!¡lh, developnent, and

yield in Phaseolus vulgaris L.

Whereas t$/o primary centres of origin have been

determined for common bean of al-I growth habj-ts, Evans (1973)

deter¡nined five subgroups, or races/ for the two genepools.

More recently, Singh (1988a and 1989) and Singh et af. (1991b)

classified gerrnplasrn fron the two domestication centres into
sj.x races according to seed size, phaseolín type, allozyme

pattern/ growth habit, adaptation habitat, yie1d, maturj.ty/

and other traits,

Certain crosses invoì-ving l-arge-seeded (Andean) and

small-seeded (MiddIe Àmerican) Iandraces have resulted in
growth abnormalities, and/or the appearance of Ft hybrid

dwarfing phenomena or crippling symptons such as chlorotic
priinary leaves, the absence of trifoliol-ate leaves, tap root

degeneratj.on, and adventitious root development on the sten

just above the soit line (Davis and Frazier t 1-964,' coyne,

l-965; Provvidenti and Schroeder, 1-969; York and Dickson/ l-975;
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van Rheenen | L979; Shii et al., L980,' eutiérrez and Singh,

1-982 and 1985; Singh and Gutiérrezt Lg84; cepts and B1iss,

1985; Vieira et aI., L989). The occurrence of Fi d.warfness has

suggested the existence of sone forn of genetic barrier or

isol-ation ¡nechanism that interferes with genetic recombination

between the trvo rnajor genepools (Singh and Gutiérrez, 1984).

This is further supported by distorted segregation ratios of

specific loci expressions (Koenig and cepts, 1989b). Moreover,

it is known that common bean and the pathogens affecting it
have undergone coevolution, resulting in different resistance

nechanisms and genes in gerrnplasm from each genepool (M.

Pastor corrales, pers. comn., 1992). In turn, this resuLts in
differential- levels of response to diseases and pests caused

by genetically varíable pathogen populations.

Shj-i et al. (1980 and l-981-) reported that the dv/arfing

trait is controlled by two complernentary dorninant dosage-

dependent Iethal genes-Middle Anerj.can DI1 and Andean D12. An

F., hybrid of such a cross wil-l result in a lethal- DltdltDl.d:l2

genotype. On the other hand, segregation data provided by

coyne (l-965) suggest that the virus-1ike crippJ-ing trait
observed in segregatj-ng generations j-s controlled by tv¡o

compl-ementary recessive genes (i.e., the parental conbinations

of Mesoanerican cr. allele \,rith Andean alLeles cr. and/or cr-).
The rel-ationship, j.f any, between these two phenomena is not
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C. YieLd clif f erences betr¡een AnClean ancl Miclclle Anerican

conmon beans

Evidence from comparative trial-s has shown that small-er

seeded Mesoarnerican naterial-s of indeterninate bush beans of

growth habits II and III have consístently outyielded larger

seeded cuLtivars of the same growth habit by an average of

0.4-0.6 t/ha and as high as 1.0 t/ha (CIAT, l-984; Beaver et

a1,, 1985,' cutiérrez and Singh, 1985; Kelty et a1. I I9A7),

Negative relationships between seed size and yield have al-so

been described by White et af. (L992) | White and conzáIez

(1990), and White and Izquierdo (1991). The seed-size effect
accounts for a 28o kg/ha reduction in yieJ.d per l-00 ng

increase in cultivar seed weight (White and conzáLez I L99O).

The relationship between seed size and yietd also depends on

environment, For example, positive relationships between seed

size and yieLd were recorded in trials situated at high

elevatíons with 1o\,/ mean temperature (White and conzález r99O;

white and fzquierdo, ]-99L).

D. Morphological traits

Morphologica] traits such as bracteoles, flower col-our,

J-eaf shape and fifth internode l-ength, among others, have been
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used to classify germplasm. HovJever/ their vafue as narker-

based sel-ection criteria is unknown.

Selection for rnorphological narkers and overal-l-

archj.tectural plant characteristics is a rapj-d and

straightforward process because of easy visualisation, higher

heritability, and additive genetic control (Ghaderi and Adans,

1981/' Nienhuis and Singh, 1986; Singhf 1991-) . With Phaseolus

vulgaris, morphological traits combined with correlation

studies have shown that node number/ plant height, and the

number of leaves per plant are positively associated with seed

yieì-d via pod nunber, but that seed weight is negatively

correlated with node number (Duarte and Adans, 1972,' Denis and

Adams, 1978/' Adams | 19a2; Nienhuis and Singh, 1985). Nienhuis

and s j.ngh (1985) found that internode length is an important

architectural factor as it is positively correfated with yield

and seed size. Furthernore/ Singh et at, (l-991-a) reported that
fifth internode length was helpful in distinguishing Àndean

from Middle American germplasm, with greater l-engths

indicating Andean gernplasm.

conflicting studies involving the enhanced expression

effects of plant arciritectural traits, especially those

showing developmental associations, on yield have led Singh

(l-991) to surnrnarize that architecturaL traits may or nay not
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agrononic management,

t2

on such variabfes as environment,

or yield component cornpensation.

E. The use of intergenepool populations anal

reconbinant inbreds

There has been a general- tendency for breeders to
implernent hybridization within bean genepools because of a

history of poor adaptation of introduced gerrnplasrn as r,¡e11 as

low frequencies of appropriate desirable reconbinants (Singh,

pers. comÌÌì., 1992). However, snal-l- or no yield gains are

expected from intragenepool and intraracial populations

because of insufficient genetic varíation (Singh et a1. | L989 ì

Singh and Gutiérrez, l-990). Lines derived from interraciaf and

intergenepool populations have outyiel-ded those fron
intragenepool populations (Singh et al., 1989 and 1992b; Singh

and cutiérrez, 1990). Apparently, the higher yield gaíns

obtained in intergenepool populations reffect a farger degree

of useful genetic variation.

Previous genetic and selection studies in common bean

have used early segregating generations of hybrid populations,

for which heterozygosity and heterogeneity for desirable

attributes is high. This often does not permit a reliable

evaluation of individual- genotypes for such inportant traits
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as seed yield, because a larger quantity of seed is required.
Moreover, the rel-ative importance and proportion of different
genotypic frequencies and types of gene actj-on change

considerabl-y from one generation to another. Few studies of

comaon bean have used recombinant j-nbred Iines, which offer
several- advantages over commonly used F2 and backcross

popul-ations. Reconbj"nant inbreds constitute a perpetual

population (i.e., they are genetically stable, hence no

changes in genotypic frequencies and gene action are expected)

and source of narker allel-es (Burr et al., l-988). Also, as

reported by these authors, reconbinant inbred populations are

rnore efficient than backcross populations for calculating
recombination frequencies and nap distances, AÌ1 genetic

variation for quantitative traits is additive and is
distributed among lines ínstead of within Iines. Moreover,

recombinant inbred lines permit reliabte evafuation for
morphological-, nol-ecularf agrononicr and adaptive marker

traits at contrasting sites and over gro\,/ing seasons.

F. Marker traits

The value of marker-assisted seLection for agronomic

traits in conmon bean is not known excêpt for resistance to

bruchids (zabrotes spp. ) in bean Ìines possessing the arcelin

protein. Other nol-ecular traits, such as phaseolin, al,l-ozynes/
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random anplified pol-ymorphic DNA (RÄPD), and RFLP

appl-ications, could very \,/el1 serve as markers for agronomic

traits.

1. The phaseolin protein

Phaseolin is the rnajor storage protein of PhaseoTus

vulgaris L. and possesses bet\^Jeen 35 and 5oZ of total seed

nitrogen (Ma and BJ-iss, 1978; Gepts and B1iss, 1986).

Two-di¡nens iona 1 fEF/SDS-PAGE anal-ysis has reveal-ed that
T and S phenotypes have no common structural pol-ypeptides

(Brorvn et aI., 1981-b). Brown et al. (l-981b and L982a) found

that the T phaseolin is composed of f j.ve polypeptides, wherêas

the S and C phenotypes conprise eight polypeptides each. The

C phenotype is uníque and contains alf flve of the protein

subunits of the T pattern, two of the S pattern, and a unique

pol-ypeptide (Brown et aL, 1981b; Talbot et aÌ., 1984,' cepts

et al-,, !986; Gepts, l-988a) .

The phaseolin polypeptides are coded by a group, or

fanily, of co-doninant, tightly linked aLl-el-es operating as a

singular heritable unit (Brown et 41. I l-981-a) . Tight linkage

betr,/een genes reduces the probability of crossing over anongst

the chromosomal honologues, thereby lor+ering phaseol-in
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reconbination probability.

G. Linkage studiês in Phaseo-lu s vuTgaris t. using

morphological, protein, isoenzyne, R¡'Í,P, R-AÞD,

ancl agrononic narker traits

In cornparison with that of other crops, the J.inkage map

of comnon bean is not \4re 1l- developed. One of the rnajor

challenges in bean genetics is to produce a linkage map that
wiJ.J- integrate both noLecul-ar/ biochemical and rnorphological

narkers with agronomic and adaptive traits. A study of recent

literature on quantitative traits in P, vuTgaris suggests that

a multifactorial approach involving phaseolins, isozynes,

RAPDS, and RFLPs is needed. Individuall-y, neither

norphological and agronomic traits nor rnolecular narkers

(phaseolins, j-sozyrnes, RAPDS and RFLPs) v¡ill- suffice to

provide conplete infor¡nation on patterns of variation to be

found ín any crop. HovJever, these traits and rnarkers taken

together could serve as satisfactory selection criteria
(Stuber, L989; wendel and Weeden/ 1989; singh et al., 1991b).

A cornbination of these nethodol-ogies and approaches covering

a wide range of traits would provide the most credible

strategy to\4rards addressing these problems.

Mok (1989) argues that nore inforrnation on rnorphoJ-ogical
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markers, proteins, and isoenzymes is needed to effect accurate

genomic mappÍng, It has also been suggested that molecuLar

tool-s such as RFLP techniques can be used to generate a

saturated nap for P. vul-garis aJ.lowing a genetic anaÌysis of

the quantitative trait loci (QTL) that control yie1d,

naturity, and pl-ant height (KeÌl-y et al. , !99t) . As Kell-y et

al-. (1991) state, the use of RFLPs v¡oul-d not be essential to

study sinply inherited traits, but r¿ould be useful- in studying

those traits that require tedious and costl-y neasurenent

techniques as well as those traits that are unevenly and non-

reproducibly expressed in specific environinental condit.ions,

such as yield, drought, and L or^¡ soil- fertil-ity tolerance.

Recently, several- researchers have begun to develop

linkage naps for P. vulgaris and have establ-ished several-

linkage groups. For exampl-ef Weeden and Liang (l-985) reported

a linkage between the v¡hite flower colour of P. vulgaris and

the allozyrne al-leIe Es1c-2. Koenig and Gepts (l-989b) have

confirmed a tinkage between the gene system coding for
phaseoì.in protein (Phs) and the gene coding for seed shininess

(J) . Vatl-ejos and chase (1991) have ernployed RFLP techniques

to uncover polynorphis¡n in common bean. Pol)4norphisÍr for RFLP,

phaseolin, and isozymes has been used to devel-op a linkage

map. one of the isozyrne linkages (Adh-l- to cot-2 seg[Iìênt)

seems to be linked with a locus lSsz.) that affects seed size,
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Studies by Nodari et al-. (1992 and in press) have concentrated

on polyrnorphisrn between and within each of the two major

genepools using genornic DNA probes and RFLP applications with

a number of evolutionary divergent genotypes. They argue that

rnapping over several- populations will result in a denser map

and j-ncreased Likel-ihood of detecting pollnnorphic rnarkers in

the given chromosornal region.

The above findings indicate established efforts directed

at the genomic rnapping of Phaseol-us vulgaris L. using a

variety of experirnental techniques as Mok (1989) has

suggested. Hov/ever, litt1e is known regarding the use of

isoenzyme and protein markers in rel-atíon to reliable

agronornic and morphological ¡narkers -in bean irnprovernent

prograns and how such relatíonships woul-d contribute toward

the linkage rnap of Phaseol-us vuLgaris L.
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III. MÀTERIALS ÀND }IETIIODS

A. Parental naterial

Eight conmon bean cuftivars or fines of contrasting
characteristics were used to develop four single-cross
populations. Both parents of population canadian Wonder x A4g6

had deterninate type I grou¡th habit, large seed size, and

characteristics of Andean race Nueva cranada (Singh et el.,
1991a). The second population \{as a cross between two parental

types from differing geographic origins but possessing the

same type I growth habit. Large-seeded Andean rnaterial ICA L23

of race Nueva cranada was crossed with srnal-1-seeded Middle

Ämerícan rnateriaL BrasiL 2 of race Mesoarnerica. Population Rio

Tibagi x ABA 58 was a cross between a widely used small-seeded

Brazilian cultivar of type II growth habit and black seed coat

colour belonging to race Mesoamerica. ABA 58 possessed large

white seeds and type I growth habit and other characteristics
of Andèan race Nueva cranada. The fourth population was

obtained by crossing Redkloud with MAM 4. The former parent

was of Ändean origin (race Nueva cranada) and possessed a type

I gro\,/th habit, whereas the latter parent was of MiddLe

American race Durango v/j-th indeterminate type III gro\^/th

habit. one population was thus intraraciaL and the other

three were interracial,
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Using hand ernasculation and pollination, the F1 of all
crosses r¡.¡ere produced in late 1987. The F1 , along r¡ith the
parents¿ were planted in the first tri¡nester of tggB to verify
their hybrid origin and produce selfed (Fz) seeds. The F2

populations tvere space-pl-anted. More than 3OO singl-e plants,
taken randomly, were harvested fron each populatíon to devel-op

F2-derived F5 or Fó reconbinant inbred 1ines. A random sample

of 79 l-ines and t\,/o parents from each population was then used

to analyse phaseolin proteins and isoenzymes. Data on

morphological- and agronomic traits were colfected in the Fó or

F7 (first year) and F7 or F8 (second year) .

B. FieI¿l trials

Seventy-nine recombinant inbred lines, atong with two

parents frorn each of the four populations, were planted at
CIAT farns at Popayán (l-750 netres above sea level) and.

Palnira ( l-000 m. a. s. I. ) , Colornbia. The soil in pal-rnira is a

fine/su1ty mixed, isohyperthernic Àquic Hapl-udoIl- type (pH

7.0) and lopayán has medial, isotherrnic Typic Dystrandept soil
(pH 5.3). These tr,/o sites were used in order to study

environ¡nental- effects on devel-opment and growth. At both

ì-ocations, a t ha plot was subdivided into four subplots (one

for each of the four popul-ations) . In I99O, each plot

consisted of a single row with two replications (reps-in-set
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design) , Each rov/ was 3 m l-ong with spacing of 0.6 m between

rows at Pafnira and 0,5 n at Popayán. A population density of
21 plants/n2 for Popayán and Pal-nira was used.. Of the 3 m sown

for each row, the outer 0.5 n on both ends (i.e., border

region) was not harvested, leaving the central 2 n for
harvesting. In 1991, the field trial-s v/ere repeated at both

locations, us j-ng a similar experimentaJ- design. However, each

plot consisted of four ror,/s / 5 m long. In both years, trials
$/ere protected frorn diseases and pests. Fields were kept free

fron weeds and agronornic managernent was according to

recommended practices to assure good crop growth and

developrnent. Data v/ere recorded on the two central rows,

leaving head borders of 0.5 m on both ends. Data were recorded

for the f oJ-lowing traits:

1. Leaf shape. The shape of the centraL leaflet of fu1ly
developed trifoliolate Ieaves was noted. lt can be cordifor¡n

or heart-shaped, ovate, rhornbohedric, lanceolate, or hastate.

2. . Bracteoles, in the flowers of

PhaseoLus vuTgaris L., are l-ocated at the base of the f lo$/er,

ernbracing the calyx. The overall shapes and sizes of the

bracteoles were recorded for each recombinant inbred line and

parent. Bracteofe size was ranked as snaII, medium, or Large.

Lance-shaped and triangufar bracteoles are of Andean origin.
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In contrast/ heart-shaped bracteoles are of Middle Arnerican

origin.

3, Flower coÌour. Col-our of flower petaÌs was recorded for
pl-ants bearing fresh, ne\,J flowers. This was done in order to
discern the yeJ-J-ow colour of senescing f Lo\,Jers f rom the white I

purpÌe, pink, or lil-ac col-our of fresh flowers, In noting

overall f lov¡er colour, both the standard and winged portions

of each flower were observed.

4. crowth habit. Determinate type I, indeterninate erect type

If, and indeterrninate prostrate semi-climbing type III growth

habits \,rere recorded according to singh (L982).

5. Seed yield (kq/ha). seeds harvested frorn each plot were

separated from plant material and sun-dried. Materials were

weighed repeatedly as they dried over a period of tine until-

a constant !'¡eight value was obtained.

6, Seed weiqht (q). One hundred seeds were randomly taken from

the harvested bulk for each plot, and were subsequently dried

and weighed on an analytical bal-ance,

7. Plant dry weiqht (bionass) (kq/ha), Plant dry weight was

recorded as a post-harvest trait. Harvested pÌant naterial
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consisted of the seed, pod \4al-l-s, the rnain stern, and branches,

but excluded roots (befov the point of the hypocotyl) . plants

were sun-dried and repeatedJ.y weighed until a constant weight

value was obtained. seed yield, seed weight, and plant dry

weight q/ere expressed on a 14U moisture basis.

Harvest index. The harvest index was recorded as the ratio
seed yield to plant dry weíght:

Harvest index = weiqht of seeds harvested/n2

weight of total- plant nateriat/rnz

9. Number of pods per plant. The total number of harvested

the total number of plants

the number of pods/plant.

pods from each plot was divided by

harvested. The resul-ting val-ue was

10.

of

Nunber of davs to maturitv. The number of days from date

planting to date of harvesting r¡/as recorded.

1-1-. Internode lenqth lcm). The distance between the fifth and

sixth nodes on the Íìain sten was recorded in cm at maturity.

c. statisticaL analysis of agronomic traits

A pooled analysis of variance (ANoVA) was conducted
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according to Mclntosh (L983). Years and treatnents (lines)

were randon and l-ocations fixed. The censtat package of

statistíca1 programs (Rothamsted Agricul-tural- Experiment

station, United Kingdom) was used to analyse the data.

Narrow-sense heritability (h2) was calcul-ated according

to Hall,auer and Miranda (l-981). Percentage genetic gain (20å

selection pressure) r,ras al-so calcuLated according to Frey and

Horner (1957 ) ,

Sinpl-e correi-ation coefficients were caLcul-ated anong

agronomic traits using the Pearson correl-ation coefficient
procedure on sÀS (SAs Institute lnc., cary, North carolina,

USA) .

D. Protein extract preparation (phaseolin and

total proteÍns )

Extraction and subsequent analysis of PhaseoTus vu)garis

L. total proteins were perforned based on sodiurn

dodecylsul-phate polyacryJ-arnide geI (SDS-PAG) èlectrophoresis

protocols established by Brov/n et al. (l-981-a) and Gepts et al.

(l-986). Stacking and separation gels were 4'0å and f3.862

acrylamide, respectively. The electrophoretic separation

conditions were 95 mA/250 v for seven to eight hours and t,he



stain used nas Coomassie-c Blue (TabIe 1)

E. seed natetial preparat,ion (isoenzyrnes)

Five-day-old incubation room-gerninated pl-ants (2s-27" c)

were transferred to a greenhouse (30-32"c) for growth for 15

days, after v¡hich the roots and youngest leaves were re¡noved

and transferred to deep-freeze storage conditions (-80'C)

until- extraction. Leaves and stems weighing 0.3 g were ground-

extracted $rith o.6 mI of 0.lM Tris-malate buffer adjusted to

pH 7.4 in a chiÌled mortar and pestle, Likewise, 0.5 g of root

were ground and extracted with 0.5 nl- of 0,lM Tris-maÌate

buffer adjusted to pH 7.4, The extracts were stored at -80'C

until- use.

Material preparation and isoenzyme analyses $/as

undertaken according to Hussain et al. (l-986). The 10å (w/v)

starch solution was prepared by dissolving electrophores is-
grade potato starch (Signa Scientific) in 10? (v/v) 0.03M

lithium-borate buffer adjusted to pH 8.1- with 0.05M Tris-
citrate buffer pH 8.4. The f inal- volume was adjusted with

water, rnixed and heated over an open flane until- reaching a

boiling, thick, translucent state, after r,/hich it was degassed

f or t\,,/o minutes. The rnotten starch solution was poured into a

precLeaned, prel-evelled plastic die-cast mold ¡neasuring t9 x



25

Tabl-e 1. Coomassie-G Blue stain for total proteíns of

PhaseoTus vuJgaris L.

A. stock solutíon I

H3Pol 22 2,35 nl
Hro (distilled) 80,0 m1

(NH1)2So1 l-0. 0 n1

B. Stock solution II (52 concentrated Coomassie stain
solution)

coomassie-G 1 g

H2o (distilled) 20.0 n1

c. Stock solution III (Coomassie-c stain solution)

Stock sol-ution I 80.0 nÌ

Stock sol-ution II 1. 6-3 . 0 nl

Methanol 2 0.0 nL
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17 x 1.3 cn. SmaII bubbles were renoved from the gel with

Pasteur pipettes. The gel was left to sotidify for
approxinately one hour. When thae/ed, the protein extracts
were applied to the starch gef in the forrn of smal-l-,

rectangular (0.5 x 1.5 cn) sample- impregnated paper wicks

fashioned by strips of whatman #3 filter paper. The gel was

cut parallel to the width of the rnold at an ínside distance of

5 cn fron one side. The wicks containing the sanple extracts

were fully inserted and placed upright into the sÌit with

tweezers so that the upper portions of the wicks protruded

perpendicularly fron the geI. The gel mo1d, containing the cut

geI and samples, \^¡a s placed on top of the buffer chamber

containing 0.03M lithium-borate buffer adjusted to pH 8.1-.

Gauze cl-oth \{as soaked in the buffer and applied, where it

rernained, on both of the geJ- extrernities and buffer reservoirs

to ensure conductivity. The chanber below the gef was packed

wj.th ice and the entÌre apparatus \,/as placed in a refrigerator
(4'C) . The power supply was a Pharnacia ECPS 3o00/15o unit
(Pharrnacia Fine Chernicals, Sweden) programmed to run at 300

volts, 25 watts, with an initial- current of 50 milliamps.

After L5 ninutes, the wicks were removed from the geL and the

current $/as increased to 60 mil-lianps to run for 6 hours at



F. Ge1 slicing andl staining

The gel was renoved from the

glass surface. The gel slab was

slices of 0.3 crn thickness using

gel-s was pl-aced inside plastic

specific stains.

moLd by inverting j.t onto a

cut horizontalJ-y into six

nyl-on thread. Each of the

trays containing enzyne-

For root sarnples, the Diap-1, Diaþ-2, Uctu, Ueou, Udbtoo,

Mdhe8, skdh100, and skdhes afLeÌes were visuafised and studied

for the following isoenzyne systems: diaphorase (DIAP) , mal-ic

enzyme (ME) , malate dehydrogenase (MDH), and shikimic

dehydrogenase (SKDH), respectively.

For leaf sarnpLes, the cot100, Bþggtoo, Rbsc98, Rbsceó, Açp'oo,

Acpe8, and Acpeó al-Ieles were visual-ised and studied for the

following isoenzyme systens: glutanate oxal-oacetate

transaminase (GOT), ribulose biphosphate carboxilase (rubisco

or RBSc), and acid phosphatase (AcP), respectively.

The isoenzyme stains are l-isted in Table 2. To visualise

the banding patterns/ approximately 50-70 ¡nl of staj-n were

requi.red. The gel slices were incubated at 37"c for one to tr,¡o

hours, after $/hich the gels r¡ere rvashed free of the stain and

were fixed in a sol-ution of 50å ethanol- containing 1-å acetic



za

root andTabLe 2. Stains for isoenzyne systens anal-ysed for
leaf tissue of PhaseoTus vuLgaris L.

Root material

Diaphorase (DIAP) E. C. 1. 6.4. 3

Buffer/ stain:

Tris-HC] 1M, pH 8.5 5 nl-

Hro (distilled) 45 nI

NADH 40 ng

2.6 D ichLoro indophenol (DCIP) trace

MTT 10 ng

Malic enzyme (ME) E. C. 1. l-. l-.4 0

Buffer/ stain:

Tris-malate 0.1-M, pH 7.2 45 nI

Magnes iurn chlor ide 5 nl-

NADP 10 n9

l'lTT 6 nìg

l-Malate 20 mg

Phenazine rnethosulphate (PMs) trace



Malic dehydrogenase (MDH) E.C. 1.1. 1.37

Buffer/ stain:

Tris-rnal-ate 0. lM, pH 7.2

NAD

MTT

L -Ma l ate

PMS

50 mI

20 mg

8ng

20 ng

trace

5 ¡nl

45 nl-

30 nl-

8mg

6ng

trace

shikimj-c dehydrogenase (SKDH) 8.C.1. 1-.L.25

Buffer/ stain:

Tris-Hcl 1M, pH 8.5

H,o ( distilled)

Shiki¡nic acid

NADP

MTT

PMS



Leaf materiaL

Ribulose biphosphate carboxyJ.ase (Rubisco/RBsc) E.c. 4.\.r.39
Buffer/ stain:

Naphthol bl-ue black

Destaining solution:

Methano I
Hzo

Acetic acÍd

40 mg

40 nl

50 nl
50 ml-

.LU M-L

cl-utanate oxaloacetate transaminase (cOT) E.C,2.6.1.1

Buffer/ stain:

Tris-HCI 1M¿ pH 8.0 5 ml-

Hzo (distilled) 45 nl-

J--Aspartic acid l-00 ng

c<-Ketoglutaric acid 50 mg

Pyr idoxa l-5 -phosphate 4 ng

(rnix before use and then add stain)

Fast blue BB salt 50 ng

Acid phosphatase (ÀCP) E. C.3 . l-. 3 .2

Buffer/stain:

SodiuÏn-acetate 0.1M, pH 5.0 50 nl
Sodj-un-naphthyL acid phosphate 50 ng

Fast carnet GB sal-t 50 ng
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acid. Those gels stained with reagents requiring the use of

methyl- thiazolyl tetrazoLium (MTT) were soaked for 2o mj-nutes.

Those geLs stained with reagents not including MTT v¿ere soaked.

overnight. Àfter fixinq, the gefs vrere packed in cl-ear pl-astic
bags and stored at 4"c.

G. Correspon¿lence analysis

The recornbinant inbred l-j-nes were grouped according to
the frequency distribution for each of the marker

morphological traits, total- protein patterns, and isoenzyrne

patterns. The ¡neans for agrononic traits were then conpared

pairwise for significant differences (P < 0.05) using a

Studentrs t-test on SAS.
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fV. RESULTS

A. General characteristics

Table 3 presents mean val-ues for agronornic traits,
includj.ng seed yield obtained fron evaluations over two years

at tr¡/o locations, along with those for rnorphological markers,

allozyrnes, and seed protein patterns for the eight parents

used in intra- and interraci.aJ- hybridization and development

of the recornbinant inbred lines. Significant differences

(P < 0.05) r^rere found for al-l- agronomic traits among parents.

ABA 58, followed by MAM 4 and Rio Tibagi, had the highest seed

yieJ.d. A 486 had the lowest yield of al-l the parents. Al-l-

Ìarge-seeded parents of Andean origin (e.9., Redkloud,

Canadian Wonder, ICA L23, A 486, and ABA 58) had a high 100-

seed weight. Two parents of race Mesoarnerica, Brasil 2 and Rio

Tibagi, had the l-or.¡est seed weight.

canadian wonder and A 486 did not differ for any of the

agronomic traits, morphologicat narkêrs, or proteins and

alfozymes, \,/ith the exception of bracteole type and the MDH

isoenzyme. IcA L23 and Brasil 2 differed for bracteol-e type,

leaf shape, phaseolin, and aIl- other proteins. They also

showed differences for isoenzynes ME, MDH, SKDH, RBscf and

AcP. Rio Tibaqi. and ABA 58 differed in terns of their growth
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habit, flower cofour, bracteol-e type, phaseolin, and al_I other

proteins, as wel-f as for isoenzynes ME, SKDH, and ACp.

Redkloud had a type I determj-nate growth habit, whereas MAM 4

had a type IIf indeterninate growth habit. In addition, these

two parents differed in bracteole type, Ieaf shape, phaseolin

type, other various proteins, and deTnonstrated polymorphic

differences for the AcP isoenzyne.

Effects of Ìocation, year, popuJ.ation, treatnent

(reconbinant inbred lines), and interactions among them were

significant for seed yield and yield components, harvest

index, and days to rnaturity (Tab]e 4). Al-1 main effects,
except that of location, and the first order interactions were

aLso sj.gnif icant for fifth internode length and bio¡nass

weight.

Mean/ maximun, and ninirnurn values for aIl agrononic

traits for 79 reco¡nbinant inbred 1ines, atong with parents for
each of the four populations, are given in TabLe 5. Rio Tibagi

x ABA 58 had the highest mean yie1d, foll-owed by RedkLoud x

MAM 4. On the other hand, ICA L23 x Brasil 2 had the lowest

mean yield, even lower than the intraracial- Canadian l,tonder x

A 486 population. However, this r,¡as the only population for
which the highest yielding line TY 5578-45 significantly
outyielded the highest yielding parent. The lov¿est yielding
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line yielded significantly less than the Ìowest yielding
parent in all of the populations,

Popuì.ation Rio Tibagi x ABA 58 significantJ.y outyielded

afl other populations except population Redkl-oud x MAM 4

(Table 5). Rio Tibagi x ABA 58 outyielded intraracial-
population Canadian Wonder x A 486 by 308 kglha. The highest

yielding recombinant inbred line (WA 7807-27Lt with yield of

2667 kg/ha, of the former population outyielded that of the

latter population (TR 7562-l-86) by 594 kglha. The hiqher mean

yield obtained by Rio Tibagi x AB.A 58 over that of Canadian

I^londer x A 486 possibly demonstrates the higher cornparative

yielding potentiat of j.nterracial crosses as reported by singh

et aI. (1992b) . Hor\rever, the highest yielding line of Rio

Tibagi x ABA 58 díd not outyield the highest yielding parent,

ABA ss (274e kq/}la) .

Interracial- popuJ.ation Redkloud x MAM 4 significantly
outyielded canadian wonder x Ã, 486 by 1-56 kglha. The highest

yielding recombinant inbred line from Redkloud x MAM 4

(TR 7618-210, 2537 kq/lna) outyielded the hiqhest yielding

recornbinant inbred of canadian wonder x À 486 (a difference of

464 kg/ha) but did not outyiel-d the highest yielding parent

(MAM 4, 2685 kglha) for this population.
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In population ICA L23 x Brasj.L 2, eight reconbinant

imbred lines (TY 5578-L4r, TY 5578-209, TY 5578-186, TY 5578-

r90, TY 5578-47 , TY 5578-69 , Ty 5578-11-8, Ty 5578-45)

outyielded the highest yieJ.ding parent, IcA L23 (L833 kglha) .

The highest yielding recombinant inbred (IY 5578-45, 23L4

kqlha) also had a 100-seed wei.ght of 41.5 g and outyielded IcÀ

L23 by 481 kg/ha.

Twenty recornbinant inbred l-ines of Canadian wonder x A

486 outyielded the highest yieJ-di.ng parent, Canadian Wonder

(i-737 kq/h.a). The híghest yielding reco¡nbinant inbred line (TR

7562-186) outyielded Canadian Wonder by 336 kg/ha.

nio Tibagi x ABA 58 had the largest biomass and highest

number of pods/rnz and days to naturity while possessing the

snaLfest seed size and f j-fth internode }ength of all
popul-ations. Conparativefy lower biornass yields were recorded

for populations Canadian Wonder x A 486 and IcA L23 x Brasif

2, whereas the forner popul-ation had the snallest nunber of

pods/rn2. Canadian Wonder x A 486 and RedkLoud x MÃM 4 were

found to be earlier rnaturing than the remaj.ning populations.

Canadian t¡Ionder x A 486 had the highest value for harvest

index (0,62). Mean harvest index for the three interracial
populations ranged fron 0.56 to 0.58.
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B. HeritabíIity ancl genetic gain

of the seven agronomic traits studied, 1oo-seed weight

had the highest heritability in atI four populations (Tab1e

6). This r¡/as follo\,,¡ed by fifth internode length, number of

days to maturity, and harvest index. Biomass yield was found

to have the lowest overall heritabil-ity. Heritability for seed

yield ranged from 0.1-9 + 0.1-7 (Redkloud x MAM 4) to 0.50 +

0.L6 (Rio Tibagi x ABA 58).

Genetic gaín for seed yield ranged fron 3.9à for Redkloud

x MAM 4 to L1.42 for Rio Tibagi x ABÀ 58. It was found that
fifth internode length had the highest percentage genetic gain

(51.53), for populations Rio Tibagi x ABA 58 and ICA L23 x

Brasil- 2 (45.62) . Days to rnaturity had the l-o\,{est overaLL

percentage genetic gain, with a range of 2.5U (ICA L23 x

Brasil 2) to 5.02 (Redkloud x MAM 4).

C. CorreLation coefficients among agronomic traits

Table 7 presents correlation coefficients anong yield,

its components, and other agrononic traits, using rnean values

across locations and years for recornbinant inbred lines from

all four popul-ations, Days to naturity and pods/mz shared

significant correl-ations (P < 0,05) with aLl of the other
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agronomic traits, The relationship of days to naturity and

pods/m2 \,Jith 1oo-seed weight, harvest index, and fifth
j-nternode l-ength was negative. Biomass and yield shared. highly
signj.ficant positive associations (P < O.oi-) . Biomass had. a

negative assocíation vith harvest j.ndex. Fifth internode

l-ength did not share any correl-ation with yiel-d, but

demonstrated a highly significant (P < 0.0L) positive

association v/ith l-0O-seed wej.ght and negative associations

\,tith pods/n2 and days to rnaturity.

D. Marker traits

occurrence and frequencies of rnorphological traits, seed

protein patterns¡ and allozymes are presented in Tabl-e 8. The

three interracj.al populations denonstrated a predorninance of

small- and medium-sized heart-shaped bracteofes, whereas

population Canadian Wonder x A 486 demonstrated a mixture of

lanceolate and other shaped bracteol-es of a nostl-y mediun

size.

Population Canadian Wonder x A 486 displayed ovate-shaped

leaves. The interracial populations also showed sone

recombinant inbred Iines with oval Ieaves, but a greater

percentage of cordate-shaped Leaves was evident.
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Both Canadian Wonder and A 486 had tilac flower colour.

The najority (e2.72) of reconbinant inbred lines from this
population had l-iLac flower coLour, but white fl-or,¡er col-our

(l-62) was also found. The parents of population Rio Tibagi x

ABÀ 58 possessed purple and white f l-ower colours,

respectivelyr whereas the recombinant inbred lines displayed

white, lilac, and purpl-e colours. RedkLoud and MÄM 4 each had

white flower colour. The majority (51.92) of the reconbinant

inbred lines also had r¿hite flo\^rer colour, but l-ilac and

purple flowers were found in 4.9å and 37.0å of the lines,
respectively.

E. Total proteins

Table 8 presents the frequencies for patterns of

different protein fractions. The electrophoregrans (i.e.,
total protein banding patterns) constituted four groups of
proteins, including phaseolins and lectins. In addition, a

group of proteins between the phaseolins and J.ecti.ns, and

another group between the lectins and albuminsf $/ere faintly
but consistently detected. These i"rere termed rrcroup l-tr and

rrcroup 2" proteins, respectiveLy. The reconbinant inbred lines
of population canadian Wonder x A 486 did not differ narkedly

from one another nor fro¡n either of the parents. fn contrastf

interraciaf popul-ations denonstrated varying degrees of



Table 8. Class frequencies (7o) for marker morphologicsl traits ånd seed prote¡n ând âllozyme p¿tterns ¡n recombinånt
liñes from ¡nt16- snd inte¡r€ciâl popul€tions of common besn.

Canadian Wonder

A 486

R¡o Tibagi

ABA 5A

RedkloudlcA 123

Ê'asil 2

Bråcteole type

Cordâte

Lanceolats

Var¡able

Brôcteole size

Medium

Smsll

Large

Leåf type

Cordate

Lanceolate

Rhombohedric

Vsr¡sble

Lilac

Purple

Variåble

Seed protein6

Phaseolin

S

T

Var¡6ble

Lectin

Msternal-type

Palê¡nal-lype

Va¡iable

0

49.4

50.6

80.2

7.4

12.3

11,1

1 3.6

70.4

9.9

46.9

40.7

12.3

6.2

0

0

45.7

1 9.8

3 4.6

44.4

4A.1

7.4

a7 .7

4.9

7.4

7.4

o

7 6,5

a2,7

0

1.2

0

100.0

0

6.2

3 4.6

39.5

44,4

46.9

28.4

0

22.2

40.7

37 .O

0

7 4.1

o

58.O

1,2

5 5.6

4.9

3 7.0

6.2

56.8

29.6

59.3

o'

0'

o'



Group'l proteins

Maternal-typ€

Pâternal-tvpe

Vs¡¡sble

Group 2 proteins

Maternal-typå

Paternål-type

Variab¡€

Diap 1

Påttern 1

Pattern 2

D¡ap 2

Pattern 1

Pâttern 2

skdå,3

skdárco

Gotræ

0'

0'

o"

0'

0'

o"

100.0

0

100.0

0

58.0

42.O

o

o

'100.0

0

100.o

100.0

100.0

0

100.0

100.0

100.0

100,o

0'

0'

84.0

16.0

0

61.O

39,O

o

100.0

6',t.0

5.0

42.O

53,O

48.0

100.0

44,O

51.O

10.o

48.0

42.O

58.O

8.6

3 3.O

67.O

0

100.o

o

't 00,o

o

5.O

95.0

37 .O

100.0

0

33.0

67 .O

r 0.o

33.0

57.O

34.2

9.6

0

100.0

0

100.o

0

100.0

o

5r .0

49.0

100.o

0

25,O

7 5.0

1 5.0

41.O

44.O

44.4

53.1

0

25.9

74,1

0

51.0

49.O

'No d¡fferences (i.e., ho polvmorph¡sm) between pârents
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reconbination. A typical- exanple appears in Figure 1. parents

Redkloud (Andean maternal material - T phaseol-in type) and MAM

4 (MiddIe American paternal material - S phaseolin type) were

the first two banding columns fron left to right. Recombinant

inbred l-ines frorn this population (TR 7618-363, TR 7618-366,

and TR 76L8-367) were run in triplicate. Reco¡nbínant inbreds

TR 7618-363 and TR 76].8-367 displayed electrophoregrans

similar to parents MAM 4 and Redkloudf respectively. The

second recombinant inbred, TR 7618-366, hov.rever, displayed the

phaseolin banding pattern of Redkloud and the lectin prof il-e

of MAM 4. There hrere no detectable differences amongst the

croup l- nor croup 2 proteins in Figure 1.

The recombinant inbred lines frorn Rio Tibagi x ABA 58

de¡nonstrated a skewed segregation ratio for phaseolin protein
patterns. Apparentl-y, there was an excess of Iines with S

phaseolin (Table 8). Sinitarly, skêwed ratios were found for
the l-ectin and croup l- proteins for populations Rio Tibagi x

ABA 58 and Redkloud x MA,M 4. AII three interracial popul-ations

de¡nonstrated varying degrees of distorted frequencies for
croup 2 proteins.

In this study, polymorphism for six isoenzyrne systems

(MDH, ME/ SKDHf ACP, RBSC, cOT) originated at a singl-e locus

for each. Two independent loci had poJ.ymorphism for DIAPI- and



Figure 1. SDS-PAGE of RedkLoud (9) x MAM 4 (d) and three F2-

derived F. recombinant inbred ì.ine progeny.
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DIAP2. Al-I isoenzyÌnes, except for cOT and DIAP2, dísplayed

polynorphi.srn for alI populations and are sumrnarized in Tabte

8. It was found that DIAP1 displayed a high degree of
polyrnorphisrn for the three interracial- popuJ-ations, whereas

DIAP2 sho\^red minirnal polymorphic behavior. The resul-ts f ron

the analysis of rnalate dehydrogenase (MDH) and mal-ic enzyme

(ME) systens seened to serve as a bas j.s for distinguishing
anong populations Redkl-oud x MAM4, Río Tibagi x ABA 58, and

IcA L23 x Brasil 2. For example, of the three populations,

only IcA L23 x Brasil 2 denonstrated polymorphisn for the two

alleles involved in the expression of MDH (i.e., Mdh100 and

Ueþtu). Populatíon Redkloud x MAM 4 did not display the connon

gg100 brlt instead expressed aIlel-e Me98, In contrast, population

Rio Tibagi x ÀB.A 58, while not demonstrating a high level of

polymorphisn, !/as found to express only the Ug100 all-eIe in 952

of the recombinant inbred lines. The renaining 5å of the lines
in this population expressed. the MeeB alÌele. À11 three alleles
of ME (i,.., Ue100, Mee8, Meeó¡ were expressed in population Rio

Tibagi x ABA 58.

All interracial populations (IcA L23 x Brasil 2, Rio

Tibagi x ABA 58, and Redkl-oud x MÃM 4) displayed poJ-ynorphisrn

between the tv/o alleIes of SKDH (skdh100 and skdh98¡ and for the

three al-Ìeles of RBSC 1Rbsc100, Rbsces, and Rbsceó) .
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Distorted isoenzyrne frequencies were detected for MDH and

ACP in rCA L23 x BrasiI Z. Rio Tibagi x ABA 5B shor¡ed

distorted frequencies for DIAP1, SKDH, ACp, and RBSC. Redkloud

x MÀ,M 4 demonstrated sirniLar ratios for SKDH, ACp, and RBSC.

A number of skewed segregation ratios \^,rere found for the

combined morpho logicaL -a l-lozyne/ protein narker traits for the

three interracial populations, Canadian wond.er x A 486

displayed some\^/hat distorted ratios for bracteole type,

bracteol-e size, and. flower colour, and Mdh98/Mdh100 lthe onl-y

allozymes that dernonstrated polymorphism in this population) .

In the rernaining populations, distorted ratios favouring

cordate bracteole were found for all isoenzyrnes and proteins.

Distorted ratios were observed for DIAP1, MDH, ME, RBSC,

lectins, and croup 2 fragnents (ICA L23 x Brasil 2),. DIAP1,

ME, SKDH, ACP¿ RBSC, phaseolin, lectins, and croup 2 fragîents
(Rio Tibagi x ÀBA 58); and ACP, RBSC, phaseolin, croup 1

fragments, J.ectins, and croup 2 fragments (Redkloud x MÀM 4).

Distorted ratios for both bracteole size and j-soenzyrne narkers

were found between medium- and l-arge-sized bracteole for
DIÀP1, ME, ACP, RBSC, and Group 2 fragnnents (ICA L23 x Brasil
2); DfAPl, ME, SKDH, AcP, RBSC, phaseolin, lectins, and croup

2 fragnents (Rio Tibagi x ABA 58),. and ACP, RBSC, phaseol-in,

Group l- and 2 fragments, and lectins (Redkloud x MAM 4), Leaf
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ratios. Florver coLour, as with the other

traits, shov¡ed abnormal- ratios.
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demonstrated sker¡¡ed

rnorphological marker

F. Relationship between agronomic traits anat morphoLogical,

seedl protein, and allozlryne ¡narker ttaits

The recombinant inbred lines frorn each population v¡ere

grouped according to class frequencies for each of the

morphoJ.ogical, protein, and aLl-ozyne marker traits. Those

showing significant (P < 0.05) differences bet\reen the group

mean values for rnajor agrononic traíts are presented in Tabl_e

9. For 100-seed weight, recombinant lines with v¡hite fl-ower

colour, Diaptl, and S phaseoli-n had srnaller sized seeds; and

those with l-ilac f lovrer, Diaplz, and T phaseol-in had higher

seed weight. For biornass, l-ines r^¡ith índeterrninate groq'th

habit, l-anceolate leaf, white f l-ower colour, A"p9u, and T

phaseolin \,/ere found to yield more dry rnatter than their
counterparts. SiniJ-arIy, recombj.nant l-ines with Large

bracteole, skdh100, Me100, and s phaseolin had a significantly

larger number of pods/n2 than their counterparts. Mean values

for fifth internode J.ength were higher for groups of

recombinant inbreds possessíng determinate growth habit,
cordate bracteole, Rbsc100, A"p'oo, and T phaseolin than for

their counterparts, Lines r,¡ith indeterminate grorvth habit,
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Tâble 9. Association ¿mong ag¡onomìc €nd mâ.ker morphologicâl trá¡ts and seed protein and allozyme pátterns in
recornbinãnt inbred lines of ôômmôn bcân.

Marker t¡ait AOronomic trsit Populat¡on

G rowih hábit (delerminate)

G rowth hâbìt (iÔdet€rminate)

L¡l€c flower

Ðiap11

Diap12

S phaseolin

T phaseolin

S ph€seol¡n

T phaseolin

S phaseolin

T phaseolin

Growth hab¡t (dote.minate)

G.owth habit (indete¡minate)

G rowth hsb¡t (determinate)

Growth håbit (indeterminate)

Rhombohedric lesf

Lânceolate leaf

L¡lec flower

Seed yiold (kg/ha)

1835"

1OO-seed weight {g)

34.1'

26.O'

28.7

24.4"

30.r "

24.O'

27 .O'

32.O"

36.9"

Biomâss {kg/ha)

2853"

3384"

3368"

3691"

2512'

2A14'

3400 "

Redkloud x MAM 4

ICA L23 x Brasil 2

ICA 123 x Brasil 2

ICA L23 x B.asil 2

Rio Tibagi x ABA 58

Redkloud x MAM 4

Redkloùd x MAM 4

Rio Tibsgi x ABA 58

¡CA 123 x Brasil 2

Rio Tibagi x ABA 58



s phsseol¡n

T phsseolin

Growth habit {dete¡minate}

G.owth hsbit (indetermihate)

G rowth habit (determinste)

G rowth habit (indetorminate)

S phâseolin

T phaseolin

S phsseolin

T phaseolin

Medium brâcteole

Large brscteole

skdhes

S phåseolin

T phsseolin

2866'

2616'

3 445'

H€rvest index

o,51"

0.53'

o.50'

o.5 6'

o.55'

o.52'

o.5 2'

o.49'

0.55'

o.51'

Pods/m2

198.0'

211 .1'

184.5"

216.4"

189.1'

209.9'

210 -4"

180.8"

ICA L23 x Brasil 2

Rio Tibagi x ABA 58

0.59' Canâd¡ån Wonder Y A 486

Redkloud x MAM 4

Rio Tibaqi x ABA 58

Redkloud x MAM 4

Rio Tibagi x ABA 58

Redkloud x MAM 4

Redkloud x MAlvl 4

ICA L23 x Brasil 2

ICA 123 x Erasil 2

ICA L23 x Brâsil 2



Growth hâbit (determinâte)

c rowth hâbit (indeterm¡nate)

Growth hab¡t ldeterminate)

Growth habit (indeterminâte)

Lilac ffower

Diapll

Diapl'?

S phaseol¡n

T phaseolin

G rowth habit (determinate)

Growth h€bit (indete¡minate)

Lsnceolåte brácteole

Cordate bracteole

S phsseolin

T phaseo!in

Days to maturity

77"

80"

Redkloud x MAM 4

F¡o Tjbaei x ABA 58

72.4' Cân6disn Wonder x A 486

7 3.7'

75.1'

74.2'

81.3'

80.7"

F¡fth ìnternode length
(cm)

5.8 "
4.2"

6.1'

7.4'

3.4'

6.8'

Redkloud x MAM 4

ICA L23 x Brâsil 2

ICA L23 x Brâsil 2

Rio Tibagi x AAA 58

Redkloud x MAM 4

Rio Tibagi x ABA 58

Redkloud x MAM 4

ICA L23 x Br€sil 2

"" SignificåntlV different at P = 0.O5 ând P = O.O'1, respect¡vely.
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liLac fLower in one popul-ation and white in the otherf Diapi-z,

and T phaseolin were relatively late maturing. Sirnilar1y,

l-ines r¿ith determinate growth habit, Mdàe8, and S phaseolin had

a relatively higher harvest index,

Indeterninate growth habit was positively associated r¿ith

yield for Redkloud x MAM 4, but ínversely associated with

biornass for this population. Indeterrninate growth habít was

aLso associated with reduced harvest index, a l-onger maturing

period, and shorter internode lengths.
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V. DISCUSSION

A. Analysis of varianée

Location and year effects and their interactions on most

agronomic traits were significant, dernonstrating the

occurrence of contrasting growing conditions at Palnira and

eopayán over two years (Table 4). Higher yields were found. in
eopayán (see Appendix i), possibl-y ref l-ecting better growing

conditions for parents and reconbinant inbred l-ines from the

four popufations. Large-seeded comnon beans fron the Ândes are

usualfy better adapted to relatively cooler sites such as

Popayán. Because all populations involved at least one large-

seeded parent, this may have helped improve their performance

at Popayán compared !,¡ith Palmira. sj.gnif icant differences for
all agronornic traits betv¡een the two years could be due to

differences in precípitation and other factors. More

precipitation was received at both locations in 1991 than in

1e90 (Appendix ii) .

Population and treatment (recombinant inbred l-ine

entries) dífferences were found for aII traits. This indicated

genetj-c differences anong populations and among recombinant

lines within the populations for each of the traits studied.
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B. Àgronomic traits

The lack of reconbinant inbred lines yielding
significantly higher than the highest yieldÍng parents in
populations Rio Tibagi x ABA 58 and Redkloud x MAM 4 is worth

discussing. ALthough high genetic variation was created for
norphol-ogj-caI markersf allozyrnes, and proteins, no useful
genetic variation for seed yield was found in these

interracial populations. One reason could be zero or negative

combining abiLities for yieJ.d of Rio ribagi and Redkl-oud

(Nienhuis and Singh, 1986 and 1988a). Canadian !.tond.er and. A

486 both had positive cornbíning ability for yield (Singh et

a1., L992a; Nienhuis and Singh, l-988b), which may expfain

higher yiel-ds for 20 reconbinant inbred lines than their
highest parent in this population. Moreover/ it is possibJ-e

that a threshold for genetic diversity among parents exists in
order to create recombinants with potential-ly increased

yields. For exanple, in population IcA L23 x Brasil 2, one

reconìbinant inbred (TY 5578-45) outyiêLded the highest

yielding parent and had a large seed size. The two parents of

this population differ principally for their seed síze and

evoLutionary origins, In contrast, the parents of nore

divergent Rio Tibagi x ABA 58 and RedkLoud x MAM 4 populations

differed for evolutj-onary orígin, growth habit, and seed size

and did not shoru any reconbinant inbred lines with increased
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yield. This couÌd be a consequence of excessive genetic

distance bet\,/een the parents and an accurnulation of
deleterious genes whose effects could not be seen until
brought together, thus resulting in depressed yields for the

recombinant inbred Lines, AIso, because yield is a

quantitative trait controlled by severaL genes with relatively
smal-l effects, it is very likely that a random sample of 79

recornbinant inbred lines was not l-arge enough to contain

genotypes with alL favourabLe genes fron either parent. Which

of these alternative hypotheses are tenable needs to be

va l- idated .

The three interracial populations denonstrated mean

val-ues depicting smal-l seed size. Except for line TY 5578-45,

an inverse relationship betvreen seed size and seed yield was

detected for the recombinant inbred 1ines, as has been

denonstrated (Nienhuis and Singh, L986; White and GonzáIe2,

l-990). It was found that in crosses of À,ndean x Midd1e

American parents, those fro¡n the Middl-e Arnerican genepool-s

usually possessed negative general cornbining abilities for
seed size (Singh et aI. , 1-992a).

The highest yieJ-ding populatì-on, Rio Tibagi x ABA 58f was

found to produce the nost dry natter, or biomass (although not

significantly) , However, this popuJ-ation obtained a
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significantly lower harvest index than that of Canadian Wonder

x A,486. A sinilar finding for ICA L23 x Brasil 2 suggests

that increased biomass acts as a sink in the developrnental

processes of the pl-ant, resulting in dininished pl_ant

efficiency, Thus, independent selectj-on for increased bíomass

(due to its positive association r¿/ith yield) should be

avoided.

i{hile Àndean and MiddLe Arnerican gernpl-asm may be

differentiated according to seed size, it was also found that
seed size possessed a positive correlatj-on with internode

length (Nienhuis and Singh, l-985) (Tab1e 7). Therefore,

internode length coul-d serve both as an indj.rect selection
criterj-on for seed size and a distinguishing trait for
genepoof identif ication.

Late rnaturity has been associated with hj.gher yields
(White and Singh, L99L). The relatively highest yielding

recombinant Ìines from Rio Tibagi x ABA 58 natured

significantly later than those fron Canadian wonder x A 486

and Redkloud x MAM 4, supporting White and Singh (1991).

Redkl-oud x M.AM 4 natured earl-ier than the other interraciaL
populations. The mean seed \,¿eiqht for recornbinant inbred lines

of this population had an internediate va1ue, but

significantly larger than that for IcÄ, L23 x Brasil 2 and Rio
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Tibagi x ABA 58. This agrees \,/ith white and Laing (l-989), who

reported the early naturity tendency for larger seeded

varieties.

C. Hexitability and percentage genetic gain

Herítability of a character j.s a neasure of the relative
irnportance of the ratio of additive to non-additive genetic

variance anong test materials, ¡teritability is irnportant to

breeders as characters r¡/ith higher values can be irnproved rnore

rapidl-y with less intensive evaluation than thosê characters

with lower heritabilities. Thereforer when heritability is
high, a breeder can rel-y on sel-ection methods requiring fewer

evaluations. In contrast, when heritability is l-ow, nore

effort must be spent in progeny evaluations in contrasting

environ¡nents over a period of time for rel-iable sel-ection.

The heritability values for l-00-seed v¿eight were the

highest among aLI traits (Table 6). This supports the results
of Motto et al, (1978) , Nienhuis and Singh (l-988b), and Singh

et al. (1991a). Thus/ selection for larger or srnal-Ier seed

size shoul-d be very effective anong and within populations

varying for the trait. Arnong the four populations, nio Tibagi

x ABA 58 had the highest heritability values for yieldf L00-

seed weight, bionass, harvest index, and fifth internode
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length. This suggests a high level of additj"ve genetic

variance for each of these traits in this popul-ation. The

noderate to high heritabil-ity in the genotypically fixed
reco¡nbinant ínbred lines suggests that non-additive genetic

and environmental variances were low, thus aLlowing a breeder

to reliably use these Iines for sel-ection for these traits.

Relatively l-ow heritability for harvest index for
intraracial- popul-ation Canadian Wonder x A 486 and interracial
popuJ-ation IcA L23 x Brazil 2 inplies reduced additive genetic

variation among the recombinant inbred lines and a relativeLy
larger environmental irnpact on its expression. The inherent

\,/eakness of harvest index, coupled with Low heritability, as

is the case r¿ith these two popul-ations, render this trait of

nininaÌ use to a breeder. However, hígher heritabilities for
harvest index for two interracial populations woul-d a1low more

reliabl-e sel-ection among their recombinant inbreds.

Percentage genetic gain under 20? sefection pressure

appears in Tabl-e 6. The highest expected gains for yield are

found for the recombinant inbred l-ines of Rio Tibagi x ABA 58.

Percentage genetic gain for 10o-seed weight for this and the

other large-seeded x smaIl-seeded population (ICA L23 x BraziI

2) was found to be extremel-y high.
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The overal-l- percentage genetic gains and narroq¡-sense

heritabilities for the interracial popuJ.ations are found to be

higher than those for Canadian Wonder x A 486. This means tÏì.e

presence of greater additive genetic variance j-n the

interracial population for those traits vrith higher

heritabilities and genetic gains. Nonetheless, it is
important to note that the heritability of yield for
population ICA L23 x Brasil 2 and Redkl-oud x MÀM 4 was low to

noderate. The expected gain for yield in the latter population

is rnarkedly low (Table 6).

The fact that advanced generation recombinant inbreds are

geneticatly fixed rneans that the traits will continue to
maintain their heritabilities, thus allowing reliabte
evaluation and selection anong lines in contrasting

environments.

D. correlation coefficíents

The inverse relationship of seed weight to seed yield and

bionass (Table 7) supports the seed size effect as reported by

white and GonzáIez (1990), Dry biomass yield was closely

related to seed yietd, suggesting closely related developrnent

patterns. Both of these traits were significantly related to
pods/n2. The significant negative relationship of yield,
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biornass, and therefore pods/rnz to seed weight supports the

yield conponent cornpensation effect (Àdans, L967), Pods/rn2 and

bionass are signifícantly and negativeJ.y correl-ated with

harvest index, which irnplies that greater non-economic yield

resul-ts fro¡n diminished reproductive efficiency. An increased

nunber of days to maturity al1or,¡s nore dry matter

accurnulation, explaining the positíve and negative

relationships of yield and harvest índex to days to rnaturíty,

respectively. This finding supports that of White and Singh

(l-991) , ¡¡¡ho found that Later maturing germplasn had higher

yields than its earlier rnaturing counterparts.

The seed size effect argurnent is further supported by

considering the effect of increased days to maturity on yie1d,

fifth internode length, and seed size, As the nurnber of days

to rnaturity increases, so does yield, However, seed size is
dirninished. This further supports white and conzál-ez (1990)

and White and Singh (l-991), who reported that a longer period

to maturity favours snall-seeded, higher yielding Middle

Arnerican gernplasm. This also irnplies that l-arge-seeded

deterrninate Andean rnateriaLs are comparativeJ.y early in their

naturity and therefore possess relativeJ.y lower yields. This

further illustrates the dilenna faced by breeders atternpting

to irnprove earl-y-natur j-ng cultivars.
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E. Mo.rphologicaL, seecl protèin, and allozyme marker traits

The use of norphological- narkers (bracteole size and

shape, leaf shape, etc.), proteins, and al-l-ozynes as indirect
selectj-on criteria is largely unknown in comrnon bean. Breeder

preference towards intragenepool- and intraracial populations

has resulted in dininished genetic variation and, hence,

narker availability. fncreased qenetic variation anong

recombinant inbred lines frorn intergenepool- and interracial
populations increases not onLy the nunbêr of potential markers

avaiLable as indi-rect selection criteria but should also

increase the number of favorable genes for seed yield and

resistance to both biotic and abiotic stress factors.

Variation for l-eaf and bracteole shapes found anong

parents used in this study corresponded to the findings of

Urrea and Singh (r-991) . Sone variability in morphological

traits and protein and isoenzyne patterns was found within
some reconbinant inbred lines, possibly because of ongoing

segregation.

Popul-ation Canadian Wonder x A 486 did not display any

skewed ratios for any of the norphological rnarkers, because of

the cl-ose sinilarity of the parents. However, although both
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parents had lilac f Lokrer colour, some recombinant inbreds were

observed to have white f l-ower colour. This was due to the

presence of dífferent genes in both parents, which perrnitted

the expression of recessive gene coding for white f l_ower

colour in so¡ne recombinant inbred lines. Interestingly,
whereas Redkl-oud and MÄM 4 both had v¡hite fl-ower colour, 1i1ac

and purple flower colours were also detected for several l-ines

(4.92 and 37.OZt respectively) . This could have been because

of the conpLementary action of genes controtJ.ing fl-ower

colour. Thus. the tv/o parents possessed different genes that
together produced a different fl-ower colour not found j-n

either parent.

The cl-ose sirnilari.ty of Canadian wonder and A 486

resulted in no differences for most traits being recorded

betr¡.¡een the parents or f or the recombinant inbred 1ines.

Sinifar results v/ere found for isoenzyrne polyrnorphisrn, except

for the ¡¡1¡e8 and Udb100 allozymes. Similarly, the absence of

polymorphism for proteins in this population was expected

because of the comnon evotutionary origin of the parents, and

represents minimal genetic variation.

Recornbination amongst the proteins of the recombinant

inbred lines in the interracial populations v¡as readily

visual-ised in SDS-PAGE systens. This was because the parents
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used for each interracial population had different phaseotin

types and/ in certain casesf different lectins, as well as

different smaller fractions of proteins. Recombination

occurred amongst the total proteins as four distinct groups in
order of descending relative nolecuLar rnass: the phaseol-ins,

a group of protei.ns Located between the phaseolj-ns and lectins
referred to as rrGroup 1-rr proteins, the lectins, and a group of

proteins located below the lectins referred to as rrGroup 2tl

proteins. No effort was made to characterise the rrcroup l-rl

and rrcroup 2rt proteins. They are possibly protein fragrnent

artifacts frorn the dissociation stage used in preparing the

sanpfes for e lectrophores is . Conversely, they coul-d be

associated v¡ith the prolanine or al-kaL ine-soluble protein
groups as described by Ma and Bl-iss (1978).

The l-ectin protein was found to participate actively i.n

recornbination bet\,,¡een the genepools, and was tightly linked to
the albunin set of proteins as both entities behaved as a

single unit in reconbination. Al-though cominon bean lectin has

been extensívely characterised (Brown et al,, L982b and L982c,

osborn et aI., 1983 | l-984, and 1-985), it was not characterised

in this study.

As Table I shows, there were several instances of

distorted ratios for morphological, seed protein, and aLLozyme
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traits. Koenig and cepts (L989b) state that the distorted
frequencies for specific aLfeles suggest the action of sone

forn of ferna 1e/ma 1e-specific rnechanism that affects gene

exchange between parental- gerrnplasrn. They argue that the Lack

of reciprocity in the exchange resuLts from nuc lear-cytoplasm

interactions and point out that genetic background and

environment are commonl-y known to influence the level of

recombination frequency. Hor¡/ever, reversing the

naterna l- / paterna l- roles in the popuLations used in this study

coul-d possibJ-y confirn whether or not the distorted

segregation ratios are attributed to fenale/male exchange

mechanisns. If not, then it could be that the distorted

segregation ratios are caused by interactions between the

embryo and endospern of the maternal parent as argued by Shii

et al-, ( 1-982 ) .

Gene exchange between parents fron the same genepool or

race should proceed without netabol-ical, horrnonal, or

physiologicaL hindrance because of evolutionary simil-arity.

In contrast, greater degrees of biochemical adaptation and

nodification would be necessary to accomodate gene exchange

and adaptation anongT distantly related parents. The greater

genetic distances between two rnaterials that have evol-ved in

separate regions j.n response to different sel-ection pressures

would predicate qreater degrees of biochernical-/hormona I
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adaptation in order to aIlow successful crossing between the

two genepools, specificalLy, such biochemical- adaptation wouJ.d

(depending upon genetic distance of the parents) necessitate
potentiaì.Iy large-scale nodifications of both rnajor and minor

metabolic and anabol-ic pathways in the viabl-e progeny. This is
probably affected by changes in genorne expression, resulting
in distorted segregation ratios anongst the progeny.

F. Àssociation between aglononíc anal rnarker traits

Pairwise t-tests of the associated means for each of the

rnorphological, protein, and allozyme narker traj-ts are

presented in Table 9. Thirty-three significant associations

were detected. Among then, associations were found between the

T phaseoLin protein and large seed size and S phaseol- j.n and

srnall seed size. This association has been widely docurnented

(Bro\,rn et al-. / l-981a/' Bliss and Brown, 1983; cepts et al. ,

r.986) .

onl-y t\^ro associations (flower coLour with maturity and

poJ-yrnorphism for MDH with harvest index) were established for

Canadian wonder x À 486¡ further illustrating the nurnerical

Iack of rnolecular markers in intragenepool- or intraracial
populations relative to intergenepool and interracial
popuJ.ations.
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The statistically signj-ficant associations possibly infer
a genetic Iinkage between the markers listed and the agronomic

traits in the forn of ¡nul-tiloci associations and/or

pleiotropic effects of genes controlJ-ing these traits.



VI . SUI{MÀRY

A greater range of allozymes and other narkers was

expressed in the interracial- populations in contrast to the

intraracial populatj-on. This prinarily testifies to the

presence of greater genetic diversity in the former.

Skewed frequencies for several norphological and

molecular narkers were found in interracial populations, but

not in intraracial populations. In order to study the

distorted frequency/ segregat ion ratios, the proteins

(including phaseolin) and isozymes should be analysed in
reciprocal crosses.

Whife no markers except growth habit were found to be

associated with yield, associations were detected r.¡ith other

traits such as seed v¿eight, biomass yie1d, pods/rnz, days to

rnaturity, harvest index, and fifth internode length (Table 9).

The associations outl-ined in Table 9 can eventuall-y be

integrated, after rnapping, into the existing genetic J-inkage

map for Pàaseo].us vuLgaris L. Future studies should embark on

deterrnining the usefulness of the genetic variation generated

in these popuLations with respect to resistance to diseases,

drought, and other factors. Moreover, potential usefuLness of

nol-ecular narkers r¡lith nore resolving power such as RAPD and
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RFLP for indirect selection criteria for seed yield needs to
be explored.

The nean yield of an intraraciaf recombinant inbred
population was lower than that of two interracial recornbinant

inbred populations. The highest yielding Iines from the

fatter significantly outyielded their counterparts from the

former. However/ none of the recombinant inbreds outyielded

the highest yielding parent of two out of the three

interracial populations. The reconbinant inbreds outyieÌded

the hj.ghest yiel-ding parent in the intraracial and 1o$r-

yielding interracial popul-ation.

The highest heritability values were recorded for l-00-

seed weight fol-Lowed by fifth internode length and days to
naturity. Val-ues were l-ow to moderately high for other traits
includj-ng seed yield. The highest val-ues for gains frorn

selection were found for fifth internode length f oll-owed by

100-seed weight. Values for seed yield ranged from 3.9å to

L7.42. Days to naturity and harvest index tended to have the

l-or./est values. In general, for nost traits, gains tended to

be comparatively targer in ínterracial popuJ-ations compared

with the intraracial- one.
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Seed yield lias positively associated with biornass,

pods/mz, and days to rnaturity. Ho$¿ever, pods/rn2 and days to
rnaturity, although positive]-y associated with each other, both

had negative correl-ations with 1-00-seed weiqht and harvest

índex .
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VIII. ÀPPENDIX

Appendix i. YieId performances (kglha) for F,-derived Fó
recombinant inbred lines and parents evaluated ovèr two yearõ
at tvro l-ocations in Colombia.
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18 61 996 r42A

143 5 1408 L422

L302 1613 1458

2503 L909 2206

758 1452 110s

13 51 1497 1424

2trr 1635 1873

2246 1632 1939

1324 118 5 !255
8 6 6 17 88 732'1

2420 2402 24r!
2617 13 40 10'16



63

65

66

67

68

69

'10

7L

72

74

75

76

77

78

'19

80

81

TR 7s62-319

TR ?552-325

TR',t562-32A

TR 7562-335

TR't562-337

TR 7562-350

TR 7562-353

TR 7562-354

TR '7 562-367

TR 7562-369

ÎR 7 562-3'7 2

TR 7562-373

TR 7562-376

ÎR 7562-378

TR 7 562-379

TR'1s62-342

TR 7562-384

TR 7552-387

canadian
9¡onder

A486

447 2203

64L 1900

92L 1869

760 1866

902 2224

t 231 2015

1r-36 2238

953 1994

918 19s9

1699 1912

378 2072

1467 1s39

L276 13s3

15 91 7902

1151 24AA

871 r24r
'7 !'1 L657

1206 2092

1136 1354

939 1692

7629 13 88 1508

2917 1435 2176

2088 2126 2IO7

2204 1536 1870

2265 2247 2256

I67t !79s 1733

2',Ì't6 17s5 2266

1522 r'125 1624

2194 2770 2!52
1804 2270 2037

1418 1828 1623

160'1 1567 1s87

1973 2353 2L63

ra29 ra92 18 61

r9r7 1518 1718

2130 1s36 1833

1390 1604 1497

t472 118 3 r29A

2392 2067 2230

1553 1524 1538

L525

721r

1395

1313

1563

L623

r6a7

r47 4

r469

183 6

L225

1503

1315

r7 47

1820

1056

1l-87

L649

L245

1316

1517

L7 23

17 51

19 10

1678

r97 6

1549

lSt O

1936

!424
1545

1139

1SO4

!7 69

!444
1342

r47 3

17 37

t427



Part B. Population Redkloud x MAM 4

EnÈry Line code
number

overal l
line
mean

a2

83

84

85

86

8'7

88

89

90

91

92

94

95

96

97

98

99

100

101

LO2

t-03

104

105

106

),o7

108

109

110

111

14 61

1598

1116

1s 11

1638

1806

1899

1510

1783

7323

17 18

1540

2r7 A

I522

1833

r432

1955

r87 9

17 09

ra47

15 41

1506

I72L

r277

221 5

yt77

TR 7 618 -001

TR 7 618-OO8

TR 7 618-013

TR 7 618-015

TR 7 618-016

TR 7 618-018

TR 7 618-021

TR 7 618-03 6

?R 7 618-041

TR 7 618-0 42

TR 7 618-04 7

îR 7 618-049

ÎR 7 618-0 5 0

TR 7 618 -063

TR 7 618 -080

TR 7 618-081

TR 7 618-0 88

TR 7 618 -09 3

TR 7 618-09 7

TR 7 618 -L l.l-

TR 7 618'112

TR 7 618 - 115

TR 7 618- 116

TR ? 618- 119

TR 7 618- 12I

TR 7 618- 131

TR 7 618- 13I

TR 7 618- 15 0

TR 7 618- 15 5

TR 7618-157

972 722 441

1865 1096 1481

!261 935 1098

99s 1427 r27r
1679 L339 1509

1696 '195 1246

1399 1483 1441

9r4 96'1 9 41

1? 10 1226 146A

2221 113 7 1619

7475 113 8 130 7

819 765 792

1397 1691 ].544

7327 375 851

1529 169 s ].6].2

l-393 991 1792

t'774 1104 1439

ls 04 1081 1293

1s93 -122 1158

r4r2 113I L27 S

1816 1383 1600

1s83 631 1107

7222 409 816

1328 II9'1 1263

1505 1161 1333

1800 950 13?5

1581 630 1106

8 61- 571 7 L9

2362 925 1644

18 59 1447 1653

2'7 43 1409 20'7 6

164I 1792 !7 !6
2747 r22A 198'1

2799 1,644 2227

2041 985 1513

2764 r29A 203L

3352 990 2!1r
4754 15 59 2451

1863 1242 1552

4313 1762 303I

3044 !47s 2260

2381 1326 1853

27'13 L010 ra92

27't 3 1684 2229

3s38 1948 2743

2862 840 l-8 51

3239 t2r6 2227

1726 1416 15 71

3456 205L 2',t s3

3302 166s 24A4

2777 14 61 18l-9

3349 rA24 254',7

3499 1032 2266

240't 1093 17s0

2536 1692 2709

4532 1l-07 2aL9

3242 2255 27 6A

2ro4 1568 1836

4294 1s 19 2907

2409 1394 1901

1990 199L Mean1.99 0 199l- Mean



86

r72

113

114

115

116

117

118

119

120

12L

122

r23

124

125

126

!27

!24

130

13L

11,2

134

135

136

13't

139

140

141

142

1,43

r44

145

146

r402

1589

1989

1813

1263

2004

I41A

)"79r

1539

L'7 36

I6I2
t"821

ra20

19 42

2 088

!771

1954

!447

7592

L698

r47 6

1936

112r

!327

r'148

77 6't

76r7

r7 24

\7 23

2r12

15 61

TR 7 618- 15 9

TR 7 618- 161

TR 7 618- 164

TR 76t-8-166

TR 76t 8- 167

TR 7 618- 170

TR 7 618- 17 2

TR 7 618- 17I

TR 7 618 - 180

TR 7 618 - L82

TR ? 618- 183

TR ? 618 -2 02

TR 7 618-2 05

TR 7 618-2 07

TR 7 618-2 09

TR 7 618-210

TR 7 618-216

TR 7 618-2 30

TR 7 618-2 3 5

TR 7 618-2 40

TR 7618-254

TR 7618-256

TR 7 618 -2 63

TR 7 618 -2 68

TR 7618-275

TR 7 618 -2 81

TR 7618-282

TR 7 618-2 87

TR 7 618-2 88

TR 7 618-2 9 L

TR 7 618- 3 02

TR 7 618-314

TR 7 618- 316

TR 7 618- 319

TR ?618-326

L464 L323 1394

1497 1386 1442

1366 1307 1337

2ro3 934 1s 19

1555 957 1256

L457 904 1181

1811 1140 r47 6

1166 1049 1108

1617 1293 14ss

'7 6L !I92 9'.17

1,167 869 1318

1224 1060 rr42
1702 743 1223

1863 A27 134 s

r37 4 923 1149

2393 1688 204r

7293 1463 1378

1s 11 683 109'1

1972 1468 1720

r4r2 1297 13ss

'124 trlr 944

2769 A2r L49s

1772 1149 1461

1813 467 L340

97A 611 795

1484 723 1104

1501 959 1230

2r'ì9 13 39 I'159

118 2 820 100l-

1076 886 981

1680 883 1282

1548 1389 1469

1154 1006 1080

1672 8ss 1264

t4't 4 834 1154

4289 15s6 2923

1436 1288 !362
22s2 1432 rA42

24A4 2433 24s9

3304 1437 2370

725 1966 1346

3446 1620 2s33

2A16 880 1843

2A96 1357 2726

2700 Ls02 2ror
2593 r7 r7 2155

2494 1666 2042

318 7 16s3 2420

318 2 1406 2294

3452 2 018 27 35

3976 2092 3034

3 911 168'7 2799

3520 1372 2446

2929 1448 2188

2349 22aA 2339

3024 1450 2237

2305 1497 1901

1389 1s93 7497

3t 78 1885 2532

4241 1052 2647

16 69 1432 1ss1

3629 904 2266

17 80 r478 1629

3200 1867 2534

2739 1767 2253

3062 r27r 2!67

2945 1011 1978

41s 1 2L35 314 3

2374 t3r2 1843

2766 1169 195'1



147

r-48

r49

150

151

r52

153

154

155

156

L57

158

t-59

r-60

16L

r62

?rtq

3973

3733

2954

2857

3587

2031

!994
24a2

247 9

220'1

201 3

319 4

5073

r7 36

15s8

!2'7'7

1190

1694

13 60

1309

L324

113 0

1683

1014

1265

IO72

11'Ì 5

24A3

27 63

2645

2II5
2023

1696

1868

1659

1806

2081

16L0

1669

2133

1570

l-910

!447

L9 68

181- 0

r520

r7 84

r625

r726

7562

1399

1616

13 17

1485

1s96

1780

TR 7 618-3 2 9

TR 7 618- 3 44

TR 76L8-347

TR 7 618- 3 51

TR 7 618-3 5 2

TR 7 618-3 5 6

TR 7 618-3 61

TR 7 618-3 6 3

TR 7 618-3 6 6

TR 7 618-3 6 7

TR 7 618-3 68

TR 7 618 -00 5

TR 7 618 -O 19

TR 7618-147

Redkloud

¡iÀ¡f 4

1572 1104 1338

1003 839 921

1438 1143 r29r
2192 atl 150 5

1342 689 1016

tt-17 '137 927

1539 1s68 1ss4

ra52 1078 146s

1403 583 993

13'17 924 1151

1740 309 ro25

1s06 1097 1302

1164 954 1os9

1879 922 1401

2162 r24r t702 226s



Part c. Population Rio Tibaqi x ABA 58

Entry
number

Llne code
overal I

Ì ine
mean

163

r64

165

L66

1,67

168

169

r'10

I'7 I
r72

|t3
!74

175

L',1 6

r71

178

119

180

181

183

L84

186

187

188

189

190

t91

!92

t 93

2566

237 5

22'72

247 9

3380

2393

245 4

2063

2A25

2 810

2569

2!'7 !
1868

2635

207 6

16 01

3151

)14.ì

237 r
2546

2039

29 3'1

20so

1?90

2290

2 010

22r4

3351

232L

2r66

1870

19 42

1814

2033

2441

r84't

7796

1875

2070

2254

r5a2

I'159

!4 37

1511

2040

1s82

1356

2343

207 0

L'|7 6

2482

20a6

2347

r7 03

190s

1886

1703

166s

2203

2028

l.tA 7807-002

t,qÀ 780?-004

t4À 7 807 -00 5

wÀ 7 80 7 -010
wA 7 80 7 -014

wÀ 7807-020

l,1A 7 8O'1-O24

f,rA 7 807 -02 5

wA 780 7 -02I
wÀ 7807-033

wA 7807-036

wA 7807-038

t4A 7807-039

f^tA 7 80 7 -040

14À 7 80? -049

wA 7807-054

r^lA 7807-055

wA 7807-058

r^rA 7807-060

wA 7 80 7 -061

I.¡A 7807-073

t4A 7807-078

f^lÂ 7807-079

wA 7 80 7 -084
f4A 780 7 -091

wA 7807-092

wA 7 80 7 -094

wA ?807-095

wA 7807-098

t¡A 780?-099

f^lA 7807-101

2521 1011 r7 66

1641 l-089 1365

L'l34 1324 ts29

1268 !444 1356

2),!7 10s8 1s88

1878 rr24 1sO1

L794 807 1301

12'19 999 1139

2195 1.1.78 16A7

1665 965 1315

2049 l-363 1706

881 993 937

1484 4r2 948

781 627 704

13 84 923 rr54
1389 L 501 1445

9'19 rL97 1088

1689 535 rt72
t889 1183 1s36

yt24 107 s 1400

t296 106I rr82
2365 2390 2342

2721 rs44 2133

!1A2 929 13s6

2754 ].287 2021

2L73 79r 7482

1930 864 139'1

1208 1025 1117

t4't9 632 1056

2382 109 0 1736

3371 r't 62

3267 r4A4

328'1 1,424

32',16 t267

3647 1311

4'165 199s

247 4 7912

3s28 1380

3010 t 116

4'.79r 859

4142 r477

3199 1253

3668 147r

2634 7'7 07

26Aa 1048

4079 1191

3144 100 7

1830 1371

5219 rO22

3 311 2L1 0

3529 !21,2

3313 1800

296r l- 116

3165 935

204! 1539

3232 1350

2634 138s

3292 113 6

4454 2249

249 3 !'1 49

1990 799L Mean 1990 19 91 Mean



194

196

t9'1

198

199

200

20r
a^a

203

204

205

206

20'1

204

2ro

2II
2),2

213

2r4
2].5

216

2r7

2La

2].9

220

221,

222

223

224

1)1

224

9¡À 7807-103

wA 7807-105

r4A 7807-109

wA 780?-121

wA 1AO1-r22

wA 7807-129

wA 7807-131

FtA 7 807 -1,32

wA 7807-133

wÀ 7807-136

$rA 780?-142

wA ? 807 - 148

wA ?807-150

wA 7 807 - 151

wÀ 7807-L57

wÀ 7807 - 15 8

wA 7807-163

r,¡A 7807-165

wÀ 7807-166

t4A 7807-170

wA 7 AO'7 -r7 2

wÀ 7807 - 17 5

wA 7807-178

wA 7807-182

wA 7807-187

wA '1801 -204

t.lA 7807-206

t.¡A 7807-207

wA 7807-208

r4A 7807-213

uA'1807-223

vtL 7 ao'7-225

wA 7807-239

wA 7 80-1-243

$rA 7807-248

1397 1071 !234

1243 15 48 1396

1604 1403 1504

1233 9'7 6 110 5

1866 1339 1603

2 519 IO24 t',? 7 2

1517 803 r2IO

2085 1076 1581

7621 1345 148 3

7794 1343 1569

869 94r 905

1863 r25't 1560

|t4t 1118 .1430

),429 1269 15 49

89s 1137 1016

1178 1218 1198

1793 792 L293

1242 829 1056

2672 1527 2100

1866 1753 1810

1782 !37'7 15 80

1033 1108 1071

t7 4s 903 L324

1148 944 1046

L236 944 1090

1ss3 754 1154

1s49 1181 1365

19 89 899 1444

1506 14 40 t47 3

1820 896 1358

!721 986 1354

1920 103s l47A

L677 1314 1496

?92 1103 948

19 41 r47't 1709

4530 ].440

2A21 1292

3'770 110 r.

2424 163 9

3r.89 1423

3443 r!22
2623 1306

2992 181s

2957 13 91

2563 1662

236'ì 969

2635 1438

t¿?Â 1r?1

3536 1198

2647 1398

2664 12s0

3607 1415

199t 1t O6

4404 1650

4392 16 63

2722 103 6

1811 7240

3889 774

299r 1344

4058 1196

294t 1446

374'7 A2A

2463 r2rr
2497 16r'7

2A97 1536

26rA 1497

3874 r42r
2194 '106

2774 7072

3795 1440

2985

2060

2436

223r
2306

2243

1965

2404

2!'7 4

2772

1668

2031

2367

2039

1957

25r!
1549

3027

302't

1879

1525

2333

2r6A

2308

2037

22L7

2058

2644

14s0

!625
26I7

89

2rLO

r'7 2A

19 69

1668

2027

1587

]-992

1828

1840

12a'7

r7 9A

!492

19s8

7524

1578

!902

r302

2563

2419

r'7 29

129A

1829

1607

1859

16'7 4

183 6

r7 4r
1865

1788

1705

2062

r47 3

!246

2r63



))q

230

23r
232

234

236

23'1

239

240

24r
)42

wA'taol-257
uA 7 80'7 -25'7

wÀ 7807-258

wA 7 807 -262
uA '7 80-t -267

r^rA 7807-269

wA '7807 -27I
wA 7AO7 -279
9tA 7 AO7 -29 4

9rA 7 AO7 -297
vtA '1807 -298
wA 7807-303

wA 7807-305

Rio Tibagi

L232 92]'77
21"92 r42r 180 7

!oo2 9'13 988

1941 1381 1661

2602 110 6 18s4

2247 694 r4'7 r
2010 1686 1848

2255 1469 rA62

2004 524 1264

1s 06 1445 !47 6

1637 830 L234

126A 7294 I2Ar
1512 1406 1459

2594 1s21 2 060

207 3

40'79

3445

4249

2164

s362

3406

31 12

4269

3838

3 816

4

850

1570

1060

r200

1418

1611

L57 4

13 17

14L6

7r7 6

r624

1212

2't 79

I462

2ta)

2125

29AA

1705

3486

2490

2242

264r
2442

2507

259!
25r4

3297

90

1269

2316

L620

2!93

242r

1588

266'1

2r7 6

r773

20s8

2038

1894

228'7

27 494



Part D. Population ICA L23 x Brasil 2

Line côdeNumber
en!

overaL
I I ine

mean

!352
167 5

7507

I52I
!725
23r4

1996

1260

1508

1110

1255

2039

L47 9

1r- 14

13 41

r44A

I7 67

10 61

1663

116 0

1)AL

2066

r496

916

r6!2
),529

1853

r479

117 A

244 TY 5578-11

245 TY 5578-15

246 TY 5578-23

24'1 TY 5578-2I

244 TY 55?8-35
)Lq .¡v qq?a-¿q

250 ÎY 557 A-4'1

25r rY 5578-50

252 TY 5578-51

253 ÎY 5s78-s6

254 TY 5578-61

255 TY 5578-66

256 TY 5578-69

257 TY 5578-75

254 Tv 5578-79

259 TY 5578-81

260 TY 5578-82

262 TY 5578-88

263 TY ss78-112

264 TY 5578-114

265 TY 5578-117

266 TY ss78-11-8

26'7 TY 5578-120

264 ?Y 5578-129

269 TY 5578-1.35

270 ÎY 5578-137

21I TY 5578-138

2'7 2 TY 55?8-141

273 TY 5578-153

274 TY 5578-155

14 61 1097 !219

L8s0 1s61 1706

1373 1444 ),409

249s Lr72 1834

1701 1037 1369

2357 1434 189 6

1416 1606 151.L

10 68 942 tO25

1ss3 462 1208

1682 LO7'1 1380

77 62 586 rr7 4

1738 7362 1550

2r9A 1363 1781

1829 1313 !57 L

1526 117 3 1350

1948 16 63 180 6

2147 9'12 15 60

r44r L456 1449

77 7'7 1009 13 63

2242 10 31 1637

1106 1067 t087

18L7 1158 1488

1434 1504 1469

163 3 tr26 1380

r3r2 1424 1368

870 1070 970

14t 8 624 702!

1388 t 017 1203

1679 919 1299

1919 968 1444

2249 7124 7'7 0'7

L7A7 1064 1425

2571 718 ].644

2311- 901 1606

1484 933 1208

3294 863 2 081

4236 1230 2',133

36s9 1303 244),

2243 704 1496

1636 492 1264

2324 949 163'l

l-546 545 1045

1078 840 9s9

3096 1499 2294

2254 5L4 1386

ro32 725 878

1214 415 878

1654 1017 1335

315 8 rOL2 2085

1'ta 142 '160

2447 492 1689

ra26 642 1243

13s4 846 1100

3904 !423 2664

481 57 4 527

2413 833 1623

1292 432 862

3ss8 8s0 2204

2863 850 L8s6

387't 93s 2406

1962 106s 1s14

2AO2 89s 1849

1990 1991 Mean 1990 19 91 Mean



275 Ty 5578-156

2'7 6 TY 5 s 78- 161

27-7 TY 55-18-!62

274 TY 5578-165

279 rY 5578-170

280 TY 5578-182

2AI TY 5578-183

242 ÎY 55?8-186

243 TY 5578-187

244 TY 5578-189

245 TY 5578-190

2A6 TY 5578-191

2A7 TY 5578-192

288 TY 5578-193

249 TY 5578-201

290 'ry 55',18-202

29t TY 5578-206

292 TY 5578-209

293 TY 5 5 7 8-211

294 TY 55'7 8-216

295 TY 5 5 7 8-218

296 TY 5 5 78-219

29',t rY 551A-220

294 TY 557 8-22I
299 rY 5578-226

300 TY 551A-22A

30L TY 5578-230

302 TY 5578-238

303 Ty 5578-258

304 TY 5578-260

305 ÎY 55'18-262

306 TY s578-263

307 ÎY 5578-2'76

308 TY 5578-283

309 TY ss78-284

155? 1575 1566

r.394 8s4 r!24
16s1 628 1140

747 4 !244 13s9

1491 1s63 !s27

I416 479 1t 7I
1385 '733 10s9

1,225 14 31 1328

1598 '775 1187

1352 1071 r2r2
1988 1009 1,499

2101 1375 1738

LI22 927 7022

12'19 A24 1052

115 9 1084 !r22

1433 744 1091

1948 1547 r7 48

1168 1002 l-08 s

2311 922 1620

7s77 762 1170

1218 10 6 3 Ir'7 L

1s99 1083 1341

117 5 949 1062

1448 833 i.141

1s 82 rr27 1355

2522 rr92 1857

73',14 t26r 1318

r'106 801 !254
1403 980 Lr92

1719 '150 1235

1028 1098 1063

1377 963 1170

r'197 1443 L620

1599 1139 1369

2304 932 1618

2499 975 17 37

2259 706 t4A2

987 1104 1046

1565 916 1240

2854 60'7 1730

r'7 !2 9 10 13 11

3 810 12!6 2513

1894 658 1276

2269 961 1615

3544 Lr14 2359

1325 10sO 1188

248s 1382 1933

2593 804 1699

r5'7 2 1102 133'1

3 491 1140 23:-5

1877 492 1385

2443 7230 2037

1370 1344 1357

1649 995 1322

254! 1033 1787

1980 594 !2A7

223'1 s88 1413

a7 6 854 86s

1111 6I'7 864

3 001 763 1882

2707 696 16 98

2462 986 1724

1191 427 1013

2011 959 1485

685 9'15 830

103s 87s 955

1222 835 rO29

2r9r 1649 L920

317 8 10s3 2!16

l qq?

r437

1 311

!202
1384

1454

118 s

192r

123L

!4r4
1,9 29

1463

r47A

1375

r229

7't 24

1237

ra92

147 r
I47I
1229

137'7

9 63

1002

1618

!778

r52!
113 3

1338

LO32

1009

1099

1770



310 TY 5578-289

311 TY 557 8-292

313 Îy 557 A-291

314 TY 557 9-299

315 TY 5578-302

3L6 Tv 5s78-304

3r7 TY 5578-305

318 Tv 5578-306

319 ÎY 5 5 7 8-310

320 TY s 5 7 8-311

32r TY 5578-315

322 TY 5578-361

323 rCÀ L23

324 Brasil 2

13'72 1650 1s11

141s 1996 1106

18 09 1439 7624

162A 1402 1515

!2'13 7 9s 10 3 4

1466 7676 1s 71

!!7r rr27 114 9

1615 633 rL24

r79r 472 1332

22'7L 69s 1483

16 31 694 116 3

2009 118 6 15 98

1319 L661 1490

2343 74! !542

347 4 8s9 2166

1973 9 69 r47 r
1143 989 1066

12 51 7 4A 1000

2rt4 ro2a 157t

1296 909 1103

942 625 805

2002 8s1 1426

1739 374 1057

1378 1023 r20r
1630 424 1227

13 91 1011 1207

2'159 1342 20s1

3326 rO27 2r7 6

2440 966 1703

1699

1491

1386

I312

1543

1068

118 8

12 88

J.090

1266

1355

II82
r824

1833

1 
^) 

'1



Àppendix ii. Total precipitation received in paLmira and
eopayán in l-990 and l-991.

Precipitation (nn) Total- annual
precipitation lmm)

PaLnira 1990

Pal-nira 199 L

Popayán 1990

Popayán 19 9 l-

ñq

3.1"

t.9
'J-1_ .7

7 0 . 't-

310.1
1_97 .5
1135.0


