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ABSTRACT

Ear rot caused by fungi of genus Fusarium (FER) is one of the potentially harmful diseases to grain quality in maize.
Given the capacity to produce mycotoxins, FER presents a risk to food $hfstgtudy sought to identify parents
and indicate hybrids of popcorn with a higher level of resistance to the incidence and severity of FER. Hybrids were
produced from the crossing of 15 lines in S7 generation and 5 testers. The hybrids, together with the parents and five
more genotypes used as control, were evaluated in a field trial. It was used a randomized block design arranged in 10
x 10 lattice. Data were submitted to analysis of variance by the F test (p < 0.05) and then by the mean grouping test of
Scott Knott (p < 0.05). The results showed the possible to explore new sources of resistance to FER among germplasm
evaluated. Both additive and non-additive gerfect$ are important in FER resistan@e. obtain gains in FER
resistance, the development of popcorn hybrids should consider the use of parental lines with low means of severity
and good general combining ability
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INTRODUCTION the climate chnge scenario predicted for years to come

Ear rot caused biusarium spp(FER) is a harmful (Medinaet al, 2017), the development and cultivation of
disease for maize cultivation, with the possibility ofPlants resistant to FER may contribute to the maintenance

reducing the average grain yield by between 10 and 30%food safety
(Logriecoet al, 2002). Besides losses in grain quality ~Accordingly, eforts have been made worldwide to
another source of concern is the mycotoxin productidifvelop common maize cultivars with a higher level of
(fumonisins), which have been associated with thi&sistance to rot (Haet al, 2016; Nerbasst al, 2016;
development of liver diseases in humans, and heart failut@dalet al, 2019). When the focus is on special maize,
and neural paralysis in domestic animals (Ross$, 1990; however especially for popcorn, it is observed studies
Missmeret al, 2006). are less frequent. Even though concerns about food safety
Growing more resistant varieties Fusarium spp are greater for common maize, some countries have
infection has been one of the strategies to reduce earregulated minimum quality standards for the
and, consequentiithe accumulation of mycotoxins in commercialization of popcorn grains regarding the
grains (Horneet al, 2016; Santiaget al, 2020). Given accumulation of mycotoxins (Anvisa, 2011), thereby
that food safety is put at risk by the accumulation gfroving that increasing phytosanitary quality is also a
mycotoxins in grains, a factor that tends to worsen witthallenge for ppcorn producers.
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For developing maize cultivars resistant to FER, the The UENF 14 population is the result of
investigation of simple hybrids from the cross of linesntrapopulation recurrent selection from the UNB2
pre-evaluated as superior has been pointed out papulation (Amaral Junicet al, 2013). The inbred lines
promising, both for common maize and for popcormsed in this study were obtained from successive self-
(Lanubileet al, 2017; Gabriekt al, 2018).To obtain fertilizations of hundreds of plants in UENF 14 population
hybrids, different breeding strategies can be implementestarting in 2012. Selections were made along the process
with genetic designs in diallel and testcrosses beirfgr greater yield and popping expansion, resulting in a
frequently adopted. The use of complete diallel has provétile more than ten lines in S7 stage.
to be efficient for the exploration of popcorn hybrids, and Concerning the testers utilized, four of them are
for the identification of promising parents for breedingharacterized as of narrow genetic base: L270, P1, L70,
programs (Schwantex al, 2017). Howevetthe use of and L651; and the othaf broad genetic baseARA 172
this genetic design is limited when the focus is on workingopulation. The choice of a broad-based tester was due
with a larger number of parents, since it makes the procdssthe fact that this type of tester serves as a basis to
of evaluating progeny laborious and cosiliie use of better infer the general combining ability of female parents
partial diallel has been adopted as an option for th{®liranda Filho, 2018). Moreovghe RARA 172 population
evaluation of a greater number of parents in hybrid crossSg8IMMYTMA 4157 access) refers to an open-pollinated
in common maize, allowing estimating the general angopulation, which is pointed as a source of alleles of
specific combining ability of these parents and hybridsgesistance to ear rot (Solalinéeal., 2014).
in a less onerous way to breeding programs. For narrow-base testers, line L651 is derived from the

It is believed that among collections of tropicalARZM 13 050 population of a local breed frémrgentina.
germplasm, there are populations that are sources of allélégs population is described in the Cimmyt database as
to FER resistance but, the genetic prospection of themoderately resistant to ear rot (Cimmyt, 2019). The L70
alleles are only beginning in tropical regions. For exampléne originates from the BR&ngela population, developed
the use of partial diallel for crosses in popcorn, with thiey Embrapa Milho e Sorgo (Embrapa Maize and Sorghum)
goal of FER resistance was not found in the scientifitom a recurrent selection in the CMS 43 population, with
literature As such, with the identification of lines carryingthe goal of increasing the expansion ahilithe BRS
resistance alleles, it is recognized that it is possible bo#tngela population was identified as promising for various
to obtain more resistant popcorn hybrids and to contribugégronomic attributes, including resistance to multiple leaf
to the advancement of popcorn breeding programs dtiseases (Pacheet al, 2001). The P1 tester is derived
tropical regions by making available genotypes resistafftom commercial hybrids obtained by crossing national
to rot. varieties and commercial hybrids from the United States.

Due the high susceptibility to FER on commerciallhe L270 tester comes from th&RRA 172 population.
cultivars, the breeders have been worked to obtain The 75 hybrids obtained, together with the parents
varieties and hybrids with more level of genetic resistaatnd the following five controls: L51, L88 line&ARZM
cultivars (Horneet al, 2016; Gabriebt al, 2018; Santiago 13050 and UF\MM2 Barado dé/icosa populations, and the
et al, 2020). These aspects revel an urgency on thHENF HSO02 cultivarregistered by Universidade Estadual
identification of new sources of rot resistance to contributdo Norte Fluminense Darcy Ribeiro (UENF) in 2017,
in reduction of agrochemicals demands and improve tltemposed the field trial with a total of 100 genotypes
phytosanitary quality on maize grains. (treatments). Kurosawet al (2017) and Schwantesal

From the hypothesis that the development of hybrid2017) classifiedARZM 13050 and UFMV2 Bardo de
is a promising strategy both in identification of newvigosa populations, and L51 and L88 lines as susceptible
sources to FER genetic resistance and to reduce tioeear rot (Kurosawat al,, 2017; Schwantest al, 2017).
severity of disease on cultivars, the study aimed tbhe UENF HS02 cultivar was used as a control because
evaluate the combining ability of popcorn lines and tof its good performance for yield and popping expansion,
select hybrids for Fusarium ear rot resistance from partiddereby enabling to verify the potential of this hybrid

diallel crosses. also for rot resistance.
The field trial was installed at Colégigricola
MATERIALS AND METHODS Antdnio Sarlo, in the municipality of Campos dos

The hybrids were obtained by crossing lines from th@oytacazes, state of Rio de Janeiro, Brazil, betpeh
UENF 14 population with diérent testers @ble 1), were and July 2018. Treatments were arranged following an
evaluated with the purpose to obtain superior hybrids fimcomplete block design with three replicates, placed in
disease resistance and of exploring potential parents fttdx10 lattice, totalling 300 experimental units. Each
future crosses. experimental unit was composed of 25 plants, spacing 0.20
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m between plants x 0.90 m between rows, resulting in an The mean percentage of IFER was calculated from the
approximate density of 55,000 plantstha ratio between the number of ears infected by Fusarium
The average daily temperature and the accumulatadd the total number of ears produced per plot, whereas
daily rainfall volume (Figure 1) were measured by a weath&FER was determined from the mean percentage of visibly
station installed 100 meters from the planting area. infected grains in each one of the affected ears. The
After the ears were harvested and unhusked, tle®aluation of SFER was carried out by visual analysis,
incidence (IFER) and severity (SFER) of Fusarium ear rédllowing the diagrammatic scale proposed by Cimmyt
were evaluatedAlthough the evaluations have been(1985).
conducted in only one environment, the results have a Data were tabulated in electronic spreadsheets for
good level of reliability because the heritability for thissubsequent analysis. It was verified the variance between
trait is commonly high (Robertsat al,, 2006; Loffleret  treatments by the F test (p < 0.05) according to the
al., 2011; Pereirat al, 2017). statistical model:

Table 1: Description of popcorn lines as to the response to the incidence and severity of Fusarium ear rot

Type Genealogy FER Resistance *
Male Parents
L270 Inbred Line (S PARA 172 Suscetible
P1 Inbred Line (S Hybrid Zélia Moderate
PARA 172 Population Paraguai/CIMMYT Resistant
L70 Inbred Line (S) Angela EMPRAR Resistant
L651 Inbred Line (S ARZM 13050 Moderate
Female Parents
L204 Inbred Line () IAC 125 Unknow
L681 Inbred Line () UENF 14 Unknow
L682 Inbred Line () UENF 14 Unknow
L683 Inbred Line () UENF 14 Unknow
L684 Inbred Line (S UENF 14 Unknow
L685 Inbred Line () UENF 14 Unknow
L686 Inbred Line () UENF 14 Unknow
L688 Inbred Line (S UENF 14 Unknow
L689 Inbred Line (S UENF 14 Unknow
L691 Inbred Line (S UENF 14 Unknow
L692 Inbred Line () UENF 14 Unknow
L693 Inbred Line () UENF 14 Unknow
L694 Inbred Line () UENF 14 Unknow
L695 Inbred Line (S UENF 14 Unknow
L696 Inbred Line () UENF 14 Unknow
* Fusarium ear rot - FER
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Figure 1:Total daily rainfall volume (dotted lineA) and average daily temperature (black line - B) in the municipality of Campos
dos Goytacazes, state of Rio de Janeiro, Brazil, Aprii to July 2018.
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Yy =H+G+r+h, +e, @ Given the 15 testcross hybrids from the crosses

. . . between the lines with the highest level of resistance (L683,
In which Y, is the value observed for treatment iin block ggr | 591) and the corresponding testers, it was found
k, within the repetition j; p, a general constant for thg,o testers with the highest level of resistance also

character evaluated; Ghe rando.m effect of treatment i, o harated hybrids more resistant to IFER. For genotypes
being the distribution NID (@12G); f is the fixed effect of ¢ 51ated as controls, the susceptibility of L88 and L51
repetition j; b, the random effect of incomplete block k, ;s t0 IEER was corroborated.

with a rank inside the repetition j, with distribution NID (0O, The identifying sources of resistance is crucial not

02B); and g, the experimental error associated with,,y 1 eyaluate the incidence of the pathogen but also

observationY,, with distribution NID (0,02). After ¢ severity (Lanubilet al, 2017). The analysis of data for
verifying the significandifferences between genotypesgrer a5 well as for incidence, allowed distinguishing

the Scott-Kngtt mean grouping test _(p<0._05) Wa5arents and topcross hybrids in different groups

conducted to identify parents and hybrids with l0Weg .. ding to the level of resistance to Fusariuabld 3).

levels of IFER and SFER. L683, L689, L691, and L695 were the most prominent lines
Based on the adjusted means of treatments, tﬁfsted,with SFER ranging from 12.41% to 26.4A8#%ong

analysis of variance was conducted taking into accoupe testers, L70 line andARA 172 population stood out
the mating design in partial diallel, according to the mOdﬁlom the others

proposed by Griffing (1956), adapted by Geraldi & Miranda oy four out of the 75 testcrosses hybrids showed

Filho (1988), with the statistical model as follows: higher values for SFER, namely L204xL270, L204xP1,
Yi=p +%[d1 +do] + g g + i + & @) L681xL270, and L688xL27@&mong the other 74 hybrids,

the mean SFER ranged from 2.23% (L691xL551) to 22.99%
In which Y; is the mean value of the combining hybrid(L689xL651). It was also seen that the crosses comprising
between the i-th tester of group 1 and the j-th inbred lirfee L70, L651, andARA 172 testers generated hybrids
of group 2;u is the general constant for the charactedith higher levels of resistance, irrespective of the level
under evaluation; dand d are the effects of genotypes©f resistance of the maternal parents. Likewise, crosses
from group 1 (testers) and group 2 (lines), respectivgly;‘gith L683, L689, L691, and L695 lines resulted in hybrids
is the effect of the general combining ability of the i-thvith lower SFER regardless of the level of resistance of
parent of group 1; gs the effect of the general combiningthe testers. _ o o
ability of the j-th parent of group 2 & the effect of the Because of the use of mating design in partial diallel,
specific combining ability of hybrids formed of groups 1it was possible to analyse whether there were significant
and 2, respectively; and,e¢he mean experimental erroreffects due to combining abilitiesgle 4).

for each treatment. The analysis of variance for the topcross model proved
We use the Genes software to conduct the analydBgre was a considerable difference among the parents;
(Cruz, 2013). howeverthere was no significant térence for the édcts
of the general combining ability of the testers.
RESULTS The GCA effects of IFER and SFER of the tested lines

The analysis of variance demonstrated significamdresented greater variation than the effects resulting from
effects of the genotypes, thereby suggesting ththe SCAof hybrids (bles 5)The diference was even
possibility of classifying hybrids with higher levels ofgreater for SFER.
resistance or susceptibility to IFER and SFE&X€E 2). With respect to the ability of parents to contribute to

Significant differences among lines prove there is mesistance to FER, the analysis of general combining ability
genetic variability among them, and this is essential {&GCA) evidenced that only the L651 and P1 testers
explore the effect of heterosis, thereby enabling theontributed to the reduction in IFER, and among them,
exploration of hybrids from these lines to obtain gains ianly L651 contributed to the reduction in SFER. The Para
resistance to IFER and SFER. 172 population, on the other hand, contributed to the

The mean heritability @ifor the characters indicated reduction of both characters.
high influence of genetic effects on the phenotypic
expression, also reflected in the index of genotypi@lSCUSSION
variation, which indicated the predominance of variations The existence of variance is a prerequisite to select
by genotypic effects. higher individuals in breeding programs. In this sense,

By analyzing the treatment means, it can be seen ttiee exploration of genetic variability can be enhanced by
IFER evaluation allowed distinguishing both parents andcreasing experimental precision so that genetic effects
hybrids with lower number of Bdcted ears @ble 3). can be better distinguished from plant phenotype.
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Besides showing that there is a variance between tbemmon maize populations, which were indicated as
tested hybrids the analysis of the efficiency of thsources of resistance. When these values are considered
experimental design proposed point out the use of latties a reference, it can be noticed that 54 out of the 75
was efficient for a greater local control, which resulted ihybrids evaluated showed mean values lower than 10%
experimental coefficients of variation with expected valuesf SFER, which can be regarded as highly resistant. It
Some cases showed the coefficients obtained in this stushould also be noted that all crosses comprising the L70
were lower than the ones described in the literaturand RARA 172 testers (testers with lower values per se of
especially for the IFER variable (Flettal, 1998; Gabriel SFER) resulted in highly resistant hybrids.
etal, 2018; Mabuzat al, 2018). However these values of severity can be considered

In accordance with this information, the highhigh. So, the utilization of lines with less value of SER and
heritability values suggest there is the possibility ojood combining ability can potentialize the gains in
obtaining real gains in genetic resistance to FER, fromesistance.
simple selection methodologies, without using many Given the relationship between the percentages of
environments, for example (Cratal, 2014). IFER and SFER, emphasis is given to the L691xL651 hybrid,

Our means test show that, in most hybridn which about 41.72% of the ears presented IFER, with a
combinations, the cross between two susceptible linesean SFER of 2.23% of their infected grainsh€s 3).

did not only result in hybrids that are more susceptibl@his means the estimated loss of grains as a result of the
This observation diverged from that of Hung & Hollandccurrence of Fusarium was about 0.9% of the total
(2012), who, when evaluating common maize hybridgroduced in the plots planted with this hybrid (value
obtained in diallel crosses, identified that no hybrids witdoesn’t consider other losses, how in the harvest for
good levels of resistance were generated at any of taeample). The same value can be estimated for the L691 x
crosses between two parents with FER susceptilffldy PARA 172 hybrid; howevessince it is a cross between a
the results show that the non-additive effects adse and a test population, it is less interesting from a
important in resistance genes expression and theammercial point of view than the L691 x L651 hybrid.
consequently the advantage in the development of For both IFER and SFER, it was observed that the
hybrids to reduce SFER. averages of the hybrids were lower than the parents. This

Among the hybrids, we observed a high level of FERvidenced both the effect of inbreeding in the lines and
resistance. Others studies on resistance to ear rotthe effect of the exploration of heterosis for resistance to
common maize have described hybrids with values lowear rot in popcorn hybrid&s such, results confirm the
than 10% of severity in ears as being highly resistartpnsensus that, similarly to common maize, the
when evaluating interpopulation hybrids of maize, iprospection of lines and generation of hybrids in popcorn
reported a percentage of 2.6% of SFER in the most resistaats been, so faa promising method to obtain gains in
hybrids (Liet al, 2019; Galiat al, 2019). Czembaetal  resistance to ear rot (Lanubgé¢al, 2017; Schwantest
(2019) described values of 1.3% to 4.3% of SFER ial., 2017).

Table 2:Variance analysis to incidence (IFER) and severity (SFER) of Fusarium ear rot in testcross popcorn hybrids

SV df MS

T"IFER *SFER
Repetition (Rep) 2 3653.60 187.31
Block/Rep (Adjusted) 27 711.09 417.28
Genotype (Adjusted) 99 849.37 ** 781.98 **
Error 171 131.15 101.36
Total 299
Lattice efficiency 151.48 134.20
0%, 239.41 226.87
0%, 283.12 260.66
h? 0.84 0.87
CVe (%) 16.98 61.50
Cvg 22.94 92.02
CVg/C\e 1.35 1.49

** p < 0.01; T Incidence of Fusarium ear rot (IFER)Severity of Fusarium ear rot (SFER); -S86urce of variation; df - degree freedom;
MS - mean squarajzg = genotypic varianceg? = phenotypic variance; h? = heritability; € environmental cofifient of variation; CVg
= genotypic coefficient of variation.
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These genotypes (parental lines and hybrids) have a Besides the means analysis, studies on combining
potential for use in several breeding programs from tropicability of parents are relevant for planning future crosses
regions. So, studies about the genotypes that has a betibepbtain even higher gains in resistance (Spragjaé,
adaptation to each microregion is necessary to potentializ®42). Our study shows that the differences among

the gains in resistance.

hybrids with common parental prove that knowing about

Table 3: Grouping of means for the IFER and SFER of edextdd by rot in lines and hybrids of popcorn

Incidence Fusarium Ear Rot (IFER)

. L270 P1 L70 L651 PARA 172
Inbred Lines
88.99° 78.79¢ 83.46° 78.41° 81.73°
Hybrids
L204 97.222 87.462 81.74° 60.09¢ 52.414 49.751
L681 81.81° 89.81¢ 63.54¢ 67.98° 73.06° 59.36°¢
L682 91.88° 54.43¢ 58.26°¢ 62.07¢ 60.97¢ 60.26°
L683 69.30° 49.46¢ 54.76° 56.48°¢ 59.51¢ 40.52¢
L684 96.67° 62.92¢ 58.82¢ 45.734 72.88° 61.54°
L685 71.76° 66.76° 62.97¢ 69.78° 68.89¢ 49.08¢
L686 96.67° 57.85° 79.03° 66.81° 85.232 62.35°¢
L688 98.722 52.96¢ 47.574 66.81° 56.94¢ 59.84°
L689 76.89° 65.51°¢ 73.66° 68.10° 66.88°¢ 58.25°
L691 63.25¢ 52.90¢ 36.14¢ 54.42¢ 41.72¢ 35.73¢
L692 91.672 62.61° 92.122 64.53¢ 70.99¢ 55.044
L693 80.67° 74.57° 63.08¢ 59.72¢ 60.34° 59.954
L694 81.832 62.70° 69.53¢ 50.274 65.35°¢ 68.85°
L695 89.18° 53.37¢ 62.87¢ 74.07° 78.79° 54.164
L696 84.82° 41.26¢ 61.48¢ 53.49¢ 71.09° 47.96¢
Control Genotypes
UENF HS02 62.32¢ L88 96.292
ARZM 13050 94.572 L51 100.02
Bardo dé/icosa 82.7&
Severity to Fusarium Ear Rot (SFER)
L270 P1 L70 L651 PARA 172
47.282 38.25° 20.86¢ 35.62° 15.98¢
Inbred Lines Hybrids
L204 53.332 29.10° 29.51° 8.60¢ 7.12° 5.88¢
L681 51.502 29.25° 20.02¢ 6.96° 11.84¢ 9.45¢
L682 37.23° 5.49¢ 4.50¢ 8.15¢ 4.20¢ 4.46°
L683 15.73¢ 4.87¢ 9.05¢ 3.45¢ 5.12¢ 3.56°¢
L684 63.542 17.15¢ 17.35¢ 3.72¢ 17.54¢ 8.09¢
L685 24.49° 10.99¢ 6.67¢ 5,97¢ 6.38°¢ 2.84¢
L686 32.53° 8.68°¢ 19.06° 6.84¢ 15.90¢ 8.86°
L688 59.342 25.56° 5.03¢ 3.99¢ 6.18°¢ 7.04¢
L689 22.34¢ 7.94¢ 9.79¢ 5.17¢ 22.99¢ 4.30¢
L691 12.41¢ 8.05¢ 6.00¢ 4.55¢ 2.23¢ 2.51¢
L692 49.942 14.20¢ 18.87¢ 6.40° 17.65¢ 4.58¢
L693 51.572 8.98¢ 10.70¢ 4.07¢ 15.49¢ 7.07¢
L694 28.37° 8.16° 9.09¢ 5.88¢ 14.94¢ 8.75¢
L695 26.46°¢ 10.25¢ 6.27¢ 9.26¢ 7.74° 5.09¢
L696 35.65° 6.88° 9.63¢ 5.74¢ 10.68°¢ 5.80¢
Control Genotypes
UENF HS02 6.07¢ L88 63.222
ARZM 13050 48.18? L51 55.832
Bar&o dé/icosa 17.88

Different letters indicate significant difference between the means according to the Scott Knott clustering test (p < 0.05).
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the specific combining ability among parents is essentialeans for either IFER or SFER. It demonstrates the relevance
to potentiate gains in resistance. of the additive effects of the alleles involved in resistance
Once the effects of GCA represent the additive actidn FER, given that, although the hybrids mentioned above
of the alleles, and the SCA results from the dominana®ntain the allelic conformations that promoted greater
deviations provided by specific allele combinationsgains per deviation, they did not present higher levels of
results suggest the exploration of battditive and non- resistance, probably because of the lower number of
additive effects should be prioritized in programs with th&avorable alleles to the resistance in parental genotypes.
goal of increasing the resistance to FER in popcorn, Additionally, results indicate that identifying lines with
especially to SFER. Therefore, how in breeding progranbetter SCA with those most FER resistant lines will enable
the hybrid development to improve the grain yield ishe produce hybrids with even higher levels of resistance
usually adopted, the choice of lines with smallest FER the future. Thus, in future studies, the identification of
susceptibility and good GCA is a good option in théines from other genealogies having better SCA with the
hybrids production with phytosanitary grain quality L683, L689, L691, and L695 lines should contribute to
Similar results were reported by Schwargeal (2018).  obtaining hybrids superior to the ones found during this
Regarding GCA, theARA 172 population generally study
contributes to the reduction of both IFER and SFER, which Considering the results, we deduced that the UENF 14
corroborates the information from the work of Kurosaw@opulation is a source of alleles of resistance to FER, with
etal (2017), pointing to have alleles of resistance to FERe L684, L683, L681, and L695 lines having the best GCA
in this population. In evaluating the combining ability offor reduction of the SFER.
P1 line at crosses with lines of three distinct genealogies Among the testers, the L270 line provided better data
(BRSANgela, Baréo d¥icosa, and Beija-Flor), Schwantesdiscrimination, while the L651 was the tester that best
etal (2017) identified GCA with potential to increase thecontributed to the increase in resistance to FER in hybrids.
rates of IFER and SFER. Eefently the results obtained In view of the abovementioned, the L651 line should be
in this study indicate that P1 line, in general, contributedhdicated as a good parent to be used for topcross crosses.
even if only moderate)yo the reduction of IFER. As there were significant differences between means for
Concerning SCA, the L696 x L651, L689 x L70, L686 »both IFER and SFER, both characters were used to indicate
L70, and L686 x P1 combinations stood out with the greatdsgbrids more resistant to FER.
potential contribution to IFER reduction. For SFER For both IFER and SFER, howeydhe crosses
reduction, the best combinations were in the L688 x L7Between two parents with higher levels of resistance
L685x P1,L694 xRRA 172, and L693 x P1 hybridsmong  demonstrated a higher probability of obtaining superior
the characters IFER and SFER, the SFER reduction is tingbrids in resistance, reflecting directly on the GCA of
most desirable in improving the phytosanitary quality othe parents.
the grains, since lower SFER values indicate less infected In studies involving common maize, while there is
grains. In addition, IFER may be further reduced dependintjsagreement among some authors regarding the
on the efficiency of insect control methods capable gfossibility of predicting resistance in hybrids based on
causing damage to grains, since they can build entitye performance per se of the lines (Loféenl, 2011),
points for the fungus (Duncan & Howard, 2010). there are studies defending this possibility as a strategy
Our study shows that the hybrids that showed the besetincrease efficiency in the production of superior maize
values for SCA were not those that presented the béstbrids (Hung & Holland, 2012; Netshifhefhe, 2017).
Likewise, with the results of this study we suggest that

. o _the choice of lines with higher level of resistance to FER
Table 4:Estimates of mean squares for incidence and severltyé)f

ear rotin different popcorn genotypes (testers, lines, and hybrid ())r ComPOSItlon Of_ (?rosses _ensures t_he.bree(?iers higher
SV: source of variation; GCA: general combining ability; SCAProbability of obtaining hybrids superior in resistance.

specific combining ability Additionally, adopting testcrosses throughout the
IFER *SFER stages of obtaining lines, together with the efficiency of
SV using testcross in the discrimination of lines with better
Mean Squares L L . .
- combining ability for resistance to FER, is a strategy that
Genotypes 1587.51 70245 ghould be encouraged in maize genetic breeding
GCA Testers 222.58° 230.2% rograms. Hence, lines with high capacity to add
GCA Inbred Lines 1726.88 113569 P _gt o EEm bt g ] fpth y
SCA Hybrids 1602.43 59966 esistance to obtained at the end of the process can

Error 131.15 10136 De crossed with lines that contribute to 'agro.nomic
such as high yield and

** p < 0.01; T Mean Squares for Incidence of Fusarium ear ro‘%h?‘_raCters of mteres_t to the crop,
(IFER); ¥ Mean Squares for Severity of Fusarium ear rot (SFER)abI“ty to expand grains.
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Table 5: Estimate of combining abilities of parents and hybrids of popcorn to incidence and severity of ear rot caused by Fusarium
(IFER and SFER)

Incidence to Fusarium Ear Rot (IFER)

Testers
L270 P1 L70 L651 PARA 172
TGCA 2.72 -1.15 1.47 -1.69 -1.35
SCA (Hybrids)

L204 6.38 -23.48 -5.58 -0.04 -10.60 31.97
L681 -2.56 -9.66 23.99 -3.05 5.60 -24.44
L682 0.86 10.23 3.16 11.05 18.22 -0.74
L683 -4.46 -7.58 10.23 10.42 11.87 1.45
L684 -8.50 -3.36 14.68 -13.03 -12.49 16.26
L685 -2.32 7.87 -58.16 13.54 15.92 -3.63
L686 -13.06 12.75 -47.41 -50.03 7.81 14.28
L688 6.32 -12.27 13.60 -20.66 -0.32 -29.33
L689 -12.25 -6.65 -7.68 -50.84 -47.68 5.18
L691 12.17 -33.20 22.40 -1.46 24.50 -3.09
L692 5.96 -6.97 -7.84 -8.80 1.48 -15.49
L693 4.18 20.53 -6.42 9.04 -14.28 -2.93
L694 11.66 1.96 6.48 22.35 -11.48 -24.66
L695 -6.80 -0.85 -26.37 5.05 21.32 0.65
L696 2.42 3.10 6.03 34.41 -62.34 1.87
Severity to Fusarium Ear Rot (SFER)

Testers

L270 P1 L70 L651 PARA 172

TGCA 2.67 1.17 0.01 -2.25 -1.60

*SCA (Hybrids)
L204 4.44 6.27 -13.13 9.21 -5.11 19.04
L681 -6.65 -8.34 1.15 -3.44 11.69 -4.77
L682 -4.90 1.87 13.32 0.19 6.95 -6.10
L683 -6.56 -4.69 6.70 -0.90 9.55 3.16
L684 -9.07 -0.44 -1.57 -0.44 1.29 9.70
L685 3.55 -8.03 -18.74 -6.83 1.92 -9.86
L686 -5.44 3.66 -9.75 -8.58 -2.61 -4.98
L688 6.70 -15.49 0.59 -20.73 -8.45 -11.75
L689 -3.50 -7.00 -5.94 -10.52 -8.26 -2.55
L691 1.62 -11.25 6.22 -9.95 3.81 -5.15
L692 4.84 -9.08 -9.47 -12.80 -7.81 -15.33
L693 5.55 6.42 -17.23 -9.43 -8.33 -3.31
L694 10.76 -14.91 2.66 12.32 -2.45 -17.58
L695 -7.82 0.74 -3.68 -2.54 7.17 -3.40
L696 6.49 -12.89 -8.56 50.36 -18.25 -7.53

T General Combiningbility (GCA); + Specific CombiningAbility (SCA).
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