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Abstract: Popcorn crop is distinguished by its higher profitability when compared to the
common maize. Nevertheless, it has a scarce amount of information and a genetic material
resistant to foliar diseases that affect the crop. In view of the mentioned conditions, this
work aimed at evaluating popcorn Ss lines, coming from different genealogies, for
resistance to B. maydis. The experiment was conducted at a greenhouse in augmented
block designs, with four blocks, and 78 lines from 13 genealogies were evaluated. The L-
55, L-70, L-77, L-88, P-01, and P-08 lines were considered as controls and repeated in
all blocks. The incidence of B. maydis in the plant was evaluated at 7 days, and the
severity in the leaf, at 7 and 14 days after inoculation. The data of lines were subjected to
analysis of variance; and the means were discriminated by the t-student test, considering
as resistant the lines whose means did not differ from zero. With the purpose of evaluating
the merits of the populations originated from the lines, the Ss4 lines were grouped,
following each genealogy, using boxplot graphs. Regarding the leaf severity, there was a
significant effect for both evaluations, proving there was variability among the different
lines. In the first evaluation, 83.3 percent of the lines reported means statistically equal to
zero; after 14 days, the percentage decreased to 37.2 percent. In the second evaluation of
severity, lines resistant to B. maydis obtained from SE 013, SAM, PR 023, PARA 172,
PA 170 R, PA 091, CHZM 13 134, BOZM_260, ARZM 07 049 could be identified.
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Introduction

Of all the so-called "special maize", the
popcorn stands out for its great profitability, being
responsible for its impact on different economic
areas related to agribusiness, apart from being a
high-quality nutritional and functional food,
exclusively aimed at human consumption (Freitas
et al., 2013; Paraginski et al., 2016).

Even though Brazil is the second largest
producer of popcorn, its production does not attend
the domestic consumer market, being, hence, one
of the crops with a high growth perspective in the
country. Even being a promising market, the
popcorn crop has been the target of very few
studies aimed at optimizing its yield. To achieve
this goal, alternatives such as developing more
productive cultivars, able to generate a final
product of better quality (Silva et al, 2013;
Vittorazzi et al., 2013; Vieira et al, 2017;
Guimaraes et al., 2018), have been pursued. One of
the challenges to reach these aims is to obtain
genotypes more adapted to biotic and abiotic
stresses which directly affect the productivity of
culture (Kurosawa et al., 2017; Santos et al., 2017a;
Santos et al., 2017b; Schwantes et al., 2017;
Gabriel et al., 2018; Coan et al., 2018).

Special attention should be given to foliar
diseases, such as the Cercosporazeae-maydis
Tehon and Daniels, Puccinia polysora Underw,
Physopellazeae (Mains) Cummins & Ramachar,
Exserohilum turcicum (Pass.) K. J. Leonard and
E. G. Suggs, and Bipolaris maydis (Nisik. and
Miyake) Shoemaker (Casela et al., 2006; Sabato
et al., 2013; Santos et al., 2017b). These diseases
attack plants damaging foliar tissues and
reducing the photosynthetic area, interfering in
characters related to crop yield and grain quality
(Nihei and Ferreira, 2012). The Southern corn
leaf blight, caused by B. maydis, has raised
concerns about maize farming, mostly in
popcorn, because of the high severity of the
disease in crops with susceptible genotypes
(Huang et al., 2010; Altafet al., 2016).

The plant breeding program is a relevant
control strategy for the incidence of B. maydis in
maize, allowing evaluation, selection, and
recombination of genotypes resistant to the
pathogen (Mubeen et al., 2017). As a general
issue, the breeding programs for the crop present

two aspects: the obtaining of breeding populations
and the obtaining of hybrids. In both cases, genetic
material higher than the ascendants is searched
(Paterniani and Miranda Filho, 1978; Arnhold,
2008). In this regard, studies that aim at evaluating
and characterizing genotypes are significant for
the wunderstanding genetic variability in
germplasm banks, mainly when they refer to
resistance to foliar diseases for the popcorn crop
(Kurosawa et al., 2017). One limiting factor
behind such evaluation is that the acquisition and
evaluation of inbred lines, to obtain hybrids in a
crop, is a slow process that demands great
financial investment (Marcondes et al., 2015).

On this point, the evaluation and empirical
selection of partially inbred lines is a viable
alternative to reduce the number of families
throughout the study, saving resources. Another
way is the use of designs that make it possible to
efficiently evaluate a number of genetic materials,
even with restriction of resources and/or genetic
material (Peternelli et al., 2009; Ribeiro et al.,
2016). The augmented block design allows
evaluating the treatments with only one
replication in the experiment, enabling the
evaluation of a large number of treatments;
consequently, it is of great importance for the
plant breeding programs. At first, it was
developed for the sugarcane breeding, but it has
been used successfully in other crops (Federer,
1956; Peternelli et al., 2009; Arnhold et al., 2010).

Therefore, this study aimed at evaluating
the potential of popcorn Ss lines from different

genealogies concerning resistant to southern corn
leaf blight.

Material and methods

This research was carried out at the
Universidade Estadual do Norte Fluminense
Darcy Ribeiro, in Campos dos Goytacazes City,
Rio de Janeiro State, Brazil. The trial was
conducted in a greenhouse in the augmented
block design of Federer (Federer, 1956), with
four replications and six controls. The design was
selected by restrictions as to the number of seeds
available for planting. Eighty-four popcorn lines
were evaluated, 6 lines — L-55, L-70, L-77, L-88,
P-01, P-08 — considered controls, repeated in all
blocks, and 78 lines in S4, based on single
randomized plots along the blocks (Table 1).
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Table 1. Description of the origin of the open-pollinated population and of the number of popcorn S4 lines

from each population.

Name O.f the Number ?f Origin of the population

population evaluated lines

ARZM 05 083 3 Centro Internacional para el Mejoramiento de Maiz y Trigo - Argentina
ARZM 07 049 6 Centro Internacional para el Mejoramiento de Maiz y Trigo - Argentina
ARZM 13 050 7 Centro Internacional para el Mejoramiento de Maiz y Trigo - Argentina
BOYA 462 2 Centro Internacional para el Mejoramiento de Maiz y Trigo - Colombia
BOZM 260 13 Centro Internacional para el Mejoramiento de Maiz y Trigo - Bolivia
CHZM 13 134 2 Centro Internacional para el Mejoramiento de Maiz y Trigo - Chile

PA 091 8 Universidade Estadual de Maringa - Brazil

PA170 R 4 Centro Internacional para el Mejoramiento de Maiz y Trigo - Paraguay
PARA-172 6 Centro Internacional para el Mejoramiento de Maiz y Trigo - Paraguay
PR-023 7 Universidade Estadual de Maringa — Brazil

SAM 9 North American landrace (USA) - South American variety

SE-013 9 Universidade Estadual de Maringa — Brazil

URUG-298 2 Centro Internacional para el Mejoramiento de Maiz y Trigo - Uruguay
Total 78

During the study, 5-liter plastic pots filled
with substrate — soil:sand:cattle manure in a ratio
of 2:1:1 — were placed within the greenhouse.
Four seeds were planted in every pot and, after
the emergence of seedlings, a thinning was
carried out, removing less vigorous plants, until
two plants per pot were obtained, composing
then one experimental unit.

The introduction of the pathogen was via
inoculation with three isolates of B. maydis
fungus, when plants reached the V4 phenological
stage (presenting four expanded leaves, with
collar, ligule, and visible auricles), in accordance
with Santos et al. (2016). The inoculum applied
consisted of a solution of conidia in a
concentration of 2 x 10* conidium. mL™, adjusted
with a hemocytometer, with the addition of
polyoxyethylene-sorbitan monolau-rate (Tween
20, Sigma Chemical Co) in the proportion of 1
drop L', to guarantee better coverage and
humidification of the leaves by the inoculum
suspension. The inoculation was by spraying the
suspension on the plant up to the point of draining.

Seven days after inoculation, the incidence
of leaves with Southern corn leaf blight was
quantified by the ratio between the number of
leaves with disease symptoms and the number of
total leaves of the plant. Seven and fourteen days
after inoculation, the severity of Southern corn leaf
blight in leaf was determined, visually estimated
with diagrammatic scale aid (James, 1971).

The incidence and severity data were
submitted to analysis of variance by the F test
using the Genes software (Cruz, 2013). The
adjusted phenotypic values of severity of the S4
were evaluated by the t-student test, for
comparative purposes, estimating the critical
value of't, from which the line means differ from
zero. The adjusted phenotypic data of the S4 lines
were used to infer the potential of the families;
for such, boxplot graphs were built (Bussab and
Morettin, 2017) applying R CORE TEAM (2016)
statistical software.

Results and discussion

It was made possible, by analysis of
variance, to evidence a significant difference
between the lines for severity at 7 days, and for
severity at 14 days, demonstrating the variability
existing between the different genetic materials
evaluated, with regard to resistance to Southern
corn leaf blight. Meanwhile, for the incidence of
B. maydis, no significance was found in the
difference between the lines (Table 2). The
variability observed between the lines in both
severity evaluations points to the possibility of
gains with the selection for this characteristic,
allowing the selection of lines with a high level
of resistance to Southern corn leaf blight.

The non-significant result for the variable
incidence implied in the omission of the genetic
parameters calculation. The non-significance
for incidence requires equal levels of disease
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distribution in the leaf, hence, it must be
inferred that the inoculation practiced was
efficient in causing symptoms in the entire
plant. In this respect, what will distinguish the
genotypes will be the area affected by the
pathogen, that is, the severity. For these
variables, values of 63.14 and 74.89 were
obtained for the coefficient of genetic variation,

and values of 1.13 and 2.58 for the coefficient
of relative variation, correspondingly, for
severity at 7 and 14 days (Table 2). The values
of more than 1 for the relative coefficient of
variation (CVr) reflect the possibility of
reaching gains with genetic breeding
(Vencovsky, 1987), suggesting high genetic
variability in the genotypes evaluated.

Table 2. Summary of analysis of variance and estimates of genetic parameters for incidence and severity of
Southern corn leaf blight (Bipolaris maydis), in tests of popcorn S4 lines in an augmented block design.

S . Degree of Mean Square
ource of Variation Freedom - - :
Incidence Severityat 7 days Severityat 14 days
Blocks 3 1056774.00 0.23 0.65
Treatments (Adjusted) 83 128.24" 0.15% 1.36**
Controls (C) 5 593.26%* 0.25%* 4.22%%*
Lines (L) 77 94.00" 0.14%* 1.18%*
C.vs L. 1 439.73™ 0.06" 0.92%*
Error 15 1614382.00 0.07 0.16
Overall Mean 38.25 0.48 1.41
ControlMean 41.97 0.52 1.58
LineMean 37.10 0.46 1.36
CVe 33.21 54.32 28.06
Cvg -- 63.14 74.89
CVr -- 1.13 2.58

ns, * and **, respectively, non-significant at 5 %, significant at 5 % and significant at 1 % by the F test; CVe =
Coefficient of experimental variation; CVg = Coefficient of genetic variation; CVr = Coefficient of relative variation.

In the first evaluation, severity after 7
days, it was noted, by means of the
discrimination of the lines, that 83.3 % of them
reported means statistically equal to zero. Only
16.7 % had means other than zero, being
URUG-298-2, URUG-298-1, SE-013-5, PR-
023-4, PR-023-3, PARA-172-6, PARA-172-2,
BOZM-260-8, BOZM-260-2, BOZM-260-1,
ARZM-13-050-5, ARZM-07-049-3,  and
ARZM-05-083-3, considered as susceptible to
the pathogen (Fig.1. A). With regard to the
genealogies of the popcorn S4 line, only SAM,
PA-170-R, PA-91, CHZM-13-134, and BOY A-
462 showed all the resistant lines, with means
equal to zero, by test t.

As a result of the second severity
evaluation, an increase in the disease severity
was identified in the majority of the lines,
resulting in a higher percentage of susceptible
lines. From the 78 lines, 37.2% displayed means
equal to zero, and 62.8% were considered to be
susceptible to B. maydis. Given the result of the

second severity evaluation, resistance potential
could be identified in the following lines: SE-
013-1, SE-013-2, SE-013-5, SE-013-6, SE-013-
7, SE-013-8, SE-013-9, SAM-4, SAM-6, SAM-
7, PR-023-3, PR-023-5, PR-023-6, PARA-172-
1, PARA-172-3, PARA-172-4, PA-170-R-1, PA-
170-R-2, PA-091-1, PA-091-2, PA-091-4, PA-
091-5, PA-091-6, PA-091-7, CHZM-13-134-2,
BOZM-260-5, BOZM-260-9, BOZM-260-10,
and ARZM-07-049-4. The potential for
resistance to B. maydis, reported in genotypes
from the PARA-172, BOZM-260, and ARZM-
07-049 breeds, was also confirmed by Kurosawa
et al. (2017); nevertheless, the authors state a lack
of information referring to the resistance to
diseases in the popcorn genotypes in the
Brazilian germplasm study.

With regard to the 13 genealogies from
which the evaluated S4 lines were obtained, it
could be noticed that there is variability within
the families for Southern corn leaf blight
incidence (Fig.2. A).
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Figure 1. Popcorn S; lines means evaluated in the augmented block design: A) Severity of Bipolaris maydis
in the first evaluation, and B) Severity of Bipolaris maydis in the second evaluation. Lines that display bars
with magnitudes lower than the line have a mean statically equal to zero.
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Figure 2. Distribution of popcorn lines as regards resistance to Southern corn leaf blight, grouped according
to the families of origin, for Bipolaris maydis incidence (A), Bipolaris maydis severity at 7 days (B) and

severity at 14 days (C).

There was a high incidence of leaves
showing symptoms of the disease, with the
ARZM-05-083 population being the only one
that presented the distribution of lines with less
incidence: all below 35%. In the other
genealogies, there was a greater variability in the
distribution of lines as regards incidence.

The occurrence of variability itself does not
reflect negatively on the potential of the families
for resistance to Southern corn leaf blight. It does
evidence the need to obtain lines and evaluate
them, when working with these families in
breeding programs, in order to select those with
the best performance concerning biotic stress of
interest in the study.

For instance, in PA-091, PA-170-R, PR-
23, and SE-013, the results indicated that it is

possible to obtain lines with Southern corn leaf
blight incidence below 20%, a value even lower
when compared with more resistant lines
originating from ARZM-05-083.

Taking into account the severity of B.
maydis in the leaf, considered in the first
evaluation, the formation of three clusters was
observed with respect to the distribution of lines
by genealogy: URUG-298, SE-013, BOYA-462,
and CHZM-12-134 presented a symmetrical
distribution tendency; ARZM-05-083, ARZM-
07-049, ARZM-13-050, PA-091, PA-170-R,
PARA-172, and SAM with right asymmetry; and
a third group, formed by BOZM-260 and PR-
023, showed an asymmetry to the left (Fig.2. B).
There was a smaller number of genotypes with
left asymmetry. Meanwhile, this result indicates
that the mean of these genotypes (genealogy) is
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below the median, so existing, great potential for
resistance in these families.

During the second evaluation, at 14 days, a
symmetrical distribution tendency could be
noticed in ARZM-05-083, BOYA-462, BOZM-
260, CHZM-13-134, PA-170-R, and URUG-298.
Asymmetry to the right was found in ARZM-07-
049, ARZM-13-050, PA-091, and PARA-172,
and asymmetry to the left, in PR-023; SAM, and
SE-013 (Fig.2., C). A larger number of families
with a tendency to symmetrical distribution were
noted. Even in S4, the possibility of exploring the
line potential is made clear in popcorn breeding
programs. Being this culture, in general, more
susceptible to pests and maize diseases, lacking,
thus, improved varieties in the area of resistance
to foliar diseases (Arnhold, 2008), the present

work becomes even more relevant. Therefore, the
acquisition of inbred lines from the previously
related accesses, with resistance potential, and
their use will be worth a lot in the development of
new cultivars of popcorn for the Brazilian
agribusiness.

Conclusions

From all the lines evaluated herein, sources
of resistance to Southern corn leaf blight caused
by Bipolaris maydis were detected. Lines coming
from the families SE 013, SAM, PR 023,
PARA 172, PA 170 R, PA 091, CHZM 13
134, BOZM 260, and ARZM 07 049 showed
potential to be explored in popcorn breeding
programs aiming at obtaining resistance to the
Bipolaris maydis.
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