Combining ability and selection of wheat populations
for a tropical environment
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The selection of segregating populations with the potential for
derived lines is essential for breeding programs. The present
work analyzes the potential of tropical F, wheat (Triticum aes-
tivum L.) populations originated from complete diallel cross
combinations. For this purpose, eight tropical wheat cultivars
were combined in a complete diallel design in 2019 after F,
seeds were multiplied in a greenhouse and the seeds of 56 F,
populations, plus the eight parents, were evaluated in the field
in Vigosa, MG, Brazil in the winter harvest of 2020 using a
simple lattice design (8x8). The trait scores of (1) severity of tan
spot (Pyrenophora tritici-repentis), (2) severity of wheat head
blast (WHB) (Magnaporthe oryzae pathotype Triticum), (3)
days to heading, (4) spike height, (5) and total grain weight of
the plot were evaluated. We performed a diallel analysis using
mixed models to obtain the effects of general combining abil-
ity (GCA), specific combining ability (SCA), and estimation of
population genotypic values. The additive effect predominated
for the control of all traits, except for spike height. There were
greater GCA effects for the set of parental maternal plants.
Heritability, in the narrow sense, ranged from 0.20 (blast) to
0.66 (heading). There was an effect of maternal GCA for all
variables, while for paternal GCA the effect was only for days
passed for head and total grain weight. Populations derived
from the cultivars TBIO Aton, TBIO Ponteiro, and TBIO Sos-
sego had lower disease severity, while the combinations from
BRS 254, BRS 264, and BRS 394 had earlier maturation time.
The most promising combinations to derive lines for the set of
traits were BRS 254 x CD 1303, BRS 394 x TBIO Aton, TBIO
Aton x BRS 254, CD 1303 x BRS 254, and CD 1303 x BRS 264.
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La selecciéon de poblaciones segregantes con potencial para
derivar lineas es esencial para los programas de mejoramiento.
El presente trabajo presenta el potencial de las poblaciones
tropicales de trigo F, (Triticum aestivum L.) generadas a partir
de combinaciones de cruces dialélicos completos. Para ello,
se combinaron ocho cultivares de trigo tropical en un disefio
dialélico completo en 2019 después de multiplicar semillas
F, en invernadero y se evaluaron en campo las semillas de 56
poblaciones F,, mas los ocho progenitores, en la cosecha de
invierno de 2020 en un disefio reticular simple (8x8) en Vicosa,
MG, Brasil. Se evaluaron las variables: severidad de la mancha
amarilla (Pyrenophora tritici-repentis), severidad del tizon
(WHB) (Magnaporthe oryzae pathotype Triticum), nimero de
dias hasta embuchamiento, altura de la espiga y peso total de
grano en la parcela. El analisis dialélico se realizé utilizando
modelos mixtos para obtener los efectos de capacidad com-
binatoria general (GCA), capacidad combinatoria especifica
(SCA) y estimacion de valores genotipicos de la poblacion. El
efecto aditivo predomind para el control de todas las variables,
excepto para la altura de la espiga. Hubo mayores efectos de
GCA para el conjunto de plantas madres progenitoras. La he-
redabilidad, en sentido estricto, oscil6 entre 0.20 (tiz6n) y 0.66
(embuchamiento). Hubo efecto de la CGA materna para todas
las variables, mientras que para la CGA paterna solo para nu-
mero de dias hasta embuchamiento y peso total de grano en la
parcela. Las poblaciones derivadas de los cultivares TBIO Aton,
TBIO Ponteiro y TBIO Sossego presentaron menor severidad
dela enfermedad, mientras que las combinaciones de BRS 254,
BRS 264 y BRS 394 presentaron un tiempo de maduraciéon mas
temprano. Las combinaciones mds promisorias para derivar
lineas para el conjunto de variables evaluadas fueron BRS 254
x CD 1303, BRS 394 x TBIO Aton, TBIO Aton x BRS 254, CD
1303 x BRS 254 y CD 1303 x BRS 264.

Palabras clave: efecto aditivo, analisis dialélico, modelos
mixtos, segregacion de poblacidn, Triticum aestivum L.
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Introduction

Because of its amount of protein and the possibility of
derived products, wheat (Triticum aestivum L.) is an im-
portant part of the human diet. It is currently the main
source of protein and carbohydrates for humans (Shewry
et al., 2016). In this context, wheat corresponds to 30% of
world grain production (United States Department of Agri-
culture - USDA, 2018). In Brazil, wheat production occurs
mainly in the southern region that generated about 90% of
the 6.2 million t produced in 2020 (Companhia Nacional
de Abastecimento - CONAB, 2021). Even so, Brazil needs to
importabout 5.8 million t of wheat (Conab, 2021). Pasinato
et al. (2018) point out that despite the low participation in
the total wheat production, the Cerrado region of Brazil is
a potential for production of this crop, increasing national
production. However, the expansion of agricultural fron-
tiers depends on the generation of cultivars adapted to new
locations, like the Brazilian Cerrado. National expansion
is fostered especially by the participation of wheat in the
country’s food security, since it is an affordable source of
nutrition for a large part of the population, especially those
with low-middle income. In addition, wheat is essential in
sustainable agricultural systems (Hickey et al., 2019).

The plant breeding pipeline depends on the formation
of segregating populations with a potential for selection.
To this end, it is necessary that parental lines concentrate
favorable alleles for the traits of interest, allowing the
production of superior individuals after hybridization
(Fasahat et al., 2016). In breeding programs, several segre-
gating populations are produced and evaluated. However,
only a small portion of them has the potential to obtain
superior genotypes. This slows the progress, because of
unsatisfactory segregating populations requiring work and
resources. Methodologies capable of making the process
more efficient are used, such as genomic selection (Merrick
et al., 2022) or diallel analysis. The latter is more suitable
to the reality of Brazilian public research, since the imple-
mentation of genomic selection is the enormous cost of
genotyping, as well as the need to develop infrastructure
for genotyping thousands of progenies (Juliana et al., 2020).

Diallelic analysis allows studying and selecting the best
combinations of parents through the evaluation of the gen-
erated progenies. This evaluation seeks to identify parents
with a high allelic complementarity. In addition, it allows
the determination of the predominant gene action in the
expression of a trait (Cruz et al., 2014). Some previous stud-
ies describe diallel analysis on wheat (Pimentel et al., 2013;
Pagliosa et al., 2017; Akel et al., 2018; Pelegrin et al., 2020).

The difficulty in obtaining a satisfactory number of seeds
in the F, generation limits the use of robust statistical
designs or a greater number of repetitions. Thus, genera-
tions with a greater seed availability, such as F,, can be
used efficiently in the diallel analysis of wheat, resulting
in accurate predictions (Masood & Kronstad, 2000). There
is also the mixed model methodology, where the use of
the best linear unbiased predictor (BLUP) that considers
components of variance estimated by restricted maximum
likelihood (REML), allows breeders to select and predict
genetic values efficiently and accurately (Resende, 2016).

It is common in wheat breeding programs to evaluate sev-
eral genotypes and select promising ones according to the
main traits of interest. When talking into account a large
number of traits, truncated and indirect selection is limited,
since it becomes efficient only for traits with high genetic
association. With the use of selection indexes, we seek to
obtain simultaneous gains for several traits, facilitating
decision-making for the selection of populations (Céron-
Rojas & Crossa, 2020). In addition, the gains are better
distributed among the set of traits considered important
for selection in the breeding program.

Studies on improvement of tropical wheat in Brazil are still
scarce and contrast with the need to achieve self-sufficiency
in wheat. According to Pereira et al. (2019), the great poten-
tial of wheat in tropical regions requires the development
of genotypes that are adapted to local climatic conditions
and show a desirable agronomic level. Thus, the objective
of this work was to select promising tropical F, populations
of wheat based on estimations of combining ability of elite
parent plants using REML/BLUP.

Materials and methods

Cultivar combinations

For crosses, eight wheat cultivars recommended for culti-
vation in the Brazilian tropical region (Registro Nacional
de Cultivares - RNC, 2022) were selected based on agro-
nomic parameters and technological quality of the flour
(Tab. 1). The cultivars were combined in a complete diallel
design, resulting in 56 hybrid combinations. The crosses
were carried out between August and October 2019 in a
greenhouse belonging to the Departamento de Agronomia
da Universidade Federal de Vicosa, in the state of Minas
Gerais, Brazil.

Generation advance

The seeds from crossings were harvested at physiological
maturity, manually treshed, and stored in a cold chamber.
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TABLE 1. List of wheat parents combined in a complete diallel arrangement to obtain segregating populations.

Code’ Description of parents

? 3 Parents Provenance Release year Class Cycle

A 1 CD 1303 Coodetec 2016 Bread/ Improver Early

B 2 BRS 254 Embrapa 2005 Improver Early

C 3 BRS 264 Embrapa 2005 Bread Early

D 4 BRS 394 Embrapa 2014 Improver Early

E 5 TBIO Aton Biotrigo 2018 Bread Medium

F 6 TBIO Duque Biotrigo 2018 Bread/Bleacher Early

G 7 TBIO Ponteiro Biotrigo 2017 Bread Medium/Late
H 8 TBIO Sossego Biotrigo 2015 Bread Medium

Q: code for maternal parent; & code for paternal parent.

The F, seeds of each combination were sown in February
2020 in a greenhouse to advance the generation and pro-
duction of F, seeds. Harvesting was carried out in mid-May
2020. The spikes were trailed and the F, was sowed in a
field at the beginning of June 2020.

F, population evaluation

The field experiment was carried out during the 2020
winter at the Universidade Federal de Vigosa, Vicosa, MG,
Brazil experimental area (20°45°14”S; 42°52’55”W; 648 m
a.s.l.). The seeds harvested from F, plants (56 F, combina-
tions) and the eight parents comprised the 64 treatments.
These were sown in a simple lattice design (8x8), with 2
replicates. The experimental plots were composed of three
3 m long lines spaced 0.2 m apart, totaling plots of 0.6 m™.
The sowing density was ten seeds per linear meter, that is,
with spaced plants and following the pedigree conduction
method, as used by McVetty and Evans (1980).

Fertilization consisted of 300 kg ha™ of N-P-K (08-28-16)
plus a cover fertilization of 90 kg ha™ of N divided in two
phenological stages, 50% at the beginning of tillering and
50% in the heading phases 21 and 45, according to the scale
of Zadoks et al. (1974). The nitrogen source used urea (46%
N), totaling 200 kg ha"'. Chemical weed control was per-
formed using the active ingredient metsulfuron methyl at
adose of 5 gha™' of the commercial product approximately
20 d after plant emergence. For chemical control of aphids
(Metopolophium dirhodum and Sitobion avenae), the active

TABLE 2. Weather conditions during the growth season.

ingredient acetamiprid was used at a dose of 375 g ha of
commercial product at the post-anthesis phase. For dis-
eases, chemical control was not performed in order to verify
the natural reaction of the genotypes. The experiment was
carried out with sprinkler irrigation according to the water
needs of the genotypes. The climatic conditions of the field
assessment cycle are displayed in the Table 2.

Evaluated traits

The following traits were evaluated: severity of tan spot
(Pyrenophora tritici-repentis) following the scale proposed
by Lamari and Bernier (1989) (1 = resistant, 5 = susceptible),
wheat head blast (WHB) severity (Magnaporthe oryzae
pathotype Triticum) following an adapted scale, initially
proposed by Maciel et al. (2013) (1 = 0%, 12 = 100%). Days
to heading were evaluated in days began from the phase
10 (first leaf appearance after the coleoptile) to the phase
54 (half of inflorescences emerging from the sheath of the
flag leaf) following Zadoks et al. (1974). Spike height was
measured by a ruler graduated in cm from the base of the
plant to the spike insertion, and total weight of dry grains
of the plot was measured in grams using a precision scale.

Statistical analysis

Data were evaluated according to the methodology of
maximum restricted likelihood/best linear unbiased pre-
diction (REML/BLUP). To estimate the variance compo-
nents (REML), predict the genotypic values (BLUP), and
estimate the values of general combining ability (GCA)

Precipitation, Mean temperature,

Month

Maximum temperature,

Minimum temperature, Relative air humidity,

mm °c °c °c %
June 2.60 17.28 18.00 16.61 84.06
July 2.60 17.45 18.18 16.78 82.62
August 21.40 1717 17.97 16.40 78.53
September 30.20 20.64 21.50 19.84 71.67
October 184.40 21.54 22.16 20.97 78.45
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and specific combining ability (SCA), the model 192 of the
software Selegen-REML/BLUP was used (Resende, 2017).
It simultaneously fits one model for crosses and another
one for parents.

The following model was used to adjust intersections:
y=X+Z,+ W, +S;+ T, +e,

where y is the phenotypic vector, c is the fixed effect of the
general mean of crosses, p is the vector of effects of the
general combining ability of paternal (random) parents
(p~N(0, 0%)), m is the vector of effects of general combining
ability of maternal (random) parents (m~N(0,0m)), d is the
vector of effects of specific combining ability of (random)
crosses (d~N(0, 62,)), b is the vector of (random) block
effects (b~N(0, o)), and e is the vector of (random) error
effects and (e ~N(0, 63)). X, Z, W, S, and T are incidence
matrices for their respective effects.

The adjustment of effects of parents was performed using
the following model:

y=X,+H,+T,+e

where y is the phenotypic vector, u is the fixed effect of
the general mean of parents, p is the vector of additive
genetic effects of parents (random) (p~N(0, 0%)), b is the
vector of (random) block effects (b~N(0, ot)), and e is the
vector of (random) error effects (e~N(0, 0%)). X, H, and T
are incidence matrices.

The additive genetic variance (63) was estimated as follows:
62 ={[4/1 + F)] 62 +[4 (1 + F)] 64/2,

where o; is the genetic variance of paternal parents, 6z,
is the genetic variance of maternal parents, and F is the
inbreeding coefficient (F=1).

Variance due to dominance deviations (63) was estimated
according to the formula:

03 =[4/1+F)oZ,,

2 . . Py . o1
where 0y, is the variance of specific combining ability.

Heritability in the narrow sense (lAlﬁ) and dominance (}Alﬁ)
were estimated as follow:

A2 A2

A O3 04
2 2
hn = "y al‘ld hd = "y
OpFZ GpFZ

respectively, where (Aif,Fz is the phenotypic variance of the
populations evaluated.

The genotypic values (GV) of the F, populations were
expressed as:

VG =u+ GCA;+ GCA,,

where u is the general mean of the trait, GCA, is the value
of the general combining ability of parent i, GCA, is the
value of the general combining ability of parent j.

Simultaneous selection on genotype values (GV) of all the
evaluated traits was applied considering the selection of
20% of the superior populations. We calculated the mul-
tiplicative index (Subandi et al., 1973) according to the
following expression:

n
IS(i) = Hj:l Wi,

where I, is the multiplicative index for the populations
i; w;, = x;;— k;, where x;; the observed population value for
population i in trait j (VG), k;is the selection criterion for
the trait j assuming w; = 0, if x;; - k;> 0 for the traits tan
spot, blast, heading and spike height and if x; - k;< 0 for
the trait total weight. The k; is defined as the maximum
or minimum value established for each trait. In this study,
the criterion we adopted was the mean genotypic value of
the trait + genotypic standard deviation. For the traits that
satisfy the condition (k;), the value of the difference x; - k;
is used in productive (IT). Populations that do not meet the
criteria receive a value of zero, making I null, so it cannot
be selected. Statistical analyses were performed using the
software Selegen REML/BLUP (Resende, 2016) and the
graphs were plotted using the software R (R Development
Core Team, 2020).

Results and discussion

Estimates of genetic parameters by REML

Table 3 shows a significance of 5% for the variance between
maternal parents (6Zc.) or for the general combining ability
for maternal parents for all analyzed traits. In turn, consi-
dering the paternal parents, the general ability to combine
paternal parents (6Zcs,), the traits of days to heading, and
total grain weight were significant. The specific combining
ability (6%..) only for the trait spike height was significant.
In general, there is a greater participation of additive effects
in relation to the effects of dominance. This is because
most traits have a higher significance for the effects of
GCA, either by the paternal or maternal parent, than for
the effects of SCA.
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TABLE 3. Estimation of genetic parameters for the traits tan spot (scale), blast severity (scale), days to heading (d), spike height (cm), and total
weight of dry grains (g) in 64 tropical wheat genotypes and average genotypic values of maternal parents (¥) and paternal parents (3).

Parameter Tan spot WHB Days to heading Spike height Total grain weight
Olcam 0.28 0.17 15.03 4.27 1745.85
Occp 0.03 0.00 4,69 0.56 975.31
Oicn 0.01 0.01 2.05 10.51 100150
o 0.00 0.04 0.08 0.05 2746.58

o; 0.32 0.18 21.78 15.32 3722.66
o7 0.31 0.17 1973 482 272116
o7 0.01 0.01 2.05 10.51 1001.50
o; 0.00 0.01 0.18 0.01 16.93
o7 0.92 0.68 797 17.74 7125.84
O 1.24 0.86 29.93 33.08 10865.42
o 092 0.72 8.24 17.80 9889.34
i 0.23* 0.20* 0.50* 013 0.16*
2t 0.03" 0.00" 0.16° 0.02% 0.09*
oo 0.01 0.01" 0.07 0.32* 0.09
Crrens 0.00" 0.06 0.01" 0.00 0.28"
(o3 0.00" 0.01" 0.01™ 0.00" 0.00"
h2 0.25 0.20 0.66 0.15 0.25
h2 0.01 0.01 0.07 0.32 0.09
h? 0.26 0.20 0.73 0.46 0.34
f1a 0.51 0.45 0.85 0.68 0.59
Mean 1.86 1.57 65.91 75.33 48765

Genetic value

Parents Tan spot WHB Days to heading Spike height Total grain weight
? 3 e 3 @ ) ? 3 ? 3

A 210 1.93 1.77 1.57 68.34 66.74 75.33 75.33 54738  541.80
B 2.47 1.86 2.22 1.58 66.51 67.11 77.37 75.40 516.07  508.82
C 2.31 1.99 210 1.58 65.91 65.91 76.64 75.75 520.63  491.46
D 2.88 2.03 1.98 1.58 67.31 66.35 75.52 75.62 48765  487.65
E 2.01 1.90 1.63 1.58 69.60 68.43 75.74 75.46 528.08  521.73

F 218 1.95 1.85 1.58 68.96 67.66 75.94 75.54 502.97  501.63
G 1.86 1.89 1.69 1.58 71.81 67.85 76.24 75.73 508.31 493.98
H 1.94 1.91 1.57 1.57 70.52 68.04 79.23 75.66 49437 497.28
Mean 2.22 193 1.85 1.58 68.62 67.26 76.50 75.56 51318 505.54

* significant and ™ non-significant by the x? test at 5% probability; GGCAmf vamance}\of the GCA of the mateArnaI parents; OGLAP = variance (A)f the GCA of the paternal parents; 0% = vari-
eknzce of the SCA of the 52 populations; G,fm,: genotypic variance betweeg parents; ngf genetic variance; 037 additive genetic variance; 037 dominance variance; 01,27 block variance;
O, = error variance; Gpn phenotypic variance between F, populations; Op.....= phenotypic variance between parents; Cfu, = coefficient for determining the GCA effects of paternal parents
= = coefficient for determlnmg the GCA effects maternal parents C%.= coefficient for determining the SCA effects; Cr.= coefficient for determining the parents effects; G = coefﬂmem
for determining the block effects; h2= narrow-sense heritability; hi= heritability of values due to deviations in dominance; h broad-sense heritability; f..= accuracy; A= CD 1303; B= BRS
254; C= BRS 264; D= BRS 394; E= TBIO Aton; F= TBIO Duque; G TBIO Ponteiro; H= TBIO Sossego; WHB= wheat head blast.

178 Agron. Colomb. 40(2) 2022



Both heritability in the narrow sense (ﬂﬁ) and in the broad
sense (h) obtained the highest values for the trait days to
heading. Such heritability, according to Resende (2002),
is considered moderate (0.15 < h® < 0.50) and high (h* >
0.50). According to the classification proposed by Resende
and Duarte (2007), the selective accuracy is classified as
moderate (0.40 < fi < 0.65) for tan spot, blast, and total
weight, and high (0.65 < fi. <0.85) for days to heading and
spike height.

The decomposition of the phenotypic variance component
of the F, populations (63,) (Tab. 3) into genetic variance
(0%), additive genetic variance (0z) and genetic variance due
to dominance deviations (07) allows verification of a greater
participation of additive effects in all traits with the excep-
tion of spike height, for which the variance of dominance
effects had the highest proportion. Ljubicic et al. (2017)
demonstrated predominant dominance effects when study-
ing productive variables in diallel analysis. When identify-
ing and selecting superior genotypes, oz is a fundamental
component to quantify the potential of populations (Cruz
et al., 2014). Its greater participation in the composition of
genetic variance allows using direct strategies to increase
the frequency of favorable alleles to a given trait. This also
happens with the presence of the significance of GCA ef-
fects in comparison with non-significant effects of SCA. In
this sense, it is noteworthy that 98.1% of variation effects
for the trait tan spot severity are due to GCA effects (6Zcan
+ Occsp), which is similar to blast severity (97.70%), as well as
days to heading (90.40%), and total grain weight (73.10%).
Spike height, in turn, differs from the others. There is a
greater share of effects of specific combining ability 0%, in
relation to GCA effects with ok, corresponding to 68.5%
of the variation. There are similar results when analyzing
wheat productivity (Pimentel et al., 2013; Pagliosa et al.,
2017), plant height, and days to heading (Akel et al., 2018).

Estimates of GCA and SCA

Figure 1 shows the estimates of the effects of general com-
bining ability (GCA) of each parent for each trait, whereas
Table 3 shows the means of each parent. Although with
different magnitudes, there was agreement between the
estimates of GCA effects for parents considering maternal
and considering paternal parents.

There were negative effects of GCA for the two disease se-
verity traits, tan spot and blast, for the parents CD 1303 (A),
TBIO Aton (E), TBIO Dugque (F), TBIO Ponteiro (G), and
TBIO Sossego (H). They ranged from -0.03 (TBIO Aton)
to -0.58 (TBIO Ponteiro) (Fig. 1A) and from -0.09 (TBIO
Dugque) to -0.39 (TBIO Sossego) (Fig. 1B) for tan spot and
blast. Still, among the traits in which negative GCA effects
are desired days to heading (Fig. 1C) the group of parents
belonging to the breeder company, Embrapa and Coodetec
showed negative GCA effects. These effects ranged from
-0.01 (CD 1303) to -4.23 (BRS 264). For spike height (Fig.
1D), only the parent TBIO Sossego had no negative GCA
effect considering both paternal and maternal parents. The
CD 1303, TBIO Aton, and TBIO Duque parents showed
negative GCA effects simultaneously for both maternal
and paternal parents.

In general, the effects of specific combining ability (SCA)
were of low magnitude (from -0.01 to 0.01) for both tan
spot severity (Fig. 2A) and WHB severity (Fig. 2B). Popu-
lations with negative SCA effects and the presence of at
least one parent with a negative GCA for these traits stood
out among ten F, populations for severity of tan spot and
five F, populations for severity of WHB (BI, C1, C8, D5,
and D7). For days to heading, 25 F, populations showed a
negative SCA effect (Fig. 2C) that varied from -0.03 (A3)
to -1.72 (G3). The total variation of the negative SCA ef-
fects for spike height was -7.99 (G2) to 4.39 (B5) (Fig. 2D).
However, when targeting populations with negative SCA
effects and at least one parent with a negative GCA, 24
populations stood out. The trait total grain weight (Fig.
2E), combining positive SCA and GCA effects, comprises a
group of 20 promising F, populations with a SCA variation
from 1.00 (F5) to 24.47 (A7).

The estimate of SCA of parents (A1, B2, C3, D4, E5, F6, G7,
and H8) (Fig 2A-E) showed an alternation of signals: for
tan spot and WHB, the SCA was zero. However, for days
to heading, the parents Al, D4, E5, and G7 had a positive
SCA, and the others had a negative SCA. For the trait spike
height, the parents who had positive SCA were D4, F6, G7,
and H8, while for total grain weight, the parents with posi-
tive SCA were Al, C3, E5, F6, and HS.
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total grain weight (E) of eight tropical wheat parents by diallel analysis via REML/BLUP.
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FIGURE 2. Specific combining ability (SCA) for tan spot severity (A), whea head blast-WHB severity (B), days to heading (C), spike height (D), and
total grain weight (E) of eight tropical wheat parents by diallel analysis via REML/BLUP.
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Considering paternal parents, the lack of significance of
GCA effects for some traits (Tab. 3) showed that the mean
number of favorable alleles is similar between genotypes.
This may be because the parents used here were commercial
cultivars with already desirable agronomic traits; therefore,
they already shared a set of favorable alleles. The SCA was
expressed as a function of deviations in dominance and
genetic diversity between parents. Although there was
diversity between parents, the non-significance of SCA
effects for tan spot, WHB, days to heading, and total grain
weight could have been the result of a small contribution
of dominance effects on the expression of traits in the
evaluated generation (F,) in which heterosis was reduced
to half its initial value. Low contributions are stressed by
the low values of h by Pimentel et al. (2013), who also did
not observe a heterotic effect for productivity, although
other authors observe this in studies with durum wheat
(Akel et al., 2018).

In the improvement of self-pollinated species such as wheat,
the final selected progenie plants are homozygous lines,
which suggest the additive effects explained by the value
of heritability in the narrow sense }Alﬁ. Non-additive effects,
such as dominance deviation effects, make improvement
more complicated since their expression occurs in hetero-
zygous individuals. Along with the advance of generations,
heterozygosity reduces by half. Thus, the effects of additive
predominance reported in this work are satisfactory for
obtaining superior lines, confirmed by observing the values
of h2. Elias ef al. (1989) evaluate F, and F, populations of
wheat and observe a h2 mean of 0.73 for tan spot, a value
higher than that reported in the present study. However,
the generations considered in that study have a higher
degree of homozygosity, in which effects due to deviations
in dominance become insignificant, remaining only ad-
ditive effects. Juliana et al. (2020) find resistance to WHB
in 1.11 accessions of wheat from the germplasm bank of
the International Maize and Wheat Improvement Center
(CIMMYT) in different environments, and they report a h?
ranging from 0.49 to 0.87. Previous research analyze the h2
days to heading and plant height. The latter is correlated to
spike heightin F, poPulations of wheat (Afridi et al., 2017),
observing values of h of 0.35 for days to heading and 0.45
for plant height. Pimentel et al. (2014), in turn, studying the
h2of grain productivity in F, populations of tropical wheat
report a h2 of 0.01, lower than that of the present study.

Selection based on GCA and SCA

Considering that scales of tan spot and wheat head blast
(WHB) scores used in the study considered resistant
plants those with the lowest scores, we recommend the
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selection of parents with a negative GCA. Thus, the
maternal parents TBIO Aton, TBIO Ponteiro, and TBIO
Sossego (Fig. 1A-B) contributed more to reduce the mean
of severity scores of tan spot and WHB. When those
parents participated in crosses as pollen-donor parents,
there was a greater probability to give rise to superior-
health populations. In contrast, the genotypes from
Embrapa (BRS 254, BRS 264, and BRS 394) showed GCA
effects with greater negative magnitudes (Fig. 1C), for an
earlier maturation cycle. Casagrande et al. (2020) report
similar results when studying the genetic diversity of 32
tropical wheat genotypes. The cultivars from Embrapa
show earlier maturation when comparing to cultivars
from Biotrigo seed company, in contrast, those with a
long cycle showed greater health.

With respect to spike height and total grain weight (Fig.
1D), only the parents CD 1303 and TBIO Aton had the ef-
fects of paternal GCA and maternal GCA. It was negative
for spike height; however, a height reduction is desired for
these parents in order to avoid lodging, especially in irri-
gated areas of the Brazilian Cerrado (Richards et al., 2019).
The result was also a positive GCA for total grain weight
(Fig. 1E). GCA refers to the mean performance of the par-
ent present in hybrid combinations. Thus, it is associated
with genes with additive effects; in turn, SCA designates
cases in which hybrid combinations are superior or inferior
than expected based on the mean parents performance and
their gene complementarity, since SCA depends on genes
with dominant effects and on their interactions (Fasahat
et al., 2016).

The estimation of parent’s SCA effects is relevant because
it becomes an indicator of the existence or not of unidirec-
tional dominance. SCA values are negative when domi-
nance deviations are predominantly positive; otherwise,
they are positive (Cruz et al., 2014). The discrepancy in
the SCA values of parents observed in the present study
for the traits days to heading, spike height, and total
grain weight, (that is, positive and negative values of
SCA) points to the absence of unidirectional dominance
for these traits. Therefore, dominant and recessive genes
determine the traits.

The aim of breeding programs is based not only on the im-
provement of one trait but also the selection of progenies
that present the combination of desirable traits. However,
depending on the number of genes that control a trait, it
becomes difficult to find a homozygous genotype that in-
cludes all genes for all selected traits. Thus, it is necessary
to select segregating populations that have such desirable
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traits, such as populations that have desirable SCA effects
for each trait and that bring together at least one of the
parents with desirable GCA effects (Chagas et al., 2019).

In this sense, three combining populations have desirable
SCA effects (Fig. 2) for most selected traits, namely, Bl
(BRS 254 x CD 1303), D5 (BRS 394 x TBIO Aton), and
E2 (TBIO Aton x BRS 254). Bl and D5 combine the traits
WHB lower severity, days to heading, spike height, and
total weight, while the F,E2 population differs in relation
to the first trait: it is resistant to tan spot. Another six
F, populations stand out for combining SCA effects for
three other traits, as follow: A2 (CD 1303 x BRS 254), A4
(CD 1303 x BRS 394), A7 (CD 1303 x TBIO Ponteiro), F2
(TBIO Duque x BRS 254), F3 (TBIO Duque x BRS 264),
and G1 (TBIO Ponteiro x CD 1303). Different previous
studies report efficiency in the use of diallel analysis to
select promising wheat populations (Sharifi et al., 2019),
so it is worth recommending these populations.

Simultaneous selection

As a second criterion for selecting the most promising
populations, the genotypic value (GV) shown in Table 4
in which the simultaneous selection methodology used
is based on the method of Subandi et al. (1973). Adopting
a selection pressure of 20%, 13 best populations were se-
lected, the gain with selection was suitable for all traits:
6.84% for tan spot severity, -5.98% for WHB severity,

0.00% for days to heading, -1.37% for spike height, and
6.28% for total grain weight with a total gain of 20.57%.

The average of the selected populations (X;) was 2.13 tan
spot severity, 1.77 for blast severity, 76.988 cm for spike
height, and 561.86 g for total weight. Considering the sever-
ity scales proposed by Lamari and Bernier (1989) (tan spot)
and by Maciel et al. (2013) (WHB), these selected popula-
tions are considered resistant or moderately resistant. The
average of the populations selected for heading, 0of 69.573 d,
is inferior to commercial cultivars CD 1303, BRS 254, BRS
264, BRS 394 and TBIO Duque that are considered early
cycle (Tab. 1). The superior performance of these selected
F, populations, even in a state of segregation, demonstrates
the potential for derivation of superior lines since there are
of transgressive individuals.

When considering the simultaneous selection by Subandi
et al. (1973) and the selection based on the values of GCA
and SCA, the populations F, A2 (CD 1303 x BRS 254), A4
(CD 1303 x BRS 394), A7 (CD 1303 x TBIO Ponteiro) and
E2 (TBIO Aton x BRS 254) were selected on both ways.
These populations have desirable genetic values for all
traits, i.e., values of tan spot and WHB severity, days to
heading, and plant height below the general mean, and
total grain weight above the mean of the populations.
Therefore, the selection for the derivation of lines is
promising.

TABLE 4. Estimates of original average (X,) and average of selected populations (Xs), selection differential (SD), selection gain (SG), and selection
gain in % (SG%) in the simultaneous selection for 10 superior tropical wheat populations F, for the traits: tan spot severity (%), wheat head blast-

WHB severity (%), days to heading (d), spike height (cm), and total grain weight (g).

Trait X, X SD SG SG%
Tan spot 2.30 213 -0.16 -0.07 -6.89
WHB 1.88 1.78 -0.11 -0.06 -5.61
Days to heading 69.57 69.21 -0.36 -0.01 -0.52
Spike height 78.06 76.59 -1.47 -0.02 -1.88
Total weight 528.64 564.41 35.77 0.07 6.77
Total 2067
Population Tan spot WHB Days to heading Spike height Total grain weight
CD 1303 215 177 69.57 75.74 612.28
CD 1303 x BRS 254 2.02 1.84 68.93 75.98 565.11
CD 1303 x BRS 264 2.27 1.83 67.48 7744 549.47
CD 1303 x BRS 394 2.32 1.82 67.88 76.60 553.94
CD 1303 x TBIO Aton 213 1.79 7114 75.66 574.34
CD 1303 x TBIO Ponteiro 210 1.80 70.09 76.42 577.97
TBIO Aton x CD 1303 2.05 1.72 69.96 77.52 592.31
TBIO Aton x BRS 254 1.95 1.65 69.70 76.93 543.73
TBIO Aton x BRS 264 2.09 1.67 68.32 77.21 523.26
TBIO Dugue x BRS 254 2.23 1.91 69.06 76.36 551.68
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Conclusions

The additive effect predominates in the genetic control of
tan spot severity, blast severity, days to heading, and total
grain weight. The effect resulting from dominance devia-
tions predominates in the genetic control of the trait spike
height. There are greater GCA effects for the set of maternal
parents compared to GCA effects for the set of paternal
parents. Populations derived from the parents TBIO Aton,
TBIO Ponteiro and TBIO Sossego have a greater potential
for obtaining superior lines with lower disease infection,
while populations from the parents BRS 254, BRS 264, and
BRS 394 have a greater potential for showing early matura-
tion cycle lines. The most promising populations to derive
lines for the set of traits evaluated are BRS 254 x CD 1303,
BRS 394 x TBIO Aton, TBIO Aton x BRS 254, CD 1303 x
BRS 254 and CD 1303 x BRS 264.
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