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Natural sdection in four common bean traits
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ABSTRACT

Three segregating bulk populations derived from the cross between one early (Manteigéo Fosco 11)
and three normal cycle (Carioca MG, Ouro and Milion&rio) dry bean cultivars were assessed for natura
selection effects. The populations were advanced from F, to F,. A seed sample was kept to represent the
generation and the remnant used to obtain the following generation. Populations from each cross and their
respective parents were assessed in randomized complete blocks with four replications, in three sowing
seasons (February, July and November). The traits growth habit (determinate or indeterminate), weight of
100 grains (g), reaction to Colletotrichum lindemuthianum and grain yield were scored. Natural selection
effects were observed on grain yield (the increase was 4.8% per generation), growth habit and weight of
100 grainsin al crosses. Individual s with indeterminate growth habit and smaller seeds were predominantly
kept. Thereactionto C. lindemuthianumwas neutral to natural selection.
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INTRODUCTION

The bulk breeding method iswiddy used in sdlf
pollinating plant species. According to this
method, the segregating population increase
homozygosity to the F, or F, generations, with
or without small artificial selection pressure.
From this point the mgority of the loci have
reached the homozygous date and families are
obtained and submitted to more intense artificial
section.

The naturd sdection is one of the advantages
attributed to this method, i.e., with the advance
of generations, only themore adapted individuds
remaninthe populatiion. Theissuethat arisesis
whether natural sdection acts in the direction
required by the breeders.

Grain yield studies on some species tried to
answer this question in the late 1920's (Harlan
and Martini, 1938; Soliman and Allard, 1991;
Corte, 1999). The longest study has been
carried out on rye since 1929 (Allard, 1988;
Soliman and Allard, 1991). Results from the
assessments made on more than fifty
generations show a grain yield gain of
approximately 1% per generation. In the
common bean crops, studies using mixtures
of cultivars to Smulate a segregeting population
(Cardoso and Vieira, 1976) and populations

derived from inbred line crosses conducted by
the bulk method (Hamblin, 1975, Hamblin 1977)
have been carried out as well. The results for
grain yidd, however, were inconclusive,

The process of naturd sdlection in the advance
of common bean segregating populations is
questioned under tropical/subtropica conditions
with many sowing seasons. In the mgority of
the bean cropping areas in Brazil, many sowing
seasons are used due to the diversity of
environmental conditions. Corte (1999) carried
sx common bean popul ationswith the respective
five parents from the F, generation to the F,
generation by the bulk method, in three sowing
periodsthroughout theyear. 1neach generation,
the segregating popul ations and the parentswere
assessad in replicated experiments. Using the
parents as an environmenta variation indicator,
this author found that the grain yield of the
segregating populations increased by 2.4% per
generation. Thisresult showed the strong effect
of natura selection. It would be important,
however, to assess the segregating populations
in the different generations, Smultaneoudy, to
avoid the effect of environmentd variation in the
genetic progressestimates and confirm theresults
obtained so far.

Daaon natura sdection effects on other traitsare
avalabdlefor rye(Allard, 1988, Solimanand Allard,
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1991) but no reports have been found on the
common bean. Therefore, the present sudy was
carried out to assessthe effects of natura slection
in common bean grain yidd and other traits during
the advance of homozygosis in populaionshby the
bulk method.

MATERIAL AND METHODS

Experiments were carried out in the
experimental area of the Department of
Biology of the Federal University at Lavras
(UFLA) in a dark red distrophic lattosoil.
Lavras is located in the southern part of the
date of Minas Gerais, Brazil, a an dtitude of
910 m. South 21°41°S latitude, and West
45°00" longitude.

Segregating populations of thefollowing crosses
were obtained: Manteigéo Fosco x CariocaMG;
Manteigéo Fosco x Ouro and Manteigéo Fosco
X Milionario. The CariocaMG cultivar hastype
Il indeterminate growth habit with a 90-day
(normd) life cycle, smdl grains, and a brown-
striped cream-colored tegument and carries the
Co-2 dlele which gives resistance to some
Colletotrichum lindemuthianum races.
EMGOPA 201-Ouro hasatype |l indeterminate
growth habit, norma cycle, smal grains, and a
ydlow tegument and carry the Co-5dldewhich
gives resstance to some C. lindemuthianum
races. It will be called Ouro in this paper.
The Milionério cultivar has type Il
indeterminate growth habit, normal cycle,
smal grains, black tegument and is resistant
to some C. lindemuthianum races. Manteigéo
Fosco is a cultivar with Determinate type |
growth habit, short cycle (80 days), large
grains, and a dull dark brown tegument and
is susceptible to C. lindemuthianum.

The three populations were advanced by the
bulk method in three sowing seesons during the
year. A seed sample was stored at the end of
each generation in a cold chamber and the
remnant usad to obtain the following generdtion.
The process was repeated up to the F,

generation when the populations were assessed

The populations from each cross were
assessad in arandomized complete block design
with four replications, in three sowing seasons
(February, July and November). Twelve
segregating generations (F, to F,) and the
parents were andyzed. The plot conssted of
four 5-meter long rows with asowing density of
16 seeds per meter. The plants were fertilized
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with 400 kg/ha of the 4-14-8 N, BQ,, K,0
formula & sowing and 150 kg/ha of ammonia
aulfatein Sde-dressing, 20 daysafter emergence.
Supplementary sprinkler irrigation was used to

prevent water shortage.

Thefollowing traitswere assessed fromasample
of a hundred plants in the two central rows:
agrowth habit; b) grain yidd; ¢) weight of 100
grains, obtained by weighing a sample of 100
grains, and, d) the reaction of the F, to F,
populations of the Manteigéo x Ouro cross for
resstanceto C. lindemuthianum, race 89. For
thisanayssa50-seed samplewasremoved from
each generation and sown in plastic trays
containing Serilized soil. The parentswere sown
on al trays as controls. Seven days after
emergence, the plantswere spray inoculated with
afungus sugpenson containing 1.2 x 10° conidial
ml, following the methodology proposed by
Mendonca (1996). Thereection of eechindividud
plant was scored seven daysafter theinoculation,
and those without and with symptoms were
conddered resisant and susceptible, respectively.

The grain yield data from each experiment
were submitted to analysis of variance per
sowing period, congdering dl the effects except
the experimentd error as fixed effects. A joint
andyds of variance of thethree crosseswasthen
performed. The linear regression coefficient (b)
wasestimated for theregresson of themeangrain
yield (dependent variable, y) on the generation
number (independent variadle, X). The genetic
ganwasesimatedin pacent (G%) per generation
using the expresson G%——xlOC where: b isthe
linear regresson coefficient obtained for the i
population and F, isthe mean of the referred i
populaion in the F, generation.

The linear regression coefficient for the
weight of 100 grains was also estimated,
amilarly to that for grain yidd. The b esimates
of the populations were compared by the t test
following the expression presented by Gomez and
Gomez (1984).

The segregation for growth habit and reaction to
C. lindemuthianum was studied using the chi-
sguare test ( C 2) to compare the observed with
the expected frequencies in the different
inbreeding generations.

RESULTSAND DISCUSSION

Common beans can be cultivated three times a
year intheregion, with enormousvarigion in the
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environmentd conditions. The wet season crop
is sown in October-November and is
characterized by high temperatures and rainfal.
Excessve ranfdl is usudly a limiting fector at
harvesting time, causing in many cases,
consderablelossesin yied and product qudlity.
Thedry season crop issown in February-March
when the temperatures are normally high at
sowing and at initid plant development stages
but decrease from flowering onwards. In this
period, water is the limiting factor because the
crop cycle coincides with the end of the rainy
period intheregion. Thewinter crop issownin
July-August and, contrary to the dry season crop,
is characterized by low temperatures at the
beginning of the crop which can delay plant
development and lengthen the cycle. In this
period, thereisamast no rain, and the crop has

to be irrigated. These different environmenta
conditions contributed to the mean grain yied

variaion from 1,506 kg/hain the wet season to
2,050 kg/hain the dry season (Table 1).

The highest and lowest mean yields were
obtained from crosses Manteigdo Fosco x
Carioca MG (1,875 kg/ha) and Manteigéo
Fosco x Ouro (1,661kg/ha), respectively. A
sgnificant season X cross interaction was aso
observed (Table 1). Genotype x season
interaction is common for the common bean in
theregion (Ramaho et d., 1998; Takedaet d.,
1991; Abreu et a., 1990).

The mean yidd of the early parent Manteigéo
Fosco in all experiments was 1,261 kg/ha,
while the average performance of the Carioca

Table 1 - Grain yidd (kg/ha) of the parents and the different crosses in the three growing seasons.

Means from the 12 generations (F, to F,).

Sowing period
Crosses November February July Means
Manteigéo Fosco x CariocaMG 1584 1890 2218 1897
Manteigdo Fosco x Ouro 1365 2121 1519 1668
Manteigdo Fosco x Milionario 1636 2121 1540 1766
Mean 1528 2044 1759 1777
Parents
Manteigdo Fosco 926 1539 1319 1261
CariocaMG 1940 2066 2368 2125
Ouro 1560 2489 1658 1902
Milionario 1953 2545 2210 2236
Mean 1595 2160 1889 1882
General Mean 1561 2102 1824

MG, Ouro and Milion&io parents was 2,087
kg/ha. The early cultivar yielded 39.6% lower
than the mean of the other parents (Table 1).

The mean yidd of the segregating populations in
the different generation was different. In spite of
the non-gignificance of the cross x generation
interaction, indicating thet the generation effect was
amilarinthedifferent crosses thelinear regresson
equationswere obtained for theindividua crosses
(Figure 1). In dl cases, the estimates of the

determination coefficient(R?) estimateswerehigh
(higher than 82%0), indicating thet therewasagood
fit of the datato theregressonline. Thesevaues
are much larger than those reported by Corte
(1999) who used a different methodology to
asess the effect of natura sdection. The linear
regression coefficients (b) were postive and
different from zero, varying from 58.1 kg/ha to
82.2 kg/ha for the crosses Mantelgéo Fosco x
CariocaMG and Manteigéo Fosco x Milionario,
respectively.
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Figure 1 - Linear regression equations between the
number of self-pollinating generations (F, to F,,) and
grainyield (kg/ha) for thethree crosses. A: Manteigéo
Fosco x CariocaMG; B: Manteigdo Fosco x Ouro and
C: Manteigéo Fosco x Milionario.

Thejoint estimate for thethree crosses (b =72.0
kg/ha) indicated an average yidd increase of
4.8% per generation compared to the F, mean.
It should be pointed out that Corte 2(1999)
assessed these same populations for each
generation and estimated a 2.4% gain per
generation. Theseresults confirm many of those
reported in theliterature, which show the process
of natural selection increasing grain yield in
populations conducted by the bulk method,
especialy when the generation advance occurs
over a longer period (Allard, 1988; Solimand
and Allard, 1991). Someresultsreportedinthe
literature were not conclusive about the natura
selection action, probably due to the smaller
number of advanced generations in the
populations (Hamblin, 1977; Hamblin and
Morton, 1977; Cardoso and Vieira, 1976).

The generation advance was carried out during
three growing seasons per year, under digtinct
environmenta conditions The fluctuations of the
environmenta conditionsmeadethe naturd sdlection
effects unforeseesble. The results obtained for
grain yidd, however, confirm the postive action
of natural selection, and this is an additional
advantage for the use of the bulk method in
common bean breeding. However, it was clear,
asdready pointed out, that this advantage would
bemoreevident if the popul ationswereadvanced
in bulk for some extra generations.

The results of the bulk advancement of
generdions for mean weight of 100 grains were
very smilar but in the opposte direction of those
obtained for grain yield. There was a clear
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tendency of weight reduction with the advance
of thegenerationinthethreecrosses. Thelowest
response estimate for weight of 100 grains was
observed in the Manteigéo Fosco x Ouro cross
(b =-0.60) (Table 2). On average, the linear
regression coefficient was —0.79 that is,
compared to the mean weight of 100 grains of
the F, generation (29.8g), the decrease in grain
weight was 2.8% per generation of sdf pallinating
homozygossadvance. Theindividud wholeaves
the greatest number of descendents, that is,
greater number of seeds is more adaptable
(Darwin, 1996). Asthereis normaly negative
correlation between the grain 9ze and the number
of grans per plant (Nienhuis and Singh, 1988;
Fernandes et d., 1989), a smaller the seed size
will condition greeter selective advantage of the
individua, that will contribute a grester number
of descendents. Thisexplainstherapid reduction
in seed sze with the advance of generations.
Allard (1988) obtained areduction intheweight
of 100 grainsin rye up to thetwentieth generation,
when it stabilized.

Table 3 shows the number of plants with
determinate or indeterminate growth habit in the
three crosses in the F, to F , segregating
generations. Indeterminate growth habit is
controlled by asingle dominant gene, named Fin
(Singh, 1991; Al-Mukhtar, 1981; Ram and
Prasad, 1985). The expected frequency in the
F, generation would be % indeterminete (Fin_)
and Yadeterminate (finfin). Totest thehypothesis
of asingle gene segregation, a chi-square test of
the data to fit this proportion was run for al the
crosses. The chi-square tests (C2) were not
significant and the formulated single locus
hypothesiswas not rgjected, whichisin linewith
literature,

Conddering the Sngle gene genetic control and
assuming absence of naturd sdection effect, the
expected segregation ratio inthe F, generation is
5/8 of the plants with indeterminate growth habit
(An)) and 3/8 determinate (finfin). Thechi-square
test for thishypothesswassgnificant for thethree
crosses. The chi-sguaretestsweredso sgnificant
for the other selfing generations when the
corresponding expected determinatelindeterminete
ratios were tested. Therefore the deta did not fit
the expected single gene segregation model.
According to theMenddian laws, it was expected
that the proportion of thetwo typesof plantswould
tend to equdity with generation advance. For
example, of the 100 plants assessed in the F,
generation, 50.01 and 49.99 are expected to have
indeterminate and determinate growth habit,
respectively.  This did not happen, however,
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Table 2 - Weight of 100 grains (g) of the three crosses in the 12 assessed generations.

Generations Manteigéo Fosco x
CaiocaMG

F2 3267

Fs 2901
28.74

Fs 26.17

Fe 2532

F 2440

Fs 23.36

Fo 2295

F1o 2257

F11 2243

F12 2168

Fis 2101

Média 2503

b -0.93a*

R (%)

Manteigéo Fosco x Ouro Manteigéo Fosco x Milionaio
2897 2783
2653 25.06
2549 2581
2369 2446
2386 2190
2347 20.16
2339 20.10
2331 20.06
2177 1992
2154 1893
2127 18.79
2117 1835
2371 2178
-0.60b -0.83a

86 83

* The b valuesfollowed by the same letter in arow did not differ at the 5% level of probability by thet test.

because only one plant from the crosses between
Manteigéo Fosco x Ouro and Manteigéo Fosco
x Carioca MG and three plants from the cross
between Manteigdo Fosco x Milionario had
determinate habit. The results showed that the
generation advance caused a departure of the
observed from the expected proportions of the
Sngle gene no selection sagregation hypothess.
This indicates the natural selection effect, in the
sense of diminating plants with determinate
growth habit. Thus, it can be inferred that the
plants with determinate growth habit are less
competitive in mixtures.

The genetic resstance to C. lindemuthianum
race 89 is dso controlled by a single dominant
gene (Mendonca et d., 1998). Therefore, the
same observations made about the growth habit
are vaid for the expected phenotypic resstant/
susceptible proportions. Contrary to the growth
habit trait, the chi-square tests for the observed
X expected proportions of resistance/susceptible
were not sgnificant in the generations, except in
the F, (Table4). Thisindicatesthat in nearly al
the cases, the frequencies observed fitted the
expected frequencies based on the hypothesis
of asingle gene segregetion inthe successve sdlf
pollinating generations. It can be inferred that

thistrait was neutral for naturd selection action,
or that the pathogen levels during the generation
advancement were not expressve preventing its
effect as a selective agent.

The results obtained were very favorable to the
bulk method, asit iseasy to use and brings great
verdility tobreeding programs, alowing progeny
extraction a any moment Thisstudy showed that
the bulk method which alows naturd sdection
actionisagood dternetivefor breeders. However,
if the objective of the program isto sdect plants
with determinate growth habit or large seeds in
populations from crosses of contrasting parents
for thesetraits, plantswith determinate habit and/
or large seeds should be sdlected from the F,
onwards. The obtained population could then be
advanced by the bulk method to alow for naturd
sdection on the other traits.

CONCLUSION

Natural selection effect for grain yield was
detected. Theincreasein grain yield was 4.8%
per generation. Theeffect of naturd sdectionwas
observed inal casesfor growth habit and weight
of 100 grains. Individuas with indeterminate
growth habit and smdler seedswere selected in
the populations.
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Table 3 - Observed and expected frequencies of plantswith determinate (D) and indeterminate (1) growth
habit of thecrosses A: (Manteigéo Fosco x CariocaMG); B: (Manteigéo Fosco x Ouro) and C: (Manteigéo
Fosco X Milionério) in the 12 assessed generations.

A B C
F.E. F.O. F.O. F.O.

Generdtion D D c g D c c2 D Cg
F2 25.00 75.00 29 71 0.2933 25 75 0.0000 23 77 0.2133
Fs 37.50 6250 20 80 13.0667** 19 81 14.6027** 2 718 10.2507**
Fa 43.75 56.25 27 73 11.4006* 9 91 49.0692* 19 81 24.8914*
Fs 46.88 53.12 13 87 46.0937* 2 78 39.7731* 10 2 54.6180*
Fes 48.44 5156 19 81 34.7023* 10 0 59.1629* 5 9% 755549*
F 49.22 50.78 9 91 64.7207* 6 A 74.7369* 1 9 93.0284*
Fs 49.61 50.39 7 93 72.6279% 5 9% 79.6069* 3 o7 86.9040*
Fo 49.80 50.19 6 A 76.7563% 6 A 76.7639* 2 98 914141*
F1o 49.90 50.10 5 95 80.6459* 1 N9 95.6488* 1 9 95.6546*
F11 49.95 50.05 4 9% 84.4589* 5 95 80.8202* 0 100 99.8032*
F12 49.98 50.02 3 97 88.2848* 2 98 92.0832* 2 93 92.0832*
Fi3 49.9 5001 1 9 96.0008* 1 9 96.0000* 3 97 88.3224*

** indicates a c? test significant at the 1% level of probability.

Table4 - Observed and expected frequencies of resstant (R) and susceptible (S) plants to Colletotrichum
lindemuthianum for the cross between Manteigdo Fosco x Ouro in the 12 assessed generations.

Frequencies
Expected Observed
Generations R S R S c g
F 70.50 23.50 70 24 0.0005
=] 5250 31.50 60 24 28571
F 39.38 30.62 49 21 53778
Fs 5153 45.47 69 28 12.6330**
Fe 3764 35.36 43 30 15750
F 50.78 49.22 52 48 0.0594
Fs 4989 49.11 a7 52 03370
Fo 4819 47.81 54 42 1.4080
Fio 4709 46.91 47 47 0.0004
Fu1 4504 44.91 41 49 0.7355
Fa2 4752 47.49 44 51 05206
Fa3 49.02 49.14 40 58 33110

** indicates a c? test significant at the 1% level of probability.
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Resistance or susceptible reaction to C.
[indemuthianumwas neutrd to naturd sdection.
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RESUMO

Selecdo natural em quatro caracteres do
feljoero

Com o objetivo de verificar a agdo da selecdo
natura em populagdes segregantes do feijoeiro
conduzidas pelo método da populacéo (bulk)
foram avaliadas trés populagbes segregantes,
provenientesdo cruzamento dalinhagem precoce
Manteigéo Fosco 11, com trés de ciclo normal,
CariocaMG, Ouro e Milionario. As populacdes
foram avancadas de F, a F,. Sempre era
guardada uma amostra de sementes para
representar a geracéo e o redtante utilizado na
obtencdo dageracéo seguinte. As populagdes de
cadacruzamento, juntamente com osrespectivos
pais, foram avdiadas no delineamento de blocos
casuaizados com quatro repeticoes, em trés
épocas de semeadura: fevereiro, julho e
novembro. Foram anotados os seguintes
caracteres. habito de crescimento (determinado
ou indeterminado), peso de 100 gréos(g), reacéo
ao C. lindemuthianum e producédo de gréos.
Condatou-se efeito da selecdo natural para a
produtividade de gréos (ganho de 4,8% por
geracdo), habito de crescimento e peso de 100
gréos. Foram mantidos predominantemente
individuos com habito de crescimento
indeterminado ecom sementesmenores. A reagéo
a0 C. lindemuthianum maostrou-se neutraaagéo
dasdecdo naturd.
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