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Genetic progress after four cycles of recurrent selection for yield and grain
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Summary

The objective of this study was to evaluate the genetic progress after four cycles of recurrent selection in common
bean. The base segregating population was obtained from 10 parents, and derived the S0:1 and S0:2 families that were
evaluated. The S0:3 families with higher grain yield and grain color, like the standard carioca were selected, and
were intercrossed to generate the population of the following cycle. This process was repeated for four cycles. The
best families were evaluated in each cycle by many generations and locations, and the five best lines of each cycle
were identified. The 20 lines thus obtained were evaluated in two growing seasons, sown in July and November
2002. The grain yield (kg/ha) and grain type (scale of scores) were evaluated. Genetic progress was confirmed for
both traits. The mean annual gain with selection for the grain type was 10.5% and 5.7% for grain yield, with no
evidence of variability reduction in the population. These results show that recurrent selection is a good alternative
for improving common bean quantitative traits.

Introduction

The main alternative to make self-pollinating plant
breeding more dynamic and probably more efficient
is the use of recurrent selection as proposed for open
pollinating plants (Hallauer, 1986). Its efficiency
for self-pollinating plants was demonstrated by
Fouilloux & Bannerot (1988). Recurrent selection
has been successfully applied for some time in some
self-pollinating plant species such as soybean (Uphoff
et al., 1997; Wilcox, 1998), wheat (Wang et al., 1996;
Wiersma et al., 2001), rice (Rangel et al., 1998)
and oats (Koeyer et al., 1999). There are also some
successful studies specifically on the common bean
(Phaseolus vulgaris) using recurrent selection (Beaver
& Kelly, 1994; Garcia et al., 2003; Ranalli, 1996;
Singh et al., 1999). However, the results presented
referred to one or two selection cycles.

No reports were found in Brazil of recurrent selec-
tion in common bean. As the cultivation of this legume
is predominantly with carioca (Voysest, 2000) grain

type, that is, brown striped cream beans, there is an
additional restriction in the variability because of the
need to select only individuals or families with this
grain type. Considering that many genes are involved
in grain yield and grain color inheritance (Basset, 1996;
Leakey, 1988), recurrent selection is a good option to
increase the frequency of the favorable alleles by re-
combination in the successive selective cycles, increas-
ing the chance of selecting individuals and/or families
that associate high grain yield and grain color commer-
cially acceptable.

In this study the genetic progress after four cycles
of recurrent selection was estimated based on the per-
formance of the select lines with high grain yield and
grain color like the standard carioca.

Material and methods

The recurrent selection program was conducted in
the experimental area at the Universidade Federal de
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Lavras (UFLA) located at 918 m altitude, 21◦14′S and
40◦17′W. Starting in 1990 the base population was ob-
tained involving the following parents: BAT 477, IA-
PAR 14, FT 84-292, Jalo, A-252, A-77, Ojo de Liebre,
ESAL 645, Pintado and Carioca (Table 1). Firstly a
diallel cross was performed to obtain the bi-parental
hybrids. Some combinations were not obtained due
to genetic incompatibility (Singh & Gutierrez, 1984;
Vieira et al., 1989). The bi-parental hybrids were later
intercrossed to obtain the double hybrids. One hundred
and fifty F2 (=S0) seeds of each double hybrid, with
grain color like the standard carioca, were mixed to
obtain the original population, I cycle (C-I) in the S0

generation. The conduction scheme adopted is shown
in Figure 1.

After evaluating the S0:1 and S0:2 families, the latter
in two or three environments, the families with higher
grain yield and grain color like the standard carioca
were selected. They were then intercrossed using the
S0:3 plants that were sown in pots, and used at least six
individuals of each family. The recombination among
families was set up by a circulant diallel where each
family participated in two hybrids. From then onwards
the procedure was similar to that adopted in C-I. The
best families were always evaluated in at least three
growing seasons in three locations.

The families, now lines, that had been outstanding
in this selection process, were evaluated again, in the

Table 1. Some characteristics of common bean lines used in recurrent selection

Grain
Growth

Lines Cycle Race habit Color Size

BAT 477 C-I Mesoamerica II Beige Small

IAPAR 14 C-I Mesoamerica III Brown striped cream Small

FT 84-292 C-I Mesoamerica II Brown striped cream Small

Jalo C-I Nueva Granada III Yellow Large

A-252 C-I Mesoamerica III Brown striped cream Small

A-77 C-I Mesoamerica I Brown striped cream Small

Ojo de Liebre C-I Durango III Brown striped cream Medium

ESAL 645 C-I Mesoamerica II Brown striped cream Small

Pintado C-I Nueva Granada III Red speckled cream Large

Carioca C-I Mesoamerica III Brown striped cream Small

P-85 C-II Mesoamerica III Brown striped cream Small

P-103 C-II Mesoamerica III Brown striped cream Small

H-4 C-III Mesoamerica III Brown striped cream Small

AN 910522 C-III Mesoamerica III Brown striped cream Small

ESAL 624 C-III Mesoamerica II Brown striped cream Small

Carioca MG C-III Mesoamerica II Brown striped cream Small

experiment called elite line assessment, which include
promising lines identified in other breeding programs
conducted in the region. These experiments were car-
ried out in three growing seasons for two years and in
each 25–36 lines were evaluated. This same procedure
applied to assess the C-I family was repeated with the
II cycle (C-II), III cycle (C-III) and IV cycle (C-IV).

The efficiency of the recurrent selection was esti-
mated based on the performance of the five best lines
from each selection cycle, selected in the respective
elite line experiments. Thus 20 lines were identified,
that is, five from each selection cycle.

These 20 lines and the Pérola cultivar used as con-
trol were evaluated in the county of Ijaci, MG, Brazil
(latitude 21◦13′S, 915 m altitude) sown in July 2002.
A randomized complete block design with five replica-
tions was adopted. The plot consisted of two 4-m long
rows, spaced of 45 cm with 15 seeds per linear me-
ter. Another experiment was sown in November 2002
in Lavras, MG, Brazil, similar to the previous experi-
ment, except that 14 replications were used.

The experiments were set up according to the crop
management recommendations for the common bean.
The grain yield and grain type data were scored. Grain
type was evaluated only in the first evaluation, by
a scale of scores ranging from 1 to 5 presented by
Ramalho et al. (1998) where: 1 – typical carioca grain
type: cream colored with light brown stripes, pale
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Figure 1. Scheme of the procedure adopted to recurrent selection in the common bean breeding.

background, without corona, mean weight of 100
grains 22–24 g, and non flattened grains; 2 – carioca
grain type deficient in one of the characteristics men-
tioned in the standard: 3 – carioca grain type deficient in
two of the characteristics mentioned in the standard; 4 –
carioca grain type deficient in three of the characteris-
tics mentioned in the standard; 5 – cream colored grain
with dark brown stripes, dark background, with corona,
mean weight of 100 seeds less than 22 g, and flattened
grains. The scores were established by three profes-
sionals with experience in the common bean cropping.

The yield data were submitted to analysis of
variance by growing season and then joint analysis

was performed according to methodology presented
by Steel et al. (1997). The mean grain scores were
also submitted to analysis of variance considering
the score of each evaluator as a replication. Means
were grouped by Scott & Knott (1974) test. Using the
mean data the progress with selection was estimated
by the least squares method (Vencovsky & Barriga,
1992).

The assessment of the S0:2 families of the VI cy-
cle was considered to verify the presence of some
residual variability in the population. In this case 223
families plus two controls were evaluated in two loca-
tions, Lavras, and Lambari (21◦31′S latitude, 45◦22′W
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longitude, 845 m altitude) in a 15 × 15 lattice design
with three replications, and plots of two 2-m long rows,
with 15 plants per linear meter. Grain yield was evalu-
ated and analysis of variance was performed according
to methodology presented by Steel et al. (1997). The
covariance was estimated between the mean perfor-
mance of the families in the two locations (covLav,Lam)
that corresponds to the genetic variance (σ 2

G) among
the families without interaction. Heritability (h2) for se-
lection on the mean of the two locations was obtained
by the expression h2 = σ 2

G/σ 2
F = σG

2/(MSfamilies/6).
The lower and upper h2 limits were estimated, using
the expression proposed by Knapp et al. (1985).

Results and discussion

The results were presented by growing season because
the performance of the lines was not coincident in the
two growing seasons. Table 2 shows the mean grain
yield results. Although there was variation in the grain
yield of the lines among and within the recurrent se-
lection cycles, in advanced selection cycles there was
always at least one line with higher yield than all those
of the previous cycle. What is most interesting however
in this study is the mean performance of the five lines
within each selection cycle. The mean yield increased
with the cycles in both growing seasons.

Table 2. Grain yield, kg/ha, obtained in the evaluation of the best lines from the I, II, III and IV cycles of recurrent selection in
experiments sown in two growing seasons, July and November 2002

Growing seasons

July November

Lines C-I C-II C-III C-IV C-I C-II C-III C-IV

1 3050 A1 3200 A 3450 A 3478 A 2256 B 2267 B 2434 A 2547 A

2 2845 B 2728 B 2900 B 2967 B 2106 B 2478 A 2617 A 2170 B

3 2261 C 2750 B 3184 A 3350 A 2447 A 2511 A 2539 A 2747 A

4 2411 C 2478 C 2822 B 3272 A 2409 A 2406 A 2356 A 2572 A

5 2770 B 2822 B 2884 B 3339 A 1886 B 2417 A 2361 A 2711 A

Mean 2667 2767 3047 3281 2222 2417 2461 2547

Control mean (Perola) 2472 C 2614 A

General mean 2939 2411

Coefficient of variation (%) 13.0 17.0

Coefficient of linear regression 212.07∗ 103.31∗

R2 (%) 97.2 91.9

Progress with selection (%) 7.2 4.3

1Means followed by the same letter in each season, belong to the same group according to Scott & Knott (1974) test (P < 0.05).
∗Significant at p = 0.05 by t test.

The linear regression equation was estimated from
the mean yield of each selection cycle. The means fitted
very well to the regression line with a R2 greater than
91%. The estimate of the coefficient of linear regression
(b) was also positive in both seasons, agreeing with
the previous statement that the mean yield of the lines
selected increased with the selection cycles. In the trial
carried out in the cold growing season, sown in July,
the gain observed with recurrent selection was 7.2%
and in the crop sown in the warm season in November
it was 4.3%.

The difference in the estimates of gain obtained in
the first trial compared to the second can be attributed,
at least in part, to the fact that in the first trial the seeds
were removed from the dry and cold chamber for plant-
ing in the experiment. Especially those of the first cycle
had been stored for a long period, that may have con-
tributed to reduce germination, emergence and vigor,
with reflections in the grain yield. In the second trial all
the seeds had the same age. It should also be empha-
sized that in the first trial, conducted in the cold growing
seasons, the environmental conditions were better than
in the warm season, and may have contributed to the
superior lines expressing their genetic potentials.

Comparison among gains with recurrent selec-
tion in self-pollinating plants is not easy mainly be-
cause of the differences in the methodologies used.
Methodologies used include: comparison among the S0
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populations obtained after each recombination; the use
of the common controls in the assessment of the fam-
ilies in each cycle; the use of S2 and S3 families taken
randomly (Olmedo et al., 1995); the use of S2 and S3

families chosen based on their high grain yield (Ranalli,
1996; Singh et al., 1999), and finally, the use of the
best lines identified in the different cycles. This last
procedure was adopted in the present study, although
no report was found of its previous use. It is a more
efficient procedure than the previous ones, because the
lines were chosen after several generations of evalua-
tion in many locations and sowing periods. Thus the
effect of the genotype by environment interaction is
reduced, there is greater confidence in identifying the
superior lines, and in conclusions, the gain is realized
in each cycle.

There are other factors besides the difference in
the gain evaluation procedure of the selective cycles,
that make the comparison of present results with those
found in the literature difficult. They include the num-
ber of selection cycles and the trait under selection.
Some results were found with recurrent selection in
common bean for the grain yield (Ranalli, 1996; Singh
et al., 1999). In these studies, as already mentioned, the
S2 families were used for the comparisons. Singh et al.
(1999) estimated a mean gain of 15% per cycle after

Table 3. Mean scores for grain type obtained in the evaluation of the best lines from I, II, III and IV
cycles of recurrent selection

Recurrent selection cycles

Lines C-I C-II C-III C-IV

1 3.171 B2 1.83 A 1.67 A 1.50 A

2 2.67 B 2.17 A 2.67 B 1.50 A

3 3.33 B 2.67 A 2.50 B 2.17 A

4 3.17 B 2.17 A 2.67 B 1.83 A

5 3.00 B 2.00 A 2.67 B 2.00 A

Line mean 3.07 2.17 2.43 1.90

Control mean 2.5 B

General mean 2.4

Coefficient of variation (%) 18.0

Coefficient of linear regression −0.32 (P ≤ 0.12)

R2 (%) 69.7

Progress with selection (%) 10.5

1Score 1 corresponds to the grains within the carioca commercial standard and 5 outside the
standard.
2Mean followed by the same letter belong to the same group by the Scott & Knott (1974) test
(P < 0.05).

two selection cycles. High gain for grain yield with
recurrent selection has been reported in several other
self-pollinating species (Koeyer at al., 1999; Olmedo
et al., 1995; Uphoff et al., 1997).

In the present study emphasis was directed to grain
type especially in the two first selection cycles. Farmers
and wholesalers are very demanding about grain ap-
pearance. In the case of the carioca type, the require-
ments are even greater in Brazil, especially for the grain
background color, that should be as pale as possible,
with light brown stripes. Furthermore, the 100 grains
weight should be 22–25 g and the grain should not
be flattened. The results of the scores for grain types
(Table 3) showed that there was success with selection.
The estimate of the linear regression coefficient was
b = −0.32, that indicates progress with selection of
10.5% per cycle compared to the mean score of the
families in the original cycle.

No previous report was found on the response to
selection for the grain type in common bean cropping.
However, given the number of genes involved, more
than 18 have been identified for color alone (Basset,
1996; Leakey, 1988), it is easy to understand that re-
current selection is the main alternative for improving
characteristics involved with grain quality as the results
obtained in the present study show.
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The difference in the recurrent selection used
in this study compared to those mentioned in the
literature is that in each selection cycle two or four
lines were introduced during recombination. This way
part of the gain with selection may be attributed to
the lines that were added during recombination. This
is a great advantage of recurrent selection in self-
pollinating plants, and enables the introduction of lines
that are outstanding in experiments conducted in the
region or obtained from other projects in the breeding
program. Thus the process is much more dynamic
because at each cycle new lines can be added for
recombination.

The maintenance of genetic variability in the pop-
ulations with the selection cycles was checked by the
evaluation of S0:2 families from VI cycle. It is important
to point out that data from the VI cycle were chosen
because they were obtained more recently, but similar
results were also obtained for the V cycle, whose best
lines are still being evaluated and therefore are not
part of this study. The results of the joint analysis of
variance presented in Table 4 show that the family ef-
fect was highly significant, the estimates of the genetic
covariance of the mean grain yield of the families in the
two locations, and the heritability confirm that there is
still wide genetic variability in the population. The par-
ents (Table 1), specially those of the base population,
are from different genic pools, and they should have
increased the genetic variability of the population, as
mentioned by Singh (1989), which is being slowly
liberated through the sucessive intercrossing.

Table 4. Summary of the joint analysis of variance of grain yield
(kg/ha) obtained in the evaluation of the S0:2 families from the
VI cycle of recurrent selection in two locations, sown in July
2001

Variation source DF MS

Locations (L) 1 83253762.75∗∗

Families (F) 224 843988.00∗∗

L × F 224 453166.75

Mean error 812 395227.25

Mean 4132

Coefficient of variation (%) 15.21

CovLav,Lam(σG
2) 65136.75

Heritability (h2) (%) 46.31

Lower limit of h2 (%) 30.00

Upper limit of h2 (%) 59.00

∗∗Significant at p = 0.01 by F test.
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