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Abstract: Maize, a grain distinguished globally for its economic relevance, has
experienced a large increase in yield in the past decades. Breeding programs, which
are largely responsible for crop development, aim at using techniques that
maximize profits and are in accordance with local demand. The full-sib reciprocal
recurrent selection (RRS) has a long-term focus on producing better performing
hybrids. On this basis, this study intended to evaluate the development of reciprocal
populations (Pirando and CIMMY T) throughout ten RRS cycles, in terms of genetic
progress, and to verify the occurrence of heterosis and its magnitude. To this end,
each of the ten selection cycles, represented by three genotypes (Pirando genotypes,
CIMMYT genotypes, and interpopulation hybrids) were tested in four trials, in two
locations, and in two years, in a 14x20 alpha-lattice with four replicates. The traits
evaluated were grain yield, ear weight, and prolificacy. There was a major increase
for all traits in interpopulation hybrids, even though the CIMMYT parent had not
shown a significant increase, suggesting that even though one of the populations
stagnates after 10 cycles, RRS is efficient in obtaining superior hybrids. There was
an average increase of 171 kg.ha™.cycle™ throughout the ten cycles. Heterosis and
heterobeltiosis oscillated between cycles, with higher mean for heterosis,
suggesting discrepancy between the parents and superiority of the Pirando
population (possibility to indicate the increase in yield per cycle or per year).
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Introduction

Maize (Zea mays L.) plays a prominent role
on the global scenario, as it is not only the most
widely grown grain in the world, but also one of the
basic ingredients in the diet of several peoples. It is
used intensively in animal feed production, intended
mainly for poultry and pigs, in the processing
industry, and it is currently the raw material for
ethanol production (Moro and Fritsche Neto, 2015).

Given its economic importance, maize is
grown on all continents, including temperate and
tropical climate zones. In Brazil, this grain is grown
in most of the territory, distributed in two harvests.
From 2008/2009 on, the volume produced in the oft-
season crop exceeded that of the summer harvest,
when farmers from the main producing regions
started adopting the double-cropping (harvest/off-
season crop) of soybean and maize, which
contributed significantly to increase domestic
production (CONAB, 2019).

Even though the maize supply chain has
experienced major technological advances over the
last years, the average national yield is considered
low in relation to the biological potential of the crop.
However, there is no doubt about the increase in
yield experienced over the past four decades as a
result of improved growing conditions and genetic
progress, which are the result of works conducted
by the breeding programs.

Hence, these programs have been focused on
meeting the demands of farmers from each region,
primarily with the goal of reaching new levels of
productivity, leading to the adoption of strategies
that enable maximization of genetic gains without,
however, compromising the genetic variability of
populations (Hallauer et al., 2010).

The Reciprocal Recurrent Selection (RRS),
initially proposed by Comstock et al. (1949), stands
out among the techniques used in population
breeding. In accordance with the description by
Souza Junior and Pinto (2000), in this study,
genotypes of two populations are evaluated in
crosses, and the ones with the best performance are
recombined among themselves. This procedure
allows improving, simultaneously, the populations
per se and the interpopulation hybrid (IH).

Within this approach, the Universidade
Estadual do Norte Fluminense Darcy Ribeiro

(UENF) has maintained, over the past two decades,
a full-sib reciprocal recurrent selection (FSRRS)
program in maize. This program has played a major
role in regional development, as it is the only
common maize breeding program in the state of Rio
de Janeiro (Tardin et al., 2007; Cunha et al., 2012;
Berilli et al., 2013).

Considering the long-term importance of
recurrent selection, it is of great value to monitor the
variability in work populations and the genetic gain
obtained in each selection cycle. In Brazil, however,
there is a gap with respect to this information, as
available results in the literature consider only one
or a few selection cycles, which leads to long-term
studies, especially with respect to genetic progress
and dynamics of components of variance
throughout the different selection cycles.

The purpose of this study was to evaluate the
development of the Pirando and CIMMYT
populations throughout ten FSRRS cycles, in terms
of genetic progress, and to verify the occurrence of
heterosis among populations and its magnitude.

Material and methods

Plant materials

The plant material used for the study was
developed in the Maize Breeding Program of the
Universidade Estadual do Norte Fluminense Darcy
Ribeiro. They are genotypes maintained by the
Institution, and which comprise ten cycles of full-
sib reciprocal recurrent (FSRRS) families (between
the 6™ and 15" cycles), developed according to the
methodology proposed by Hallauer and Ebehart
(1970), with some modifications.

Each of the ten selection cycles is represented
by three genotypes: Pirando genotypes, CIMMYT
genotypes, and interpopulation hybrids, totaling 30
genotypes.

Type of grain was the phenotypic marker used
to distinguish the two heterotic populations used in
RRS. The CIMMYT populations belong to the Flint
heterotic group, whereas the Pirando populations,
belong to the Dent heterotic group.

Evaluation trials

Evaluation trials were conducted in the
summer harvests of the 2016/17 and 2017/18 crop
year in the municipality of Campos dos Goytacazes,
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Rio de Janeiro State, Brazil, and in the municipality
of Itaocara, Rio de Janeiro State, establishing four
evaluation environments.

Genotype means were obtained from an
alpha-lattice design trial (resolvable incomplete
blocks) configuration 14x20, being v=280
treatments; k=14 plots; and n=20 blocks with four
replicates, totaling 4480 experimental units. The
experimental design and the 280 genotypes were
used for obtaining the adjusted means in the
recovery of interblock information; but only the
adjusted means of the 30 genotypes already
mentioned will be considered in this work.

Plots were comprised of a 3 m-long row, with
a 0.90 m- inter-row spacing and 0.20 m between
plants within the row. Three seeds were sown per
hole and, at 21 days after emergency, thinning was
performed, leaving one plant per hole, resulting in a
final population of 55.5 thousand plants per hectare.

Traits evaluated

The following traits were evaluated:
prolificacy (PR), obtained by dividing the number
of ears by the stand of each experimental unit;
husked ear weight (EW), obtained by weighing all
the husked ears of the plots; and grain yield (GY),
adjusted to 13% moisture and converted to kg.ha™'.

Statistical analysis

The observations collected for these traits
were initially submitted to individual analysis of
variance, and, after testing the homogeneity of
variances, as suggested by Pimentel Gomes (2009),
a joint analysis was conducted taking into account
the four environments for the EW and GY
characters and two environments (Environment 1
and Environment 3) for the PR character, as written
in the following statistical model:

Yiju =u+ by + 1 +a; +9; +agy +ejji (Eq. 1)

Where p is the overall mean; bygj is the
random effect of block j on repetition i ~ NID (0,
o°b); 1j is the random repetition effect; ai is the fixed
effect of the k-th environment; g; is the random
effect of genotype i ~ NID (0, 6°g); agji is the effect
of genotype 1 interaction on environment k ~ NID
(0, 6°ga); and ejjk = experimental error ~ NID (0, 6?).

In the joint analysis, the environmental effect
was considered as fixed, since the evaluation

environments do not represent the totality of the
edaphoclimatic conditions of the North and
Northwest of Rio de Janeiro State. The genotype
effects were considered as random, since the cycles
were sampled over 20 years of the program.

The results were submitted to joint analysis of
variance for the four environments by means of the
PROC MIXED procedure of SAS version 9.3 (SAS
INSTITUTE, 2011), applying the type III method,
which resulted in "Least Square Means" or adjusted
means. This analysis is the most relevant for alpha-
lattice design experiments, as it enables the recovery
of interblock information, which is seen as more
adequate by Ramalho et al. (2012).

In the estimation of genetic progress, the
means were submitted to simple linear regression,
in which the selection cycles were considered as
independent variable (x = 6, 7, ...,15) and the PR,
EW, and GY characters as dependent variable. From
the resulting coefficients (b1 and bo), the genetic
progress for the traits mentioned was calculated
from the following equation:

AG (%) = (’;—;) x100 (Eq. 2)

In which: AG: genetic gain; bi: is the linear
regression coefficient estimation; by. corresponds to
the intercept.

Considering the four environments, the
relative heterosis parameter as well as the
heterobeltiosis parameter were calculated by using
the adjusted means, throughout the ten selection
cycles, according to the expression presented by
(Falconer and Mackay, 1996):

Relative heterosis

TH-MP

Hyp (%) = ( P

)x100 (Eq. 3)

In which: Hip = relative heterosis; IH = mean
of the interpopulation hybrid; MP = mean of the
parents.

Heterobeltiosis

HI-SP
Hep = (7=22) 2100 (Eq. 4)

In which: Hps = heterobeltiosis; IH = mean of
the interpopulation hybrid; SP = superior
population.
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Results and discussion

Analysis of variance

Table 1 displays the estimations and
significance of the mean squares of the joint
analysis, as well as the means, coefficients of
variation, and efficiency of the lattice for the PR,
EW, and GY characters.

The alpha-lattice design and adjusted means
were efficient for the PR (106 %), EW (145 %), and
GY (140 %) characters. Moreover, there was a good
control of the experimental conditions expressed in

the coefficients of variation, which were between
14.34 and 21.60 % (Table 1). These values are close
to the ones practiced in the maize crop trials and
lower than those described by Cunha et al. (2012)
and Galvao et al. (2015), given that, being
quantitative characters, they are naturally highly
influenced by environmental conditions.

On the basis of the coefficients of variation,
the municipality of Campos dos Goytacazes
presented greater precision when conducting maize
trials in comparison with the environments of the
municipality of [taocara (2019/17 and 2017/18 crop

year).

Table 1. Overall joint analysis of variance for PR (ENV1 and ENV3), EW, and GY (ENV1, ENV2, ENV3, and
ENV4) traits evaluated in 280 genotypes. Campos dos Goytacazes and Itaocara, Rio de Janeiro State, Brazil.

PR EW GY
sov DF MS F DF MS F DF MS F
Environment 1 19.57  359.6™* 3 79.2x106 95.60** 3 276.6x108 48.59**
Entry (adj) 278 0.115 2.93* 279 1.22x106 6.00* 279 7.93x108 6.13*
Entry*Env 278 0.046 1.19Ns 836 3.38x105 1.66** 836 2.21x108 1.70*
Block/Rep (adj) 154 0.051 1.3N8 312 6.8x10% 3.37* 312 4.69x106 3.63*
Error 1456 0.039 2890 2.0x108 2890 1.29x108
Mean 1.25 2,500 5,990
CV (%) 15.86 18.06 19.00
LE (%) 106 145 140
MSe Mean CV (%) MSe Mean CV (%) MSe Mean CV (%)
ENV1 0.046 1.35 16.03 1.39x108 2245 16.65 1.03x108 5663 17.94
ENV2 - - - 2.21x108 2350 20.02 1.45x108 5675 21.23
ENV3 0.031 1.15 15.37 1.90x108 2833 15.41 1.11x108 6673 15.76
ENV4 - - - 3.27x108 2584 22.15 1.67x108 5965 21.711
>MSe/<MSe 1.5 21 1.6

NS: non-significant; **: significant at level 1% of probability by the F test. PR: Prolificacy; EW: husked ear weight; GY: Grain Yield; DF:
Degree of Freedom; MS: Mean Square; F: F Test; ENV: Environment; Gen: Genotype; Rep: Repetition; CV: Coefficient of Variance; ENV1:
Campos dos Goytacazes (crop year 2016/17); ENV2: (crop year 2016/17); ENV3: Campos dos Goytacazes (crop year 2017/18); ENV4:
Itaocara (crop year 2017/18); LE (%) Lattice Efficiency; MSe: Mean Square error.

Genetic progress

The adjusted means, with four environments
and ten cycles of reciprocal recurrent selection for
the PR, EW, and GY characters, are displayed in
Table 2. It should be emphasized that, in programs
of reciprocal recurrent selection, there are indirect
gains, based on the evolution of traits in the
populations per se, and direct gains, measured
directly in the performance of the interpopulation
hybrid obtained at each selection cycle (Moll et al.,
1994; Hallauer and Carena, 2009).

The means for the PR character ranged from
1.03 to 1.39, in the CIMMYT population cycles
(Figure 1a); 1.04 to 1.75, in the Pirando population
cycles (Figure Ic); and 1.13 to 1.57, in the
interpopulation hybrids cycles (Figure 1b). The
means given for the ten selection cycles for
interpopulation hybrids were superior to the values
for both populations per se. By means of the angular
coefficient, it can be confirmed that there was an
average increase of 0.036, 0.032, and 0.040
ears.plant™.cycle™, significant values by the t test at
1% probability (Table 2).
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Table 2. Adjusted means for Prolificacy (PR), Husked Ear Weight (EW), and Grain Yield (GY) in maize obtained
in the municipalities of Campos dos Goytacazes and Itaocara in 2016/17 and 2017/18 crop year.

Genotypes Selection Cycles ggg;f?giiir?tg
cé C7 C8 C9 C10 C11 C12 C13 C14 C15 Mean b b1 R2
PR (ear.plant
Piranao 097 108 115 124 127 133 143 132 134 127 124 086 0.036* 0.64
CIMMYT 101 101 098 111 109 117 114 123 121 129 112 078 0.032* 0.90
Pirandao x CIMMYT 1.12 114 116 131 131 153 123 146 146 145 132 0.89 0.040* 0.66
EW (g.plot
Piranao 1851 1607 1869 1765 2019 2173 2284 2126 2159 2192 2073 1372 60.2* 0.68
CIMMYT 1710 1609 1859 1944 1597 1603 1352 1687 1916 1881 1698 1645 6.73v  0.01
Pirandao x CIMMYT 2477 2425 2687 2177 2483 3160 2693 2847 2972 2929 2690 1986  66.5* 045
GY (kg.ha
Piranao 4241 3728 4334 4173 4403 4816 5280 4878 5031 5191 4609 3072 146.3* 0.77
CIMMYT 3743 3424 4210 4435 3833 3589 3116 3997 4546 4253 3915 3454 440N 0.08

Pirandao x CIMMYT 5944 5588 6308 5086 5875 7683 6738 6904 6947 6958 6523 4590 173.0* 0.44
Heterosis (%)

Hwe 489 563 477 182 427 828 605 556 451 474 505
Hsp 402 499 455 147 334 595 276 415 381 340 384

NS: non-significant; **: significant at level 1% of probability by the t test. PR: Prolificacy; EW: Ear Weight; GY: Grain Yield;
bo: intercept; by angular coefficient; R?: coefficient of determination. Hyp: Mid-parent heterosis; Hsp. Superior parent heterosis.

a) CIMMYT (C) b) HYBRID (C x P) c) PIRANAO (P)

Y=0.78 + 0.032x" R2=90% Y=0.89 + 0.04x” R?=66% Y=0.86 + 0.036x" R2?=64%

1.5

—
w
'
@

Prolificacy (ear per plant)

6 8 10 12 14 6 8 10 12 14 6 8 10 12 14
Cycles
Figure 1. Linear regression for CIMMYT population (a), interpopulation hybrid (b), and Pirando population (c)

between the dependent variable prolificacy (y) and the independent variable number of cycles (x). Campos dos
Goytacazes and Itaocara, Brazil (crop year 2016/17-2017/18).
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The above results correspond to 4.19, 4.10,
and 4.49% gain per selection cycle regarding the
intercept (bo), calculated for the Pirando population,
CIMMYT population, and interpopulation hybrids,
respectively. The increases are significantly higher
than the ones described by Reis et al. (2009), who
obtained 0.7%, and lower than the one
recommended by Souza Jinior and Pinto (2000),
which was an 11.8% increase per cycle.

A number of authors describe the correlation
between the PR and GY characters for maize crop,
which suggests that the increase in the first is
generally focused on an increase in the second
(Paterniani and Miranda Filho, 1987; Lima Neto
and Souza Junior, 2009; Camara et al., 2007;
Candido and Andrade, 2008; Baretta et al., 2016).
However, it has to be said that other attributes of
ears are also positively correlated with yield, such
as weight and length. This second component, in
appropriate pollination and fertilization conditions,
results in a higher number of grains per ear and,
consequently, a higher grain yield.

In addition, prolificacy 1is an essential
condition for the implementation of RRS, and it is
correlated to other attributes, like productive

stability of genotypes and greater tolerance to water
stress condition (Lima Neto and Souza Junior,
2009). Hence, this character is of great importance,
since short periods of summer are very common in
tropical regions and in second harvest crops (off-
season), in which the availability of water is a
limiting factor when compared with the first harvest
(summer harvest) (Souza Junior et al., 2010).

EW means ranged from 1.607 to 2.284 kg.ha
! between the Pirando population cycles; from 1.597
to 1.944 kgha' in the CIMMYT populations; and
from 2.177 to 3.160 kgha' between the
interpopulation hybrids. The yield increase was not
only significant for the CIMMYT population, which
obtained a b; of 6.73, whereas the Pirando and the
hybrid had a significant b; of 60.2 and 66.5,
respectively (Table 2).

The response pattern for GY (Figure 3) is
similar to the one for EW (Figure 2), as these traits
are highly correlated (Lopes et al., 2007). The grain
yield character is the most vital for maize crop;
consequently, it is the main goal of breeding
programs, both for public institutions and private
sector (Lima Neto and Souza Junior, 2009; Hallauer
et al., 2010).

a) CIMMYT (C) b) HYBRID (C x P) c) PIRANAO (P)
Y= 1645+ 6.73x" R2=1% Y=1372 +60.2x" R2= 68%
®
3000 -
~ 2500-
5
=
=
£
i=
@
s
2 2000- °
o ®e
y e Y=1986 + 66.5x° R2= 45%
® ) °
1500 -
°
EIS €I3 1 ID 1I2 1 Id EIS é 1 ICl 1I2 1 Id é é 1 ID 1I2 1 Id

Cycles

Figure 2. Linear regression equation for CIMMYT population (a), interpopulation hybrid (b), and Pirando population
(c) between the dependent variable ear weight (y) and the independent variable number of cycles (x). Campos dos
Goytacazes and Itaocara, Brazil (crop year 2016/17-2017/18).
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The GY means in the interpopulation hybrids
(Pirando Cn x CIMMYT Cn) were 28% and 38%
higher than the performance obtained by the two
populations per se Pirando and CIMMYT,
respectively (Table 2). It should be pointed out that
the interpopulation hybrid mean, throughout the
cycles, is higher than the Brazilian one in the last
harvests (CONAB, 2019).

Regarding the national mean yield, it is low in
comparison to the good results achieved in
technified crops. This is mainly justified by the
differences in farming systems and technological
levels adopted, for advances in this supply chain are
not uniformly occurring for all regions (Duarte and
Kappes, 2015).

It can be seen that CIMMYT populations
(Figure 3a) presented lower performance than other
genotype groups and production instability along
the cycles. A number of authors report that, when it
comes to reciprocal recurrent selection, it is

common to obtain little or no gain in one of the
populations (Keeratinijjakal and Lamkey, 1993;
Raposo and Ramalho, 2004; Hallauer Carena, 2009;
Reis et al., 2013). For the CIMMYT populations, it
was verified an increase of 44 kgha'.cycle! of
selection and 22 kg.ha'.year™!, of which values are
not significant by the t test at 1% probability and an
R? 0f 0.08 (Figure 3). Based on the estimates, it was
calculated 0.41% of global gain along the ten
selection cycles, proving to be extremely low.

With regard to the Pirando populations, there
was an increase of 146 kg.ha™!.cycle™ and 72 kg.ha"
l.year, being significant by the t test at 1%
probability, indicating satisfactory genetic progress.
With respect to the intercept, 4.75% gain per
selection cycle was observed (Figure 3c). These
results are similar to those of Ribeiro et al. (2016),
who, along seven recurrent selection cycles in the
UNB-2 population, obtained 3.74% increase in
grain yield per selection cycle.

a) CIMMYT (C) b) HYBRID (C X P) c) PIRANAO (C)
8000-
Y= 3454 + 44x"s R2=8% ° Y=3072 +146.3x" R2=77%

7000-
—~ 6000~
E
2
=
g
-
< 5000-
]
U]

° @
® »
4000 -
Y=4590 + 173x” R2=44% °
-
@
3000- +
6 8 10 12 14 6 8 10 12 14 6 8 10 12 14

Cycle

Figure 3. Linear regression equation for the CIMMYT population (a), interpopulation hybrid (b), and Pirando
population (c) between the dependent variable grain yield (y) and the independent variable number of cycles (x).
Campos dos Goytacazes and Itaocara, Brazil (crop year 2016/17 - 2017/18).
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The interpopulation hybrid is defined by the
cross of two improved populations after the end of
each RRS cycle. The mean grain yield, along the
cycles, was between 5.944 kg.ha! (Cs) and 7.686
kg.ha! (Ci1) (Figure 3b), in which the eleventh
showed the best performance with retraction in
subsequent cycles. The Cii originated the UENF
506-11 hybrid, registered at the Ministry of
Agriculture, Livestock, and Supply (in Portuguese,
Ministério da Agricultura Pecudria e Abastecimento
—MAPA) and made available to farmers in the state
of Rio de Janeiro.

This hybrid has many desirable aspects and
great potential for use on small properties, as it has
good productive performance and low cost of
acquiring seed. Hence, it is an appropriate input for
crops located in areas known to be marginal for
maize production, allowing increased yield and
better profitability for farmers (Reis et al., 2009).

The direct gains in interpopulation hybrids
were 171 kg.ha'.cycle™!, resulting in an annual gain
of over 85 kg.ha™!. This represents 3.37% of genetic
progress per selection cycle compared to by (4590)
(Figure 3b). The progress shown is higher than that
observed in Brazil, which, in the past forty years,
resulted in 38 kg.ha' of genetic progress per year,
assuming that it is approximately 50% of the total
increase measured (CONAB, 2019; Duvick, 2005).

Keeratinijakal and Lamkey (1993) reported a
6.95% increase per selection cycle in the grain yield
of interpopulation hybrids from BSSS and BSBC;
populations after 11 RRS cycles. Similarly, Russell
et al. (1992) obtained 4.9% in the interpopulation
hybrid from the cross between BS21 (R) x BS22 (R)
populations during three selection cycles. Raposo et
al. (2004) and Reis (2013) reported 5.7 and 4.5%
increases in grain yield, respectively, after three
RRS cycles, in populations from simple hybrids.

Heterosis and heterobeltiosis

Heterosis is a relative parameter that indicates
the hybrid superiority over the mean performance of
the parents. A prominent and highly desirable aspect
is that the reciprocal recurrent selection captures the
heterotic effects by crossing individuals from two
populations (Souza Jinior, 2011).

Based on the findings of this study, there were
heterosis values, in relation to the parent mean,
between 18.2% (Co) and 82.8% (Ci1) for the grain
yield character throughout the ten selection cycles
(Table 2). In general, mean heterosis close to 50%
was observed, a value very close to that inferred in
other works (Parra et al., 2010; Dona et al., 2012).

The establishment of heterosis values along
the cycles proves that the genetic gains in
interpopulation hybrids were provided exclusively
by yield increases in populations per se, here
leveraged by the Pirando populations, indicating
that the additive effects of genes were significant for
trait expression in this study.

With the advancement of RRS cycles,
however, a gradual increase was expected in this
respect, given that the different recombination
cycles performed within each population would
result in greater genetic distance between the two
populations, thus capturing the non-additive effects
of the genes, which is one of the conditions for
heterosis to occur (Falconer and Mackay, 1996;
Hallauer et al., 2010). However, there are reports of
heterosis reduction with advancing RRS (Hallauer,
1977).

Because they are interpopulation hybrids, the
results herein are considered of high magnitude and
superior to the ones found by other authors, as stated
by Faria et al. (2008), who verified 28% heterosis
among SoxSo hybrids in RRS in popcorn crop.
Hallauer and Miranda Filho (1981) obtained mean
heterosis of 19.5% from 1394 intervarietal crosses
in maize.

In general, the magnitude of the heterosis in
interpopulation hybrids is lower than that of inbred
line hybrids, since, in crosses among broad-based or
panmictic populations, most of the loci present
intermediate allelic frequencies (Bernini, 2011). But
this does not diminish the importance of this
parameter in population breeding, since the use of
interpopulation hybrids is of great value for market
niches and, additionally, the populations present
potential for inbred line extraction and hybrid
synthesis (Garcia, 2009).

Heterobeltiosis, related to the performance of
the Fi hybrid with respect to the performance of the
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best parent, has particular importance, as the launch
ofnew genotypes is only justified if the performance
of the hybrid is considerably higher than that of its
best performing parent. During the selection cycles,
values ranging from 14.7% (Co) to 59.5% (C11) were
found (Table 2).

On average, heterobeltiosis ranged around
38.4% along the recurrent selection cycles,
significantly higher than that reported by Arias and
Souza Junior (1998), and Ferreira et al. (2009). The
Ci1, Cy, and Cg cycles presented the highest values
in this aspect, highlighting the Ci1 and Cg, in which
the value was driven by the excellent performance
achieved by the IH in relation to the superior parent.
Conversely, in C7, there was a low performance of
Pirando 7, which was determinant for the expression
of this behavior.

This information is relevant because,
theoretically, the best performing cycles for
heterosis and heterobeltiosis have the potential to be

used in obtaining lines for hybrid synthesis.

Conclusions

The RRS does not ensure the performance
improvement of both populations per se in a
proportional way; however, it is efficient in
delivering genetic gains for PR, EW, and GY
characters in the interpopulation hybrid, including
in long-term programs.

The results of heterosis and heterobeltiosis
suggest a discrepancy between the parents,
significantly increased throughout the cycles,
because of the gains obtained by the Pirando parent
and the stagnation of the CIMMYTT parent.

There was an average increase of 171 kg.ha
!.cycle along the ten cycles for the interpopulation
hybrid, suggesting viability of performing FSRRS,
generating genetic gains in the short-, medium-, and
long-term.
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