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ABSTRACT. A possible strategy to increase grain yield in common
beans (Phaseolus vulgaris) is to obtain lines with earlier flowering
and a longer grain filling period, associated with a higher dry matter
accumulation rate. We examined the genetic control of these traits to
investigate whether it is possible to select lines with earlier flowering,
a longer period of grain formation, and a higher dry matter
accumulation rate in the grain. We also sought to determine whether
it would be feasible to use these traits as an indirect selection strategy
for grain yield. Ten lines belonging to the Andean and Mesoamerican
gene pool were crossed in a diallel scheme in Lavras, MG. The
hybrids together with the parents were evaluated in a randomized
block design in three seasons, corresponding to generations F2, F3
and F4. The variables measured were number of days to flowering
(NDF), grain dry matter (GDM), grain yield (YIELD), number of
days to physiological maturity (NDPM) and dry matter accumulation
rate (RATE). We found that for NDF, NDPM and RATE, the general
combining ability (GCA) explained most of the variation. Both GCA
and the specific combining ability were important for YIELD.
However, for this trait, the estimate of heterosis was significant, but
negative (-27.7%), when the crosses involved the Andean x
Mesoamerican lines. The estimated values of correlation between
NDPM x NDF were positive (0.72 **), and negative between NDF x
RATE (-0.52 **) and NDPM x RATE (-0.43*). Consequently, none
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of the populations presented potential for obtaining new lines with
high grain yield, based on indirect selection for early flowering and
traits associated with grain filling.
Key words: Phaseolus vulgaris; Plant Breeding; Quantitative Genetics;

Grain Production Physiology

INTRODUCTION
An increase in grain yield per area is the main goal of any plant-breeding program.
It depends on practically every other trait of the plant. Nevertheless, some traits are
especially related to yield. They are those involved in the expression of the primary
components of yield. In the common bean, for example, they are the number of pods/plant,
the number of seeds/pod, and 100-seed weight (Zilio et al., 2011; Lima and Ramalho,
2016). Among these traits, the weight of 100 seeds is directly associated with dry matter
accumulation during the period of grain filling. This period is divided into three different
stages: the early stage, so-called lag, in which the number of cells increases; the second one
is the linear period of maximum dry matter accumulation; and the third one is the loss of
water. Among the three stages, the one with a marked effect on grain yield is the second
one, i.e., the linear stage. It is expected that any increase in the number of days during this
stage will have a significant effect on final grain yield (Lee and Tollenaar, 2007).
Specifically, in the common bean, some studies have been conducted to understand
how dry matter accumulates in grains (Cruz et al., 1993; Andrade et al., 2009; Taiz and
Zeiger, 2013). However, they did not obtain detailed information concerning the variability
of traits related to the rate of grain filling and mainly of the genetic control, as well as a
probable association between them and grain yield. One report was found on common bean
culture regarding the difference in the expression of genes involved in flowering and grain
filling; however, they were associated with drought tolerance (Müller, et al. 2014). There
are reports of traits associated with the period of grain filling in other species such as maize
(Gasura et al., 2013) and wheat (Aude et al., 1994), yet with no information on genetic
control.
The common bean crop has a short growing cycle when compared to other species.
From sowing to harvesting, the cycle barely exceeds 80-90 days for the current cultivars.
However, there are still some attempts to reduce this cycle even more so that the crop may
have more flexibility to participate in succession systems with different species, mostly in
irrigated areas. But, to have an average yield in common bean exceeding current levels, it
would be necessary to extend the period of dry matter accumulation in grains-grain fillingwithout affecting the length of the cycle as a whole; that is, reducing the time needed for
flowering to start. Unfortunately, there is no information if such a strategy would be
feasible. Given the above, we aimed to obtain information on the genetic control of the
traits related to bean grain filling, including length of dry matter accumulation period and
dry matter accumulation rate. In addition, we sought to investigate whether it is possible to
select lines with early flowering, but with a longer period of accumulation of grain filling.
Finally, we sought to determine whether it is feasible to use such traits as a strategy for
indirect selection for grain yield.
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MATERIAL AND METHODS
The experiments were carried out in the experimental area of the Technology
Development Center at the Federal University of Lavras (UFLA), located in Southern
Minas Gerais State, at 919 meters altitude, 21º14‟ South latitude and 45” West longitude.
Ten lines (Table 1) of common bean comprising both the Andean and the
Mesoamerican gene pools were used. They differ in several traits notably associated with
grain filling such as grain mass and growing habit of the plant.
Table 1. Identification and main traits of the parents used in the experiments carried out to investigate traits
related to flowering and grain filling in the common bean.
Lines
1 Eriparsa
2 Madrepérola
3 Manteigão Fosco
4 Talismã
5 Goiano Precoce
6 Flor de Mayo
7 Pérola
8 MAII-22
9 Amarelinho
10 Paraná

Gene pool
Andean
Mesoamerican
Andean
Mesoamerican
Andean
Mesoamerican
Mesoamerican
Mesoamerican
Mesoamerican
Mesoamerican

Growth habit
Determined
Undetermined
Determined
Undetermined
Determined
Undetermined
Undetermined
Undetermined
Undetermined
Undetermined

Color of grains
Cream
Carioca
White
Carioca
Cream
Pink-cream
Carioca
Carioca
Yellow
Carioca

100-seed mass (g)
30
25
35
24
30
22
25
25
20
20

A diallelic crossing with the 10 lines of common bean was carried out. Out of 45
possible hybrid combinations, 39 were obtained. The seeds from the F 1 generation were
sown in the field to obtain the seeds of the F 2 generation. The 39 hybrids along with the
parents were evaluated in three different seasons. The first F2 generation was sown in
November, with three replicates; the second one, F3, was sown in February of the next year;
and the third one, F4, was sown in July. The last two had four replicates. The experimental
design was completely randomized. The plots consisted of three 4-meter-long lines with 10
seeds/linear meter. The space between lines was 60 cm. The cultural practices were those
usually adopted for the crop in the region (Ramalho et al., 2014).
The variables measured and analyzed were: i) the number of days to the beginning
of flowering (NDF – days), that is, the number of days from sowing until the moment when
50% of plants had at least one open flower; ii) grain dry matter (GDM – g/grain), collected
from seven days after the beginning of flowering on. Afterwards, the samples were
collected at regular intervals of five days. For each sampling carried out on two lines of the
plot, five pods of the same size were collected. The pods were then taken to the laboratory,
and the grains were counted and weighed to measure the green matter. After that, they were
placed in paper bags and taken to dry in a forced air circulation oven at approximately 65ºC
for a 72-hour period. After drying, they were weighed once again to record the dry matter,
in g/grain; iii) grain yield (YIELD – kg/plot): one of the two lateral lines of the plot with no
previous sampling of pods was harvested. The plants were harvested and the weight of
grains per plot was obtained; iv) the number of days to physiological maturity (NDPM).
The equation of dry matter accumulation was determined through a second-degree
equation by using data of dry matter per grain, dependent variable (Y) per sampling date,
independent variable (X). From this equation, the maximum point was estimated per plot.
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This point was the reference to calculate the number of days to physiological maturity
(NDPM), i.e., the number of days from the beginning of flowering up to physiological
maturation; v) daily linear rate of dry matter accumulation per grain (RATE – g/grain/day).
From these data, a linear regression equation between the independent variable (X) –
number of days from sampling – and the dependent variable (Y) – dry matter per plot – was
determined. The estimation of b in the linear equation was used as the RATE, in other
words, the accumulation of dry matter per grain per day. Data of YIELD, NDF, NDPM, and
RATE were subjected to the analysis of variance according to the growing season at first.
Subsequently, the joint analyses of the three generations were carried out.
By using the means of the analyses, the estimations of the genetic parameters were
accounted through a diallelic analysis according to Griffing - Method II (1966) with the aid
of the model presented by Cruz et al. (2012). The statistical analyses were performed with
the software GENES (Cruz, 2013) as well as the software R (R Core Team, 2017). The
phenotypic correlation coefficients of the traits were estimated two by two.

RESULTS AND DISCUSSION
It must be emphasized that six out of 45 hybrid combinations (HC) did not succeed.
They involved crossings from the Mesoamerican lines “Flor de Mayo” and “Talismã” with
the Andean lines “Eriparsa”, “Goiano Precoce”, and “Manteigão Fosco”. It is due to an
incompatibility phenomenon widely studied (Shii et al., 1981; Vilarinho et al., 2004; Bruzi
et al., 2007; Borel et al., 2016).
In developing such research, especially with a leguminous species, some difficulties
may arise. In this way, research on the rate of dry matter accumulation in the literature is
predominant in maize (Borráz et al., 2003; Borráz et al., 2009; Gasura et al., 2013). One of
these difficulties is related to sampling. In common bean, the flowering period extends for
10 or more days (Ramalho and Ferreira, 1979). Furthermore, the successful flowering is
relatively low (Reis et al., 1985; Guilherme, Ramalho et al., 2014; Martins et al., 2017) and
the flower / pods that abort are usually those from the end of flowering (Ramalho and
Ferreira, 1979).
Thus, as noted at the beginning of flowering, the sampling period had this date as a
reference. Provided the pods arise in different periods, the pods collected not always
represented the desired date of collection. There was considerable concern to choose
visually same-sized pods in each sampling. Another variable is that there can be variation in
the size of grains within a single pod that, of course, may change the results of dry matter at
each season.
Because segregating populations were used, the ideal was to have the highest
number of pods/plants to represent each segregating population. Five pods were taken per
plot. Considering that the experiments had three replicates in F2 and four replicates in F3 and
F4, and also that each pod has on average four to five seeds, it is possible to infer that each
segregating population had 80 to 100 seeds in F 3 and F4 generations. This number is likely
to represent each population. It should be emphasized that the manual work in each
sampling to open each pod and to remove the developing grains with little or no damage
was hard, mostly in the first samplings.
Another difficulty with common bean is to have a reference of the moment when
there is the maximum accumulation of dry matter. In maize, for example, the occurrence of
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the black layer is the reference that there will be no more accumulation of dry matter in that
grain (Araujo et al., 2006). In “Carioca” common bean grain type, i.e., cream with brownish
streaks, there is information that the maximum accumulation of dry matter takes place as
with the emergence of the streaks in the seed coat (Vieira and Vieira, 1997). This is easily
observed, but it is only valid for this type of grain. Most of the parents did not have this type
of grain, and even when the parent was „Carioca‟ crossed with another non-carioca line,
there is segregation either with or without streaks thus it was not possible to use such a
criterion to identify the final moment of physiological maturation.
The strategy to identify this moment was to use a second-degree equation (Cruz et
al., 1993). The period of maximum dry matter accumulation was estimated. It is considered
to be the end of the physiological maturation. It was not always easy to find this maximum
period, mainly due to sampling errors as already described. However, the high estimations
of the coefficient of determination – data not shown –, make it possible to have credibility
in the equations determined. From this maximum period, the moment – days – after sowing
when the end of the physiological maturity happened was identified. Provided the
difference between this number of days and the number of days to the beginning of
flowering, the number of days to physiological maturation was determined.
In the present study, the b from the linear regression between the independent
variable (X) – number of days to filling – and the dependent variable (Y) – dry matter per
grain – was chosen to be used at the determined moment. One of the drawbacks of this
RATE is that it considers that the accumulation of dry matter is supposed to be the same
throughout grain filling. Indeed, dry matter accumulation is not constant throughout the
process, from flowering to harvesting. Some researchers claim that there are three phases
along this period (Lee and Tollenaar, 2007). The first one is relatively short, it is termed lag,
and it goes from the fertilization to the moment when there is intense accumulation of dry
matter in grains. In the lag phase, there are several cell divisions in order to increase the
number of cells in grains (Lee and Tollenaar, 2007). When it comes to bean plants, there are
no reports of how long the lag phase lasts. The use of the linear equation, at least in
principle, allows for a good comparison of the rate.
The next phase, also known as the effective period of dry matter accumulation, is
named linear phase because there is a large linear accumulation of dry matter in the grain.
According to Lee and Tollenaar (2007), more than 90% of the total dry matter in the grain is
accumulated during the linear phase in grass species. Ultimately, this phase is the focus of
studies, since the length and rate of dry matter accumulation in this phase will reflect in the
productivity of grains of the plant.
There are significant differences in the means of the generations for all traits (Table
2). The sources of variations, treatment and treatment x generations (T x G), were
significant for all traits. Although interactions T x G were significant, emphasis was given
to the results covering the means of the three generations. The significance of the
interaction is usual in experiments conducted with common bean in the region (Lima et al.,
2013; Ferreira et al., 2015). However, despite the interaction between T x G, it is not
possible to mitigate this effect from a practical point view since it would be unfeasible to
recommend a given genotype for each growing season. Therefore, the alternative is to
interpret data by taking into account the means of the three seasons. By doing so, the
inferences related to treatments will be more accurate once each mean being considered is
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from 11 replicates, i.e., the means of the three harvesting seasons with three to four
replicates/season at each season/generation.
Table 2. Summary of the joint analyses of variance and the diallel analysis (Griffing1956) for the
following traits: number of days to the beginning of flowering (NDF – days), number of days to
physiological maturity (NDPM – days), rate of grain filling (RATE – g grain-1 day-1 x 103) and yield
(YIELD – kg/plot). Data from three generations of a diallelic crossing of common bean lines.
FV
Treatment (T)
G.C.A.
S.C.C.
Generations (G)
TxG
GCA X G
SCA X G
Residual
General mean

DF
48
9
39
2
96
18
78
384

**

NDF
00052.56**
00252.63**
00005.27ns
11338.25**
00020.45**
00071.24**
00001.00ns
00004.05
00043.17

NDPM
102.72**
390.23**
035.86**
033.65**
021.99**
136.72**
005.78ns
007.8
038.43

RATE
10.38**
30.22**
05.44**
69.85**
02.73**
09.85**
01.32**
00.87
06.52

YIELD
00.14**
00.28**
00.11**
13.12**
00.07**
00.07**
00.02**
00.02
00.57

Significant according to the F test at 1% probability. nsnot significant according to the F test. GCA: general combining ability; SCA:
specific combining ability.

By using the means of the traits evaluated, it was found that the NDF was similar
for F2 and F3 generations. Regarding the F4 generation, the flowering was late (Table 3). It
was observed, though, that there was a difference of only one day for NDPM in comparison
to the generation with the highest mean (F3) as well as the earliest (F4). Such a difference
was only significant, probably, due to the high accuracy (r gg‟) of the experiments for this
trait. As to the rate of daily accumulation of dry matter (RATE), the range of variation
between generations was 18.9% of the estimation of the general mean. In the mean of the
three generations, the daily accumulation of dry matter was 6.52 x 10 -3 g/grain/day. With
respect to grain yield (YIELD), it was noted that the range of variation between generations
was 63.6% of the estimation of the general mean (Table 3).
Table 3. Means of parents and hybrids for the traits: number of days to flowering (NDF – days), number of
days to physiological maturity (NDPM – days), rate of dry matter accumulation (RATE) (g grain-1 day-1) (x
103) and grain yield (YIELD – kg/plot). Data from three generations of the diallelic crossing of common
bean lines. Lavras, MG.

NDF
NDPM
RATE
YIELD

Parents
Hybrids
Mean
Parents
Hybrids
Mean
Parents
Hybrids
Mean
Parents
Hybrids
Mean

F2
40.37
39.56
39.97
39.10
37.22
38.16
07.44
07.03
07.06
00.91
00.84
00.88

Genetics and Molecular Research 20 (1): gmr18697

F3
37.85
37.57
37.71
39.88
37.91
38.90
06.97
06.62
06.66
00.52
00.49
00.51

F4
51.95
51.69
51.82
38.98
37.48
38.23
06.37
05.54
05.83
00.35
00.29
00.32

General mean
43.39
42.94
43.17
39.32
37.54
38.43
06.93
06.40
06.52
00.59
00.54
00.57
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When there is dominance in the expression of the trait, the mean of the segregating
population was expected to decrease as was the case for the F 4 generation. Nevertheless, as
it will be commented below, the dominance was not expressive for most of the traits. Thus,
under the point of view of the genetics, the mean of the generations should be similar.
However, it must be emphasized that the climate of the three seasons in the region are
distinct with respect to temperature and especially rainfall (Santos et al., 2015). Therefore,
much of the effect of F2, F3, and F4 generations evaluated was related to the environmental
factor owed to different growing seasons.
At first, common bean breeders aim to have one plant with undetermined growth
habit, as erect as possible, and that start flowering as early as possible. In addition to that,
they also expect that flowering lasts from 10 to 15 days in order to mitigate the possible
effects of a climate problem. Moreover, there should be focus on having the longest grain
filling as possible since it is responsible for the grain yield of the plant.
Concerning the mean between parents and hybrids, it is observed that there was a
difference of only one day for NDPM, in other words, 2.6% heterosis in relation to the
mean of parents. The general mean of hybrids was 7.64% to RATE, lower than that
observed to parents. It is noteworthy that for both traits the heterosis estimated was in the
sense of reducing the expression of the trait. When it comes to NDF, the general mean of
hybrids was very similar to that recorded to the parents across all generations, i.e., heterosis
practically null. With respect to parents, there was a marked variation for NDF (Table 4).
Those from the Andean gene pool („Eriparsa‟ and „Goiano Precoce‟) were the ones that
required the lowest number of days to start flowering. Among parents belonging to the
Mesoamerican group, the difference ranged from 44.3 to 45.7 days.
Table 4. Means of the traits: number of days to flowering (NDF – days) (above the diagonal) and number
of days to physiological maturity (NDPM – days) (below the diagonal). Data from three generations of the
diallelic crossing of common bean lines. Lavras, MG.
Parents1
10
8
1
3
6
4
9
5
7
2
Parents

10
43.0b
35.6a
38.0a
41.6b
38.6b
42.6b
36.3a
41.6b
38.6b
43.3b

8
44.3b
35.0a
36.6a
43.0b
41.3b
34.0a
39.6b
38.3a
44.0b

1
40.3a
41.3a
35.6a
35.6a
36.0a
35.3a
37.3a
34.6a
35.0a

3
41.3a
41.3a
39.6a
38.3a
36.0a
38.0a
36.0a
34.3a

6
44.6b
44.3b
41.0b
41.3b
37.6a
43.3b

4
44.6b
41.3b
40.3b
36.0a
38.6a
36.0a
34.6a

9
46.3b
45.3b
41.3b
42.6b
44.6b
45.00b
34.6a
36.0a
37.3a
43.0b

5
40.3b
41.0b
38.3a
39.6b
41.0b
41.6b
34.0a
35.0a
36.3a

7
45.3b
44.6b
40.6b
42.6b
45.0b
45.6b
46.3b
40.0b
39.6b
43.6b

2
45.3b
44.0b
41.0b
42.6b
44.3b
44.3b
45.3b
40.0b
45.3b

Parents
45.6b
45.0b
39.0a
41.6b
44.6b
45.0b
45.6b
38.6a
45.6b
44.3b

36.67a

Means followed by the same letter belong to the same group according to Scott-Knott‟s test (1974) at 5% probability. 1The parents are
described in Table 1.

Important information concerns the average rate of dry matter accumulation in
grains. It can be observed in Table 5 that the parent with the lowest RATE was
„Amarelinho‟ (4.90 x 10-3 g grain-1 day -1) while the highest one was „Manteigão Fosco‟
(9.24 x 10-3 g grain-1 day -1), i.e., a range of 88.6% variation of parents in comparison to
„Amarelinho‟. Among hybrids, the pairs „Goiano Precoce‟ x „Madrepérola‟ (5.11 x 10 -3 g
grain-1 day -1) and „Manteigão Fosco‟ x „Eriparsa‟ (8.45 x 10 -3 g grain-1 day -1) were in the
Genetics and Molecular Research 20 (1): gmr18697
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extreme positions, that is a range of 65.3% variation in relation to the hybrid with the lowest
RATE.
Table 5. Means of the traits: dry matter accumulation rate (RATE – g grain-1 day-1) (x 103) (above the
diagonal) and grain yield (YIELD – kg/plot) (below the diagonal). Data from three generations of the
diallelic crossing of common bean lines. Lavras, MG.
Parents1
10
8
1
3
6
4
9
5
7
2
Parents

10
0.6a
0.5b
0.5b
0.6a
0.7a
0.6a
0.5b
0.7a
0.6a
0.7a

8
5.5a
0.4b
0.3b
0.6a
0.6a
0.5b
0.7a
0.6a
0.7a

1
5.5a
7.6b
0.6a
0.4b
0.4b
0.6a
0.4
0.4
0.6a

3
6.5b
6.5b
8.4b
0.3b
0.5b
0.3b
0.3b
0.6a

6
6.3b
5.4a
0.4b
0.6a
0.5a
0.4b

4
5.8ª
6.4
0.6ª
0.4b
0.6ª
0.6ª
0.7ª

9
5.5a
5.9a
6.2b
5.4a
6.5b
5.6a
0.4b
0.4
0.4
0.4

5
6.8b
7.4b
8.2b
7.4b
5.6a
6.5b
0.5b
0.4b
0.6a

7
6.3b
6.8b
6.8b
6.6b
6.0b
6.2b
5.8a
6.7b
0.7a
0.6a

2
6.3b
6.5b
6.3b
6.3b
6.4b
6.8b
5.9a
5.1a
6.8b

Parents
5.1a
7.4b
8.8b
9.2b
5.3a
6.6b
4.9a
8.3b
7.3b
6.0b

0.6a

Means followed by the same letter belong to the same group according to Scott-Knott‟s test (1974) at 5% probability. 1The parents‟ are
described in table 1.

In the means of the three generations, it was found that the parents „Flor de Mayo‟
and „Amarelinho‟ had the lowest score for yield while „Talismã‟ performed the best. There
was a range of variation of 0.28% kg/plot. With respect to hybrid combinations (HC), the
variation was also meaningful with 0.30 kg/plot („Pérola‟ x „Manteigão Fosco‟) and 0.76
kg/plot („Pérola‟ x MAII-22).
It is well-known that Andean beans are precocious especially because all of those
used in present study had determined growth. Yet, there are no reports on the length of
NDPM for these parents. There is information in the literature concerning the genetic
control of NDF (Oliveira et al., 1996; Mendes et al., 2008). Overall, research indicates that
there is a predominance of the additive effect, as observed in this study (Table 2). The
means of the parents were 43.4 and 42.9% of those of the hybrids, i.e., the heterosis was of
small magnitude and in the sense of reducing the expression of the trait, as desired by
breeders (Table 3).
As for the general mean, the parents had a better performance for grain yield
(g/plot) when compared to the hybrids (Table 3). In such a condition for this trait, it can be
inferred that there is heterosis, but in the sense of reducing the expression of the trait. In the
literature, there are reports that the allelic interaction of dominance is less important than
the additive one (Moreto et al., 2007; Baldoni et al., 2008; Martins et al., 2017).
Nevertheless, there are reports that dominance may have a marked effect on grain yield
(Chung and Stevenson, 1973; Foolad and Bassiri, 1983; Pereira et al., 2007; Guilherme et
al., 2014). Still, this dominance is in the sense of improving the expression of the trait and
not in the sense of reducing its expression as occurred in this study.
It must be emphasized that the estimation of the heterosis for YIELD, when
considering only Mesoamerican x Mesoamerican hybrids was null, as also occurred to
Andean x Andean hybrids. Yet, the hybrids between both gene pools, Mesoamerican x
Andean, the heterosis was 27.7%, that is, it had a greater magnitude, and it was negative.
On several occasions, common bean breeders aim at increasing the variability by means of
Genetics and Molecular Research 20 (1): gmr18697
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hybridization of Andean x Mesoamerican lines. On almost every occasion, it was also reported
that the hybrid population performs lower than the mean of the parents, i.e., there was also a
negative heterosis (Silva et al., 2004; Borel et al., 2016). The explanation for the occurrence of
negative heterosis for grain yield has been studied and the information available indicates a
possible effect of epistasis (Moreto et al., 2012; Borel et al., 2013; Borel et al., 2016). On the
other hand, these two gene pools originate from very distinct regions and it is likely that during
successive cultivation in such regions, genotypic combinations favorable to each condition may
have developed. Therefore, provided these parents from both gene pools have already been
cultivated in Brazil for a long time, the favorable genotypic combinations developed in the past
remain connected in the chromosomes as if they were gene blocks. When crossing Andean x
Mesoamerican, part of these combinations are undone and the new genotypic combinations have
lower adaption than their parents do.
In the diallelic analysis through Griffing‟s Method II (1956), it was found that there was
a significant difference (P ≤m0.01) for the general combining ability (GCA) for all traits
investigated. There was also a significant difference for the specific combining ability (SCA) for
NDPM and RATE (Table 2). However, the ratio of square sum (SQ) explained by the GCA was
higher than SCA, that is, 71.3% of the SQ of treatments for NDPM and 54.6% for RATE. These
findings corroborate our previous comments that the heterosis was of small magnitude.
Regarding YIELD, there was a significant difference for both GCA and SCA, but it is observed
that the SQ explained by the SCA was higher than GCA (56.4%) for the same trait.
The estimations of GCA‟s (gi) for all traits are presented in Table 6. With respect to
NDF, the parents „Eriparsa‟ and „Goiano Precoce‟ accounted for the decrease in the expression
of the trait because they had higher, negative scores of GCA (gi). The parents „Amarelinho‟ and
„Pérola‟ have also stood out by accounting for an increase in the NDPM in crossings, with
positive scores of gi. The positive scores of gi for RATE were observed for the parent „Flor de
Mayo‟ and for YIELD by the parent „Paraná‟.
Table 6. Mean scores of the general combining ability (GCA) for number of days to flowering (NDF –
days), number of days to physiological maturity (NDPM – days), rate of dry matter accumulation (RATE)
(g grain-1 day-1) (x 103), and grain yield (YIELD – kg/plot). Data from mean of three generations of
diallelic crossing of common bean lines. Lavras, MG.

PARENTS
Paraná
MAII-22
Eriparsa
Manteigão Fosco
Flor de Mayo
Talismã
Amarelinho
Goiano Precoce
Pérola
Madrepérola

NDF
-0.90
-0.64
-2.50
-1.22
-0.71
-0.89
-1.40
-2.74
-1.15
-0.65

GCA
NDPM
-0.34
-0.42
-0.72
-0.66
-0.31
-0.21
-0.69
-0.47
-0.50
-0.24

RATE
-1.95
-1.51
-2.18
-1.48
-2.18
-0.92
-1.17
-2.30
-1.17
-1.08

YIELD
-0.08
-0.05
-0.02
-0.07
-0.02
-0.05
-0.05
-0.04
-0.03
-0.01

The scores of SCA ranged widely for all traits (data not shown). For NDF, the
combinations „Goiano Precoce‟ x „Pérola‟, „Paraná‟ x „Manteigão Fosco‟ and MaII-22 x
„Manteigão Fosco‟ are noteworthy, since they had negative SCA. For NDPM, the hybrid
combinations with the highest positive SCA scores were „Flor de Mayo‟ x „Amarelinho‟ and
„Talismã‟ x „Madrepérola‟. For RATE, the hybrid combinations that stood out the most for SCA
Genetics and Molecular Research 20 (1): gmr18697
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were „Talismã‟ x „Amarelinho‟, „Eriparsa‟ x „Goiano Precoce‟, and „Manteigão Fosco‟ x
„Goiano Precoce‟. For YIELD, the best performances were observed for the HC „Eriparsa‟
x „Manteigão Fosco‟ and „Pérola‟ x „Madrepérola‟.
Regardless of the trait, when there is either no dominance or it is of small
magnitude, the choice of the parents can be made based on the scores of the general
combining ability (gi). In turn, the association of the gi score with the mean is supposed to
be high and positive in this condition (Ramalho et al., 2012). This fact was proved for most
of the traits.
Correlations estimates between traits two by two is presented in Table 7. The
highest estimate of correlation was between NDF and NDPM (0.72). It was expected to be
negative and towards the shortest number of days to flowering and longest number of days
to physiological maturity. This estimate shows that the possibility of breeders succeed in
selecting both traits as desired may be hindered. The estimate of the correlation RATE and
NDPM (-0.43) was also towards the undesirable, that is, the parents or segregating
populations with the longest number of days to physiological maturity had lower
accumulation of dry matter in grains. There were no reports in this regard on common
bean. Based on these results, the r estimates involving yield ranged according to the trait. It
was not significative for RATE and significative, positive for NDF and NDPM, but not of
great magnitude. It is apparent, especially for NDPM – RATE and YIELD, that the plant
has some adjustment mechanism – plasticity –, in other words, if the NDPM is low, the
yield is compensated by increasing the rate of dry matter accumulation in grains. It has
already been proved in common bean when evaluating the three primary components of
grain yield, number of pods per plant (X), number of grains per pod (Y), as well as grain
weight (Z). Grain yield (W) is the product of X.Y.Z. If one of the axis is influenced by any
environmental factor, another one may compensate by supporting yield (Lima and
Ramalho, 2016). Thus, it is practically unfeasible to try to increase RATE and NDPM
simultaneously, unless there is a favorable environmental condition with no stress
throughout the cycle.
Table 7. Correlation estimates of traits two by two, number of days to flowering (NDF – days) and to
physiological maturity (NDPM – days), rate of dry matter accumulation (RATE – g grain-1 day-1) (x 103)
and grain yield (YIELD – kg/plot) in the mean of common bean hybrids and parents.

YIELD
NDF
NDPM

NDF
0.40**

NDPM
0.35**
0.72**

RATE
-0.18ns
-0.52**
-0.43*

*: T test significant at 1% probability

CONCLUSIONS
For NDF, NDPM and RATE, the general combining ability (GCA) explained most
of the variation, indicating the predominance of additive effects in the control of these
characters. Both GCA and the specific combining ability (SCA) were important for grain
yield. However, in relation to this trait, the estimate of heterosis was only significant, but
negative (-27.7%), when the crosses involved the Andean x Mesoamerican lines. The
Genetics and Molecular Research 20 (1): gmr18697
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estimated values of correlation between NDPM x NDF were positive, and negative between
NDF x RATE and NDPM x RATE . Consequently, none of the common bean populations
presented potential for obtaining new lines with high grain yield, with indirect selection for
early flowering, and traits associated with grain filling.
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