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Abstract 
The objective of this work was to evaluate the agronomic performance of corn hybrids, the interrelations of the 
characters with the grain yield, and to genetically discriminate the corn hybrids by means of the dispersion 
analysis of the canonical variables. The experiment was conducted in the agricultural crop of 2013/2014, in an 
area belonging to the Federal University of Santa Maria, Campus of Frederico Westphalen, RS. The 
experimental design was a randomized block design, with four replications. The treatments were composed of 
seven maize hybrids with different genetic bases and maturation cycles. The LG 6304 modified simple hybrid 
has higher grain yield than the others. The characters plant height, spike insertion height and number of grains 
per row of spike have positive interrelations with grain yield of corn hybrids. Hybrids are not grouped according 
to the genetic basis and maturation cycle. The canonical variables explain 94.62% of the existing genetic 
variation, and allows the formation of five groups of maize hybrids.  
Keywords: Zea mays L., track analysis, canonical variables 

1. Introduction 
Corn (Zea mays L.) is considered one of the main cereals cultivated worldwide. It is a raw material for many 
products destined to human and animal feeding, because the grains are a source of carbohydrates, proteins and 
lipids (Fancelli & Dourado Neto, 2004; Carvalho et al., 2013; Pelegrin et al., 2016). This cereal is presented as 
the second crop with greater emphasis on the national agricultural scenario, being cultivated from small farms 
for subsistence agriculture, to farmers with high levels of technological management (Sangoi et al., 2010). The 
expansion of corn production has increased over the years due to population growth, food needs, and the 
production of biofuels (Silva, 2004; Carvalho et al., 2014). 

The productive performance of corn hybrids is closely related to biotic and abiotic effects. These, together, 
influence the magnitude of the relationships of the characters of agronomic importance, and reflect on the 
productive potential of corn (Brachtvogel et al., 2009; Baretta et al., 2015). It is important to understand which 
traits are associated with crop yield and to determine which traits are important and should be measured in corn 
hybrids trials. In this way, the track analysis developed by Wright (1921) is used to unfold the linear correlations 
in direct and indirect effects of the traits on the dependent character (Cruz, 2012; Souza et al., 2015a).  

The efficient interpretation of the results is evidenced in conjunction with the multivariate analyzes, highlighting 
the canonical variables that allow the identification of more similar or distant genotypes, demonstrating these 
differentiations by graphically applied scores (Cruz, 2012; Souza et al., 2015b). This analysis provides greater 
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efficiency in distinguishing genetic variation among genotypes, as established by standardized observations, and 
the residual effects of genotypes (Cruz, 2014). Therefore, the objective of this work was to evaluate the 
agronomic performance of corn hybrids, the interrelations of the characters with grain yield, and to genetically 
discriminate corn hybrids by means of dispersion analysis of canonical variables. 

2. Material and Methods 
The experiment was conducted in the agricultural crop of 2013/2014, in an area belonging to the Federal 
University of Santa Maria, Campus of Frederico Westphalen, RS. Soil is classified as dystrophic red Latosol, and 
the climate is characterized by Köppen as subtropical Cfa, and the geographic coordinates correspond to 
27o39′56″ S and 53o42′94″ W, with an altitude of 490 meters and an annual rainfall of 1,800 mm (MALUF, 
2000).  

The experimental design was a randomized block design, with four replications. The treatments were composed 
of seven corn hybrids with different genetic bases and maturation cycles (Table 1), totaling 28 experimental 
units. 

 

Table 1. Description of the hybrids used in the experiment and their characteristics regarding the type of crossing 
and maturation cycle 

Corn Hybrids Genetic Basis Maturation cycle 
PL 6880 Triple hybrid Normal 

LG 6050 Simple hybrid Early 

LG 6304 Modified simple hybrid Super early 

SG 6302 Triple hybrid Super early 

LG 6033 Simple hybrid Early 

SG 6418 Triple hybrid Early 

SG 6011 Modified simple hybrid Super early 

 

The experimental units were composed of four sowing rows, five meters (m) in length, and spaced 0.7 m apart. 
The implementation of the experiment was based on the direct seeding system, with a population density of 
70,000 ha-1 plants. The fertilization of 300 kg ha-1 of NPK in the formulation 05-20-20 was applied, and 180 kg 
ha-1 of nitrogen in the amide form was applied for top dressing, on the stages V4 and V6, following the 
phenological scale proposed by (Ritchie et al., 1993). The control of invasive plants, insect-pests, and diseases 
were carried out in a preventive way in order to minimize biotic influences in the experiment (Nardino et al., 
2016a). 

The determination of characters of agronomic interest was based on the methodology proposed by Carvalho et al. 
(2014), where ten plants per experimental unit were randomly sampled, and the measured characters were: plant 
height (PH), results in meters (m); height of spike insertion (HSI), results in m; spike diameter (SD), results in 
millimeters (mm); spike lenght (SL), results in cm; spike mass (SM), results in grams (g); number of grain rows 
of the spike (NGS), results in units; number of grains per row of spike (NGR), results in units;cob diameter (CD), 
results in mm; cob mass (CM), results in g; spike grain mass (SGM), results in g; mass of one thousand grains 
(MTG), results expressed in g; prolificacy (PRO), results in units; grain yield (GY), results in bags per hectare 
(sc ha-1). 

The obtained data were submitted to analysis of variance by the F test at 5% of error probability, where their 
assumptions were verified, after the multiple comparison of means by the Tukey test was performed. The 
characters under study comprised a matrix of linear phenotypic correlations, being submitted to the 
multicollinearity diagnosis by the number of conditions (NC) of the matrix. Subsequently, the analysis of the 
trail with multicollinearity was established, establishing the grain yield as dependent, and the other characters as 
explanatory (Cruz et al., 2012). The analysis of canonical variables was performed according to (Cruz et al., 
2012). Statistical analyzes were performed using the statistical software Genes (Cruz, 2013).  

3. Results and Discussion 
The analysis of variance revealed significant (p ≤ 0.05) for the characters, plant height (PH), height of spike 
insertion (HSI), number of grains per row (NGR), cob diameter (CD) and grain yield (GY). No significance was 
observed for the trait spike diameter (SD), spike length (SL), spike mass (SM), number of grain rows of the 
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spike (NGS), cob mass (CM), spike grain mass (SGM), mass of one thousand grains (MTG) and prolificacy 
(PRO). 

For the plant height character (PH) the hybrids PL 6880, LG 6050 and LG 6304 were superior to the others 
(Table 2). The magnitude of this variable is the result of genotype vs. cultivation environment and management 
systems (Dourado Neto et al., 2003). In contrast, the hybrid SG 6011 reveals inferiority for this character. 
Hybrids with smaller stature tend to have less lodging and broken plants, with no detrimental effects on the 
productive potential of the genotype (Sawazaki & Paterniani, 2004).  

 

Table 2. Average results for the variables, plant height (PH), height of spike insertion (HSI), number of grains 
per row (NGR), cob diameter (CD) and grain yield (GY) 

Corn hybrids PH (m) HSI (m) NGR (un) CD (mm) GY (sc ha-1) 
PL 6880 3.22 a 1.95 a 39.44 a 26.61 b 132.6 c 

LG 6050 3.05 ab 1.7 ab 34.22 ab 27.67 ab 158.7 abc 

LG 6304 2.93 abc 1.59 abc 31.22 ab 26.20 b 182.5 a 

SG 6302 2.77 bcd 1.39 bc 33.11 ab 28.31 ab 166.1 abc 

LG 6033 2.71 cd 1.44 bc 39.22 a 26.03 b 174.7 ab 

SG 6418 2.68 cd 1.55 abc 37.22 ab 29.46 ab 154.4 abc 

SG 6011 2.64 d 1.28 c 29.66 b 30.38 a 141.7 bc 

CV (%) 3.58 9.17 9.16 4.70 8.47 

Note. * Averages followed by the same lowercase letter in the column do not statistically differ for Tukey with 5% 
of error probability.  

 

For the height of spike insertion (HSI), the hybrids PL 6880, LG 6050, LG 6304 and SG 6418 are superior, in 
contrast, the hybrid SG 6011 revealed the smaller stature among the genotypes (Table 2). This character is of 
extreme importance for the crop, since it is determinant for the best balance of the plant (Kappes et al., 2011; 
Nardino et al., 2016b). Research has shown that this characteristic can be influenced by the intraspecific 
competition of plants per unit area (Kappes et al., 2011; Nardino et al., 2016c), high levels of nitrogen fertilizers 
(Santos et al., 2010), potassic fertilizers (Rodrigues et al., 2014), and characteristics of the genotype used (Meira, 
2006). Studies have determined that 83% of modern corn genotypes show a height of spike insertion of around 
1.3 m (Sawazaki & Paterniani, 2004).   

The number of grains per row of spike (NGR) showed similar results for hybrids PL 6880, LG 6050, LG 6304, 
SG 6302, LG 6033, SG 6418, and higher than SG 6011 (Table 2). NGR is related to the length of the spike, 
being this genetically influenced, and mainly by genotype × environment interaction (Vilela et al., 2012). 
Hybrids that present smaller NGR have spikes with smaller dimensions in length, can compromise the yield of 
grains. The influence of the growing environment on the determination of the characteristics related to the spike, 
such as number of rows of grains and number of grains per row is decisive in the phenological stages between 
V4 and V9, during which period these yield components are defined (Vilela et al., 2012). 

The cob diameter (CD) is shown to be superior for the hybrids SG 6011, SG6418, SG6302, LG6050 (Table 2). 
The high magnitude of this character can characterize the low efficiency of the genotype in partitioning its 
assimilates, since it destines them to the growth of a nonproductive morphological structure, where it increases 
its dimensions. Therefore, hybrids are sought with less evidence of this character so that the assimilates are more 
efficiently used in the grain filling. Research has shown that greater diameters of cob can be derived from 
periods of energy deficit by the plant, through the remobilization of photoassimilates to drains, where they do not 
contribute to the genotype productivity (Carvalho et al., 2014). Studies observed that the size of the cob can be 
influenced by the population density (Kappes et al., 2011), environmental conditions (Carmo et al., 2012; 
Monteiro et al., 2016), phosphate (Figueiredo et al., 2012) and nitrogen fertilizers (Kappes et al., 2009; Demari 
et al., 2016).  

Grain yield (GY) is higher for the LG 6304 hybrid with 182.50 sc ha-1, and a low yield is evidenced for the PL 
6800 hybrid with 132.6 5 sc ha-1 (Table 2). In this study, it is observed 49,9 sc ha-1 of differences between the 
most and least productive hybrid, where it is evidenced that the LG 6304 modified simple hybrid presents higher 
yield when compared to the triple hybrid PL 6800, under these conditions the type of crossing to obtain the 
hybrid is crucial to define being productive potential. Researches determine that the differential results are 
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derived from the genetic characteristics of the hybrids, and climatic conditions of the growing environment 
(Cardoso et al., 2004). Studies have determined that efficient selection of genotype with high genetic potential 
can influence up to 50% in grain yield (Cruz et al., 2012).  

The multicollinearity diagnosis of the matrix of linear phenotypic correlations revealed a condition number (NC) 
of 18.40 and was considered of low collinearity without serious problems in the matrix. In this way, track 
analysis was performed, neglecting the effects of multicollinearity. The phenotypic track analysis was performed 
for the seven corn hybrids grown in the 2013/2014 crop season, where the grain yield was determined as 
dependent, and the characters; plant height (PH), height of spike insertion (HSI), number of grains per row of 
spike (NGR) and cob diameter (CD), were considered as explanatory. The correlation coefficients were based as 
follows;nulls (r = 0.00), low or weak (r = 0.00 to r = 0.30), intermediate (r = 0.30 at r = 0.60), high or strong (r = 
0.60 at r = 1.00), according to Carvalho et al. (2004).  

Plant height (PH) shows a direct intermediate and positive grain yield effect (Table 3), indirect low and 
positive height of spike insertion (HSI). The total correlation is high and positive (r = 0.60) and proves the direct 
effects obtained. Plants with larger stature tend to show increase in the height of the spike insertion, providing a 
modification of the leaf architecture, and increment of leaves per plant, this dynamics together results in 
increases in the photosynthetic rate and the production of photoassimilates that in the reproductive period will be 
directed to the grain filling (Argenta et al., 2001; Olivoto et al., 2016).  

 

Table 3. Direct and indirect effects of phenotypic characters; plant height (PA), height of spike insertion (HSI), 
number of grains per row (NGR), cob diameter (CD), for the grain yield dependent character (GY), measured in 
seven hybrids of corn 

Effects PH HSI NGR CD 
Direct to GY 0.451 0.119 0.339 -0.193 

Indirect via PH  0.415 0.053 0.16 

Indirect via HIS 0.109  -0.003 0.022 

Indirect via NGR 0.039 -0.111  0.102 

Indirect via CD -0.068 -0.036 -0.058  

Total 0.600 0.504 0.381 0.063 

Coefficient of detemination 0.848 

0.142 Residual variable effect 

 

The height of spike insertion (HSI) has a direct low and positive effect on the yield of grains, indirectly observed 
an intermediate and positive effect with plant height (PH), and low and negative with number of grains per row 
of spike (NGR). The total correlation reveals (r = 0.50) intermediate and positive. The phenotypic associations 
determine that plants with higher height of spike insertion are higher, in contrast, reduce the dimensions of the 
spikes through the smaller number of grains per row. The results obtained for PH and HSI are in agreement with 
that observed by Bello et al. (2010), where they showed direct effects of these characters on grain yield with 
magnitudes and similar meanings of 0,314 and 0,176, respectively.  

The number of grain rows of the spike (NGS) has an intermediate and positive direct effect on grain yield. No 
pronounced indirect effects are observed in this situation, and the total correlation is intermediate and positive (r 
= 0.38), where magnitude and sense prove the direct effects to the dependent character. Research has shown that 
the number of grains per row is determinant to increase productivity in corn (Balbinot Júnior et al., 2012). 
However, its magnitude is highly influenced by genetic constitution, G×E interaction and population 
management systems (Dourado Neto et al., 2003; Baretta et al., 2016).  

The cob diameter (CD) showed direct spurious effects on grain yield. On the other hand, low and positive 
indirect effects were obtained with plant height and number of grains per row of the spike (NGR). The total 
correlation presents (r = 0.06) null, this fact does not result in absence of association among the characters, but 
the linearity of the data obtained for the cob diameter. Studies reveal that the diameter of the cob had positive 
relation with the characters related to the size of the spike, such as; number of grain rows of the spike, mass of 
the spike and mass of grain per spike (Lopes et al., 2007).  

The analysis of the canonical variables was determined by the traits, plant height, height of spike insertion, 
number of grains per row, cob diameter, and grain yield determined in seven corn hybrids cultivated in the 



jas.ccsenet.

2013/2014
variables, 

In Figure 
and VC2, 
hybrids 1:
respectivel
composed 
triple hybr

 

Figure 1. G
VC2 (12.7

6050

 

The canon
interpretat
characters 
becomes f
which hyb

4. Conclus
The modif

The chara
interrelatio

Hybrids ar
94.62% of

Reference
Argenta, G

Ciênc

org 

4 crop season.
where VC1 is 

1 it is possible
being possibl

: (SG 6418), 
ly; the second
of the hybrid 

rid; and the fift

Graphic disper
77%) obtained

0); 5 = (SG 601

nical variables 
tion of this mu
(Cruz et al., 2

feasible to use 
brids are superi

sions 
fied simple cor

acters plant he
ons with grain 

re not grouped
f the existing g

es 
G., da Silva, P
cia Rural, 31(6

 The genetic 
responsible fo

e to visualize t
e to visualize 
4: (LG 6050)

d group compo
2: (PL 6880) b

fth group consi

rsion of the sc
d in seven hybr
11); 6 = (LG 6

obtained expl
ultivariate ana
2006). Therefo

univariate and
ior, genetically

rn hybrid LG 6

eight, height o
yield of corn h

d according to
genetic variatio

P. R. F., & San
6), 1075-1084.

Journal of A

variation of c
or 81.85% and 

the graphically
the formation

) and 7: (LG 
osed of the hy
being a triple h
isting of 5: (SG

ores obtained b
rids of corn, be
033); and 7 = 

lain 94.62% o
alysis should b
ore, to identify 
d multivariate 
y closer, and de

6304 has highe

of spike insert
hybrids. 

o the genetic b
on, and allows 

ngoi, L. (2001
. https://doi.org

Agricultural Sci

191 

corn hybrids w
VC2 comprise

y expressed sc
n of four group
6304) being c
ybrid 6: (LG 
hybrid; fourth 

G 6011) being 

by the analysis
eing: 1 = (SG 
(LG 6304) me

of the genetic v
be based on m
which hybrid
analyzes toge

etermine the c

er grain yield t

tion and numb

basis and matu
the formation 

1). Arranjo de
g/10.1590/S01

ience

was expressed 
es 12.77% of a

cores by mean
ps. In this wa
characterized 
6033) being a
group: formed
a modified sim

s of the canoni
6418); 2 = (PL

easured in the a

variation invo
minimum estim
s of corn are s

ether, which re
haracters of in

than the other h

ber of grains 

uration cycle. 
of five groups

e plantas em m
103-847820010

through the f
all genetic vari

s of the canon
ay, the first gro
as, triple, sim

a simple hybr
d by hybrid 3: 
mple hybrid. 

ical variables V
L 6880); 3 = (S
agricultural cro

olved in the stu
mates of 80% 
superior in a co
esults in adequ
nterest to grain

hybrids. 

per row of sp

The canonica
s of corn hybri

milho: Análise
000600027 

Vol. 10, No. 2;

first two cano
iation. 

nical variables 
oup consists o

mple and modi
id; the third g
(SG 6302) be

 

VC1 (81.85%)
SG 6302); 4 = 
op 2013/2014

udy, so the rel
through the s

ompetition ass
uate responses 
n yield in corn.

pike have pos

al variables ex
ids.  

 do estado-da

2018 

onical 

VC1 
of the 
ified, 
group 
ing a 

) and 
(LG 

liable 
set of 
say, it 
as to 

sitive 

plain 

-arte. 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 2; 2018 

192 

Balbinot Jr., A., Backes, R., Alves, A., Ogliari, J., & Fonseca, J. (2012). Contribuição de componentes de 
rendimento na produtividade de grãos em variedades de polinização aberta de milho. Current Agricultural 
Science and Technology, 11(2), 161-166.  

Baretta, D., Nardino, M., Carvalho, I. R., Danielowski, R., Souza, V. Q., Luche, H. S., … Maia, L. C. (2016). 
Characterization of dissimilarity among varieties in Brazilian maize germplasm. Australian Journal Crop 
Science, 10, 1601-1607. https://doi.org/10.21475/ajcs.2016.10.12.PNE58 

Baretta, D., Nardino, M., Konflaz, V. A., Carvalho, I. R., Oliveira, A. C., Souza, V. Q., & Maia, L. (2015). Partial 
diallel analysis between maize inbred lines. Científica, 44, 71-82. https://doi.org/10.15361/1984-5529.2016 
v44n1p71-82 

Bello, O. B., Abdulmaliq, S. Y., Afolabi, M. S., & Ige, S. A. (2010). Correlation and path coefficient analysis of 
yield and agronomic characters among open pollinated maize varieties and their F1 hybrids in a diallel cross. 
African Journal of Biotechnology, 9(18), 2633-2639.  

Brachtvogel, E. L., Pereira, F. R. da S., Cruz, S. C. S., & Bicudo, S. J. (2009). Densidades populacionais de 
milho em arranjos espaciais convencional e equidistante entre plantas. Ciência Rural, 39(8), 2334-2339. 
https://doi.org/10.1590/S0103-84782009005000193 

Cardoso, C. O., Faria, R. T. de, & Folegatti, M. V. (2004). Simulação do rendimento e riscos climáticos para o 
milho safrinha em Londrina, PR, utilizando o modelo CERES-Maize. Engenharia Agrícola, 24(2), 291-300. 
https://doi.org/10.1590/S0100-69162004000200007 

Carmo, M. S. do, Cruz, S. C. S., Souza, E. J. de, Campos, L. F. C., & Machado, C. G. (2012). Doses e fontes de 
nitrogênio no desenvolvimento e produtividade da cultura de milho doce (Zea mays con var. saccharata var. 
rugosa). Bioscience Journal, 28(1), 223-231. Retrieved from http://www.seer.ufu.br/index.php/bioscience 
journal/article/view/13246 

Carvalho, I. R., Korcelski, C., Pelissari, G., & Hannus, A. D. (2013). Demanda Hídrica das Culturas de Interesse 
Agronômico. Enciclopédia Biosfera, 9, 969. Retrieved from http://conhecer.org.br/enciclop/2013b/ 
CIENCIAS%20AGRARIAS/DEMANDA%20HIDRICA.pdf 

Carvalho, I. R., Peruzzo, S. T., Korcelski, C., Pagliarini, I. B., Follmann, D. N., Nardino, M., ... Souza, V. Q. 
(2014). Influência Fisiológica de Fitohormônios em Híbridos de Milho (Zea mays L.). Sodebras, 9, 3.  

Carvalho, I. R., Souza, V. Q. de, Follmann, D. N., Nardino, M. E., & Schmidt, D. (2014). Desempenho 
Agronômico de Híbridos de Milho em Ambiente Irrigado e Sequeiro. Enciclopédia Biosfera, 10(18), 
1144-1153. Retrieved from http://www.conhecer.org.br/enciclop/2014a/AGRARIAS/desempenho%20agro 
nomico.pdf 

Cruz, C. D. (2013). GENES a software package for analysis in experimental statistics and quantitative genetics. 
Acta Scientiarum Agronomy, 35(1), 271-276.  

Cruz, C. D., & Carneiro, P. C. S. (2006). Modelos biométricos aplicados ao melhoramento genético (2nd ed., p. 
585). Viçosa: Ed. UFV.  

Cruz, C. D., Carneiro, P. C. S., & Regazzi, A. J. (2014). Modelos biométricos aplicados ao melhoramento 
genético (3rd ed., p. 668). Viçosa: Editora UFV.  

Cruz, C. D., Regazzi, A. J., & Carneiro, P. C. S. (2012). Modelos biométricos aplicados ao melhoramento 
genético (4th ed., p. 514). Viçosa: UFV.  

Demari, G., Carvalho, I. R., Nardino, M., Szareski, V. J., Dellagostin, S. M., Rosa, T. C., … Souza, V. Q. (2016). 
Importance of Nitrogen in Maize Production. International Journal of Current Research, 8, 6629-36634.  

Dourado Neto, D. D., Palhares, M., Vieira, P. A., Manfron, P. A., Medeiros, S. L. P., & Romano, M. R. (2003). 
Efeito da população de plantas e do espaçamento sobre a produtividade de milho. Revista Brasileira de 
Milho e Sorgo, 2(3), 63-77. https://doi.org/10.18512/1980-6477/rbms.v2n3p63-77 

Fancelli, A. L., & Dourado-Neto, D. (2004). Produção de Milho (2nd ed., p. 360). Guaíba: Agropecuária.  

Figueiredo, C. C., Barbosa, D. V., Oliveira, S. A., Fagioli, M., & Sato, J. H. (2012). Adubo fosfatado revestido 
com polímero e calagem na produção e parâmetros morfológicos de milho. Revista Ciência Agronômica, 
43(3), 446-452. https://doi.org/10.1590/S1806-66902012000300005 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 2; 2018 

193 

Kappes, C., Andrade, J. A. C., Arf, O., Oliveira, A. C., Arf, M. V., & Ferreira, J. P. (2011). Desempenho de 
híbridos de milho em diferentes arranjos espaciais de plantas. Bragantia, 70(2), 334-343. https://doi.org/ 
10.1590/S0006-87052011000200012 

Kappes, C., Carvalho, M. A. C. C., Yamashita, O. M., & Silva, J. A. N. (2009). Influência do nitrogênio no 
desempenho produtivo do milho cultivado na segunda safra em sucessão à soja. Pesquisa Agropecuária 
Tropical, 39(3), 251-259. Retrieved from https://www.revistas.ufg.br/pat/article/view/5756 

Lopes, S. J., Lúcio, A. D. C., Storck, L., Damo, H. P., Brum, B., & Santos, V. J. D. (2007). Relações de causa e 
efeito em espigas de milho relacionadas aos tipos de híbridos. Ciência Rural, 37(6), 1536-1542. 
https://doi.org/10.1590/S0103-84782007000600005 

Maluf, J. R. T. (2000). Nova classificação climática do Estado do Rio Grande do Sul. Revista Brasileira de 
Agrometeorologia, 8(1), 141-150.  

Meira, F. A., & Buzetti, S. (2006). Fontes e modos de aplicação do nitrogênio na cultura do milho (p. 46, 
Dissertação (Doutorado em Agronomia), Universidade Estadual Paulista, Campus de Ilha Solteira. Ilha 
Solteira, SP).  

Monteiro, M. A., Aisenberg, G., Koch, F., Menezes, G., Behenck, J. P. O., Demari, G., … Aumonde, T. Z. (2016). 
Yield and vigor of corn seeds under the influence of flooding periods. African Journal of Agricultural 
Research, 11, 3240-3245. https://doi.org/10.5897/AJAR2016.11367 

Nardino, M., Baretta, D., Carvalho, I. R., Olivoto, T., Follmann, D. N., Szareski, V. J., … Souza, V. Q. (2016a). 
Restricted maximum likelihood/best linear unbiased prediction (REML/BLUP) for analyzing the agronomic 
performance of corn. African Journal of Agricultural Research, 11, 4864-4872. https://doi.org/10.5897/ 
AJAR2016.11691 

Nardino, M., Carvalho, I. R., Baretta, D., Follmann, D. N., Leschewitz, R., Olivoto, T., … Souza, V. Q. (2016c). 
Cycle Segregation in Crossings of Landrace Corn Populations. International Journal of Current Research, 8, 
37896-37900.  

Nardino, M., Carvalho, I. R., Follmann, D. N., Pelegrin, A. J., Ferrari, M., Olivoto, T., … Souza, V. Q. (2016b). 
Genetic Breeding Background and Sustainability in Environments of Production. International Journal of 
Current Research, 8, 39629-39632.  

Olivoto, T., Nardino, M., Carvalho, I. R., Follmann, D. N., Szareski, V. J., Ferrari, M., … Souza, V. Q. (2016). 
Pearson Correlation Coefficients And Accuracy Of Path Analysis Used In Maize Breeding: A Critical 
Review. International Journal of Current Research, 8, 37787-37795.  

Pelegrin, A. J., Carvalho, I. R., Nardino, M., Rigatti, A., Szareski, V. J., Ferrari, M., … Maia, L. C. (2016). Traits 
of Importance For Corn Silage Production. International Journal of Current Research, 8, 38359-38369.  

Ritchie, S. W., Hanway, J. J., & Benson, G. O. (1993). How a corn plant develops (p. 26). Ames, Iowa State 
University of Science and Technology.  

Rodrigues, M. A. C., Buzetti, S., Filho, M. C. M. T., Garcia, C. M. P., & Andreotti, M. (2014). Adubação com 
KCl revestido na cultura do milho no Cerrado. Revista Brasileira Engenharia Agrícola Ambiental, 18(2). 
127-133. https://doi.org/10.1590/S1415-43662014000200001 

Sangoi, L., Silva, P. R. F. D., Silva, A. A. D., Ernani, P. R., Horn, D., Strieder, M. L., … Schweitzer, C. (2010). 
Desempenho agronômico de cultivares de milho em quatro sistemas de manejo. Revista Brasileira de Milho 
e Sorgo, 5(2), 218-231. https://doi.org/10.18512/1980-6477/rbms.v5n2p218-231 

Santos, P. A., Silva, A. F., Carvalho, M. A. C., & Caione, G. (2010). Adubos verdes e adubação nitrogenada em 
cobertura no cultivo do milho. Revista Brasileira de Milho e Sorgo, 9(2), 123-134. https://doi.org/10.18512/ 
1980-6477/rbms.v9n2p123-134 

Sawazaki, E., & Paterniani, M. E. A. G. Z. (2004). Evolução dos cultivares de milho no Brasil. In J. C. C. Galvão, 
& G. V. Miranda (Eds.), Tecnologias de produção do milho (20th ed., Vol. 1, pp. 13-53). Viçosa: 
Universidade Federal de Viçosa. 

Silva, D. F. (2004). Biocombustíveis e produção animal impulsionarão a cultura. Agrianual, 373-374.  

Souza, V. Q., Carvalho, I. R., Follmann, D. N., Nardino, M., Belle, R., Baretta, D., & Schmidt, D. (2015a). 
Desfolhamento Artificial e seus Efeitos nos Caracteres Morfológicos e Produtivos em Híbridos de Milho. 
Revista Brasileira de Milho e Sorgo, 14, 61-74. https://doi.org/10.18512/1980-6477/rbms.v14n1p61-74 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 2; 2018 

194 

Souza, V. Q., Nardino, M., Baretta, D., Carvalho, I. R., Follmann, D. N., Konflaz, V. A., & Schmidt, D. (2015b). 
Variance components and association between corn hybrids morpho-agronomic characters. Científica, 43, 
246-253. https://doi.org/10.15361/1984-5529.2015v43n3p246-253 

Vilela, R. G., Arf, O., Kappes, C., Kaneko, F. H., Gitti, D. de C., & Ferreira, J. P. (2012). Desempenho 
agronômico de híbridos de milho, em função da aplicação foliar de fungicidas. Bioscience Journal, 28(1), 
25-33. Retrieved from https://repositorio.unesp.br/handle/11449/10431 

Wright, S. (1921). Correlation and causation. Journal of Agricultural Research, 20, 557-585. Retrieved from 
https://www.ssc.wisc.edu/soc/class/soc952/Wright/Wright_Correlation%20and%20Causation.pdf 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


