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ABSTRACT — The aim of this study was to investigate the genetic control of early flowering in common bean. Crosses were
made between the parents Pérola and BRS Radiante and between ESAL 506 and Preto 60 dias. The segregating generations,
F3, F,BC,; and F,BC,, of each cross were evaluated in experiments with two replications. F; plants of both crosses were
randomly taken, and F3., progenies evaluated for the trait number of days to flowering. There was good adjustment to the
additive-dominant model of both crosses. The dominance effect was|ower than the additive effect in thetrait control and, when
present, it reduced the number of days to flowering. The value of realized heritability (h?g) was similar in both crosses and
lower than the h? estimated for selection among F 3., progenies. There wereindications that aside fromthe environmental effect
on thetrait expression, the genotype-environment interaction was also significant.

K ey wor ds: Common bean, flowering, geneticimprovement.

INTRODUCTION in different situations by distinct methodol ogies (Coyne
1978, Freire Filho 1980, Santos and Vencovsky 1985,
Arriel etal. 1990, Barelli et al. 1999). However, thereis
no consensus on the genetic control. It isadmitted that
the trait has high heritability, but its expression varies
widely between locations and sowing dates. In view of
the importance attached to this trait by breeders, this
study was carried out to obtain more details on the

genetic control.

Common bean typesin Brazil have amean cycle of
8510 90 days. Still, thereisademand for earlier cultivars,
particularly for irrigated cultivation, to reduce water
consumption and facilitate rotation with other crops.

Themain trait used to comparethe earlinessisthe
number of daysfrom emergence until the occurrence of
the first flowers. This period is influenced by the
genotype as well as environmental factors, e.g.,
photoperiod and temperature. The lines differ in

earliness; some are reported to reach flowering within MATERIALANDMETHODS

30 and othersin more than 100 days (Blair et al. 2006).
Information on the genetic control of the number
of daysto the beginning of flowering has been compiled

The genetic control of the number of days to
flowering in common bean was studied using four
different lines. The following lines were used: Pérola,
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with carioca grain, normal cycle and type Il / 1l growth
habit; BRS Radiante, with beige and red striped grain, early
maturity and typel growth habit; Preto 60 dias, which has
black beans, early maturity and type | growth habit; and
ESAL 506, with brown grain, normal cycle and type 1l
growth habit.

Crosses were made between parents Pérola (P;) and
Radiante (P,) and between ESAL 506 (P;) and Preto 60
dias (P,). The F; generation of each crosswasgrownina
greenhouse, Department of Biology, Universidade Federal
delLavras, inthe southern region of Minas Gerais (lat 21 °
58* S, long45° 22 W; 910mad). Part of the F; seedswere
sown for the F, generation and another part was used for
the backcross generation (BCy; - the first backcross
generation with parent 1 and BC,, - the first backcross
generationwith parent 2). The experimentswere conducted
with the segregating generations 3, F,BC,; and F,BC;5.
The experiment was arranged in randomized blocks and
two replications. For the parents, the plots consisted of
one 3-m-row with 25 plants. For the segregating
populations, plots had four 3-m-rows, spaced 0.5 m apart.
Theregionally recommended cultural treatmentswere used
for bean cultivation.

For each plant the opening date of the first flower
wasrecorded. Subsequently, 47 plantsweretaken randomly
from the F; generation of the cross Pérolax Radiance, and
62 F; plants of the cross between Preto 60 diasx ESAL 506,
to obtain the F5., progenies. The progenies and the
parentswere evaluated in the harvest of winter 2007. The
experimental design used in the evaluation of F34
progeniesfrom the cross Radiantex Pérolawasa7x7 smple
|attice and the progenies of cross Preto 60 diasx 506 ESAL
was an 8x8 simple lattice design. The plots consisted of
one 2-m-row, with a seed sowing density of 15 per meter.
The management was similar asdescribed above. The date
on which 50% of plantsin the plot had at least one open
flower was recorded.

With the number of days from emergence to the
beginning of flowering, the analysis of variance of
evaluationsof 54 progenieswasperformed. Theheritability
(h?) for selection in the progeny means was estimated based
on the mean square expectations. Theerror of theh?estimate
wasobtained by Knapp et d. (1985). For the F;and backcross
generations, the mean components were estimated using a
methodology similar to that proposed by Cruz et al. (2004).
For this purpose, the program MapGen was used (Ferreira
and Zambaldi 1997).

With dataof F; plantsand the mean of the respective
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Fs.4 progenies, therealized heritability was estimated by a
procedure similar to that used by Ramalho et al. (1993a).

RESULTSAND DISCUSSION

The earliness of the parents Radiante and Preto
60 dias was confirmed. The mean number of daysto the
beginning of flowering waslower and varied among the
parents of each cross (Table 1). The mean difference
between the parents Pérola and Radiante was 8.2 days
and 4.2 days between Preto 60 diasand ESAL 506. This
difference may seem small, but areduction of 8.0 days
in flowering, for example, correspondsto areduction of
approximately 10% of the cycle. Inthe studieson genetic
control, the difference in the life cycle of the parents
was similar to the magnitude of this study (Coyne and
Mattson 1964, Coyne 1978).

A good adjustment to the additive-dominant model
was observed for both crosses (Table 2), since thereis
no epistasisfor thistrait, as confirmed in other studies.
It was also stated that in the cross Pérola x Radiance,
the additive effects estimate (“a’) was approximately
three times higher than the dominance effects (“d”).
For the cross Preto 60 diaswith ESAL 506, the magnitude
of “&” and “d” were similar and not different from zero
in the t test. It was inferred that dominance is less
important than additive effects in the trait control and
when it occursit reduces the time until the beginning of
flowering (negative “d"). Similar observations on the
number of daysto the beginning of bean flowering were
reported by Santos and Vencovsky (1985), Arriel et al.
(1990) and Barelli et al. (1999).

Table 1. Number of individuals in each population, with mean
number of days to the beginning of flowering

Cross Populations Number ofindividuals Mean

Pérolax Rediante P, e R2

P, 3 50

FBC, m 3157

FBC, m 2693

F 0 2013

Preto60diasx P, 3 311
ESAL 506

P, K4 29

FBC, D 060

FBC, 15 284

F 16 297

3
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Table 2. Estimate of the mean components (m: mean, a additive effects and d: dominance effects) for the trait number of days from

emergence to the beginning of flowering in F, bean plants of the crosses Pérola x Radiante and Preto 60 dias x ESAL 506

Cross Parameters Egimate Sandarderror Prob.>[T|
m 28,629 1.260 0.001
Pérolax Radiante a 3441 111 0.020
d -1.254 7.370 0.880
R 90.84
m 20.254 1033 0.001
Preto 60 diasx ESAL 506 a 1470 0833 0219
d -1910 5070 0.742
R 99.01

Dueto the absence of dominance, the expression of
Wright (quoted by Ramalho et al. 1993b) was used to
estimate the number of genes. The resulting value shows
that thetrait is controlled by one gene, in agreement with
other studies (Coyne and Mattson 1964, Padda and
Munger 1969, Coyne 1970, Coyne 1978, Freire Filho 1980).
It should however be emphasized that there are some
restrictions to the use of the expression of Wright. Thus,
one can infer that the number of genes involved in trait
control ismonogenic or oligogenic, but the occurrence of
modifiers should not be neglected in view of the commonly
observed segregations.

Estimates of heritability (h?) for the number of days
to flowering of the F5., progenies were high, with values

of 77.09% for the cross Preto 60 dias x ESAL 506, and
60.81% for progenies from the cross Pérola x Radiante.
The high h? values are similar to those reported in the
literature by Arriel et al. (1990) and Abreu et a. (2005).
Considering again that the dominance was not important
in the trait expression, h2 must be predominantly in the
narrow sense (Bernardo 2002).

Considering the selection of 10% of Fzplantswithless
daysto flowering, theredized heritability (h%g) wasestimated
in progenies F5.4. It was observed that the magnitude of h2;
was similar in the two crosses (Table 3) and lower than h2
estimated for the selection in F5.4 progenies. Thisevidences
that besidesthe environmental effect on thetrait expression,
the genotype-environment interaction was also significant.

Table 3. Estimates of heritability (h?) and realized heritability (h?,) for selection based on the mean of the F,, progenies of the crosses

Preto 60 dias x ESAL 506 e Pérola x Radiante

Cross h? Mean h2 ¥
F I:3:4
M2 M2 MZ  M,?
Preto 60 diasx ESAL 506 7709 2884 24 306 41.89 3257
(62.30—86.09)Y
Pérolax Radiante 60.81 2872 24 39.70 4285 44.74

(35.49—76.19)"

YUpper and lower limits of the confidence interval, at 0.05% probability
2 M,;: mean original of the F, population; M;: mean of the plants selected in F; M,;: mean of the progenies selected in F3; M;: overall mean

of progenies in the F,., generation
M,-M,
M

% Realized heritability estimated by the estimator: = """

M,
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Controle genético do numero de dias parao

florescimento no feijoeiro

RESUM O - O presente estudo objetivou obter informagdes sobre o controle genético do inicio do florescimento no feijoeiro.
Foramrealizados cruzamentos entre os genitores Pérola e Radiante e entre ESAL 506 e Preto 60 dias. As geracgdes segregantes
F1, F,RCy; e FoRCy,, de cada cruzamento, foram avaliadas em experimentos com duas repeti¢des. Plantas F; de ambos os
cruzamentos foramtomadas al eatoriamente, sendo avaliadas progénies F3., para o carater nimero de dias para o florescimento.
Houve bom ajustamento do model o aditivo-dominante para ambos os cruzamentos. Constatou-se menor efeito da dominancia
do que efeito aditivo na manifestacéo do carater e, se ela ocorrer é no sentido de reduzir o tempo necessario ao inicio do
florescimento. O valor da h?,yizaqa fOi SEMelhante nos dois cruzamentos e de magnitude inferior a h? estimada para a selegéo
entre progénies F3.4. Houve indicios de que além do efeito do ambiente na manifestacéo do caréter, a interagdo dos gendtipos

x ambientes também foi expressiva.

Palavras-chave: Feijoeiro, florescimento, melhoramento genético.
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