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ABSTRACT 
The present work evaluated the segregation of the RR-biotechnology and the 

agronomic performance of maize hybrids originated from three seed categories: 
single-cross commercial hybrids, double-cross hybrids, and saved seeds (F2 
population). The experiment was set up in the field, within a producing area used 
for market purposes, in São Miguel do Iguaçu, Paraná, Brazil. The research 
followed a randomized block design with four repetitions. We investigated the 
following treatments: saved seeds/F2 population (MG 580 PW, MG 30A37 PW, MG 
600 PW, and MG 545 PW), seeds of single-cross commercial hybrids (MG 580 PW, 
MG 30A37 PW, AS 1777 PRO3, AG 9000 PRO3, and DKB 290 PRO3) and home-bred 
seeds/double-cross hybrids (DKB 290 PRO3 x MG 30A37 PW, DKB 290 PRO3 x 
DKB 285 PEO3, DKB 290 PRO3 x DOW 2B587 PW, and DKB 290 PRO3 x MG 600 
PW). The study considered agronomical characters, as well as the segregation of 
the RR-biotechnology. The hybrids MG 580 PW and DKB 290 PRO3 were the most 
productive ones, yielding 9,244.31 and 9,151.84 kg ha-1, respectively. The groups 
formed by double-cross and F2-population hybrids had the highest average values 
of RR-biotechnology segregation (20.5% and 13%, respectively). The group of 
commercial hybrids proved to be superior to the others in all variables appraised, 
and they also did not show segregation of the RR-biotechnology. The principal 
component analysis made it possible to sort the three categories of seeds. In 
conclusion, despite the high cost, the commercial seeds stood out showing the best 
cost-benefit for maize crops.
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1. INTRODUCTION 
 
Maize (Zea mays L.) is a type of grass, member of the family Poaceae, whose evidence of use dates back 7,000 

years B.C.E. Mexico and Guatemala are said to hold its origin but, nowadays, maize is grown and consumed in all 
continents (DUARTE et al., 2015). According to the Council for Biotechnological Information (2010), humankind first 
started to domesticate and enhance the plant through visual selection in the field, aiming at characteristics such as 
productivity, resistance to diseases and environmental adaptation, which led to the varieties known today. 

Maize culture has enormous socioeconomic importance to Brazil, as the country places third in the worldwide 
production, accounting for 97 million tons of grains in the 2017/ 2018 crop (CONAB, 2018). Such productivity is the 
consequence not only of a vast area of cultivation, but also of a diverse market demand, which includes animal 
feeding (poultry, cattle and pig farming), human food, oil extraction, other industrial goods, and exportation (ALESSI 
et al., 2009).  

Since the 20th century, many breeding programs have been created to introduce new characteristics to maize 
culture, in order to improve productivity and the adaptability to different regions, soil conditions, climates, and 
purposes of use (PEREIRA FILHO et al., 2008). This became feasible through the development of pure lineages, via 
self-pollination, or new hybrids by cross-breeding different varieties of great yield potential, which could contribute 
to a substantial increment in grain production (BERNINI, 2011).  

Genetic enhancements were applied to seed quality attributes, such as physical, physiological, and sanitary 
aspects that directly affect the ability to form plants and crops with high productivity. Therefore, seeds became the 
most valuable asset to implementing cultures, as they are paramount to guarantee the success and the yield of 
agricultural activities (MARTIN et al., 2007). 

Seed companies have specialized themselves in producing commercial maize seeds, and have set up fields 
exclusively to conduct breeding ventures that would guarantee genetic identity and quality. The techniques 
employed in these cases include the multiplication of lineages, the cultivation of male and female individuals in the 
same area, isolation of production fields, sowing at proper seasons and climatic conditions, intensive use of 
fertilization, systematic prevention of weeds, plagues and diseases, and implementation of adequate storage 
conditions (PEREIRA FILHO et al., 2008). So, companies assume the responsibility in the eventuality of any problem 
related to qualitative features of the seeds (SILVA, 2011). 

Once these methods are followed through, it becomes possible to obtain some certification that will assure the 
fulfillment of the genetic potential and expected quality. According to Silva (2011), such accreditation processes 
comprise inspections in the field and during the processing phase. That way, companies can assume the 
responsibility in the eventuality of any problem related to qualitative features of the seeds.  

On the other hand, Lacey (2000) claims that some farmers disregard the potential of good commercial seeds. 
They often continue to use the so-called pirate seeds, which had been saved from previous crops or that had been 
acquired from neighbors- who do not select their grains either. It is recognized that the open cross-pollination is 
typical in maize. In cases that the self-pollination is favored, as when saved seeds are employed, genetic and 
phenotypic segregation of characteristics tends to occur, contributing to diminishing plant vigor and crop 
productivity (GODOI, 2008). A similar situation happens to breeding maize at home from commercial single-cross 
hybrids. The resulting double-cross hybrids normally have high genetic variability, less plant uniformity and lower 
productivity to those of single- and triple-cross hybrids. On top of that, there is always the risk of contamination, as 
the advised production techniques are not followed strictly. 

As divulged by ABRASEM (2019), the illegal commercialization of seeds not only amass an annual deficit of $-
600 million for the agribusiness, but also conspires against the high technological level employed in Brazilian crops. 
Since the problem also affects other major cultures, Brazil is the Latin-American nation with the highest rate of seed 
piracy. In fact, 30% of all seeds used in the country are estimated to be illegal or pirate (ABRASEM, 2019). 

Therefore, bearing in mind the superiority of commercial seeds and the guarantee they convey over the pirate 
ones (from home breeding/double-cross hybrids, or saved from previous crops/F2 population), this study aimed at 
evaluating the segregation of the RR biotechnology (Roundup Ready) and of other agronomical characters among 
maize hybrids from three categories, in field conditions. 
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2. MATERIALS AND METHODS  
 
The experiment was carried out in São Miguel do Iguaçu, Paraná, Brazil (25º24’25.32” S, 54º10’23.97” O, 293 m 

altitude). The predominant local climate, according to the Köeppen and Geiger’s classification (1948), is the Cfa 
Humid Subtropical (mesothermal), with an average annual temperature of 20 ºC, a non-defined dry season, hot 
summers, sporadic frosts in the winter, and rainfall rounding 1,700 mm per year. The soil is mostly Eutroferric Red 
Latosol, with 77.45% clay, 10.25% sand, 12.30% silt and the nutritional conditions disclosed by the soil analysis. 

The experiment followed a randomized block design (RBD), with 13 treatments (Table 1) and four blocks, 
totalizing 52 experimental parcels. The assay was set up along sowing lines, with parcels composed of four 5-meter-
long lines. The useful area comprised the two central lines, disregarding 0.50 m from borders. 

Seeds of all the categories were exposed to the insecticide Cruiser® (Thiamethoxam, 120 mL for 60,000 seeds 
and 800 mL 100 g-1 of seeds), to eliminate any existing soil plague. A standard quantity of 1 kg of seeds from each 
cultivar was homogenized with 8 mL of the insecticide mixture. Additionally, a base chemical fertilization was also 
applied, considering 290 kg ha-1 of the formulation 10-15-15+11 (NPK+S). Further agricultural procedures were 
performed according to recommendations for maize culture (CRUZ et al. 2007). 

The evaluations began 20 days past sowing, with the counting of the plant stand initially established. After 
handling the weeds, the plants susceptible to the herbicide glyphosate, which present themselves as wilted or even 
dead, were quantified. The goal was to assess the percentage of maintenance of the RR biotechnology in the different 
treatments, as a result of segregation in double-cross hybrids (from home breeding) and in F2 population (cultivars 
saved from self-production). These plants do not present the protein CP4 EPSPS (originated from Agrobacterium sp., 
strain CP4), and show little affinity to glyphosate, in comparison with other enzymes EPSPS (PIONEER, 2019). 
 

Table 1: Description of the treatments. 
Hybrid Technology Company/Category Description 

MG 580 PW SS* PowerCoreTM Saved seed F2 Population 
MG 30A37 PW SS PowerCoreTM Saved seed F2 Population 

MG 600 PW SS PowerCoreTM Saved seed F2 Population 
MG 545 PW SS PowerCoreTM Saved seed F2 Population 

MG 580 PW PowerCoreTM MORGAN/Commercial Single-cross hybrid 
MG 30A37 PW PowerCoreTM MORGAN/Commercial Single-cross hybrid 
AS 1777 PRO3 VT PRO3® AGROESTE/Commercial Single-cross hybrid 
AG 9000 PRO3 VT PRO3® AGROCERES/Commercial Single-cross hybrid 
DKB 290 PRO3 VT PRO3® DEKALB/Commercial Single-cross hybrid 

DKB 290 PRO3 x MG 30A37 PW VT PRO3® Home breeding Double-cross hybrid 
DKB 290 PRO3 x DKB 285 PRO3 VT PRO3® Home breeding Double-cross hybrid 

DKB 290 PRO3 x DOW 2B587 PW VT PRO3® Home breeding  Double-cross hybrid 
DKB 290 PRO3 x MG 600 PW VT PRO3® Home breeding Double-cross hybrid 

*SS- Saved Seeds. PW- POWERCORE: includes three proteins with insecticide properties (Cry1F, Cry1A.105, Cry2Ab2) for 
controlling lepidoptera that attack the shoot, and two proteins (CP4 EPSPS, PAT) that give maize plants tolerance to the 
herbicides glyphosate and glufosinate-ammonium. VT PRO3® (PRO3): express the proteins Cry1A.105 and Cry2Ab2, which help 
to control leaf, culm, and ear plagues; Cry3Bb1, which confers protection against Diabrotica speciosa; and CP4 EPSPS, which 
grants maize tolerance to glyphosate. 

 
The productivity (in kg ha-1) was estimated considering a 13% moisture content- a reference value used in all 

treatments. The mass of 100 seeds was determined by taking four grain samples from each parcel, and then counting 
100 intact grains within each set. The result of this procedure was also standardized at a 13% moisture level. 

 
 STATISTICAL ANALYSIS 

 
The resulting data was used to calculate the mean values of each repetition in all evaluations performed. Data 

were subjected to tests of homogeneity of variance and normal distribution (Kolmogorov Smirnov and Shapiro 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/


Segregation of The Rr Biotechnology and Agronomical Variables in Single-Cross, Double-Cross, And F2 Hybrids of Maize 
(Zea Mays L.) 

 

International Journal of Research -GRANTHAALAYAH                                                                                                                                                         341       

Wilk). For the number of grain rows, the formula 1/(x+k), where k = 0.5, was applied to the original figures. However, 
the unaltered means were also presented with the letters of the corresponding mean transformation test. 

Having the normality and homogeneity of variance been detected, the data were subjected to analysis of 
variance (ANOVA) with the F test. Once significance was identified, the mean values were compared by the Scott-
Knott test (p<0.05). All analyses were tackled by the statistical software GENES (CRUZ, 1998). Scheffé test (p<0.05) 
was used to compare the treatment groups. The sets were organized into three categories, as specified by the origin 
of the seeds (Table 1).  

The principal component analysis was executed in those variables that had presented statistical difference 
among the treatments (namely, plant height, ear insertion height, ear size and diameter, number of grain rows, 
number of grains per row, productivity, and RR-biotechnology segregation). This multivariate analysis made use of 
the standardized mean values and it was handled by the software PASTE (HAMMER et al., 2001). 

A comparative analysis of costs was done for the three seed categories. This evaluation took into consideration 
only the mean value paid for each hybrid (Table 1), the average productivity of grains, and the market price 
corresponding to the last three months (April, May, and June 2019) (Lar, 2019). 

 
3. RESULTS AND DISCUSSIONS  
 
The experimental groups showed statistical differences among each other, regarding the variables plant and ear 

insertion height, ear size and diameter, number of grain rows, number of grains per row, productivity, and RR-
biotechnology segregation (Table 2). Data showed differences among treatments (cultivars), undesirable results 
were observed in pirate double-cross hybrid seeds, whereas the commercial ones got superior results in agronomic 
and economic attributes. Souza et al. (2002) found equivalent results when assessing single-, triple-, and double-
cross hybrids and their corresponding endogamic generations. 

 
Table 2: Mean square values and genetic parameters of the significant variables. 

FV DF PH EIH EL ED NR NGR PROD SEG 
Block 3 0.01 0.006 0.744 20.196 0.369 0.369 352.056 29.078 
Treat 12 0.145** 0.040**  5.343** 33.031** 2.809** 31.069** 9,571,662.159** 408.069** 
Error 36 0.005 0.021 0.680 2.3310 0.469 3.695 417.770 19.284 

Mean 2.56 1.09 16.96 51.59 15.69 31.75 6,965.91 10.31 
CV% 2.82 13.82 4.86 2.96 4.37 6.05 9.28 42.59 

CVg (%) 7.33 9.55 6.37 5.37 4.87 8.24 21.72 95.61 
CVg/CVe 2.6 1.54 1.31 1.81 1.12 1.36 2.34 2.25 
𝜎𝜎𝑔𝑔2  0.0351 0.0107 1.1658 7.675 0.5851 6.8434 2,288,472.961 97.1963 
𝜎𝜎𝑎𝑎2  0.0052 0.0045 0.6803 2.3315 0.4692 3.6956 417,770.3172 19.2846 
ℎ2  96.44 90.5 87.27 92.94 83.3 88.11 95.64 95.27 

** significant at a 1% probability level, according to the F test. Plant height (PH), ear insertion height (EIH), ear length (EL), 
ear diameter (ED), number of grain rows (NR), number of grains per row (NGR), productivity (PROD), RR-biotechnology 
segregation (SEG). 

 
In this work heritability was estimated in a broad sense. They all scored high (more than 80%), remarkably for 

plant height, productivity, and RR-biotechnology segregation. The ratio CVg/CVe of all variables was above 1, which 
proves a strong genetic effect and little environmental influence on the variables studied (Table 2). We also 
determined the heterosis values in all characters (Table 3), where they demonstrated the inferiority of pirate double-
cross hybrid seeds in relation to parental performance (Single-cross hybrid). 

The attributes plant height and cob insertion are linked to the genetic composition of the cultivars, but they can 
also be associated with environmental factors. In this study, the hybrid DKB 290 PRO3 exhibited the highest values 
of plant height and ear insertion height (Table 3). Such outcome supports the findings of Freitas et al. (2017), who 
also observed the superiority of this cultivar over the others, as for the same variables. 

The hybrid AS 1777 PRO3 formed the longest ears (19.70 cm), substantially differing from the other treatments 
(Table 3). These findings support those of Batista et al. (2018), who also pointed this cultivar as the one bearing the 
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longest ears. Conversely, the smallest ones were produced by the treatments that had come from saved seeds/F2 
populations or home breeding/double-cross hybrids (T1: MG 580 PW SALVO, T2: MG 30A37 PW SALVO, T3: MG 600 
PW SALVO, T4: MG 545 PW SALVO, T10: DKB 290 PRO3 x MG 30A37 PW, T11: DKB 290 PRO3 x DKB 285 PRO3, and 
T12: DKB 290 PRO3 x 2B587 PW). 

For ear diameter, the hybrids DKB 290 PRO3 and MG 580 PW expressed the best values, with averages of 56.64 
mm and 55.63 mm, respectively (Table 3). Similar results were obtained by Olivoto et al. (2018), who analyzed 
morphological characters and grain yield of maize hybrids under different ambient conditions. They verified that the 
hybrid DKB 290 PRO3 grew ears with the widest diameter, in all three environments considered. 

Regarding the number of grain rows per ear, the most prominent cultivars were the DKB 290 PRO3, the DKB 
290 X MG 600, and the MG 580 PW, which scored means of 17.10, 16.60, and 16.50 rows per unit, respectively (Table 
3). The performance of these varieties had already been assessed by Silva et al. (2014) and Olivoto et al. (2018). They 
detected significant differences in the number of grain rows per ear of the hybrids, among which, the DKB 290 PRO3 
showed the best values. Kopper et al. (2017) evidenced that, despite meaning more grains per cob, an increase in the 
number of rows per unit might imply in a lower mass of 1,000 grains. This, however, was not the case in our study, 
as no statistical difference was detected. 

Concerning the number of grains per row, the hybrids MG 30A37 PW, AG 9000 PRO3, AS 1777 PRO3, MG 580 
PW, and DKB 290 PRO3 x MG 600 PW achieved the best results. The lowest value for this variable was found in the 
hybrids from an F2 population MG 545 PW SALVO (Table 3). Such outcome endorses the study conducted by Araújo 
et al. (2017), who perceived differences in the quantity of grains per row of distinct maize hybrids. These quantitative 
characteristics of maize ears are defined between the phenological stages V4 and V9. Thus, they are paramount for 
this cereal culture, once they express the joint effect of genotype and environmental aspects (SANGOI et al., 2010).  

 
Table 3: Comparison of the means of the variables, according to the Scott-Knott test. 

Treatment/Hybrid PH (m) EIH 
(m) 

EL 
(cm) 

ED 
(mm) 

NR NGR PROD (kg ha-

1) 
SEG 
(%) 

MG 580 PW SS* 2.43d** 1.01d 16.30c 52.11b 15.50b 30.20b 5,918.57c 15.66b 
MG 30A37 PW SS 2.19f 0.93d 15.97c 50.66c 15.60b 28.00c 4,652.84d 18.06b 

MG 600 PW SS 2.34e 0.97d 16.00c 48.57d 14.70c 29.80b 4,950.36d 15.29b 
MG 545 PW SS 2.47d 1.07c 15.57c 47.74d 15.10c 27.35c 5,492.29d 3.07c 

MG 580 PW 2.58c 1.11c 17.92b 55.63a 16.50a 34.40a 9,244.31a 0.00c 
MG 30A37 PW 2.50d 1.08c 17.30b 52.37b 15.50b 35.90a 8,642.61a 0.00c 
AS 1777 PRO3 2.72b 1.18b 19.70a 47.19d 13.90d 34.80a 8,437.66a 0.00c 
AG 9000 PRO3 2.50d 0.95d 17.97b 49.75c 16.00b 35.20a 7,654.65b 0.00c 
DKB 290 PRO3 2.98a 1.33a 17.32b 56.64a 17.10a 29.70b 9,151.84a 0.00c 

DKB 290 PRO3 x MG 30A37 PW 2.62c 1.18b 16.55c 51.81b 15.50b 31.50b 6,640.18c 27.86a 
DKB 290 PRO3 x DKB 285 PRO3 2.61c 1.09c 15.62c 50.97c 15.90b 31.10b 6,640.26c 15.64b 

DKB 290 PRO3 x DOW 2B587 
PW 

2.68b 1.12c 16.92c 53.12b 16.10b 31.30b 6,365.62c 23.18a 

DKB 290 PRO3 x MG 600 PW 2.55d 1.04c 17.30b 54.05b 16.60a 33.55a 6,765.52c 15.26b 
Heterosis -0.12 -0.025 -0.76 -2.695 -0.8 -1.3 -2,257.05 27.86 

*SS- Saved Seeds. **means followed by different letters, in the column, statistically differ among themselves, according to 
the Scott-Knott test (p≤0.05). Plant height (PH), ear insertion height (EIH), ear length (EL), ear diameter (ED), number of grain 
rows (NR), number of grains per row (NGR), productivity (PROD), RR-biotechnology segregation (SEG). Heterosis: calculated 
with basis on the performance of the crossing (F1) between DKB 290 X MG 30A37, considering the parental averages DKB 290 
PRO 3 (P1) and MG 30A37 PW (P2).  

 
The grain productivity was distinct among the hybrids appraised, allowing the Scott-Knott test to arrange them 

into four groups (Table 3 and Figure 1A). The group with most impressive productivity delivered between 8,437.66 
and 9,244.31 kg of grains. ha-1 and the hybrids were classified in the following order: MG 580 PW, DKB 290 PRO3, 
MG 30A37 PW, and AS 1777 PRO3 - all of them grown from seeds of commercial hybrids. The second group enclosed 
only the cultivar AG 9000 PRO3, with 7,654.65 kg ha-1. The third group comprised the cultivars DKB 290 PRO3 x MG 
600 PW, DKB 290PRO 3 x DKB 285PRO 3, DKB 290PRO 3 x MG 30A37 PW, DKB 290 PRO3 x DOW 2B587 PW, and 
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MG 580 PW SALVO, whose production varied between 5,918.57 and 6,765.52 kg ha-1. The lowest productivities 
were obtained by the cultivars MG 30A37 PW SALVO, MG 600 PW SALVO, and MG 545 PW SALVO (Table 3 and Figure 
1A). Ecco et al. (2014), Pinotti et al. (2014), Kuneski et al. (2017), and Gomes et al. (2019) also discerned variations 
in productivity among different maize cultivars. 

According to data disclosed by the National Supply Company (CONAB, 2019), the 2018/2019 crop is expected 
to yield an average of 5,750 kg ha-1- in Paraná state. In this sense, the varieties raised from saved seeds (F2 
population) or home breeding (double-cross hybrids) showed productivity values rather close to this number 
(Figure 1A). On the other hand, hybrids from commercial seeds produced more 2,876.21 kg ha-1on average. 

The high productivity of the cultivars (compared to the state average) could be explained by the fact that the 
sowing was performed early (on January 23, 2019) providing the crop more hot days and sunlight hours. These 
conditions, in association with favorable climate and good agronomical management practices, might have 
contributed to the superior result. Pinotti et al. (2014) stated that the productivity performance of maize results 
from the union of genetic factors of the cultivars, edaphoclimatic conditions, and solar radiation reaching the culture. 

 In this work, the general average of grain productivity of the experiments was of 6,965.90 kg ha-1, a value 
that surpassed those of hybrids originated from saved seeds or home breeding. The commercial seeds, such as the 
cultivar MG 580 PW, presented values up to 2,278.4 kg ha-1 above the average (Figure 1A).  

 

 
Figure 1: Mean grain productivity (A) and RR-biotechnology segregation, as evaluated by the percentage of 

dead plants after application of the herbicide Glyphosate® (B), according to the Scott-Knott test (among 
treatments) and Scheffé test (among seed categories), both at a 5% probability level.  

 
To assess the percentage of RR-biotechnology segregation, the population of plants susceptible to the herbicide 

glyphosate (an inhibitor of the enzyme EPSPS) was quantified within each treatment. Single-cross hybrids originated 
from commercial seeds showed no mortality. This fact was already expected, as certified seeds assure to farmers 
both quality and efficiency in the aforementioned biotechnology. The cultivar MG 545 PW SALVO statistically did not 
differ from the previous group and it showed a 3% segregation, in relation to the initial plant population (Figure 1B).  
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The most significant segregation values were found in the double-cross hybrids produced from DKB 290 PRO3 
x MG 30A37 PW and DKB 290 PRO 3 x DOW 2B587 PW (27.86 and 23.18%, respectively). The remaining cultivars 
had intermediate segregation, with an average of 15.98% of plants killed by the agrochemical (Figure 1B). These 
results can be easily explained by the Mendelian genetics, as it seems to be a case of gene dominance. Thus, the 
presence of dominant alleles in the locus grants tolerance to glyphosate, whereas recessive homozygous alleles imply 
in susceptibility to the herbicide (BUENO et al., 2006).  

Commercial seeds of single-cross hybrids generate a homogeneous F1 population formed by heterozygotes. 
This, in association with the RR biotechnology, bestows tolerance to glyphosate upon 100% of the individuals. On 
the other hand, double-cross hybrids (from home breeding) originates heterogeneous populations, with a mixed 
progeny, composed of 25% dominant homozygotes, 50% heterozygotes, and 25% recessive homozygotes (1:2:1). 
Thus, 25% of the individuals are expected to be susceptible to the herbicide. The segregation is also valid in cases of 
seeds saved from the farmer’s own production (F2 population), as it was verified in our work (Figure 1B). 

The behavior of the seed groups (commercial, saved, and home-bred) was compared through contrast analyses 
by Scheffé test (Figure 2) 

 

 
Figure 2: Comparative among the seed categories (origin), according to the contrast resulted - Scheffé test. A: Plant 

height (m); B: ear insertion height (m); C: ear length (cm); D: ear diameter (mm); E: number of grain rows (NR) 
and number of grains per row (NGR); F: mass of 100 seeds (g); G: productivity (kg ha-1); H: RR-biotechnology 

segregation, as assessed by the percentage of dead plants after application of the herbicide Glyphosate®. *: 
indicates significance among seed categories (Scheffé test, p < 0.05).  
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The group of hybrids from commercial seeds had a superior performance in all variables appraised, remarkably 
in productivity and RR-biotechnology segregation (Figures 2G and 2H). Besides, these hybrids yielded about 2,698.2 
kg ha-1 more grains than the other treatments (Figure 2G) - precisely 2,023.3 kg ha-1 more than the home-bred 
hybrids and 3,372.7 kg ha-1 more than those produced from saved seeds (Figure 2G). The quality of the ears 
representing each group attested the differences related to uniformity, which indicates genetic segregation in this 
class of seeds (Figure 3). 

  

 
Figure 3: Representative maize ears of hybrids produced from home breeding/double-cross hybrids (pirate 

seeds) (A), saved seeds/F2 population (B), and commercial hybrids (C). 
 
The RR-biotechnology segregation in the double-cross hybrids and saved seeds was of 16.76%; whereas it was 

null (0%) in hybrids from commercial seeds (Figure 2H). This latter group also provided the best result, with 20.50% 
less segregation than the home-bred seeds (Figure 2H). Acosta et al. (2002) pointed out that seeds coming from 
hybrid maize crops exhibit low segregation frequencies, mostly due to the low productivity, grain health, and high 
rates of plant lodging and culm breakage aspects deemed as relevant by farmers when choosing a cultivar. 

It was possible to spot differences in both quality and uniformity of representative ears of the hybrids from 
commercial, home-bred, and saved seeds (Figure 3). The inferiority of the group grown from home-produced seeds 
became evident, as they bore malformed, uneven ears, and low-quality grains. This aftermath corroborates the work 
of Acosta et al. (2004), who stated that varieties with open pollination and double-cross hybrids formed irregular 
stands, with short plants, which are susceptible to breakage and lodging. 

Through the principal component analysis (Figure 4), the treatments were sorted as for their seed origin 
(commercial, saved, or home breeding). The first two components explained 41.50% and 21.60% of data variability, 
respectively (Figure 4). Grain productivity and the features linked to yield - such as mass of 100 seeds (M100), ear 
length (EL), and number of grains per row (NGR) - were more prominent in hybrids from commercial seeds (MG 580 
PW, DKB 290 PRO3, MG 30A37 PW, AS 1777 PRO3, and AG 9000 PRO3). These results support those of Machado et 
al. (2008), who proved single-cross hybrids to be superior to the double-cross ones, regarding grain production.  
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Figure 4: Principal component analysis (PCA) of all variables and treatments. Seeds of commercial single-

cross hybrids are depicted in red, saved seeds/F2 population are in black, and seeds from home breeding/double-
cross hybrids (pirate seeds) are in blue. The variables are represented in green. 

 
On the other hand, the attributes plant height (PH), ear insertion height (EIH), culm diameter (CD), ear diameter 

(ED), and number of grain rows (NR) were stronger in the group of hybrids from home-breeding (DKB 290 PRO3 x 
DKB 285 PW, DKB 290 PRO3 x MG 600 PW, DKB 290 PRO3 x MG 30A37 PW, and DKB 290 PRO3 x DOW 2B587 PW). 
Such relationship can be explained by the fact that all crossings had the hybrid DKB 290 PRO3 as a parent. This 
specific variety is characterized by having tall plants, thick and healthy culms, large cobs, and more grain rows 
(DEKALB, 2017). Nevertheless, the segregation of the RR biotechnology was highly correlated to the groups of 
cultivars from saved and home-bred seeds, once they showed susceptibility to the herbicide glyphosate. 

The cost analysis considered each category as for the average price of 60,000 seeds, the average grain 
production, and the average market price in the previous trimester (Table 4). Even though saved and home-bred 
seeds had the lowest purchase value, they yielded significantly less. This fact compensates the costs of buying 
commercial seeds, whose net revenue surpassed that of the saved seeds by USD 302.49, and also that of the home 
breeding ones by USD 158.29, values that are in accordance to Passos et al. (2018). They also proved that, despite 
having a costly production due to the high purchase prices, the commercial varieties often lead to a positive balance. 

 
Table 4: Cost-benefit analysis of using each seed category. 

Seed category Cost of 60,000 seeds* 
(USD) 

Productivity  
(kg ha-1) 

Maize price** 
(USD) 

Total net ha-1 
(USD) 

Commercial- Single-cross hybrids  113.80 8,626.21 USD 7.63 930.54 
Home breeding- Double-cross 

hybrids  
27.13 6,602.90 USD 7.63 772.25 

Saved- F2 Population 7.97 5,253.51 USD 7.63 628.05 
*Considering the United States Dollar to Brazilian Real exchange rate equal to 4.13; **mean of the prices on 06/30, 05/30, 

and 04/30, 2019 (Source: canalrural.uol.com.br/cotacao/milho/). 
 
According to Acosta et al. (2002), farmers claim to recognize the superior potential of commercial single-cross 

hybrids when it comes to productivity. Yet, they opt for sowing home-produced seeds, not only due to their 
affordability, but also because they typically have little land available for cultivation. Notwithstanding, in our study, 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/


Segregation of The Rr Biotechnology and Agronomical Variables in Single-Cross, Double-Cross, And F2 Hybrids of Maize 
(Zea Mays L.) 

 

International Journal of Research -GRANTHAALAYAH                                                                                                                                                         347       

we proved that the final production of commercial hybrids could make up for any higher initial investment in high-
quality, certified seeds. 

 
4. CONCLUSIONS AND RECOMMENDATIONS  
 
The diverse origin of the seeds used in this experiment had a significant effect on agronomic and economic 

characteristics. Single-cross hybrids grown from commercial seeds presented the highest productivities and the 
lowest genetic segregation rates. They also displayed high uniformity. 

Regarding the RR-biotechnology, the pirate seeds (from home breeding double-cross hybrids) showed 
segregation, with up to 30% of mortality - which makes the application of the herbicide glyphosate unfeasible. This 
fact hinders weed management, thus reducing grain productivity.  

Lastly, the cost analysis allowed to conclude that the acquisition of commercial seeds of single-cross hybrids is 
worthwhile and profitable, as they offer higher safety and quality. 
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