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ABSTRACT 
 
This research was aim to investigate both direct and 
indirect effects of some characters related to downy 
mildew resistance in maize. This information is 
required to determine the selection criteria on maize 
breeding program for downy mildew resistance. 
The research was conducted at Research Station 
of Agriculture Faculty, University of Brawijaya, from 
January to April 2012. Five varieties of hybrid maize 
and five inbreeding lines were employed, and 
Randomized Complete Block Design with two 
replications was applied. The result showed 
revealed that trichome and stomatal density on the 
upper and lower surface of leaves had positif direct 
effect and genotipic correlation with downy mildew 
disease incidence. These characters are qualified 
as effective selection criteria for resistance to downy 
mildew. In relation to maize breeding program, low 
trichome density and stomatal density characters 
enhance downy mildew resistance. 
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INTRODUCTION 
 

Maize plays a strategic role as food 
commodity and raw material of industry. Increasing 
production of maize has faced some obstacles, and 
one of them is downy mildew infection. The cause 
of such disease in maize is the fungal infection 
caused by Peronosclerospora spp. The disease 
could cause 100% of damage, particularly for the 
susceptible varieties in Indonesia (Sudjono, 1988). 
Disease control through inherent plant resistance is 
desirable since it will reduce dependence on costly 
fungicides that can damage the environment. 
Therefore, from both economic and environmental 

points of view, the development of resistant 
varieties is very important. 

The mechanism of plant defence pathogen 
attack is complicated. The internal anatomy and 
surface features of the leaves often determine plant 
resistance to biotrophic pathogen infection (Smith et 
al., 1996). Among such characters, aspects of 
stomata and trichome can influence disease 
resistance (Niks and Rubiales, 2002). 
Determination of direct and indirect relation 
between some characters and plant resistance is 
important in order to determine the aspects of plant 
selection criteria. 

Correlation coefficient determines simple 
relations among the traits, but it  can not determine 
more specific character that will influence the main 
character. Path coefficient analysis as to correlation 
coefficient gives more detailed information on the 
relations and had been used for complex characters 
in several crop species to provide information on 
interrelations of complex characters and to develop 
selection criteria (Diz et al., 1994). 

Many researches about correlation on some 
characters resistant to diseases have been 
reported, but a few reviews using path analysis are 
very rare. Baswarsiati (1994) found significant 
correlation between number of trichome and 
stomata with downy mildew resistance in grapes. 
According to the research finding by Triharso and  
Kusdiarti, 1976 varieties in maize with the least 
number and the narrowest opening of stomata were 
resistant, and, on the contrary, such a correlation 
was not found in different tested varieties. 
Makkulawu (2007) stated there was no correlation 
between stomata frequency of maze and the 
resistance level to downy mildew in maize. Based 
on the previous researches, obvious information 
about the influential character concerning with 
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resistance to downy mildew in maize has not been 
obtained yet.  

The objective of this research was to find out 
both direct and indirect effect of some leaf 
characters on resistance to downy mildew, which 
serves as a foundation in determining effective 
selection criteria with path analysis.    

 
MATERIALS AND METHODS 

 
The research was conducted at Research 

Station of Agricultural Faculty, University of 
Brawijaya, Jatikerto from January to April 2012. The 
materials involved were commercial hybrid maize 
varieties in Indonesia, namely  Pioneer 21, Pertiwi 
3, Bisi 12, NK 33, DK 979 and inbreed lines such as  
G2, G4, G6, G10 and G21 as in the collection of 
Agriculture Faculty, University of Brawijaya.  

Randomized Complete Block Design with 
two replications was applied in this research. Each 
variety and inbreed line were planted with 30 
plants per plot. Pathogen inoculation was 
introduced into 10 day after planting plants by 
spraying inoculum liquid at 4.00 a.m. 
Approximately  1.8 x 105 conidia per ml. 

The variables in this research include 
disease incidence, stomatal density on upper and 
lower surface of the leaves, density of trichomes, 
EC (electric conductivity) of leaves, pH of the 
leaves, length and width stomata on the upper and 
lower surface of the leaves.  The disease incidence 
was observed on plants at 14, 21, 28, 35 and 42 day 
after planting, and the data were accumulated and 
calculated by the following formula: 

 

 
Remarks: 

I = Disease incidence 
a = number of plants infected by 

downy mildew 
b = number of plants observed 

 

Criterion of resistance was based on Lal and 
Singh (1984), where (1) it is resistant when the  
disease incidence ranges from 0 – 10%; (2) 
moderately-resistant when disease incidence is 
>10 – 30%; (3) moderately-susceptible when 
disease incidence is >30 – 50%; (4) susceptible 
when disease incidence is >50%.  

Phenotypic and genotypic correlation 
coefficients were calculated using formula 
suggested by Miller et al. (1958): 

 

 

 
Remarks: 

 = genotypic correlation of two 
variables x and y 

 = phenotypic correlation of two 
variables x and y 

 = genotypic covariance of two 
variables x and y 

 = phenotypic covariance of two 
variables x and y 

𝜎𝑝𝑥
2  = phenotypic variance of variable x 

𝜎𝑝𝑦
2  = phenotypic variance of variable y 

𝜎𝑔𝑥
2  = genotypic variance of variable x 

𝜎𝑔𝑦
2  = genotypic variance of variable y 

 
The genotypic correlation coefficients were 

partitioned into direct and indirect effects using the 
path analysis according to Dewey and Lu (1959): 
 

 

Remarks:  
𝑟𝑖𝑗 = mutual association between the 

independent character (i) and 
dependent chracter (j) as 
measured by the correlation 
coefficients 

𝑝𝑖𝑗 = components of direct effects of the 
independent character (i) on the 
dependent variables (j) as 
measured by the path coefficients 

∑𝑟𝑖𝑘 𝑝𝑘𝑗 
= summation of components of 

indirect effects of a given 
independent character (i) on a 
given dependent character (j) via 
all other independent characters 
(k) 

Broad sense heritability was determined 
based on the following formula:  

H  = 𝜎𝑔
2 / 𝜎𝑝

2 

 
Remarks:  

H = heritability 

𝜎𝑔
2 = genotypic variance 

𝜎𝑝
2 = phenotypic variance 

 

Heritability value is considered high when the 
value is  > 50%, the moderat value ranges from   20% 
- 50%, and low value is  < 20% (Baihaki, 1999). 
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RESULTS AND DISCUSSION 

 
Some observed hybrid varieties and 

inbreed lines indicated different level of resistance 
to downy mildew, ranging from resistant to 
susceptible (Table 1), while correlation coefficient 
of genotypic and phenotypic observed are listed in 
Table 2. Generally, the analysis result showed that 
genotypic correlation coefficient was higher than 
that of phenotypic correlation. Also, the pattern of 
correlation was similar in both genotypic and 
phenotypic level, indicating a strong inherent 
relationship among the characters studied. The 
genotypic correlation coefficient of the width of 
stomata on the upper surface of the leaves and 
other characters were presumed zero since the 
genotypic variance had a negative value. Negative 
estimates should be considered equal to zero. 
Some researchers (Hee and Wynne, 1983; 
Basuki, 1986) have also found negative genotypic 
variances in some characters of plants. The result 
of the correlation analysis indicated that some 
characters had coefficient value more than one 
point for their genotypic correlation coefficient. 
Masnenah et al. (2004) also found the genotypic 
correlation coefficient between two characters, 
which were more than one. It is presumed that 
close relationship between these two characters 
were unclear. 

Table 2 informs that disease incidence had 
significant and positive genotypic correlation with 
stomatal density on the lower surface of leaves (r 
= 0.468*) and highly significant with the width of 
stomata on the upper surface of leaves (r = 
0.681**). Highly significant and negative genotypic 
correlation was observed between disease 
incidence with the length of stomata on the upper 
surface of leaves (r = -0.647**).  

Disease incidence had insignificant 
genotypic correlation compared with other 
observed characters, and it also had insignificant 
pheno-typic correlation among all observed 
characters.  

Path-analysis based on genotypic 
correlation of the observed characters towards the 
downy mildew disease incidence are presented in 
Table 3, and diagramatic representation of direct 
effects and correlation coefficients of variable on 
dependent variable are given in Figure 1.  

 
Table 1. Disease incidence and criteria of resistance 

Varieties 
/line 

Disease 
incidence (%) 

Criteria of resistance 

Pioneer 21 
Pertiwi 3 
Bisi 12 
NK 33 
DK 979 
G-2 
G-4 
G-6 
G-10 
G-21 

20 
0 
0 
0 

1.67 
21.67 

35 
70 

18.33 
38.33 

moderately-resistant 
resistant 
resistant 
resistant 
resistant 

moderately-resistant 
moderately-resistant 

susceptible 
moderately-susceptible 
moderately-susceptible 

 
The determination of characters used for 

selection criteria in resistance to downy mildew 
was based on path-analysis guidelines by Singh 
and Chaudary (1979). The first guideline states 
that the correlation represents the true correlation 
and the direct selection by the variable is 
considered effective when correlation between 
variables is similar to their direct effect. Such 
indication was found in the observation of the 
trichome density, stomatal density on the upper 
and lower surface of leaves, also length of stomata 
on the lower surface of leaves. These caharacters 
could be considered as selection criteria for 
resistance to downy mildew.   

According to Agrios (1996), one of mecha-
nisms on resistant plant toward any disease is due 
to the structural feature, which makes the plants 
able to prevent, inhibit or restrain the growth and 
development of the pathogen. Singh (1986) stated 
that the avoidance of these leaves from disease-
infection might be due to the morphological 
resistance, the existence of leaf trichome, less 
number of stomata and inconformity of stomatal 
opening and stomatal closing with the pathogen-
infection process. The presence of trichomes on the 
leaf surface should therefore determine the 
attachment of the spores and further development 
of the hyphae. Trichomes apparently retain water 
on the plant surface and provide nutrients for 
microbial growth (Lindow and Brandl, 2003).  

The second guideline of path-analysis 
explains that when a character has a positive 
correlation but its direct effect is negative and can 
be ignored, the indirect effect has created the 
correlation, so that all characters should be 
considered simultaneously in the selection. This 
indication occurs in width of stomata on the lower 
surface of leaves. The use of stomata width on 
the lower surface of leaf as selection criteria for 
downy mildew resistance should be done 
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simultaneously with other characters which play 
indirectly.  

The third guideline of path-analysis 
states if the correlation coefficient is negative but 
the direct effect is positive and high, restriction is 

to be imposed to nullify the undesirable indirect 
effects in order to make use of the direct effect. 
This indication occurs in character of stomata 
length on the upper surface of leaves. 

 
 

Table 2. Genotypic correlation coefficient (thick) and phenotypic correlation coefficient (thin) of some 
characters in maize  

Variable X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 

X1  0.073 0.165 0.468* 0.222 -0.042 -0.647** _ -0.432 0.681** 

X2 0.092  0.465* -0.263 -0.031 -0.392 -0.592** _ 1.137 -0.046 

X3 0.107 0.449*  -0.485* 0.138 0.179 -0.305 _ -0.457* -0.437 

X4 0.395 -0.243 -0.264  0.585** -0.093 -0.238 _ -
0.897** 

-0.157 

X5 0.205 -0.136 -0.002 0.486*  0.303 0.043 _ -0.392 -
0.752** 

X6 -0.017 -0.262 0.044 -0.148 0.281  0.545* _ -0.334 -0.66** 

X7 -0.428 -0.379 -0.479 -0.162 -0.09 0.345  _ 1.3 1.03 

X8 0.021 0.004 -0.083 -0.034 0.098 -0.108 0.202  _ _ 

X9 -0.164 0.464* 0.086 -0.406 -0.179 -0.048 -0.066 -
0.155 

 -0.195 

X10 0.268 0.204 0.156 -0.143 -0.343 -0.143 -0.098 0.149 0.525*  

Remarks:  X1 = disease incidence (%); X2 = density of trichomes per mm2; X3 = stomatal density on the upper surface 
of leaves per mm2; X4 = stomatal density on the lower surface of leaves per mm2; X5 = EC of leaves; X6 = 
pH of leaves; X7 = length of stomata on the upper surface of leaves (µm); X8 = width of stomata on the upper 
surface of leaves (µm); X9 = length of stomata on the lower surface of leaves (µm); X10 = width of stomata 
on the lower surface of leaves (µm)*, ** = Significant at 5% and 1%, respectively 

 

Table 3. Direct and indirect effects of some leaf characters  on downy mildew disease incidence  

Character Direct 
effect 

                                   Indirect effect   Correlation 
coefficient 

  X1 X2 X3 X4 X5 X6 X7 X8 

X1 0.516   0.551 -0.519 0.038 -0.019 -0.41 -0.088 0.003 0.073 

X2 1.185 0.24   -0.958 -0.167 0.009 -0.211 0.035 0.032 0.165 

X3 1.975 -0.136 -0.575   -0.708 -0.004 -0.165 0.069 0.011 0.468 

X4 -1.21 -0.016 0.164 1.155   0.015 0.03 0.03 0.055 0.222 
X5 0.048 -0.202 0.212 -0.184 -0.367   0.377 0.026 0.048 -0.042 
X6 0.692 -0.305 -0.361 -0.47 -0.052 0.026   -0.1 -0.075 -0.647 

X7 -0.077 0.587 -0.542 -1.772 0.474 -0.016 0.9   0.014 -0.432 
X8 -0.073 -0.024 -0.518 -0.31 0.91 -0.032 0.713 0.015   0.681 

Renarks:  X1 = Density of trichomes; X2 = Density of stomata on the upper surface of leaves; X3 = Density of stomata 
on the lower surface of leaves; X4 = EC of leaves; X5 = pH of leaves; X6 = Length of stomata on the upper 
surface of leaves; X7 = Length of stomata on the lower surface of leaves; X8 = Width of stomata on the lower 
surface of leaves 
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Figure 1. Path-coefficient diagram (Pxy), correlation coefficient (rxy), character in density of trichomes (X1), 

density of stomata on the upper surface of leaves (X2), density of stomata on the lower surface of 
leaves (X3), EC of leaves (X4), pH of leaves (X5), length of stomata on the upper surface of leaves 
(X6), length of stomata on the lower surface of leaves (X7), width of stomata on the lower surface 
of leaves (X8), and contributing factors not observed (R) on disease  incidence (Y). 

 
Table 4.  Heritability estimate  of some characters in maize 

No. Characters in Corn Heritability (%) Criteria 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Disease incidence 
Density of stomata on the upper surface of leaves 
Density of stomata on the lower surface of leaves 
Density of trichomes 
Length of stomata on the upper surface of leaves 
Length of stomata on the lower surface of leaves 
Width of stomata on the lower surface of leaves 
pH of leaves 
EC of leaves 

94.12 
37.95 
91.36 
50.00 
46.74 
18.79 
13.04 
93.98 
76.54 

High 
Moderat 

High 
Moderat 
Moderat 

Low  
Low 
High 
High 

 
Figure 1 describes that based on the 

observed-leaf characters; only 24% of them are 
able to describe diversity of downy mildew-
disease incidence, while other factors outside the 
observed characters still have greater influence 
(76%) such as microenvironment, chemical 
interactive process and other factors. 

The estimation heritability of each 
character is presented in Tabel 4. Disease 
incidence, stomatal density on the lower surface  
of leaves, EC and pH of leaves had high 
heritability. The moderate heritability value for 
stomatal density was found on the upper surface 
of leaves, the trichomes density and lenght of 

X
1
 

Y 

X
2
 

X
3
 

X
4
 

X
5
 

X
6
 

X
7
 

X
8
 

R PRy =  0.7597 

(r1y  =  0.073) 

(r2y  =  0.165) 

(r3y  =   0.468*) 

(r4y  =  0.222) 

(r5y  =  -0.042) 

(r6y  =  -0.647**) 

(r7y  =  -0.432) 

(r8y  =  0.681**) 
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stomata on the upper surface of leaves, while the 
lenght and width of stomata on the lower surface 
of leaves had lower heritability. Character used 
as the selection criteria should have high 
heritability in order to be inherited to the next 
generation. 

 
CONCLUSION AND SUGGESTION 

 
CONCLUSION 

Based on the result of the correlation 
analysis, path analysis and heritability, the 
qualified characters as effective selection criteria 
for resistance to downy mildew are trichome 
density, stomatal density on the upper and lower 
surface of leaves. In relation to maize breeding 
program, low trichome density and stomatal 
density characters enhance downy mildew 
resistance. 

 
SUGGESTION 

High value of the residue effects indicates 
the need of further research in order to find out 
other factors, which influence the maize resis-
tance to downy mildew. 
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