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ABSTRACT: The objective of this study was to evaluate the direct and indirect effects of ten quantitative 
descriptors of agronomic importance in productivity of 25 maize hybrids and their respective influences of heritability. 
The experiment in randomized blocks with four replications, was conducted in 2010/2011 crop in a soil under humid 
subtropical climate. The quantitative descriptors were: ear length, ear diameter, cob diameter, number of rows of grains, 
stem diameter, plant height, ear height, weight of 100 grains, grain weight per ear and number of grains per ear. The grain 
weight per ear and ear length showed high correlation with grain yield, and the descriptors with the highest potential for 
selecting superior genotypes and showing high heritability. 
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INTRODUCTION 

 
The protein demand growth reflects on the 

impulse in the corn production (Zea mays L.), which 
justifies the increases in the production of the 
culture, a fact that is also conditioned by genetic 
advances (LAURIE et al., 2004). Corn has been 
undergoing constant evolution in relation to levels 
of income, and in Brazil, in 2010, there was 
increased production of about 10% (CONAB, 
2010).  

Productivity is a complex character, and 
influenced by many characters and controlled by 
multiple factors that interact with genotypes and 
environmental conditions (ALLARD, 1971; 
KASHIANI et al. 2010; ZILIO et al. 2011). For 
expression of high levels of production, the corn 
crop depends, in addition to proper management 
techniques, the interaction of genetic material, with 
the soil and climatic conditions (DUVICK, 2005). 
In corn, variations in the choice of cultivar and the 
interactions with the environment may represent 
half of the productivity (CRUZ, et al., 2005).  

Studies evaluating direct and indirect effects 
on yield components associated with the heritability, 
can significantly improve the efficiency of breeding 
programs through the selection indices (KASHIANI 
et al., 2010). Moreover, when heritability is 
considered low, the use of correlations between the 
characteristics may applied to improve the 
selections, especially when they are difficult to be 
measured (MALOSETTI et al., 2008). 

The path analysis proposed by Wright 
(1921), is the most usual tool to establish the exact 
correlation in terms of cause and effect, providing 
direct relations, which is the causal effect, and 
indirect relations, intermediated by one or more 
independent variables. The inter-relations between 
the yield components instead of morphological 
characteristics can, through the linear relation, 
obstruct the importance of the direct effects and 
especially indirect in the production components in 
the corn culture (CARVALHO et al., 2004).   

The corn crop does not have effective 
compensatory feature, Barros (1998) states that the 
ear length has little contribution to the determination 
of income, being a secondary factor for the 
estimation of productivity, and particular to each 
genotype (LOPES et al., 2007). In addition, work is 
needed to deepen the understanding of the cause and 
effect on yield in corn, especially when it is 
considered a large number of hybrids and with 
different purposes. The objective was to evaluate the 
yield of 25 corn hybrids through direct and indirect 
effects of ten quantitative descriptors of agronomic 
importance and the respective influences of 
heritability for selection factors. 

 
MATERIALS AND METHODS  

 
The study was conducted in an experimental 

area in the town of Guarani das Missões, Mission 
region of Rio Grande do Sul, whose location is: 
latitude 28 º 08'27 "south, longitude 54° 33'29" west 
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and average elevation of 267 meters. The climate is 
mesothermal humid Cfa type (KOPPEN, 1948) and 
the predominant soil is sandy clay loam soil 
(EMBRAPA, 2006). We evaluated 25 corn hybrids 
grown in a randomized block design with four 
replications. The scaling of the plots was 5.6 x 5 m, 
behaving then, eight lines of crop spaced 0.7 m. The 
tillage was performed in the first ten days of August 
2010, seeking final population of 60,000 plants ha-1. 
The basic fertilization was performed according to 
the characteristics of soil (clay content: 58 %, pH 
5.7, SMP: 6.3, P: 4.2 mg L-1, K: 95 mg L-1, MO: 28 
g dm-3; CTC: 19.43 cmolc L-1, base saturation: 83.4 
%), and recommendations of the Commission ... 
(2004) , so that there were used 250kg ha-1 of a 
mineral formulation 5-20-20. There were also two 
applications of nitrogen, at a dose of 60 kg ha-1 
each, in the vegetative stages V4 and V6. For weed 
control herbicides used were the basis of atrazine 
and nicosulfuron, and pest control, insecticide 
chlorpyriphos and cypermethrin. 

In the twelve central plants in each plot 
were evaluated following qualitative descriptors: 
stem diameter (SD), 10 cm of the soil surface, plant 
height (PH), the soil surface to the insertion of the 
tassel, height of ear insertion (HEI), the soil surface 
to the ear, ear diameter (ED), at the middle portion 
of the ear, cob diameter (CD), in the middle portion 

of cob, ear length (CL), number of rows of grains 
(NRG), grain weight per ear (GWE) - average mass 
of 16 ears, number of grains per ear (NGE) - 
average of the mass 100 grains and grain weight per 
ear, grain weight of 100 (W100), grain yield 
(YIELD) - in 20 plants in the plot, corrected to 13% 
moisture. 

The results were submitted to variance 
analysis and correlation of Person to 5% probability 
of error and means were compared by Scott Knott 
test for estimates of heritability (SCOTT, KNOTT, 
1974) and stratification between the associations of 
characters, was applied to path analysis (WRIGHT, 
1921 ) with respect to productivity. 

 
RESULTS AND DISCUSSION 

 
The phenotypic relationships (Table 1) are 

explained in general, through the simultaneous 
effect on two genes of a character. It is observed 
that there was high agreement in the magnitude of 
association between PH and HEI, as well as in 
relation to the CD and ED. This result represents the 
effective selection of materials with reduced size 
and increased ear length, moreover, these 
descriptors have high heritability, not hindering the 
selection process. 

 
Table 1. Phenotypic relationship between variables in 25 corn hybrids and heritability, genetic variation and 

environmental. Guarani das Missões – RS, 2010/2011. 
  SD PH HEI ED CD CL NRG GWE NGE W100 YIELD 
SD 1 0.07 0.43 -0.21 -0.03 0.08 -0.31 -0.21 -0.41 0.3 -0.49 
PH  1 0.65 0.13 -0.21 0.37 0.21 0.47 0.41 0.13 0.28 
HEI   1 0.2 -0.11 0.59 -0.08 0.37 0.13 0.35 0.04 
ED    1 0.59 0.15 0.78 0.45 0.57 -0.18 0.34 
CD     1 -0.14 0.34 -0.24 -0.09 -0.23 -0.15 
CL      1 0.01 0.48 0.27 0.32 0.31 
NRG       1 0.36 0.73 -0.57 0.36 
GWE        1 0.79 0.32 0.77 
NGE         1 -0.3 0.7 
W100          1 0.09 
YIELD                     1 
h² (%) 55.12 95.75 88.12 93.54 86.7 86.71 76.01 98.43 97.34 95.78 43.21 
CVg 5.59 9.53 9.38 4.92 9.22 6.74 9.01 12.69 13.1 7.97 12.6 
CVg/Cve 0.55 2.48 1.35 1.88 1.27 1.27 0.89 1.12 3.85 2.38 1.28 
Note: variables: diameter stem (mm SD), plant height and ear insertion height (m PH and IEA), cob diameter and ear diameter (mm ED 
and CD), ear length   (cm CL)  number of rows of grains (NRG), number of grains per ear (NGE), mass per ear (GWE g), weight of 
100 grains (W100 g), grain yield (YIELD kg ha-1), h² (heritability), CVg (coefficient of genetic variation), CVe (coefficient of 
environmental variation). 

 
High association was found between the 

descriptor NGE both with productivity, as with the 
mass of grains per ear, and the latter is also related 

to productivity. This shows that the largest number 
of grains, provides greater mass of grains per ear, 
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which is reflected in higher yields in corn, 
regardless of the weight of 100 grains. 

The high heritability characters found in 
GWE, NGE and W100, also resulted in high values 
of the relationship between genetic and 
environmental variation, making the criteria more 
appropriate to result in appropriate selections. These 
criteria demonstrate the genetic variability available 
in the population, and reliability parameters of the 
data. This is because the low heritability tends to 
impede the selection of materials for the great 
environmental influence (CRUZ et al., 2005). 
However, if an indirect character has a high 
heritability and is correlated with the variable of 
interest with low heritability, indirectly facilitates 
the selection criteria (KUREK et al., 2001). 

Regarding productivity, the heritability was 
low (43%), probably due to the fact that this 
variable is influenced by several factors 
(RAMALHO et al., 1993). In a study of 15 maize 
cultivars, Wannows et al. (2010) observed low 
heritability for grain yield (39%), while the 
remaining variables have shown high values. Faluba 
et al. (2010), in a study with the same culture, 
ascertained values close to those obtained in this 
study as the heritability. Although the authors 
observe the genetic variation and environmental 
(CVg/CVe) for plant height, lower than those 
investigated. 

Through the verification path analysis the 
variable with the greatest influence among the ten 
characters was the GWE, as it presented greater 
direct effect on YIELD (0.70) furthermore, this 
descriptor provided more indirect effect for the 
other variables. Although there weren’t negative 

indirect effect of NGE and W100 (-0.20 and -0.32), 
these, did not result in represented effects, being 
disregarding the effects (Table 2). 

In a study on corn in the path analysis, 
Nemati et al. (2009), report that the mass of ear has 
direct effect on crop productivity. According to the 
authors, this occurs due to increased uptake and 
translocation of assimilates to consecutive 
increasing the mass of grain in the ear. Likewise, 
Bello et al. (2010) observed a major direct effect of 
this variable in the production of maize, followed by 
the number of grains per ear, with index of 0.58 and 
0.52, respectively. 

The variable CL, beyond the simple positive 
correlation, took full effect in the same proportion, 
being little affected by indirect effects, except for 
GWE. Likewise, on a path analysis of 11 maize 
hybrids, Samonte et al. (2005) observed that the 
variables that were most related to grain yield were 
ear length and grain weight per ear. These 
characteristics are the main determinants of 
productivity, and can provide 82% variation in 
maize, while other portions are unknown 
(ZIREHZADEH et al . , 2011). 

There was a direct negative effect on the 
variable NGE in YIELD, although totalized ratio 
was of 0.7 (Table 2). This was due to the indirect 
effect of GWE , 0.9. In analysis with open 
pollinated varieties of corn in path analysis, 
Balbinot Junior et al. (2005), ascertained that the 
number of kernels per row was the component most 
associated with productivity. Partially corroborating 
data, Kumar and Kumar (2000), suggest indirect 
selection for yield of maize by the number of rows 
per ear. 

 
Table 2. Path analysis between eleven components of yield in 25 maize hybrids. Guarani das Missões - 

RS 2010/2011. 

FV Pathway P FV Pathway p FV Pathway P 

SD 

Direct effect YIELD -0.01 

PH 

Direct effect YIELD 0.05 

HEI 

Direct effect YIELD -0.17 

Indirect effect PH 0.03 Indirect effect SD -0.02 Indirect effect SD -0.11 

Indirect effect HEI -0.07 Indirect effect HEI -0.11 Indirect effect PH 0.03 

Indirect effect ED -0.23 Indirect effect ED -0.02 Indirect effect ED -0.03 

Indirect effect CD 0.04 Indirect effect CD -0.02 Indirect effect CD -0.01 

Indirect effect CL 0.05 Indirect effect CL 0.02 Indirect effect CL 0.04 

Indirect effect NRG 0.02 Indirect effect NRG -0.01 Indirect effect NRG 0.04 

Indirect effect GWE -0.24 Indirect effect GWE 0.55 Indirect effect GWE 0.43 

Indirect effect NGE 0.13 Indirect effect NGE -0.13 Indirect effect NGE -0.04 
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Indirect effect W100 -0.08 Indirect effect W100 -0.03 Indirect effectW100 -0.09 

TOTAL -0.49 TOTAL 0.28 TOTAL 0.04 

ED 

Direct effect YIELD -0.16 

CD 

Direct effect YIELD 0.12 

CL 

Direct effect YIELD 0.06 

Indirect effect SD 0.05 Indirect effect SD 0.01 Indirect effect SD -0.02 

Indirect effect PH 0.01 Indirect effect PH -0.01 Indirect effect PH 0.02 

Indirect effect HEI -0.03 Indirect effect HEI 0.02 Indirect effect HEI -0.10 

Indirect effect CD 0.07 Indirect effect ED -0.09 Indirect effect ED -0.02 

Indirect effect CL 0.01 Indirect effect CL -0.09 Indirect effect CD -0.02 

Indirect effect NRG 0.04 Indirect effect NRG -0.02 Indirect effect NRG -0.01 

Indirect effect GWE 0.53 Indirect effect GWE -0.28 Indirect effect GWE 0.56 

Indirect effect NGE -0.19 Indirect effect NGE 0.03 Indirect effect NGE -0.09 

Indirect effect W100 0.05 Indirect effect W100 0.06 Indirect effect W100 -0.09 

TOTAL 0.34 TOTAL -0.15 TOTAL 0.31 

NRG 

Direct effect YIELD -0.06 

GWE 

Direct effect YIELD 0.7 

NGE 

Direct effect YIELD -0.33 

Indirect effect SD 0.08 Indirect effect SD 0.05 Indirect effect SD 0.1 

Indirect effect PH 0.01 Indirect effect PH 0.02 Indirect effect PH 0.04 

Indirect effect HEI 0.01 Indirect effect HEI -0.06 Indirect effect HEI -0.02 

Indirect effect ED -0.12 Indirect effect ED -0.07 Indirect effect ED -0.09 

Indirect effect CD 0.04 Indirect effect CD -0.03 Indirect effect CD -0.02 

Indirect effect CL 0.01 Indirect effect CL 0.4 Indirect effect CL 0.03 

Indirect effect GWE 0.42 Indirect effect NRG -0.02 Indirect effect NRG -0.01 

Indirect effect NGE -0.24 Indirect effect NGE -0.2 Indirect effect GWE 0.9 

Indirect effect W100 0.16 Indirect effect W100 -0.04 Indirect effect W100 0.09 

TOTAL 0.36 TOTAL 0.77 TOTAL 0.7 

W100 

Direct effect YIELD -0.28 

W100 

Indirect effect ED 0.02 

W100 

Indirect effect GWE 0.37 

Indirect effect SD -0.07 Indirect effect CD -0.09 Indirect effect NGE 0.1 

Indirect effect PH 0.01 Indirect effect CL 0.021 TOTAL 0.09 

Indirect effect HEI -0.05 Indirect effect NRG 0.03   

Note: variables: diameter stem (mm SD), plant height and ear insertion height (m PH and IEA), cob diameter and ear diameter (mm ED 
and CD), ear length   (cm CL)  number of rows of grains (NRG), number of grains per ear (NGE), mass per ear (GWE g), weight of 
100 grains (W100 g), yield (YIELD kg ha-1). 

 
Another character that showed negative 

relationship with YIELD was the W100 (-0.29), 
although it has totalized positive effect indirectly 

caused by GWE. The data confirm the study by 
Nemati et al. (2009), which observe that the 
thousand grain weight showed a negative effect on 
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the yield of corn being more influenced by indirect 
character. On the other hand, Prakash et al. (2006) 
and Rafiq et al. (2010) observed that productivity 
was directly correlated with the weight of 100 
grains, although they noted the number of rows of 
grains and ear length with a significant relationship. 

Despite the high correlation between GWE 
and NGE, indirect effect occurs with YIELD, as 
GWE suffers indirect negative effect by NGE, there 
is an interdependence between the characters. Thus, 
it can be stated that the selection for more 
productive hybrids may be preceded by the selection 
of the MSA, despite the negative indirect effect of 
NGE. The simple correlation, although unusual, has 
shown similarities in the specific outcomes between 
direct and indirect components obtained through 
path analysis in maize hybrids (IVANOV et al., 
2007). 

By analyzing the relationship between NRG 
and YIELD, it appears that there was the same 
pattern of effect to most of the variables. The direct 
effect was virtually nonexistent, however, will 

amount to 0.36, which arises from the GWE (0.42), 
despite the negative inference of NGE. Other 
authors observed positive effect of the number of 
rows of grains in grain yield (ALVI et al., 2003; 
SRECKOV et al., 2011). Sumathi et al. (2005), 
observed negative influence of high productivity, 
reporting the change in plant architecture of modern 
materials. 

In general, the high coefficient of 
determination of path analysis (0.85) and low effect 
of the residual variable (0.29) show that there was 
intense relationship of cause and effect between 
variables and their relationships with grain yield. 

 
CONCLUSION 

 
The descriptors number of grains per ear 

(NGE) and mass per ear (GWE), resulted ib high 
heritability and relationship to grain yeld, making 
them the descriptors with the highest potential for 
graind yield. 

 
 

RESUMO: O objetivo do trabalho foi avaliar o efeito direto e indireto de dez descritores quantitativos de 
importância agronômica na produtividade de 25 híbridos de milho, bem como suas respectivas influências de 
herdabilidade. O experimento em blocos casualisados com quatro repetições, foi conduzido na safra 2010/2011 em 
Latossolo Vermelho distrófico, sob clima subtropical úmido. Os descritores quantitativos avaliados foram: comprimento 
de espiga, diâmetro de espiga, diâmetro de sabugo, número de fileira de grãos, diâmetro do colo, altura da planta, altura de 
inserção da espiga, massa de 100 grãos, massa de grãos por espiga e número de grãos por espiga. A massa de grãos por 
espiga e o comprimento da espiga apresentaram alta relação com a produtividade de grãos, sendo os descritores com maior 
potencial para a seleção de genótipos superiores e apresentando altas herdabilidades. 

 
PALAVRAS-CHAVE: Correlação. Análise de trilha. Zea mays. 
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