Genetic variability during four cycles of recurrent selection in rice
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Abstract — The objective of this work was to estimate genetic and phenotypic parameters among progenies of
the CNAG6 population of upland rice (Oryza sativa) for grain yield and plant height in four cycles of recurrent
selection, in order to evaluate the genetic variability and the genotype x location interaction. The experimental
data were obtained from yield trials of Sy, progenies, which were carried out in the experimental design
of Federer’s augmented blocks, without replications for progenies within each location. The effect of Sy,
progenies was significant in all cycles for grain yield and in the first three cycles for plant height, indicating
the maintenance of the population’s genetic potential to generate transgressive progenies. The participation
of the component of the progeny x location interaction in phenotypic variance was of high magnitude. The
genetic variability of the CNA6 population of upland rice is maintained for grain yield and plant height during
the four cycles of recurrent selection.

Index terms: Oryza sativa, genotype X environment interaction, population improvement, quantitative
genetics, variance components.

Variabilidade genética durante quatro ciclos de selegao recorrente em arroz

Resumo — O objetivo deste trabalho foi estimar parametros genéticos e fenotipicos entre progénies
da populagdo CNAG6 de arroz (Oryza sativa) de terras altas para os caracteres produtividade de graos e altura de
plantas, em quatro ciclos de selegdo recorrente, para analise da variabilidade genética e da interagdo genotipo
x local. Os dados experimentais foram obtidos de ensaios de rendimentos de progénies S.,, conduzidos em
delineamento experimental de blocos aumentados de Federer, sem repetigdo para progénies por local. O efeito
de progénies S,., foi significativo em todos os ciclos para produtividade de gréos e nos trés primeiros ciclos para
altura de plantas, o que ¢ indicativo da manutencdo do potencial genético da populagdo em gerar progénies
transgressivas. A participagdo do componente da interag@o progénie x local na variancia fenotipica foi de alta
magnitude. A variabilidade genética da populagdo CNAG6 de arroz de terras altas quanto a produtividade de
graos e a altura de plantas é mantida durante os quatro ciclos de seleg@o recorrente.

Termos para indexacdo: Oryza sativa, interagdo genotipo x ambiente, melhoramento populacional, genética

quantitativa componentes de variancia.

Introduction

Rice (Oryza sativa L.) is the main component of the
staple diet of the world’s population; therefore, it is
extremely important in terms of food safety. In Brazil,
considered the main producer of this cereal among
the countries in the Western Hemisphere, the focus
of the genetic breeding programs is to increase yield
potential by developing superior genotypes, such as
cultivars (Breseghello et al., 2011; Colombari Filho et
al., 2013). However, to reach the desired genetic gains,
it is necessary to choose correctly both the strategies

to manipulate the available genetic variability and the
methods to be used (Chatel et al., 2008).

Among breeding methods, recurrent selection
stands out due to its efficiency in increasing the
frequency of favorable alleles in a population through
the recombination of superior genotypes. Since the
end of the 1980s, Empresa Brasileira de Pesquisa
Agropecuaria (Embrapa) has used this method in its
rice breeding program (Martinez et al., 2014). For
autogamous species, most breeding programs develop
endogamic lines (cultivars) originating from biparental
populations, so that self-fertilization from F, allows a
limited recombination; therefore, some favorable genic
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combinations are maintained at very low frequencies,
which makes selection impossible (Ramalho et al.,
2012). However, an important advantage of recurrent
selection is promoting the greatest increases in the
frequency of favorable genetic combinations right in
the first recombinations of the superior genotypes of a
population, which usually also presents a wider genetic
base because it is obtained preferentially from crossings
among multiple parents. In addition, continuous
recombination, which is part of recurrent selection,
causes arupture in genic blocks and increments both the
frequency of some favorable genetic combinations and
the available genetic variability (Hallauer et al., 2010).
This way, recurrent selection is a dynamic method
that, in each cycle, produces superior genotypes and
facilitates the incorporation of exotic germoplasm into
the breeding program. However, it should be noted
that, this method may be hindered by the exhaustion of
the genetic variability of a population (Geraldi, 1997),
which makes it necessary to evaluate the available
genetic variability of recurrent selection populations
throughout the selection cycles.

The estimate of genetic and phenotypic parameters
is one of the most important contributions of
quantitative genetics, since they aid in decision-making
regarding the selective strategies to be used and allow
predicting the genetic gains of future selection cycles
and evaluating the viability of the breeding program
(Hallauer et al., 2010; Ramalho et al., 2012). Although
several works have estimated the genetic parameters
of autogamous species, such as rice (Bueno et al.,
2012; Colombari Filho et al.,, 2013; Ahmad et al.,
2015; Tuhina-Khatun et al., 2015), Falconer & Machay
(1996) pointed out that the obtained results are only
valid for the material of the researched population
and for the environmental conditions in which the
study was carried out. For this reason, the continuous
study of the estimates of the variance components of
a population is essential to guide genetic breeding in
recurrent selection, in which the magnitude of genetic
variability during the selection cycles may be affected
by several different factors, such as, for example, the
size of the sample for recombination, which, in turn,
depends on the effective size of the recombination unit
(Bernardo, 2010).

The objective of this work was to estimate genetic
and phenotypic parameters among progenies of the
CNAG6 population of upland rice for grain yield and
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plant height in four cycles of recurrent selection,
in order to evaluate the genetic variability and the
genotype X site interaction.

Materials and Methods

The genetic material used consisted of S,
progenies of the CNA6 upland rice population of
recurrent selection, developed by Empresa Brasileira
de Pesquisa Agropecuaria (Embrapa). This population
was synthesized in the 1993/1994 crop year by
incorporating alleles from 27 parents into the CNA-
IRAT 5/2/1 population. More detailed information
about the composition and the development of the
CNAG population are presented by Morais Janior et
al. (2015).

In the present study, data on the traits grain yield
(GY, in kg ha') and plant height (PH, in cm), obtained
from yield trials of S,, progenies conducted in the
2000/2001, 2003/2004, 2006/2007, and 2009/2010
crop years, corresponding to cycles 3, 4, 5, and 6,
respectively, were used. In each cycle, the trials were
carried out in different locations and consisted of S,
progenies from the respective cycle with at least three
checks (Table 1).

The experimental design adopted was Federer’s
augmented blocks, with one replication within the
location. The plots consisted of four 5-m-long rows,
spaced 0.30 m, with sixty seeds per meter sowed either
manually or by machine. To evaluate GY, the two
central lines were harvested, and first and last 0.50
m of each row were not used; then, the grains were
weighed after dried, with values corrected for 13%
humidity. For PH, the average of three readings of the
distance from the base of the plant to the end of the
panicle, at full maturity, was recorded. The yield trials
of the Sy, progenies were performed similary to those
in technical recommendations for the crop, but fungal
diseases were not chemically controlled to allow for
selection of S, progenies with genetic resistance.

Analyses of joint variance, including locations
within each cycle, were performed according to the
linear model: yijm = B Flitbiattntim T timct it Eijims
where y;n 1s the observation of genotype i, in block
J, in location k, belonging to type m; p is the constant
inherent to all observations; I, is the fixed effect of
location k (k=1, 2, ..., K); by, is the fixed effect of block
j (=1, 2, ..., J), in location k; t,, is the fixed effect of
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type m (M=2, with a group of progenies and another
of checks); gim is the effect of genotype i (progenies
of random effect and checks of fixed effect) in type
m (i=1, 2, .., P, P+1, P+2, ..., P+C, where P is the
number of progenies and C is the number of checks),
considering g, ~ NID(0,5.); tln is the fixed effect of
the interaction between type m and location k; gy is
the random effect of the interaction between genotype
iand location k, considering gl, ~ NID(0, o;)); and &ijm
is the average experimental error associated with the
ijkm™ plot, considered as independent and identically
distributed, under NID(0, 6?).

Based on the mathematical expectation of the mean
squares with the inclusion of all locations per cycle,
the following variance components and genetic and
phenotypic parameters were estimated, using the
expressions: error variance among plots (6%), 6° = MS, ;
variance of the progeny X location interaction
(63,65 = (MS, —MS,)/k;; genetic  variance
among  progenies S, (c),6, = (MS, ~MS,)/k,;
phenotypic variance among averages of progenies
S,,(07),6: =MS, /k,; and broad-sense heritability
coefficients among  averages of  progenies
Sz (h2), ﬁ% = (5. /67)100. In these expressions, MS; is

Table 1. Location, cultivars used as checks, and number
of progenies in each selection cycle (3, 4, 5, and 6), in the
yield trials of Sy, progenies of the CNA6 upland rice (Oryza
sativa) population.

Description Number of progenies

3 4 5 6

Location (geographic coordinates)®
Santo Antdnio de Goias, GO (16°40'S, 49°15'W) 1 1 1 1
Primavera do Leste, MT (5°33'S, 54°17'W) 1
Sinop, MT (11°52'S, 55°29'W) 1 1
Vilhena, RO (12°44'S, 60°08'W) 1
Teresina, PI (05°05'S, 42°48'W) 1
Paragominas, PA (02°59'S, 47°21'W) 1

Check
BRS Primavera 1

Guarani 1

Carajas 1
BRS Bonanga 1
BRSMG Curinga 1
BRS Sertaneja 1
220 92 114 6l

—_ = =
—_ = =

Progenies Sy,

(WBrazilian states: Go, Goias; MT, Mato Grosso; RO, Rondonia; PI, Piaui;
and PA, Para.
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the mean square of Sy, progenies; MS;; is the mean
square of the interaction between progeny and location;
and k, and k, are the values of the coefficients associated
with the estimate of the variance component in the
expressions E(MS,, ) =’ +ko, and E(MS,) =¢’ +k,07,
resulting from the unbalanced experimental data set.

In order to estimate these parameters, the confidence
intervals (CI) were obtained for (1-0)=95% probability,
according to Burdick & Graybill (1992), since the
size of the sample directly affects the precision of the
estimates (Souza Junior, 1989).

Estimates for the parameters -coefficients of
experimental and genetic variation, in percentage, and
of the b-variation index were also obtained according
to Vencovsky (1987). For each cycle, selective
accuracy (I,), was estimated using the expression
t, =(1-1/F)", where F is the value of the variance
ratio associated with the combined analysis of variance
(Resende & Duarte, 2007). For each pair of locations
per cycle, Pearson’s correlation coefficient was
estimated, which is used to phenotypically correlate
the averages among genotypes (1), which include S,
progenies and checks. The t-test was used to determine
the significance of the correlations, associated with
(n - 2) degrees of freedom. All the statistical analyses
were performed with the SAS software (SAS Institute
Inc., Cary, NC, USA) through the GLM, Varcomp, and
IML procedures.

Results and Discussion

The analysis of variance of GY and PH showed
satisfactory experimental precision in the four cycles
of recurrent selection due to the low magnitudes of the
coefficient of experimental variation (CV,), similar to
those found for upland rice crop by Costa et al. (2002)
and Bueno et al. (2012). Greater estimates of the CV,
were obtained for GY, which was expected, because
this trait is the one of more complex genetic inheritance
and is strongly affected by the environment (Table 2).

Differences were observed for the effect of
progenies in cycles 3, 5, and 6 for GY (Table 2). The
significant contrasts and high amplitudes among the
So. progenies, 10% superior ( P,)and 10% inferior (P,),
in all cycles, are an indicative of the presence of
favorable genetic variability in the population. The P,
averages were above those of the checks in cycles 3,
5, and 6, highlighting the potential of the population
to generate transgressives for GY. Since GY is
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correlated to several other traits and diseases were not
chemically controlled, one of the possible reasons for
the higher P_averages is the higher genetic resistance
of the Sy, progenies to diseases, especially rice blast
(Magnaporthe grisea), responsible for the greatest
losses in rice (Wang & Valent, 2009).

For PH, differences were found regarding the effect
of progenies in all cycles, evidencing a significant
contrast among the averages of the progenies. The
amplitudes among the P, and P averages were
uniform, considering the first and the last cycle for PH
(Table 2). Just as for GY, it is possible to infer that the
genetic variability for PH was also maintained in the
population throughout the recurrent selection cycles.

The effect of the progeny X location (PXL)
interaction was nonsignificant only in cycle 4 for
both traits (Table 2). The effect of the PxL interaction
may interfere in the selection of superior progenies
with high adaptability, if the interaction to be of
the crossover type, which is an indicative of the
inconsistency in the superiority of genotypes among
environments (Vencovsky & Barriga, 1992). For both
traits evaluated, the effect of the check x location
(CXL) interaction was more evident than that of the
PxL interaction on the interaction behavior with the
environment — possibly due to the genetic nature
(degree of endogamy) of the genotypes (progenies or
lines). According to Cockerham (1963), this can be
explained by the fact that the genotypic variance within
So progenies — which would be equivalent to the F4
generation for the allelic frequency of 0.5 — is close to
3/4 of the additive variance and 3/8 of the dominance
variance. However, genetic variance within endogamic
lines, corresponding to the checks, is equal to zero.

For both traits, the CIs associated with the
estimates of genotypic variance among Sy, (o)
progenies were consistent, since the estimates differed
statistically from zero (<0.05), indicating good
precision (Table 3). A higher number of samples allows
obtaining more precise estimates (Souza Junior, 1989).
However, in the present study, the estimates for the
CI were not significantly affected by the number of
samples, even in cycles 4 and 6 in which fewer S,
progenies were evaluated (Table 1). Therefore, it is
possible to infer that the genotypic variance among
S¢» progenies was maintained during the selection
cycles for GY and PH. These results indicate that no
genetic derivation was observed when samples of
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superior genotypes were selected for recombination
in each cycle; or, in case genetic derivation occurred,
the genotypic variance among S, progenies may have
been maintained due to the rupture of genic blocks
through the recombinations performed in each new
cycle (Bearzoti & Vencovsky, 2002).

The ClIs associated with the estimates of the PxS
(G;) interaction for GY and PH, as well as those
related to o;, were consistent throughout the cycles,
except in cycle 4 (Table 3), in which &} showed a
negative CI for PH, being considered equal to zero. For
PH, although the estimate of &7, did not show negative
CI, it had a high amplitude. The inconsistency of the
ClIs for the estimates in cycle 4 was attributed to the
absence of a significant effect and to the low number
of degrees of freedom related to the PxL interaction.
Overall, a good precision was observed for the
estimates, with relatively uniform amplitudes of the
ClIs throughout the four cycles of recurrent selection.
The high 67, detected and the significance of the effect
of the PxL interaction (Tables 2 and 3) are indicators
of the different behavior of the S,, progenies among
locations, for both traits.

The estimates of the broad-sense coefficient of
heritability among the averages of the S,, progenies
(ﬁg ), were precise throughout the selection
cycles, based on their low CIs for GY and PH.
The exception was cycle 4 for GY, in which ﬁg
did not differ statistically from zero (¢=0.05) due to the
strong effect of residual variance (5*) (Tables 2 and
3). The magnitude of the ﬁ% obtained in the present
study for both traits (Table 3) is similar to those found
in other works with upland rice crops (Colombari Filho
et al., 2013; Ahmad et al., 2015; Tuhina-Khatun et al.,
2015).

The parameter b-variation index is important
as a way to work around the limitation of the CVg
and to help in carrying out inferences based on the
coefficient of heritability (Vencovsky & Barriga,
1992). This parameter quantifies the proportion of
genotypic variance in relation to residual variance,
without the average effect, in which the b-values equal
or superior to the unit are indicative of a favorable
situation for selection (Vencovsky, 1987). Regarding
GY, the lowest estimate was detected in cycle 4 (0.53)
due to the great effect of residual variance (%),
as already described. Cycle 6 was the most favorable
for selection because the b estimate was greater than
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the unit (1.36), which allows predicting significant
genetic gain in GY for the next recurrent selection cycle
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(Table 3). As to PH, the b estimates, as well as those of

B% and CVg, remained relatively constant throughout

Table 2. Summary of the combined analysis of variance of each recurrent selection cycle, with their respective coefficients
of experimental variation (CV,), overall average, averages of the Sy, progenies, averages of the 10% superior and 10%
inferior Sy, progenies, and average of the checks for the traits grain yield and plant height of the CNA6 upland rice (Oryza

sativa) population.

Source of variation Cycle 3 Cycle 4 Cycle 5 Cycle 6
DF MS DF MS DF MS DF MS
Grain yield (kg ha™)
Location (L) 2 10,011,354.4%* 1 4,017,605.4*%* 1 354,071.7 2 24,938,004.7**
Block/L 30 480,891.3** 8 426,148.2™ 18 650,498.1%* 9  248,618.1™
Type (T) 1 10,533,850.6%* 1 24,418,580.5%* 1 13,005,201.4** 1 4,729,564.4%*
Genotype (G)/T 221 709,667.6%* 94 287,463.6™ 116 733,422.1%* 63 1,116,792.1%*
Progeny (P) 219 644,997.8** 91 271,409.5m 113 548,931.8%* 60  972,145.4%*
Check (C) 2 7,827,404.5%* 3 774,436.8* 3 7,715,082.4** 3 4,165,054.0%*
GxL 442 453,200.0%* 94 158,254.0" 116 438,116.0%* 126 700,709.7%*
PxL 438 409,058.1%* 91 158,874.6™ 113 416,725.6* 120 536,580.3**
CxL 4 5418,924.3** 3 139,430.2" 3 1,485,685.7** 6 3,966,764.9%*
TxL 2 23,729,177.8%* 1 1,326,908.9* 1 554,082.2™ 2 77,579.6™
Error 59 228,134.0 24 186,537.8 52 233,364.1 25 166,322.2
CV, 18.26 18.57 13.97 12.42
Overall average 2,615 2,326 3,459 3,285
Average of the 10% superior Sy, progenies 3,493 2,892 4,310 4,220
Average of Sy, progenies 2,567 2,174 3,309 3,218
Average of the 10% inferior S, progenies 1,705 1,538 2,121 2,042
Average of checks 2,919 3,036 3,794 3,582
Plant height (cm)
L 2 19,235.4%* 1 1,799.9%* 1 4,783.8** 2 20,378.7**
Block/L 30 34.2m 8 53.3™ 18 109.5%* 9 54.2m
T 1 1,455.1%* 1 227.9*% 1 372.4%* 1 734.7%*
G/T 221 85.3%* 94 97.0%* 116 136.3%* 63 102.1%*
P 219 77.0%* 91 75.0* 113 109.9%* 60 89.9%*
C 2 992.0%* 3 765.2%* 3 1.127.5%* 3 346.3%*
GxL 442 42.6%* 94 43.5™ 116 94.7%* 126 68.9%*
PxL 438 42.1%* 91 40.1m 113 65.7* 120 70.2%*
CxL 4 98.2%* 3 146.3* 3 1,184.0%* 6 38.3m
TxL 2 1,038.1%* 1 444 1** 1 9.9 2 939.3**
Error 59 227 24 327 52 429 25 24.6
CV, 4.85 5.16 5.52 4.95
Overall average 98.1 110.7 118.5 102.3
Average of the 10% superior Sy, progenies 108.4 122.3 132.6 113.4
Average of Sy, progenies 98.7 111.3 119.4 103.3
Average of the 10% inferior S, progenies 88.1 99.4 103.8 93.1
Average of checks 94.5 108.7 116.7 98.8

DF, degrees of freedom; and MS, mean squares. “Nonsignificant. * and **Significant by the t-test, at 5 and 1% probability, respectively.
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the selection cycles, but with a lower estimate for cycle
4 due to the greater experimental error () and to

Table 3. Estimates of the genetic and phenotypic parameters
for the traits grain yield and plant height of the CNA6 upland
rice (Oryza sativa) population in four selection cycles and
their respective superior (SL) and inferior (IL) limits of
confidence intervals®.

Parameter Cycle 3 Cycle 4 Cycle 5 Cycle 6
Y Y y v
Grain yield (kg ha™)

SL 214,592.2 667,578.3 338,369.6 4943113
G, 144,709.2 45,185.4 173,770.8 293,592.5
IL 105,540.2 15,410.1 111,736.7 198,769.5
SL 371,881.5  -29,991,760.99  528,258.6 669,016.8
o 188,423.3 29,454.0 201,806.6 404,697.9
IL 120,034.6 -5,862.8 106,967.9 272,283.6
SL 339,366.5 361,007.4 355,652.8 316,931.7
52 228,134.0 186,537.8 233,364.1 166,322.2
IL 163,910.5 113,730.8 164,906.5 102,298.1
SL 77.08 66.19 73.83 91.66
ﬁg 64.63 31.27 57.49 82.89
IL 48.00 23.60 33.61 68.03
Cv, 14.82 978 12.59 16.84

b 0.81 0.53 0.90 1.36
L, 0.80 0.56 0.76 0.91

Plant height (cm)

SL 26.44 55.06 66.23 46.21
G, 18.86 22.55 36.86 23.81
IL 14.28 13.19 24.08 15.26
SL 37.18 8.022.90 104.32 90.53
oy 20.21 7.88 25.05 49.83
IL 13.05 1.57 11.01 32.92
SL 33.74 63.23 65.69 46.86
5> 22.68 32.67 42.91 24.59
IL 16.29 19.92 30.23 15.12
SL 80.92 78.58 76.05 86.66
h 70.55 56.45 60.94 72.66
IL 56.71 21.69 38.85 48.91
CV, 4.40 427 5.09 472

b 0.91 0.83 0.91 0.97
L, 0.84 0.75 0.78 0.85

=2 - - - — -
G, , genetic variance among progenies Soz; Gil , variance of the

progeny x location interaction; 62, residual variance; h2, broad-

sense heritability coefficients among averages of S, progenies; CV,,
coefficient of genetic variation; and b, variation index; and f , selective
accuracy. Cycle 3: k;=0,960, k,=2,881; Cycle 4: k,=0,939, k,=1,878; Cycle
5: k,=0,909; k,=1,817; Cycle 6: k;=0,915, k,=2,745. @Negative estimates
were considered equal to zero.
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the presence of a strong PxL interaction. Therefore,
it is possible to conclude that the genotypic variance
observed in the last recurrent selection cycle, for both
traits, represents the possibility of selection gains in
the next cycles.

For autogamous species (Menezes Junior et al.,
2008; Breseghello et al., 2009; Niu et al., 2010; Benites
& Pinto, 2011; Morais Junior et al., 2015), recurrent
selection has shown good results both for high- and low-
heritability traits. Long-term genetic gains in recurrent
selection are a result of the continuous increase in
the frequency of favorable alleles in the population,
pointing the average values of the population to the
desired direction. However, the genetic variability of
the traits subjected to selection should not be reduced
to allow selection. In a study using simulation, Bearzoti
& Vencovsky (2002) found genetic gains in more than
36 recurrent selection cycles for a low-heritability trait
(10%), with effective size equal to 20, i.e., 20 progenies
(So.1, Soo, Or superior generations) recombined in a
circular diallel mating design. This result indicates the
possibility of genetic gains with recurrent selection
during a long period, even in populations with a
small effective size, probably because recurrent
selection promotes the rupture of genic blocks, which
increases both the frequency of some favorable genetic
combinations and the available genetic variability.
However, it is necessary to recombine samples with
an adequate effective size, which take into account the
genetic parentage among the selection units, in order
to maintain the genetic variability of the recurrent
selection populations. In the case of recurrent selection
programs for rice, which use male sterility and S,
(Ne=1) seeds for recombination, the size of this sample
is equal to 50 progenies (Morais Junior et al., 2015).

Resende & Duarte (2007) recommend adopting
genetic and statistical approaches for progeny tests.
The authors also suggest using selective accuracy
(1, ) to assess the efficiency of the inferences on the
genotypic values of the evaluated genotypes and as
a measure of the degree of experimental precision.
The 1, estimates for GY showed values considered
moderate, in cycle 4, and very high, in cycle 6 (Table
3). Regarding PH, the t, values were considered
high for all cycles. It was observed that 1, estimates
presented a direct relationship with the ﬁ%, CV, and
b estimates; the same explanation applies for the
magnitude of all four parameters. Resende & Duarte
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(2007) showed that the parameter selective accuracy
is more adequate than the coefficient of experimental
variation to evaluate experimental precision in trials
for progeny testing, since these are associated with
greater genotypic variance and lower residual variance.
High magnitudes of the mean squares of the GxL
interaction (MSg;) were detected for all pairs of
locations, except for two pairs: the municipality of
Primavera do Leste, in the state of Mato Grosso, and the
municipality of Vilhena, in the state of Rondonia; and
the municipality of Santo Antonio de Goias, in the state
of Goias, and the municipality of Sinop, in the state of
Mato Grosso (cycle 4), all in Brazil (Table 4). Although
most of the estimates of phenotypic correlation among
averages (1) were significant, all of them showed
low magnitudes due to the lack of correlation among
genotype (Sy, progenies and controls) performance
and locations, both for GY and PH, evidencing the
strong presence of GXL interaction of crossover type.
Therefore, this type of GxL interaction is another
factor that may have been affected by the variance
components and, possibly, the selection gains in the
population. The GXL interaction is considered one of
the main limiting factors to the response to selection
and, in general, to the efficiency of the genetic
breeding programs aiming the average performance of
genotypes, since, in upland rice, reducing the effects
of the GxL interaction is important, because lines that
are widely adapted, and not specific to locations or
regions, are targeted (Colombari Filho et al., 2013).
The GY averages of the S, progenies in cycles
5 and 6 were greater than those in the first cycles,
which indicates the possible genetic progress of the
trait (Table 2). However, for PH, the results were not
as favorable, since the averages of the S, progenies
remained constant throughout the selection cycles,
which probably did not contribute to increase the
average lodging tolerance of the population due to
the lower frequency of short plants. This is possibly
attributed to the recombination performed in the field
with the male-sterility gene, where the tallest, fertile
male plants, originated from segregation within
progenies, were favored by the dispersion of pollen in
relation to the lowest, fertile male plants, contrary to
selection aiming lower PH. Therefore, when genetic
male sterility is used, removing the taller plants
(roguing) is recommended during the recombination
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of the population, in order to assure the expected
response to selection for PH.

The breeding program for recurrent selection of
upland rice of Embrapa aims to genetically improve the
populations for a geographic region thatis characterized
by diverse soils and climatic conditions (Breseghello
et al., 2011; Colombari Filho et al., 2013). Therefore,
in the next selection cycles, even if genetic variability
is maintained for GY and PH in the CNA6 population
due to the strong effect of the GXL interaction, it is still
necessary to increase the number of replications and
locations in order to obtain selection gains superior to
those of previous cycles (Morais Junior et al., 2015),
even when satisfactory selection gains are reached.
The reason do to this is to increase the heritability
among the averages of progenies and, consequently,
the expected response to selection (Bernardo, 2010). In
addition, changing locations should be avoided during
selection cycles, since indirect selection may make
null or reduce genetic gain due to the low correlation
among genotype performance and locations.

Table 4. Estimates of the mean squares of the genotype X
pair of locations interaction (MSg,) and of the phenotypic
correlation of genotypes ( 1, ) among pairs of locations (A,
and A,), for grain yield and plant height of the CNA6 upland
rice (Oryza sativa) population, in each cycle of recurrent
selection.

Cycle  Location® Grain yield (kg ha™) Plant height (cm)
A A MSa. I MSa. I

3 SAG PRI 517,004.50**  0.08™ 34.86™ 0.25%*
3 SAG VIL 384,000.60*  0.05™  46.79** 0.15*

3 PRI VIL 326,007.50"  0.22%*  44.60* 0.23%*
4 SAG SIN 158,874.60"  0.21**  40.07™ 0.26**
5 SAG TER 416,725.60%  0.18** 65.66* 0.27**
6 SAG SIN 677,458.48**  0.10™ 83.75* 0.20"
6 SAG PAR 394,141.83*  0.26%*  40.32™ 0.07m
6 SIN PAR 553,398.48**  (0.17**  87.78** -0.13*
Mean 0.16 0.16

MSAG, Santo Antonio de Goids, in the state of Goias; PRI, Primavera do
Leste, in the state of Mato Grosso; SIN, Sinop, in the state of Mato Gros-
so; VIL, Vilhena, in the state of Rondonia; TER, Teresina, in the state of
Piaui; and PAR, Paragominas, in the state of Para, all in Brazil. For MSg,,
* and **Significant by the F-test, at 5 and 1% probability, respectively;
and, for T.: * and **Significant by the t-test, at 5 and 1%, respectively.
"Nonsignificant.
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Conclusions

1. The genetic variability of the CNA6 upland rice
(Oryza sativa) population regarding grain yield and
plant height is maintained during the four cycles of
recurrent selection.

2. The progeny x location interaction affects the
estimates of genetic parameters, and the crossover
type is predominant.
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