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Abstract 

 

The objective of this study was to estimate the correlation coefficients of phenotypic, genotypic and environment, and their 

consequences direct and indirectly on the yield of maize grains considering a set of environments. The experiments were conducted 

in randomized complete blocks with three replications in five locations in the season of 2011/2012. A thirteen morphological 

characters and grain yield were evaluated. Grain yield had positive but low correlation with the characters such as height of ear 

(rP=0.24; rG=0.26), plant height (rP=0.27; rG=0.29) and ear diameter (rP=0.59; rG=0.68). The prolificacy (rP=0.35; rG=0.43), mass on 

the ear (rP=0.49; rG=0.55), the grain depth (rP=0.39; rG=0.43), total mass of grains per ear (rP=0.47; rG=0.53) and mass of hundred 

grains (rP=0.47; rG=0.50) showed positive but medium correlation with yield. However, the ear diameter had the positive and strong 

correlation with grain yield. Path analysis revealed that the simultaneous selection for ear diameter and prolificacy can be a confident 

alternative to increase the gains in maize, considering the available variation of grain yield in maize. 

 

Keywords: Zea mays L., correlation coefficient, direct and indirect effects, grain yield, locations of cultivation. 

 

Introduction 

 

The main aim of breeding program is to obtain cultivars that 

exceed the pre-existing advantages. The additional 

advantages only become possible if the new cultivar has a 

series of favorable phenotypes for traits of interest. Beside to 

the grain yield per area some other characters are beneficial 

such as resistance or tolerance to pests and diseases, 

efficiency in nutrients and water use and even better plant 

architecture. Breeders should handle several characters at the 

same time, what makes this task a constant challenge, since 

most of the characters can be correlated, and often in 

different directions (Ramalho et al., 2012).  

The character grain yield as a final product is the result of 

the interaction of a number of genetic factors, physiological 

and of environmental; and therefore, cannot be considered an 

isolated way (Gondim et al., 2008). The selection of 

productive genotypes directly, from yield components, and 

indirectly through adaptive characters that increase grain 

yield, represents an important strategy to assist the plant 

breeders. Estimates of the correlations have a wide use in 

plant breeding, mainly aiming at greater efficiency in the 

selection of superior genotypes. Most of times the characters 

of interest are difficult to select due to difficulties in 

measurements/identification or having low heritability. 

Therefore, it may be more convenient aiming for characters 

that have high heritability and easy measurement (Carvalho 

et al., 2004). 

Estimates of correlations between grain yield and its 

components have been objective of several works in diverse 

cultures. Despite the usefulness of these estimates in the 

understanding of a complex character as grain yield, they do 

not define direct and indirect influences of these 

characteristics on productivity. In this context, Wright (1921) 

proposed a method termed path analysis, that allows unfold 

the simple correlation coefficients in their direct and indirect 

effects. Thus, it may have an understanding of the true 

relationships between variables. They are only spurious 

associations and/or relations of cause and effect. 

Literature presents several works that use this technique by 

maize breeders (Carvalho et al., 2001; Barros et al., 2010; 

Munawar et al., 2013; Valizadeh and Bahrampour, 2013). 

However, such studies are still extremely important, because 

different population genetic structures have been considered.  

Given the above, the objectives of this study were to estimate 

the phenotypic correlation coefficients, genotypic and 

environments between grain yield in corn and important 

agronomic characteristics; unfold the estimates of the 

correlations in direct and indirect effects by path analysis and 

to indicate the best characters for indirect selection by 

assisting breeders in the plant selection process with the most 

efficient manner, considering a set of environments. 
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Results and Discussion 

 

Phenotypic, genetic and environment linear correlations 

 

In 84.6% (66 correlation) association of characters between 

the genetic correlations were higher or equal than the 

phenotypic correlations, and 85.9% (67 correlations) of 

associations phenotypic and genotypic correlations were 

higher than the environment correlations (Table 1 and 2). 

Thus, it is possible to conclude that the genotypic 

components have greater weight in the definition of 

correlations than environmental components of phenotypic 

component (Lopes et al., 2002) and Espósito et al., 2012). 

According to Carvalho et al. (2004) it is well-known that 

environment (all external conditions) is the main cause of 

error that reduces precision of genetic estimation. The 

phenotypic variation is the result of the combined action of 

the genotype and the environment. 

Vencovsky and Barriga (1992) reported that the correlation 

between visual characters in an experiment is due to 

phenotypic effects. The phenotypic effects come from two 

factors, genetic and environmental. However, in plant 

breeding we need association, whose nature is genetics and 

heritable. In this experiment, most genotypic correlation 

coefficients were significant at 1% and 5% by t-test, and 

13.63% (11 correlations), 51.51% (40 correlations) and 

34.84% (27 correlations) of pairs had magnitudes classified 

as strong, medium and low, respectively (Table 1 and 2).  

The grain yield character has had positive correlation 

estimates and weak magnitude with ear height, plant height, 

broken and lodged plants and diameter of cob; average 

magnitude with prolificity, ear weight, depth of grain, grain 

mass and mass of a hundred grains and strong magnitude 

with ear diameter. These results suggest that this set of 

characters seem to have great importance in the selection 

process when it aims genotypes that have high yield. 

Other studies also highlight the importance of these 

characters. High estimates of positive correlations between 

grain yield with the character of grain mass, plant height and 

ear height, and a negative correlation between yield and 

broken and lodged plants were found in six landraces of 

maize (Barros et al., 2010). Hallauer et al. (2010) also 

showed high positive correlation coefficients between depth 

of grain, prolificacy and ear diameter with character yield of 

corn grain.  

Grain yield consists of a main objective of plant breeding 

programs. However, this character has complex character, 

being influenced by other factors such as grain mass, ear 

diameter and ear prolificacy. Therefore, the selection of 

promising genotypes can be made based on grain yield and 

also other yield components that might influence the 

productivity of grains (Noor et al., 2013). 

The correlation coefficient was negative and low 

magnitude between the character broken and lodged plants 

and grain yield. The number of broken and lodged plants is a 

highly undesired character in maize breeding programs.  The 

lodging causes the rupture of the tissue, cutting the stem 

vasculature and impeding the recovery of plant affects the 

essential morphological structure to efficiently use 

carbohydrates, and its translocation to the grain and the 

earlier occurs, the greater the loss in yield (Zanatta and 

Oerlecke, 1991). Likewise, when there is occurrence of 

lodging, the ears have less mass and some fail to be harvested 

mechanically, causing significant losses to producers. In 

addition, when the ears come in contact with the soil, there is 

a comprome in the quality grain. 

 

Path analysis  

 

If the set of characters influence the grain yield and some 

have correlations with each other, it can be inferred that inter-

relationship between these variables exists. The determined 

character could interfere with the grain yield by another 

correlated variable. The most detailed of these interrelations 

is given by path analysis, presented in Table 3 and 4. 

For breeding purposes, it is important to verify the highly 

correlated characters with the main character and the most 

direct effect on the favorable direction for selection. 

Therefore, a correlated response by indirect selection is 

efficient (Cruz et al., 2012). Considering the direct effects on 

the dependent variable grain yield, and based on the 

phenotypic correlation matrix, it can be observed that the 

character diameter of cob (r=0.359) has the highest positive 

direct effect (Table 3). The ear diameter revealed high 

correlation value with grain yield (r=0.597) (Table 1); 

thereby, demonstrating good agreement between the path 

coefficient and the phenotypic correlation in signal and 

magnitude, allowing the hypothesis of true relationship of 

cause and effect. This indicates that genotypes with higher 

grain yield may be obtained by selecting larger ear diameter. 

The ear diameter is in relation with the other characters, 

confirming results obtained by Munawar et al. (2013). 

Vencovsky and Barriga (1992) reported a direct selection on 

ear diameter will be effective in improving the dependent 

variable, the grain yield.  

The same applies to the characters prolificacy (r=0.334), 

mass of a hundred grains (r=0.197), diameter of cob 

(r=0.193), and ear height (r=0.173), which has positive direct 

effect and agreement with the phenotypic correlation 

coefficients. It suggests that by isolating the indirect effects 

of all other explanatory variables, the increase of these 

characters would lead to increase in yield of maize grain. 

Similar results were found by Valizadeh and Bahrampour 

(2013), Selvaraj and Nagarajan (2011), Carvalho et al. 

(2001). 

The character ear and grain mass have positive phenotypic 

correlation coefficients, but unimpressive direct effect on the 

main variable (grain yield), showing that indirect selection of 

these characters will not provide satisfactory gains. Path 

analysis revealed that this correlation was largely explained 

by the positive indirect effect by ear diameter. Therefore, the 

associations with ear diameter can be taken into consideration 

for the selection, aiming genetic gains for grain yield. 

Characters that show a favorable correlation, but with low 

direct effect, imply that the selection of truncated auxiliary 

variable cannot provide efficient gain in the primary variable, 

as in the case of mass ear and mass grain. So, the best 

strategy should the simultaneous selection of characters, with 

emphasis on those that revealed significant indirect effects 

(Cruz et al., 2012). 

In this work, it was verified that the evaluated characters 

can explain 61.1% of the total variation of the variable 

dependent on grain yield. The coefficient of determination is 

restricted to that magnitude, since the grain yield character is 

a quantitative trait and its inheritance is influenced by a large 

number of genes, each contributing little effect on the 

phenotype, with considerable environmental variance and 

low broad sense heritability. For a higher level of reliability 

of path analysis results, the phenotypic correlation matrix 

between characters was tested, as the multicollinearity by the 

number of conditions proposed by Montgomery and Peck 

(1981). 
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Table 1. Estimate of phenotypic correlation coefficients (above diagonal) and genotypic (lower diagonal) among 13 evaluated traits in 25 maize hybrids in five cultivation locations in the 

agricultural year 2010/2011. CGF/FAEM-UFPel, Pelotas, RS, 2015. 

Variables 1BLP EH PH PROL GY ED EL EW DG MG DC MC MHG 

BLP - 0.570** 0.452** -0.430** -0.186** -0.134** 0.055ns -0.408** 0.300** -0.205** -0.454** -0.221** 0.059ns 

EH 0.608**  - 0.828** -0.297** 0.248** 0.170** -0.195** 0.072ns 0.639** 0.112* -0.546** -0.499** 0.435** 

PH 0.503** 0.883**  - -0.149** 0.279** 0.265** -0.305** -0.045ns 0.518** 0.082ns -0.326** -0.408** 0.394** 

PROL -0.613** -0.450** -0.295** -  0.353** 0.056ns 0.203** 0.233** -0.333** 0.111* 0.418** 0.280** -0.066ns 

GY -0.203** 0.267** 0.297** 0.435** - 0.597** 0.035ns 0.494** 0.392** 0.474** 0.118* -0.023ns 0.474** 

ED -0.155** 0.174** 0.302** 0.061ns 0.685** -  -0.255** 0.476** 0.523** 0.401** 0.346** 0.140** 0.432** 

EL 0.077ns -0.225** -0.370** 0.295** 0.021ns -0.357** -  0.214** -0.200** 0.267** -0.015ns 0.373** 0.081ns 

EW -0.456** 0.088ns -0.061ns 0.348** 0.552** 0.539** 0.185** -  0.173** 0.662** 0.249** 0.268** 0.429** 

DG 0.337** 0.700** 0.593** -0.496** 0.434** 0.476** -0.264** 0.199** -  0.428** -0.619** -0.557** 0.468** 

MG -0.223** 0.123* 0.077ns 0.160** 0.532** 0.434** 0.259** 0.710** 0.483** -  -0.101ns -0.089ns 0.432** 

DC -0.491** -0.594** -0.370** 0.579** 0.128* 0.356** -0.027ns 0.253** -0.653** -0.139** -  0.742** -0.117* 

MC -0.234** -0.526** -0.455** 0.377** -0.028ns 0.146** 0.387** 0.264** -0.610** -0.126* 0.774** -  0.060ns 

MHG 0.063ns 0.459** 0.447** -0.088ns 0.502** 0.480** 0.073ns 0.464** 0.505** 0.454** -0.123* 0.055ns - 
(**) Significant the level of 1% probability and (*) 5% probability and (ns) not significant at 5% probability by t-test. n= 373. Broken and lodged plants (BLP), ear height (EH), plant height (PH), prolificity (PROL), grain yield (GY), ear diameter 

(ED), ear length (EL), ear weight (EW), depth grains (DG), total mass ear grains (MG), diameter of cob (DC), mass cob (MC) and mass a hundred grains (MHG). 

 

 

 

Table 2. Estimated environmental correlation coefficients among 13 evaluated traits in 25 maize hybrids in five cultivation locations in the agricultural year 2010/2011. CGF/FAEM-UFPel, 

Pelotas, RS, 2015. 

Variables EH PH PROL GY ED EL EW DG MG DC MC MHG 

BLP 0.097ns 0.081ns -0.010 ns 0.020 ns -0.002ns -0.120* -0.067 ns 0.004 ns -0.060 ns -0.009 ns -0.015ns -0.014 ns 

EH  - 0.430** 0.106* 0.003 ns 0.166** 0.048 ns -0.059 ns 0.113* 0.024 ns 0.078 ns -0.004 ns 0.025 ns 

PH 
 

 - 0.181** 0.150** 0.089ns 0.058 ns 0.041 ns 0.078 ns 0.107* 0.016 ns 0.036 ns -0.101 ns 

PROL 
  

 - 0.256** 0.053ns 0.016 ns 0.002 ns 0.012 ns 0.011 ns 0.061ns 0.074 ns -0.024 ns 

GY 
   

- 0.041ns 0.155** 0.080 ns 0.043 ns 0.007 ns -0.005 ns 0.079 ns 0.038 ns 

ED 
    

 - 0.244** 0.184** 0.779** 0.237** 0.319** 0.136** 0.103* 

EL 
     

 - 0.370** 0.180** 0.317** 0.093ns 0.307** 0.190** 

EW 
      

 - 0.021ns 0.392** 0.242** 0.406** 0.164** 

DG 
       

 - 0.083 ns -0.347** -0.003ns 0.118* 

MG 
        

 - 0.224** 0.366** 0.252** 

DC 
         

 - 0.207** -0.023 ns 

MC                      - 0.189** 
(**) Significant the level of 1% probability and (*) 5% probability and (ns) not significant at 5% probability by t-test. n= 373. Broken and lodged plants (BLP), ear height (EH), plant height (PH), prolificity (PROL), grain yield (GY), ear diameter 

(ED), ear length (EL), ear weight (EW), depth grains (DG), total mass ear grains (MG), diameter of cob (DC), mass cob (MC) and mass a hundred grains (MHG). 
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Table 3. Estimates of direct effects (diagonally bold text) and indirect (off-diagonal) based on phenotypic correlation matrix of 13 agronomic traits on grain yield per plot (kg) in 25 corn hybrids 

in five cultivation locations in the agricultural year 2010/2011. CGF/FAEM-UFPel, Pelotas, RS, 2015. 

Variables BLP EH PH PROL ED EL EW DG MG DC MC MHG Total 

BLP1 -0.098 0.099 0.001 -0.144 -0.048 0.010 -0.020 0.039 -0.005 -0.088 0.058 0.012 -0.186** 

EH -0.056 0.173 0.003 -0.099 0.061 -0.037 0.004 0.084 0.003 -0.105 0.130 0.086 0.248** 

PH -0.044 0.143 0.003 -0.050 0.095 -0.058 -0.002 0.068 0.002 -0.063 0.106 0.078 0.279** 

PROL 0.042 -0.051 0.000 0.334 0.020 0.038 0.012 -0.044 0.003 0.081 -0.073 -0.013 0.353** 

ED 0.013 0.029 0.001 0.019 0.359 -0.048 0.024 0.069 0.010 0.067 -0.036 0.085 0.597** 

EL -0.005 -0.034 -0.001 0.068 -0.092 0.189 0.011 -0.026 0.007 -0.003 -0.097 0.016 0.035ns 

EW 0.040 0.012 0.000 0.078 0.171 0.040 0.050 0.023 0.016 0.048 -0.070 0.085 0.494** 

DG -0.029 0.110 0.002 -0.111 0.188 -0.038 0.009 0.131 0.011 -0.119 0.145 0.092 0.392** 

MG 0.020 0.019 0.000 0.037 0.144 0.050 0.033 0.056 0.025 -0.020 0.023 0.085 0.474** 

DC 0.044 -0.094 -0.001 0.140 0.124 -0.003 0.012 -0.081 -0.003 0.193 -0.193 -0.023 0.118* 

MC 0.022 -0.086 -0.001 0.093 0.050 0.071 0.013 -0.073 -0.002 0.143 -0.260 0.012 -0.023ns 

MHG -0.006 0.075 0.001 -0.022 0.155 0.015 0.021 0.062 0.011 -0.023 -0.016 0.197 0.474** 

Coefficient of determination 
 

0.611 

Residual effect 
  

0.623 

Value k 
  

0.016 
 (1) Explanatory variables: Broken and lodged plants (BLP), ear height (EH), plant height (PH), prolificity (PROL, ear diameter (ED), ear length (EL), ear weight (EW), depth grains (DG), total mass ear grains (MG), diameter of cob (DC), mass cob 

(MC) and mass a hundred grains (MHG). (**) Significant the level of 1% probability and (*) 5% probability and (ns) not significant at 5% probability by t-test. 

 

Table 4. Estimates of direct effects (diagonally bold text) and indirect (off-diagonal) based on genotypic correlation matrix of 13 agronomic traits on grain yield per plot (kg) in 25 corn hybrids 

in five cultivation locations in the agricultural year 2010/2011. CGF/FAEM-UFPel, Pelotas, RS, 2015. 

Variables BLP EH PH PROL ED EL EW DG MG DC MC MHG Total 

BLP1 -0.148 0.338 -0.142 -0.381 -0.087 0.018 0.121 0.115 -0.006 -0.057 0.026 0.007 -0.203** 

EH -0.090 0.555 -0.250 -0.279 0.098 -0.052 -0.023 0.239 0.003 -0.069 0.059 0.049 0.267** 

PH -0.074 0.490 -0.283 -0.183 0.170 -0.085 0.016 0.202 0.002 -0.043 0.051 0.047 0.297** 

PROL 0.090 -0.250 0.083 0.621 0.034 0.068 -0.093 -0.169 0.004 0.067 -0.043 -0.009 0.435** 

ED 0.023 0.097 -0.086 0.038 0.561 -0.082 -0.143 0.162 0.012 0.041 -0.017 0.051 0.685** 

EL -0.011 -0.125 0.105 0.183 -0.200 0.230 -0.049 -0.090 0.007 -0.003 -0.044 0.008 0.021ns 

EW 0.067 0.049 0.017 0.216 0.303 0.042 -0.266 0.068 0.019 0.029 -0.030 0.049 0.552** 

DG -0.050 0.388 -0.168 -0.308 0.267 -0.061 -0.053 0.341 0.013 -0.075 0.069 0.054 0.434** 

MG 0.033 0.068 -0.022 0.099 0.244 0.059 -0.189 0.165 0.027 -0.016 0.014 0.048 0.532** 

DC 0.073 -0.329 0.105 0.360 0.200 -0.006 -0.067 -0.223 -0.004 0.116 -0.087 -0.013 0.128** 

MC 0.035 -0.292 0.129 0.234 0.082 0.089 -0.070 -0.208 -0.003 0.089 -0.113 0.006 -0.028ns 

MHG -0.009 0.255 -0.126 -0.055 0.269 0.017 -0.123 0.172 0.012 -0.014 -0.006 0.106 0.502** 

Coefficient of determination 
 

0.840 

Residual effect 
  

0.399 

Value k 
  

0.0487 
(1) Explanatory variables: : Broken and lodged plants (BLP), ear height (EH), plant height (PH), prolificity (PROL, ear diameter (ED), ear length (EL), ear weight (EW), depth grains (DG), total mass ear grains (MG), diameter of cob (DC), mass cob 

(MC) and mass a hundred grains (MHG). (**) Significant the level of 1% probability and (*) 5% probability (ns) not significant at 5% probability by t-test. 
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The correlation matrix showed severe multicollinearity. To 

overcome this problem we used the methodology proposed 

by Carvalho and Cruz (1996), which applies a constant k 

diagonal matrix X'X of the ordinary least squares estimator. 

According to Carvalho (1995) the lowest value of k should be 

adopted, for which most path coefficients associated with the 

various characters are stabilized. The k value of 0.016 was 

applied, making the results presented reliable. 

For the path analysis based on genotypic correlation matrix, 

the coefficient of determination was equal to 0.840, 

characterizing 84% of the total variation. It is explained by 

the set of variables used in the causal diagram (Table 3). The 

diagnosis of multicollinearity obtained from the choice of k 

coefficient of 0.0487 allowed the correction of distortions, 

allowing greater reliability in the interpretation of cause and 

effect between the studied characters. 

The magnitudes of the direct effects of the characters 

analyzed for the grain yield were lower than the magnitudes 

of the estimates of genetic correlation coefficients with that 

character, except for prolificacy and ear height (Table 4). 

Thus, it is observed that there are other characters influencing 

both the magnitude and the direction of the associations with 

the character grain yield. 

The prolificacy character had the highest direct effect on 

grain yield (r=0.621) (Table 4). This result agrees with the 

results obtained by Carvalho et al. (2001). This result allowed 

us to infer that genotypes with higher grain yields can be 

obtained by selection of prolific plants. Most prolific plants 

are generally more tolerant to adverse conditions. They 

produce an ear of corn under stress conditions and over an ear 

in appropriate conditions with densities below the optimum 

for culture. Thus, prolific hybrid has a wide range of plant 

density to maximize grain yield, opposed to not-prolific 

hybrids that have a more restrictive optimum range (Sangoi et 

al., 2010). 

Between pairs of characters, ear diameter and grain yield 

showed the highest estimate of positive correlation (r=0.685) 

and positive direct effect (r=0.561). Consequently, applying 

indirect selection for increasing the ear diameter have 

increased grain yield. According to Homayoun (2011), the 

increase in ear diameter causes an increase in the number of 

rows and consequently grains per ear, which contributes to 

grain yield in maize.  

Genetic correlation between grain mass and grain yield was 

relatively high and positive (r=0.532). However, the direct 

effect on the dependent variable was unimpressive (r=0.027). 

In this case, the positive indirect effects, such as character ear 

diameter (r=0.244) and depth of grain (r=0.165) and the 

negative indirect effect via ear mass (r=-0.189), contributed 

to the evidenced correlation between this pair of characters. 

Thus, the selection of auxiliary characters did not provide 

satisfactory gain in the dependent variable. Therefore, the 

more coherent strategy is the simultaneous selection of 

characters, with the emphasis on characters whose indirect 

effects are significant as ear diameter and depth of grain. 

Some heritability estimates, such as depth of grain and ear 

diameter, twice as high to grain yield have been reported, 

revealing efficiency in these characters via indirect selection 

to increase in crop yield (Hallauer et al., 2010). 

The ear mass character presented a high positive genotypic 

correlation value of with grain yield.  It was offset by the 

positive indirect effect through ear diameter (r=0.303), and 

along with the positive indirect effect through prolificacy 

(r=0.216), which resulted in positive estimate of genotypic 

correlation coefficient (r=0.552). This is justified by the fact 

that a larger ear mass may be associated with a higher cob 

contribution, as shown by the positive and significant 

correlation between mass cob and ear. Thus, breeders who 

interested in increasing the grain yield more efficiently 

should focus on the selection pressure on the characters 

diameter ear and prolificacy. According to Vencovsky and 

Barriga (1992), if a correlation coefficient is positive but with 

the negative path direct effect, it can be said that correlation 

has been caused by their indirect effects; therefore, both to be 

considered in the selection process.  

The ear height character reveals positive and significant 

correlation with grain yield (r=0.267), and the total of 

correlation value was derived from the high direct effect 

(r=0.555). According to Vencovsky and Barriga (1992), these 

correlations explain the true association between these pairs 

of characters. However, caution is needed in selecting plants 

with more ear height, since the reduction of plant height and 

height of ear insertion are important in maize, enabling more 

efficient use of nitrogen. Moreover, plants have center of 

gravity stayed more balanced, reducing lodging and breakage 

of stems and favoring translocation of nutrients to crop 

production (Sangoi et al., 2002). The current maize hybrids 

are not cultivated at low densities. Among various 

characteristics has been improved to allow such management, 

the ability to support the increased plant density without 

elevation stature is the fundamental. 

The character mass of a hundred grains has had a positive 

direct effect on the variable basic grain yield (r=0.106). 

However, the negative indirect effects of plant height (r=-

0.126) and ear mass (r=-0.123), which together have the 

positive indirect effects via ear diameter (r=0.269) and depth 

of grain (r=0.172), resulted in positive estimate of genotypic 

correlation coefficient (r=0.502). Thus, the plant breeders 

engaged on grain yield should increase the selection of the 

mass of one hundred grains, but should not ignore the 

remaining characters with significant indirect effects. The 

path analysis demonstrated direct effect of the grain mass on 

the basic variable, grain yield (Valizadeh and Bahrampour, 

2013), revealing that the direct effect of this character is a 

good predictor of genotype correlation, highlighting the 

possibility of selection through this component of genetic 

gain with culture. 

 

Materials and Methods 

 

Plant materials 

 

The hybrids were obtained at the company's research station 

KSP Seeds LTDA, in the city of Clevelândia-PR in the 

agricultural year 2010/2011. For the study we used 15 inbred 

lines of high grain yield as female parents, eight inbred lines 

with rustic features as the male parents. To obtain the hybrid 

we used a partial diallel, resulting in 25 hybrid combinations. 

 

Experimental design and experimental procedure 

 

The experiments were conducted in randomized complete 

blocks with three replications. Sowing of the trials was 

conducted in 2011/2012 agricultural harvest year at five 

different locations in three states of southern Brazil. In Rio 

Grande do Sul, the test was conducted in the City of 

Frederico Westphalen-RS (27°23'47''S, 53°25'35''O, 480 m); 

in Santa Catarina, in the city of Itapiranga-SC (27º10'10"S, 

53º42'44"O, 206 m); in Paraná, the trials were conducted in 

three locations: Pato Branco-PR (26°13′44″S, 52°40′15″O, 

760 m), Ampére-PR (25°54'20''S, 53º25'54'' O, 718 m) and 

Clevelândia-PR (26°21'17''S, 52°28'56'' O, 860 m). 

The experimental units were composed of two lines each 

five meters in length, spaced with 0.70 meters. The sowing 
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time was carried out according to the agro climatic zoning of 

each local. After emergence and crop establishment the hand 

thinning implemented to stand adjustment of 42 plants per 

plot, equivalent to 60,000 plants ha-¹. Soil management and 

cultural practices were the same for the five sites, following 

the phenological stages and the need for culture. 

 

Traits measured 

 

The following characteristics were measured: grain yield per 

plot (GY, in kg), broken and lodged plants (BLP, units), plant 

height (PH, m), ear height (EH, m), prolificacy (PROL, 

units), ear diameter (ED, mm), ear length (EL, cm), ear 

weight (EW, g), diameter of cob (DC, mm), depth of grains 

(DG, mm), total mass of ear grains (MG, g), mass cob (MC, 

g) and mass of hundred grains (MHG, g). 

 

Statistical analysis 

 

The correlation coefficients were decomposed of: phenotypic 

(rP), genetic (rG) and of environmental (rE) correlation 

(Hazel, 1943). Covariance components for each pair of 

variables (x and y) were obtained by the product of average 

genotype variations sources (L) and residue (E) through PMxy 

=[(MSx+y-MSx-MSy)/2], equivalent a covxy = [(σx+y- σx- σy)/2] 

and estimators: σ̂xy
2  = [(PMG-PME)/r], σ̂x

2 = [(MSGx-PMEx)/r] 

and σ̂y
2
 = [(MSGy-PMEy)/r] obtained from MS genotype (G) 

and residue (E) to the variables x, y ANOVA table, resulting 

in phenotypic correlation, rP = [PMGxy/(MSGx×MSGy)
1/2], 

environment correlation, rE = [PMExy/(MSEx×MSEy)
1/2] and 

genetic correlation, rG = [σ̂xy
2

/ (σ̂x
2
×σ̂y

2
)1/2], as described by 

Robinson & Mode (1959). The significance of the 

correlations were evaluated by t-test p <0.05 and p <0.01, as 

described by Stell and Torrie (1980). The split of correlations 

in direct and indirect effects of important agronomic 

characteristics was performed (independent variables of the 

regression model) on the character grain yield per plot 

(dependent variable) through the path analysis 

(Wright, 1921). The degree of multicollinearity the matrix 

X'X was established based on their condition number (CN), 

which is the ratio between the largest and the smallest 

eigenvalue in the matrix (Montgomery and Peck, 1981). To 

alleviate the impact of multicollinearity, if are present, the 

system of normal equations was modified by adding a 

constant k to the diagonal values of the matrix according to 

Hoerl and Kennard (1970a, 1970b). The setting of k value, 

for which most of the path coefficients has stabilized, is 

recommended.  

The magnitudes of the correlation coefficients were 

classified as Carvalho et al. (2004): r = 0 (null); 0 <| r | ≤ 0.30 

(weak); 0.30 <| r | ≤ 0.60 (average); 0.60 <| r | ≤ 0.90 (strong); 

0.90 <| r | ≤ 1 (very strong) and | r | = 1 (perfect). All analyses 

were performed using the statistical computing app Genes 

(Cruz, 2013). 

 

Conclusion 

 

Correlation estimates and path analysis to matrices 

phenotypic and genotypic correlation revealed that the ear 

diameter and prolificacy in plants were responsible for 

variation of grain yield.  They had the largest direct effects of 

favorable sense, being the characters of greater potentiality 

for selection of superior genotypes in maize. The low 

correlation between the estimates of simple association and 

direct effect between the character, the ear mass, depth of 

grain, grain mass and mass of one hundred grains did not 

provide efficient subsidies for the use of genetic and 

phenotypic correlations in identifying associations of 

heritable of great interest. 
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