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Abstract: The cycle of the common bean crop is shorter than that of other species.
Nevertheless, in Brazil, researchers have been attempting to shorten the cycle even more to
allow three crops a year and obtain greater flexibility in crop management. The aim of this study
was to investigate the viability of selecting lines with a shorter cycle and that have good grain
yield coming from the same segregating population. To that end, crosses were made between a
short cycle and normal cycle cultivars. In the F> and F2:3 generations, progenies were separated
into two groups based on short or normal cycle. After that, the progenies selected were
evaluated in the F2.4 and F2:5 generations for grain yield, cycle, and yield per day. The mean of
the short cycle progenies was 15% lower for grain yield and 10% lower in yield per day in
relation to the normal cycle progenies. Furthermore, selection of lines among those of short
cycle that have grain yield equivalent to the best normal cycle lines is of very low probability.

Keywords: Plant breeding, quantitative genetics, plant selection, early maturity.

and energy spent on irrigation. A second reason is
that common bean is normally part of a crop
succession system with other crops. Thus, a
shorter cycle allows greater flexibility in setting
up the system, allowing three crops per year.

Introduction

Even though the number of days from
sowing to harvest (cycle) of the common bean
(Phaseolus vulgaris) crop in Brazil, an average of

80 to 90 days, is shorter than most other annual Various varietal groups are on the market

species grown, there is still demand by farmers for
cultivars with a shorter cycle. This demand arises
for various reasons. The first is that an expressive
area of the common bean crop is irrigated. Thus,
the shorter the cycle, the lower the production
costs, through reduction in the amount of water

Copyright: All the contents of this journal, except where otherwise noted,
is licensed under a Creative Commons Attribution License.

in Brazil. However, the carioca (cream-colored
seed coat with brown streaks) bean occupies the
largest planted area. It was released on the
Brazilian market at the end of the 1960s
(Chiorato and Carbonell, 2014). Over these more
than 50 years, most common bean breeding
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programs have devoted attention to this group,
and numerous cultivars have been obtained with
desirable phenotypes of traits important to
farmers and consumers.

However, even recently, the question of
cycle length has received less attention, one
reason being that the shorter cycle cultivars that
had been obtained had a determinate growth habit
that nearly always had lower yield potential. In
recent years, however, cultivars have been
released with maturity earlier than that of existing
cultivars and that have an indeterminate growth
habit (Pereira et al., 2012; Melo et al., 2017).
Nevertheless, the challenge remains, that is, the
challenge of obtaining earlier maturity cultivars
with grain yield equivalent to the yield of normal
cycle cultivars. Some studies on common bean
and other species indicate, as expected, that the
correlation between grain yield and early maturity
is negative (Igbal et al., 2007; Yang et al., 2019;
Guilherme et al., 2021). For that reason, the
question arises as to what options there may be to
mitigate this negative association.

One of the strategies to mitigate this
negative association would be through reducing
the period from sowing to flowering, without
affecting the length of the grain filling period.
Silva et al. (2007) showed that with few recurrent
selection cycles, it was possible to have
expressive gains in reducing the number of days
to the beginning of flowering in common bean.
This success mainly occurred because the trait
has relatively high heritability. However,
reduction in the total plant cycle was not
observed because the genetic correlation between
the number of days to the beginning of flowering
and the number of days from sowing to harvest
was of small magnitude (Silva et al., 2007).

It should be noted that for the rice crop,
results showed that correlation between the
beginning of flowering and grain yield depended
on the climate conditions (Won et al., 2020). For
most species, the beginning of flowering, though
of high heritability, is highly affected by the
environment, especially temperature and
precipitation (Lizarazo et al., 2017). This
environmental effect evidently must affect the
number of days from sowing to harvest, and,
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consequently, success in obtaining cultivars with
a foreseeable cycle.

Another strategy seeking to mitigate the
negative association between grain yield and
early maturity would be to obtain plants with
greater efficiency in daily accumulation of dry
matter in the grain. Thus, reduction in the cycle
could be compensated due to this greater
efficiency. Guilherme et al. (2021) used a diallel
cross with 10 lines of common bean of different
origins and showed that the genetic correlation
between the duration of physiological maturity
and daily accumulation of dry matter is negative.
The authors report that none of the segregating
populations was promising for selection of lines
with early flowering and a long period of
accumulation of dry matter in the grain. Thus, the
results presented by Silva et al. (2007) are
explained considering that flowering began
earlier, yet it continued for a longer period; the
length of the total crop cycle was not shorter.

Information not found in the literature is
whether, from the same gene pool, it would be
possible to obtain early maturity lines with grain
yield equivalent to the yields of normal cycle lines
coming from the same population. In addition,
reports were not found of possible strategies for
greater success in obtaining early maturity lines
with indeterminate growth habit and carioca seed
coat grain within the commercial standard. In light
of the above, the aim of this study was to evaluate
progenies differing in their cycle but coming from
the same gene pool to determine if it is viable to
select lines that have early maturity and that have
grain yield equivalent to that of the best lines of
normal cycle.

Material and Methods

The experiments were conducted in the
Center of Scientific and Technological
Development of the Universidade Federal de
Lavras, state of Minas Gerais, Brazil, at 918
masl, 21°58” S and 42°22° W.To obtain
segregating populations in regard to crop cycle,
crosses were made of normal or long cycle
cultivars with carioca seed coat grain and
indeterminate growth  habit, BRSMG
Madrepérola — M (Carneiro et al., 2011), Pérola
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— P (Yokoyama et al., 1999), and BRSMG UAI
— U (Abreu et al., 2018) with the short cycle BRS
FC104 — FC (Melo et al., 2017).

The crosses were carried out in a
greenhouse in the Department of Biology of the
Universidade Federal de Lavras. The F; seeds
obtained were sown in February 2018 in the field
to obtain seeds of the F» segregating population,
which was sown in July 2018. In the F>
segregating population, visual selection of the
plants was performed, identifying the earlier
maturity plants and those of normal or long cycle.

Beginning in November 2018, the 140 F23
progenies of normal cycle and an equal number
of short cycle progenies, involving the three
populations, were multiplied. Once more, the
longest cycle progenies were selected, obtaining
77 progenies, and the shortest cycle progenies
were selected in the other group, also obtaining
77 progenies.

The F2.4 progenies of normal cycle or short
cycle were evaluated in February 2019 in
different experiments. A 9 X 9 triple lattice
design was used for each experiment, consisting
of 77 F2.4 progenies and the four parents as check
cultivars. The Fa:s progenies were evaluated once
more, with sowing in July 2019, using the same
design as the previous evaluation.

The plots of the experiments of evaluation
of the F».4 and F»:5 progenies consisted of two 2-
m rows with 30 plants per plot. In all the
experiments, the between-row spacing was 0.5
m. and 15 seeds were sown per linear meter. The
experiments were irrigated, and the management
practices adopted were similar to those
recommended for the common bean crop in the
region (Ramalho et al., 2014). The plants were
not sprayed for control of pathogens and/or pests.

In all the experiments, the traits evaluated
were grain yield in kg/ha, crop cycle in number of
days after sowing up to harvest, and grain yield
per day (kg/ha/day). The cycle was evaluated
visually, considering the plot as suitable for
harvest when approximately more than 90% of the
plants had completely mature pods. Thus, the
cycle was obtained, the period in days from the
date of sowing up to the date of harvest.

Initially, as the experiments were well
balanced, individual analysis of variance was
performed on the data obtained per experiment.
Combined analysis of variance of the early
maturity and normal maturity experiments was
also performed for each generation, using the
check cultivars as regular treatments. After that,
combined analysis of the two generations was
carried out, using the adjusted means of the
combined analyses, through the following model:

Yij =t t+gitat+ga;te;

where y;; is the value observed of genotype i in
generation j; u is the overall mean of the
experiment; g; is the effect of genotype i, with i
=1, 2 3, .., q, n which g is the number of
progenies and check cultivars evaluated, with
gi~ N(O, aj); a; is the effect of generation j,
with a; ~N(0,02); ga;jis the effect of the
interaction between genotype / and generation j,
with  ga;;~N(0,0Z,); and e; is the
experimental error associated with observation
yij. with e;; ~ N(0, 02).

Climate data of the meteorological station
at the Universidade Federal de Lavras, available
in the Meteorological Database for Education
and Research (Banco de Dados Meteorologicos
para Ensino e Pesquisa - BDMEP) of the
National Meteorological Institute (Instituto
Nacional de Meteorologia - INMET), at
“https://bdmep.inmet.gov.br”, were collected for
the period between the date of sowing and of
harvest in each generation. Data included rainfall
in mm (RN), maximum temperature in °C
(TMAX), minimum temperature in °C (TMIN),
mean compensated temperature in °C (TCOMP),
solar irradiation in hours (SI), Piche evaporation
in mm (EV), mean relative humidity in % (RH),
and mean wind speed in mps (WS).

Multiple regression analyses were carried
out using the cycle in days as the dependent
variable (Y) and the climatic variables as the
independent variable (X). Regression analyses
were also carried out using grain yield as the
dependent variable (Y) and the cycle in days and
the climatic variables as independent variable.
First, all the progenies were considered in
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analysis and, after that, the progenies coming
from each biparental cross (M x FC, P x FC, and
U x FC). The variables were selected by the
stepwise procedure based on the Akaike
information criterion (AIC) (Akaike, 1974).

All the analyses were performed in the R
environment (R CORE TEAM, 2020) and the
regression analyses were performed through the
MASS package (Venables and Ripley, 2002).

Results

In general, in individual analyses of
variance (data not shown), the effects of the
progeny source of variation (SV) were
significant (p < 0.01). The accuracy estimates
obtained, from 47% to 92%, can be considered
medium to high, indicating good experimental
accuracy, a condition which is indispensable for
inferences to be made from the results obtained.

The distributions of frequencies of the
means of the progenies regarding the traits
evaluated (Figure 1) confirm the difference
between the progenies in both the early maturity
experiment and the normal maturity experiment
in the two generations evaluated, F2.4 and Fa:s.
The amplitude of variation for the cycle, in the
mean of the progenies, was 19 days in the F24
generation. In the F:s it was less, 14 days, though
still an expressive value.

In the case of grain yield, the amplitude of
variation was also expressive, both in F4
(1876.5 kg/ha) and in Fas (2132.3 kg/ha).
However, the difference in terms of the response
of the means of the progenies in the early or
normal maturity experiment was not as evident
as for the cycle. This was reflected in the estimate
of the yield per day, in which a big overlap
occurred in the performance of the progenies of
the short or normal cycle.

Combined analyses of the two experiments
were carried out for each generation, using the
four check cultivars as regular treatments
(analyses not shown). Significant differences (p
<0.01) were found for the experiments SV. That
is, there were differences in the early and normal
maturity experiments for the traits evaluated,
except for the yield per day trait in the Fa4
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generation. Such differences confirm that
regarding the cycle, the progenies of the early
maturity experiment exhibited a cycle in days
significantly lower than the progenies of the
normal maturity experiment. The same occurred
for grain yield.

The estimates of heritability (h?) for
selection in the mean of the progenies are
noteworthy. For cycle, the h? in F2.4 was 78% and
in F2:5, 76%. The estimate of h? for grain yield
was 59.6% in F2.4 and 19.4% in F»:5s and for yield
per day in kg/ha/day, it was 59.5% in F24 and
21.4% in F2:5. To check the effect of sowing time,
sowing in February in F2.4 and in July in F2:s, and
the interaction of the progenies with the time of
sowing, combined analysis was performed
(Table 1). Significant differences (p < 0.01) were
found for the generation/environment SV for the
three traits.

Significant differences (p < 0.01) were also
observed for the genotype SV. In its
decomposition, the F test was not significant only
for the progeny vs check cultivar contrast. That
is, the mean values of the progenies for the three
traits were similar to the mean values of the
parents. In the decomposition of the progeny SV,
significant differences (p < 0.01) were found for
both early maturity and normal maturity, except
for the yield per day trait in the normal maturity
experiment. Notice also that the early maturity vs
normal maturity contrast was significant (p <
0.01), indicating that the mean values of the early
maturity and normal maturity progenies were
different, as already mentioned. The SV of the
genotype x generation interaction was significant
(p <£0.01) only for grain yield and yield per day.
The interactions progeny X generation and check
cultivar x generation were also significant (p <
0.01) for the same traits.

To check for possible effects of the climate
variables on grain yield and on cycle, multiple
regressions were estimated (Table 2). In relation
to grain yield, considering all the progenies, the
climate variables that had the greatest effect were
rainfall (RN) and minimum temperature (TMIN),
as well as the plant cycle variable. Evaluation of
the progenies coming from each biparental cross
showed variation in the response of the climate
variables selected. However, the cycle remained
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present in all the crosses, and represented 44.2%
of the variation (R? = 44.2%).

In relation to the cycle as dependent
variable and the climate variables as independent
variables, a greater effect of the climate factors
was observed, as is confirmed by the high
estimates of R?,

This was mainly because most of the
variables evaluated had an effect on variation of
the cycle. Considering the progenies coming
from each pair, there was little variation in the
climate variables in the model. However, the RN
variable exhibited the lowest AIC and thus
exhibited the greatest effect on the crop cycle.

Figure 1. Distribution of the frequencies of the mean values of the progenies regarding cycle (days), grain
yield (kg/ha), and yield per day (kg/ha/day). Data from evaluation of the experiments of the early and normal
maturity progenies in the F24 (A) and F»:5 (B) generations.
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Table 1. Summary of the combined analyses of variance. Data obtained in the early and normal maturity
experiments for the cycle (days), grain yield (kg/ha), and yield per day (kg/ha/day) traits.

MS
sV DF :

Cycle (days) Yield (kg/ha) Y('fgj'hg% :'ya)y
Generations (A) 1 31008.3* 240036869.6** 18803.1**
Genotypes (G) 157 59.6** 515956.1** 64.1**
Progenies (P) 153 58.4** 513345.0** 63.8**
Early maturity (E) 76 11.0** 384483.4* 71.0%*
Normal maturity (N) 76 35.9%* 320215.5* 37.9ms
Evs N 1 5378.3* 24984660. **0 1477 5%
Check cultivars (C) 3 137.1%* 809895.3** 101.1*
PvsC 1 1,50 33629.0 7.87
GxA 157 3.7ms 349857.6* 53.6**
PxA 153 3.3ms 337128.3** 51.9%
ExA 76 3.8ms 267327.5" 45.8*
N x A 76 2.7 408072.3** 56.6**
(Evs N) x A 1 250 250242.1 s 162.0*
CxA 3 4.4 952260.1** 142.6*
(Pvs C) x A 1 64.2** 490228.2 s 40.11
Residual 652 3.3 211802.0 30.7
h2 (%) 94.3 34.3 18.7

** *and ™: significant (p < 0.01), significant (p < 0.05), and not significant (p> 0.05) by the F test, respectively.
Source of variation (SV), degrees of freedom (DF), mean square (MS) and heritability (h?).

Table 2. Estimates of the coefficients of determination (R?) and selected variables in the models through
stepwise analysis' based on the Akaike Hoking information criterion (AIC).

eaer‘i’:gge&t) Progenies R? (%) Variables in the model
All 53.0 RN + Cycle + TMIN
. M x FC 56.2 Sl + Cycle

Yield
PxFC 57.3 EV + TMIN + Cycle
UxFC 52.3 Cycle + TMAX
All 95.0 RN +WS + EV + RH + Sl + TMAX + TCOMP

Cycle M x FC 97.5 RN +WS + EV + TCOMP + TMIN + TMAX + RH + Sl
PxFC 97.2 RN + WS + Sl + TMAX + TCOMP + TMIN + RH
UxFC 95.3 RN + TCOMP + WS + EV + S| + RH + TMAX

'Stepwise analysis based on the Akaike Hoking (1974) information criterion (AIC).

BRSMG Madrepérola (M), Pérola (P), BRSMG UAI (U), BRS FC — 104 (FC), grains yield in kg/ha (Yield), crop cycle in number of days
after sowing up to harvest (Cycle), rainfall in mm (RN), maximum temperature in °C (TMAX), minimum temperature in °C (TMIN), mean
compensated temperature in °C (TCOMP), solar irradiation in hours (SI), Piche evaporation in mm (EV), mean relative humidity in % (RH),

and mean wind speed in mps (WS).

In general, the progenies of the early
maturity experiment, on average, had a shorter
cycle, and lower grain yield and yield per day. They
showed a reduction of approximately 15% for grain
yield and 10% for yield per day, in relation to those
of the normal cycle experiment. Reduction in the
cycle was five days in relation to the progenies of
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the normal maturity experiment, that is, 6% in
relation to the mean. Note also that the difference
in the cycle of the early maturity progenies in
relation to the normal progenies was similar to the
difference between the early maturity parent and
the mean of the other three parents considered as
having a normal cycle (Table 3).
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The five highest yielding progenies of each
biparental cross were identified (Table 4). The
highest yielding progeny (2826.7 kg/ha) came
from the P x FC cross, and its cycle was 81 days.
The progeny with the highest yield among those
of early maturity (2412.2 kg/ha from the M x FC
cross) was 15% lower than the highest yielding

of the normal cycle progenies. This yield of the
early maturity progeny was obtained with only
three days difference in the cycle in relation to
the normal cycle. Reduction in grain production
of the earliest maturity progeny, five days
difference in the cycle (2289.9 kg/ha of the P x
FC cross), was 19%.

Table 3. Mean values of the progenies and check cultivars, considering the mean values of the F»4 and Fa:s
generations for the cycle (days), grain yield (kg/ha), and yield per day (kg/ha/day) traits.

Cycle (days) Yield (kg/ha) Y(ifg,’hg%:ﬁy
Early progenies 78 1900.9 24.0
Normal progenies 83 2229.8 26.5
Check cultivar (FC) 78 2214.3 28.0
Check cultivars (M, P, and U) 82 2051.9 24.9

BRSMG Madrepérola (M), Pérola (P), BRSMG UAI (U), and BRS FC — 104 (FC).

Table 4. Mean values of the five progenies with highest grain yield (kg/ha) for each biparental cross in the

early maturity and normal maturity experiments.

Early
Biparental cross

Normal

Cycle (days)

Yield (kg/ha)

Cycle (days) Yield (kg/ha)

78 2412.2 80 2379.2
79 2255.1 80 2363.9
M x FC 77 2206.5 79 2295.8
7 2095.3 81 2265.2
77 2054.9 81 2199.8
77 2353.8 81 2826.7
80 23121 81 2577.9
PxFC 76 2289.9 84 2498.7
78 2216.2 80 2320.8
78 2212.0 81 2283.2
79 2267.6 85 2608.5
79 2088.3 86 2573.8
UxFC 79 2084.1 86 2558.5
80 2041.0 85 2558.5
79 2020.2 85 25543

Progenies originated from the biparental crosse between BRSMG Madrepérola and BRS FC — 104 (M x FC), Pérola and BRS FC — 104

(P x FC), and BRSMG UAI and BRS FC - 104 (U x FC).

Discussion

If the progenies of early and normal cycle
were evaluated together, staggered harvest of the
plants would certainly require more frequent
movement within the experiment, hurting
experimental accuracy. To avoid this, the early
maturity and normal maturity progenies were
evaluated in different experiments.

The estimates of the accuracies obtained
for both conditions can be considered medium to
high (Resende and Duarte, 2007), which
confirmed that the procedure adopted was
correct. In evaluation of plants in the field
experiment, the period of maturation of the two
groups was visually quite evident, that is, the
experiment that had early cycle progenies and
normal cycle progenies. Thus, evaluation of the
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progenies in separate experiments meant that
accuracy would not be hurt.

It should also be mentioned initially that
evaluation of the plant/line cycle based on
beginning of flowering is common (Gonzélez et
al., 2016; Manning et al., 2020). However, the
duration of flowering varies among the lines. In
addition, flower set depends on environmental
conditions and, normally, greater setting occurs
in the first flowers (Martins et al., 2017).
However, if the environmental conditions are not
favorable at the beginning of flowering, flower
set does not occur, and the flowers that would set
would be at the end of flowering, prolonging the
cycle. Likewise in lentils (Lens culinares
Medik.), Bueckert et al. (2020) showed that the
first flowers are most important for grain yield;
however, when environmental conditions are
unfavorable at the beginning of flowering, the
flowers that emerge later increase in importance
for yield. In other words, the prolonged flowering
period allows plants to have greater plasticity to
adjust to climate variations.

In light of the above, evaluating the cycle
by the beginning of flowering does not always
provide information compatible with the
effective duration of the cycle. This was
confirmed in a study by Silva et al. (2007), in
which a smaller number of days from sowing to
maturity due to the smaller number of days to the
beginning of flowering was expected; however, a
reduction in the plant cycle was not observed.
The authors affirm that an association between
the total cycle and the number of days to
flowering was not found; the genetic correlation
between these traits was practically null.

For that reason, in this study, the option
was made to evaluate through observation of the
plants that were able to be harvested, that is,
when the pods of the plants were already
changing color, indicating complete maturity. It
should be emphasized that as all the parents used
in the hybridizations have carioca seed coat
grain, complete physiological maturity of the
grain occurs at the time streaks appear, a
characteristic of this varietal group (Vieira and
Vieira, 1997; Guilherme et al., 2021). That
moment coincides with the change in color of the

p. 8

pods and, in certain cases, streaks also appear on
the pods. The same procedure for evaluation of
the cycle based on the number of days from
sowing to maturity was performed by Gesteira et
al. (2018) in the soybean crop.

The difference regarding the cycle of the
progenies is quite explicit in Figure 1, as was
expected as a result of the differences in the cycle
of the parents involved in the hybridizations
(Yokoyama et al., 1999; Carneiro et al., 2011;
Melo et al., 2017; Abreu et al., 2018). The
difference in the cycle between the early maturity
and normal maturity progenies was also evident,
indicating that the visual selections made among
F> plants and F»3 progenies were efficient. The
h? estimates were the reasons for success in
visual selection made and that was highlighted in
Figure 1. In the literature, reports show that early
selection, performed visually, is effective when
the h? of the trait is high (Ramalho et al., 2012b).

According to Bernardo (2014), the
effectiveness of early selection depends on the
correlation between the phenotype of the
progeny (P;) in the generation of evaluation and
the genotype (G;) in a more advanced generation
(rpl.Gj), obtained by the following expression:

— ’ 2
rPiGj - rGiGj hil

where h? is the heritability of the trait in
the generation of evaluation i, and 76,6 is the

genetic correlation between the progenies in the
i and j generations. This correlation is a result
only of the inbreeding coefficient in the
generations considered, that is

rGiGj = A/ (1+1i)/(1+1j)'

In the present case, considering the F2:3 of
selection and F».4 of evaluation, the value of the
correlation coefficient is 0.93, a value of high
magnitude, and that frequently occurs.

The F25 generation, sown in July, had
higher mean values for cycle, grain yield, and
yield per day. That occurred because in the
region at that time, temperatures are milder and,



Functional Plant Breeding Journal / v.3, n.1, al

especially up to near flowering, relative humidity
is low, which contributes to lower incidence of
pathogens in relation to sowing carried out in
February. Indeed, this was observed in the F.4
generation through the extensive occurrence of
angular leaf spot and especially bacterial blight,
favored by higher temperature and relative
humidity. These results are frequently observed
in other studies conducted in the region (Arantes
et al., 2010; Pinto Junior et al., 2018).

The wvariation observed among the
generations involves not only the genetic
question but also the environmental -effect,
because the experiments were conducted at
different times. The genetic effect between the F4
and Fs generations is a consequence of
inbreeding. It should be considered that the
possible effect of inbreeding depends on the
proportion of loci in heterozygosity in the
previous generation and on whether the trait is
dominant. That is because in Fs, only 1/4 of the
loci were in heterozygosity, that is, reduction in
the frequency of the loci in heterozygosity from
one generation to another is small. Thus, the
effect of the generation must predominantly be
due to the difference in environmental conditions
of the evaluation times.

The fact that the progeny vs check cultivar
contrast was not significant (Table 1) indicates
that the means of the progenies for the three traits
evaluated were similar to the means of the
parents. These results, in principle, lead to the
inference that the additive allelic interaction is
predominant in genetic control of these traits
(Ramalho et al., 2012a). Various other reports
indicate that the additive allelic interaction is
common in autogamous plants (Novoselovic et
al., 2004; Moreto et al., 2007). The significant
interactions for progenies X generations and
check cultivars x generations for the grain yield
and yield per day traits show that the
performance of the progenies did not coincide in
the two generations. This result is common in
studies performed on common bean in the region
(Ferreira et al., 2015; Lima et al., 2013). The
existence of the interaction is important;
however, it is not possible to identify a specific
cultivar for each time period or environment.

Thus, the alternative is to use mean values for
better representation of the future.

As previously reported, for the cycle trait, a
high estimate of h?, 94.3%, was observed for
selection in the mean of the progenies in the two
generations (Table 1). In a study by Silva et al.
(2007), high estimates of h> were also observed
for the trait of number of days to the beginning of
flowering; the estimates ranged from 79.2% to
93.1%. As the dominance variance (g3) for the
cycle trait should be small and, additionally,
among F2.4 progenies only 1/, of a3 is exploited
and 1/, is exploited in F2:s (Ramalho al., 2012b),
thus h? can be considered in the narrow sense.

The h? estimates for selection in the mean
of the progenies considering the two generations
for grain yield were 34.3% and 18.7% for the
yield per day trait (Table 1). There are numerous
reports in the literature of h? estimates for
selection in the mean of progenies for grain yield.
In a survey by Ramalho et al. (2012b) of ten data
in the literature, the estimates ranged from 10.6%
to 88.0%. Unfortunately, no report of the h?
estimate for the yield per day was found.

Through the results obtained in multiple
regressions, upon considering grain yield as
dependent variable (Y), cycle was selected
among the independent variables (X) in the
models in all the situations, emphasizing that its
importance for grain yield occurred in all the
biparental crosses. Upon considering cycle as the
dependent variable (Y), rainfall was the climate
variable that had the greatest effect, for all the
progenies. The importance of water availability
and/or rainfall for grain yield is commonly
reported in the literature (Carvalho et al., 2018;
Durigon et al., 2019) and one of the reasons must
be by indirect effect on the crop cycle.

In general, the difference regarding the
cycle of the early maturity progenies in relation to
the normal maturity progenies was five days. In
principle, this value may appear small. However,
from the perspective of intensive agriculture,
reduction of five days in the cycle can facilitate
the crop succession system. In addition, if the crop
is irrigated, this will evidently reduce production
costs. According to Melo et al. (2017), the early
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maturity parent BRS FC104 evaluated in various
environments had a very short cycle,
approximately 65 days. However, the authors
conducted the experiments under different
edaphic and climatic conditions, above all under
temperatures normally superior to those observed
while conducting experiments in the F2.4 and F»:s
generations. Moreover, the authors argued that
crop cycle is highly dependent on climate
conditions, as was likewise shown in this study.

A study conducted on the rice crop in the
Philippines (Won et al., 2020) showed the
possibility of obtaining early maturity lines with
grain yield equivalent or even superior to the yield
of the normal cycle line recommended for the
region. However, the authors emphasized that the
plants of those lines had expressive phenotypic
changes for some traits, such as leaf width and
plant height, which contributed to greater biomass
and, consequently, higher grain yield.

Finally, considering the same gene pool
(the same segregating population) used in this
study, the question arises as to whether it would
be possible to select an early maturity progeny
with grain yield equal to that of the highest
yielding progeny among those of normal cycle.
That 1s, would it be possible to select a progeny
with a short cycle and yield of 2827 kg/ha in the
same population?

The first alternative would be through
evaluation of a larger number of early maturity
progenies. However, how many would that be?
Considering the early maturity progenies of this
study, the estimate of genetic variance (ng),
disregarding the interaction, was 19526.0, that is,
a genetic standard deviation (g,) of 139.7. From
the properties of a normal distribution with mean
grain yield equal to that obtained in evaluation of
the early maturity progenies, what would the size

of the population be to have an early maturity
progeny with a mean grain yield of 2827 kg/ha?
As the standard deviation was 139.7 and the
mean yield of the early maturity progenies was
1901 kg/ha, the extreme value (2827 kg/ha) of
the normal distribution would be 6.63 deviations
above the mean (2827-1901/ ...). Thus, the
amplitude of variation of the normal distribution
would be 2X 6.63 deviations, that is, 13.26
deviations. Under these conditions, more than
100,000 progenies being evaluated would be
necessary to achieve the goal (Steel et al., 1997).

The second alternative would be through a
recurrent selection (RS) program in which the
early maturity plants would be selected in the So
generation and then evaluated for grain yield in
So.1 and So2 progenies. The highest yielding
would be recombined. Thus, it is expected that
after some cycles of recombination and selection,
early maturity progenies with good grain yield
would be obtained. Unfortunately, no report of
use of RS for that purpose was found.

Conclusion

The early maturity progenies coming from
the same gene pool as the normal cycle progenies
exhibited a 15% reduction in grain yield and 10%
reduction in yield per day. Aiming to obtain early
maturity progenies with grain yield equivalent to
the highest yielding progeny of the normal cycle,
the number of early maturity progenies necessary
for evaluation is practically unviable.
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