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Selection of maize top-crosses for different
nitrogen levels through specific combining ability
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ABSTRACT: An alternative to increase yield without raising the
production costs and minimizing the dependence of agricultural inputs
is the development of maize genotypes presenting high nitrogen (N)
use efficiency under low N level conditions. Thus, the objective of
this study was to estimate the specific combining ability of maize top-
crosses under high and low nitrogen (N) conditions and to select high-
yielding hybrids for both conditions. The grain yield of 110 top-cross
hybrids was evaluated in 2012 in two locations in the Brazilian Midwest.

Partial diallel analysis was performed with the adjusted means of each
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ofthe individual top-cross analyses. Specific combining ability (SCA)
of the hybrids and their interaction with N levels was estimated for
each location. The mean grain yield of the 11 hybrids selected by the
highest SCA estimates for high and low N was higher than the controls
mean in approximately 330 and 241 kg-ha™. These results demonstrate
that the selection for each environment was efficient and reveals the
possibility of developing new hybrids for the Brazilian Cerrado region.
Key words: Zea mays L., diallel, hybrid combination, nitrogen use

efficiency.
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INTRODUCTION

Nitrogen (N) fertilizer is usually applied to maize
(Zea mays L.) fields, resulting in marked increases in yield.
Low N availability is a major cause of yield loss in maize
in developing countries (Oliveira et al. 2017). This occurs
because of high prices of nitrogen fertilizer and farmers’
low purchasing power in these countries, which results in
most maize farming conducted under nitrogen deficiency
conditions. Therefore, developing maize cultivars with
tolerance to low N is the most effective and sustainable
approach to mitigate the problem of low N (Ribeiro et al. 2018).

An alternative to increase yield without raising the
production cost and minimizing the dependence of
agricultural inputs is the development of maize genotypes
presenting high nitrogen use efficiency under low N level
conditions, allowing greater farming sustainability. Maize
cultivars more efficient in N use can be obtained by the
selection of superior genotypes, since there is genetic
variability for the nitrogen use efficiency in maize (Silva
etal. 2008; Soares et al. 2009; Souza et al. 2008; Souza et al.
2009).

Obtaining and evaluating inbred lines is the costliest
and most time consuming step in any maize hybrids
development program (Miranda Filho and Viégas 1987).
One way to speed up the process and reduce program costs
is by obtaining top-cross hybrids from partially inbred
lines. It is possible to reduce the time and cost of achieving
these hybrids, since the production system requires fewer
successive self-fertilizations and a smaller area for obtaining
and multiplying the lines, reaching the market faster and
maintaining higher yield when compared with inbred lines.

After acquiring the lines, they must be evaluated for
the combining ability. The relative merit of partially inbred
lines can be evaluated by means of top-cross, which allow to
select superior agronomic performance lines when crossed
with a common tester, making the development of hybrids
more rational and efficient (Ferreira et al. 2010; Cancellier

etal. 2011; Guedes et al. 2011), with the advantages of ease
in obtaining the crosses and being able to evaluate a large
number of lines occupying smaller area (Ferreira et al. 2009).

Given this scenario, the objective of this study was to
estimate the specific combining ability of partially inbred
lines under high and low nitrogen (N) conditions and to
select promising lines for obtaining high-yielding hybrids
for both conditions.

MATERIAL AND METHODS

Five base populations were evaluated, from which
partially inbred lines were extracted (Table S1). Of these,
11 partially inbred S, progenies were extracted from each
base population using the self-fertilization method, as
described by Borém (2009). In each population, 100 S,
plants were selected, based on vigor and type, and later
self-fertilized, with only upright plants being harvested.
In each population, the top 11 S, lines were selected to
be evaluated in top-cross. The process of self-fertilization
of the plants was carried out during the 2011 off-season.

Top-cross hybrids were obtained from two isolated cross
fields, where the lines were intercalated with the testers.
Two testers (T1, commercial single hybrid with good yield
potential; and T2, equal mixture of S progenies) were used.
Top-cross hybrids were obtained during the 2011/2012
harvest. We obtained 110 hybrid progenies, called top-
crosses, which were used in the evaluation trials together
with the five base populations and six controls. The controls
used were the BR 106 variety and BRS 1010, XB 9003, XB
8010, DKB 390 and Omega hybrids, in addition to each of
the populations initially used.

The trials were installed in the 2012 off-season, in
the municipalities of Dourados and Caarap6, State of
Mato Grosso do Sul. In Dourados, trials were installed
at the Experimental Farm of Agricultural Sciences of the
Federal University of Grande Dourados (UFGD), located at

Table S1. Cycle, texture and grain color and company holding the base populations used for extracting inbred progenies.

Population Material Type Cycle Grain color Grain type Company
BP (01) UFGD 1 Variety Early Yellow/Orange Semi-dent -
BP (02) BRS Sol-da-manha Variety Early Orange Flint Embrapa
BP (05) BRS 3035 Triple hybrid Super-early Orange Semi-dent Embrapa
BP (07) DKB 789 Double hybrid Early Yellow/Orange Semi-flint Dekalb
BP (13) AG 30A91 Single hybrid Early Orange Semi-flint Agromen
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Lat22°14’02” S, Long 54° 59’ 177 W and 406 m of altitude. In
Caarap¢, the trials were conducted at Urtigdo Farm, located
at Lat 22°38°45” S, Long 55° 00" 28” W and 482 m of altitude.
According to Képpen classification, the climate in this region
is Cwa, characterized by a humid mesothermic climate with
warm summers and dry winters, with temperatures below
18 °Cin the coldest month and exceeding 22 °C in the hottest
one, and an average cumulative rainfall of 1,427 mm.

The high N environment was characterized by fertilization
of 120 kg-ha! N, applying 20 kg-ha! at sowing and 100 kg-ha!
as top-dressing. To the low N environment, a fertilization
of 20 kg-ha' N at sowing was performed. In every situation
it was not used topdressing. The experimental design was
11 x 11 lattice with two replicates. The experimental unit
consisted of five-meter lines, spaced 0.90 m between rows
and 0.20 m between plants, for the trials in Dourados. In
Caarapd, the spacing was 1.0 m between rows and 0.18 m
between plants. The difference between row spacing and
plant density at each site occurred in function of the seeder
used. However, the plant population remained constant at
both sites (55,556 plants-ha™).

The experimental area of Dourados was in tillage system
and the sowing was performed manually on February 15,
2012, using two seeds per groove. The experimental area of
Caarap6 was grown under no-tillage system, and the sowing
was carried out in succession to soybean crop. Sowing was
performed manually on March 9, 2012, using two seeds per
groove. In both locations, sowing fertilizer with 20 kg-ha' N,
50 kg-ha' K and 50 kg-ha' P were carried out, according
to the recommendations made by Sousa and Lobato
(2004), using the formulated 08 — 20 - 20 + 0.4% Zn. The
thinning of the crop was performed to maintain a stand of
55,000 plants-ha'. The first nitrogen top-dressing was
performed when the maize plants had four to five fully
expanded leaves, and the second when the plants had eight to
ten fully expanded leaves. The other cultural practices were
carried out according to the technical recommendations
for maize growing (Alvarenga et al. 2010).

To evaluate the grain yield (GY, kg-ha), the ears of
the central rows were harvested manually and threshed
to determine the grain weight and humidity, correcting
the humidity to 13%.

The joint analysis of variance was performed according
to the statistical model below (Eq. 1):

Yijk=P+Ti+E1+B,-

+ Rk(l) +TxE, + i | (1)

(kI) ijk

where Y, is the observation in the j-th block within the
k repetition, evaluated in the i-th treatment and 1-th
environment; y is the overall mean of the trial; T, is the
effect of the i-th treatment considered as fixed; E, is
the effect of the 1-th environment considered as random;
B, is the effect of the j block within the k repetition within

the j environment; R, is the effect of the k repetition

k(1
within the | environme(n)t; TxE, is the random effect of the
interaction between i treatments and 1 environment; e,
is the random error associated with the Yo observation.
In the joint analysis, the source of variation for entries
was partitioned into top-cross, controls and their contrast,
and the interaction of these with the environments were
deployed. Moreover, the sums of squares of top-cross were
partitioned for each of the testers and the contrasts between
them. The interactions between these and N levels were
performed. The sums of squares of the environment were
partitioned into locations and N levels and their contrasts.
Furthermore, it was estimated specific combining ability
(SCA) for the top-cross x location and top-cross x N
interactions according to method 4 of Griffing (1956),
adapted for partial diallel in multiple environments (Ferreira
et al. 1993). Subsequently, the index of coincidence was
calculated among the 11 top-crosses evaluated under high
and low nitrogen availability (N) at both sites. Analysis of
variance were performed using the SAS statistical software
(Sas Institute Inc. 2004), while the diallel analysis was
performed using the Genes software (Cruz 2013).

RESULTS AND DISCUSSION

Entries effects (ET) was partitioned into top-cross (TC),
controls (C) and TC x C interaction effects (Table 1). There
was significance for TC, C and TC x C, indicating that, on
average, the top-cross differed from controls for grain yield.
Medici et al. (2005), Fernandes et al. (2005), Cancellier
etal. (2011) and Guedes et al. (2011) found similar results.
There was significant effect for environments (E), reflecting
on significant location (L) and N levels (N) effects; however,
there was no significant contrast for L vs N. This indicates
that the L and N influence the yield grain of the genotypes,
although there is no association between these effects.
The ET x E interaction was not significant. However, it is
important to mention that this effect was tested with the
presence of 11 commercial controls recommended for
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the region. Thus, this interaction was partitioned into
TCx L, TCxN, CxLand C x N. The TC x L interaction
was not significant, which, according to Locatelli et al.
(2002), is advantageous, since it reduces the correlation
between the phenotype and its genotype by restricting the
validity of inferences about the behavior from the point of
view of breeding and quantitative traits inheritance.
There was significant interaction only between TC x N,
which indicates differential performance of the top-cross
hybrids in response to the N availability, a fact confirmed

Table 1. Joint analysis of variance for grain yield (kg-ha®) of 110 top-
cross hybrids and six controls evaluated in low and high nitrogen
(N) conditions in Dourados-MS and Caarap6-MS.

Sources of variation  Degrees of freedom Mean Square
Environments (E) 3 65381495.40**
Locations (L) 1 110377265.75**
Levels (N) 1 79751670.13**
LvsN 1 6015550.41"
Entries (ET) 120 4078829.50**
Top-cross (TC) 109 256426790**
Controls (C) 10 20995433.00**
TCvsC 1 54038598.05**
ETxE 360 98213710
Top-cross (TC) x L 109 1077616.33
SCAxL 109 874913.47ns
Top-cross (TC) x N 109 1902442.27*
SCAxN 109 2572482.79*
Controls (C) x L 10 34263710
Controls (C) xN 10 386971.95™
Error 480 1242473.00
Location Low N
Caarap6 4069.54
Dourados 488792
Mean 447873
Location High N
Caarapo 476761
Dourados 5287.69
Mean 5027.65
Overall mean 4748.09
Coefficient of variation (%) 19.47
Location High/Low (N)
Lattice efficiency Caarapo 129.73/136.72
Dourados 121.91/116.22

ns, **and *: not significant and significant at 1 and 5% probability level by
the F test, respectively.

by the significant SCA x N interaction. This shows that
the parents have, among themselves, an appreciable degree
of gene complementation in relation to the frequencies of
the alleles in the loci that have dominance (Cruz et al.
2012). Similar results were found by Medici et al. (2005),
who reported the existence of the interaction “genotype x
levels of N” to the maize grain yield. According to these
authors, in environments with high N availability, additive
genetic effects show slightly more importance than non-
additive genetic effects, and additive and non-additive
genetic effects show similar importance in environments
with low availability of N.

There was no significant among SCA x L interaction,
evidencing that the deviations from behavior of hybrids
were similar over the evaluated environments. On the
other hand, there was a significant SCA x N interaction,
indicating that alleles donated by the testers, in a determined
N level, cannot contribute in the same way in another N
level. Moreover, Fidelis et al. (2007) reports that the alleles
in controlling yield under abiotic stress conditions are
different from those under optimum conditions.

Table 2 shows the estimates of SCA and grain yield for the
11 top-crosses evaluated under high and low N. Significant
estimates of SCA reveal that the hybrid combinations selected
showed, in general, significant deviations from the average
behavior of the parents, both in low and high N conditions
(Cruz et al. 2012; Do Vale et al. 2012). The 11 top-crosses
selected presented, in addition to high grain yield, high
estimates of significant SCA (p < 0.01) in both N availability.
High SCA for the grain yield trait is an indication that
populations generated from these parents may be useful
in interpopulation breeding for obtaining lines that, when
crossed, could generate more heterotrophic hybrids (Hallauer
and Miranda Filho 1988). The predominance of non-additive
effects for this trait has already been reported in the literature
(Fuzatto et al. 2002; Pfann et al. 2009).

Only the top-cross hybrid 4 was selected for high and
low N, leading to an index of coincidence of 9.1% between
the top-crosses selected for each environment. This indicates
that the improvement for each N availability should be done
separately. This hybrid showed an average grain yield of
4,452.94 kg-ha'! in low N availability, exceeding the mean
for the trait when evaluated in high N availability condition
(4,328.23 kg-ha!). This indicates that the top-cross hybrid
4 is not responsive to nitrogen fertilization, being more

suitable for cultivation by farmers of low technological level,
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Table 2. Estimates of specific combining ability (SCA) and grain yield (GY, kg.ha?) for 11 top-crosses evaluated under high and low nitrogen

(N) availability at two locations.

High N LowN
Top-cross SCA GY Top-cross SCA GY
98 820.03** 6085.99 4 709.56** 445294
58 718.42** 5688.04 6 700.74** 4754.77
10 711.19** 5868.64 94 647.44** 5209.70
52 70779** 5071.46 48 608.17** 5130.94
91 642.64** 6010.04 99 583.66** 4658.38
87 628.80** 5232.06 30 548.61** 326375
75 593.88** 5407.56 24 543.23** 3851.59
71 536.89** 4912.78 97 531.60** 4406.07
4 520.65** 4328.23 106 461.82** 5220.14
19 446.80** 4931.61 31 436.72** 476727
69 42752** 5812.44 90 436.60** 4064.55
Mean 5555)5,.315 Mean 4525.46
Control mean 5065.88 Control mean 4284.28
**: significant at 1% probability level by the t-test.
or even in low-input agriculture, reducing the production ~ AUTHORS’ CONTRIBUTION

cost (Fageria et al. 2007).

It is important to note that the grain yield mean of
the 11 hybrids selected by the highest SCA estimates for
high and low N was higher than the controls mean in
approximately 330 and 241 kg-ha, respectively. These
results demonstrate that selection for each N availability
was efficient and reveals the possibility of developing new
hybrids for the Brazilian Cerrado region.

CONCLUSION

The mean grain yield of the 11 hybrids selected by the
highest SCA estimates for high and low N was higher than
the controls mean in approximately 330 and 241 kg-ha™'.
These results demonstrate that the selection for each
environment was efficient and reveals the possibility of
developing new hybrids for the Brazilian Cerrado region.
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