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_________________________________________________________________________________________ 

Abstract: This study aimed to evaluate the effect of forms of application of foliar fertilizers and fungicides to 
control fungus causing white maize spot, Phaeosphaeria maydis, and the growth and development of 
hybrids maize. The design had randomized blocks, with the use two sources hybrids maize with different 
reaction to white maize spot: resistant and susceptive and application with moisture of foliar chemical 
fungicide + cobalt foliar + molybdenum foliar + manganese and control treatment, without application 
consisting of four treatments and five replications. In the treatments with application of moisture were done 
on vegetative maize growth stage V8 (stage that determine that the number of kernel rows), VT (stage that 
arrives when the last branch of the tassel is completely visible) and reproductive maize growth stage R2 
(kernels are white on the outside and resemble a blister). The evaluation of variables of growth of maize 
plants: grain dry mass, cob dry mass, leaf dry mass, culm dry mass and modified leaf ear and total plant dry 
mass. Harvest was carried out when the grains were 20% humidity. The application of fungicides and foliar 
fertilizers increased the leaves, culms, ear modified, cobs and shoot dry mass plants maize. The application 
of fungicides and foliar fertilizers providing returning of 11.409,5 kg ha

-1
 of shoot dry mass plants with 

increased of 1.296 kg ha
-1

 on soil
 
(12,81%). In the  hybrid maize the application of fungicides and foliar 

fertilizers provide higher dry mass grains and shoot of plants.  
Keywords: Zea mays, fungicids, foliar fertilization, Phaeospharia maydis. 
_________________________________________________________________________________________ 

 
Introduction 

Maize is a cereal of great economic 
importance in Brazil. In 2015 maize was planted on 
about 14 million hectares, producing 77 million tons 
of grains. Brazilian corn has two harvests per year. 
The main harvest is during the rainy season and a 
second, "dry cultivation" harvest follows during the 
dry season (Ibge, 2015). 

A special attention to disease control should 
be assume in management of maize plants because 
it is a highly susceptible culture to a range of 
pathogens, many having potentially devastating 
consequences. Among the complex of pathogens, 
the fungus, Phaeosphaeria maydis, Phyllosticta sp., 
Phoma sorghina, Sporormmiella sp. and bacteria 
Pantoea ananas that cause white maize spot (WMS) 
(Sachs et al., 2011).  

The use of hybrids with greater production 
potential, sometimes more susceptible to disease, 
they have contributed to the increase of foliar 
diseases in maize crop (Costa et al., 2012). Among 

these diseases should be highlighted white maize 
spot. Symptoms of WMS begins with the 
appearance of stains foliar irregularly shaped, green 
color dark, with aspect waterlogging leaf. After the 
necrotic injuries staining straw, may occur 
coalescing lesions. Symptoms are different 
presented in different severities as genotype of 
maize (Paccola Meirelles et al. 2002). At conditions 
of frequent and well irregular rains, the pathogen 
can cause more severe and affect grains yield 
(Sawazaki et al., 1997). 

The yield in maize it influenced by several 
factors. One of them is the loss of leaf area that 
according Brito et al. (2013) that greater than 40%, 
regardless of the vegetative stage and the region in 
the plant compromises the yield. Defoliation in plants 
may due to the occurrence of diseases, injuries 
promoted by pests, drought and others. In the case 
of maize, foliar diseases that affect the maize crop 
can reach much of the leaf tissue, reducing the leaf 
area and hence photosynthesis. The prevalence of 
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the disease in corn crop is growing every year, 
especially because of the indiscriminate use of 
susceptible cultivars, row crops and improper use of 
high technology, associated with the occurrence of 
favorable weather, thus contributing to the use of 
fungicides (JuliattI et al., 2014). 

Among control measures, chemical control 
is the most widely used in Brazil, through the 
systemic fungicides. However, due to the complexity 
of the epidemiology of this disease, the results have 
often fallen short of the desired. Because it is difficult 
for maize producers to control the WSM, there is a 
need for new studies of integrated pest 
managements aimed at minimizing economic 
damage caused by pathogen complex and which 
are less harmful to the environment, as well as to 
the plant. Among the management methods, the use 
of fertilizers is a promising alternative to integrate 
the management of blackleg promoting induced 
resistance in plants. 

The induced resistance has shown potential 
in the control of plant diseases which may be 
triggered by microbial, natural and chemical agents. 
This resistance is expressed locally at the site of 
pathogen attack and systematically in uninfected 
parts of the plant (Mauch-Mami & Metraux, 1998). 
The defense mechanisms engage a combination of 
physical changes such as cell wall lignification, 
formation of papillae or induction of various proteins 
involved in metabolic processes.  
 Advances in research involving induced 
resistance in plants have been followed by an 
emergence of new management practices (Resende 
et al., 2006). This objective this study to evaluate the 
effect of forms of application of foliar fertilizers and 
fungicides to control fungus causing white maize 
spot, Phaeosphaeria maydis, and the growth and 
development of hybrids maize. 
 
Methods 

The experiment was conducted between 
2010/2011 on Fazenda Antargordense, Minas 
Gerais, located at at an altitude of 1020 m. The soil 
was classified as Red Yellow Latossoils. Before the 
deployment of the experiment soil samples were 
collected from the layer of 0-20 cm for chemical 
analyzes, conducted according to the methodology 
of Embrapa (2011), with the following 
characteristics: pH (H2O) = 5,5; phosphorus = 18,2 
mg dm

-3
; potassium = 145 mg dm

-3
; calcium = 2,3 

cmolc dm
-3

; magnesium = 0,7 cmolc dm
-3

; Organic 
matter = 34 g kg

-1
; Base saturation =48,4%; boron = 

0,92 mg dm
-3

; cupper = 5,8 mg dm
-3 

; iron = mg dm
-3 

; manganese = 2,9 mg dm
-3 

; zinc = 8,4 mg dm
-3 

and 
cation exchange capacity = 7,0 cmolc dm

-3
. 

The experimental design had randomized 
blocks, with four treatments and five replications. 
The experimental plots were composed of 6 lines of 
0.6m apart with 5,2m in length, with a total area of 
12,48m

2
. The treatments consisted of the following 

two sources hybrids maize with different reaction to 
white maize spot: resistant and susceptible and 

application with moisture of foliar chemical fungicide 
+ cobalt foliar + molybdenum foliar + manganese 
and control treatment, without application.  

In treatments with foliar moisture were done 
an application with rates fungicides: 2 kg ha

-1 
of 

dioticarbamate (750 g kg
-1

), 0,3 L ha
-1

 of triazol + 
strobylurin (Cyprocronazole – 80 g L

-1
; Azoxystrobin 

– 200 g L
-1

, respectively) and foliar fertilizers rates 
150 ml ha

-1 
of cobalt (1,5%) + molybdenum (1,8%) 

and 2 L ha
-1 

of manganese phosphite moisture were 
done on vegetative maize growth stage V8 (stage 
that determine that the number of kernel rows), VT 
(stage that arrives when the last branch of the tassel 
is completely visible) and reproductive maize growth 
stage R2 (kernels are white on the outside and 
resemble a blister). 

The control of insects and mites, as well as 
fertilization and other cultural treatments, was done 
according to the commercial standards 
predetermined on the property.  

The harvest of the experiment took place 
when maize grains showed 20% of humidity. In each 
plot, four plant samples were collected to evaluate 
growth of plants: leaf dry mass, culm dry mass, ear 
modificated leaf, grains dry mass, cob dry mass the 
by drying the samples in an oven with forced air 
circulation at 65 ° C for 96 hours (Embrapa, 2009). 
The others plants were used to evaluate the 
productivity.  

Data were subjected by homogeneity 
(Levene test), normality (Shapiro Wilk test) and 
additive (No additives Tukey test) significance at 
0.01 probability level and (F test) analysis of 
variance and the variables were evaluated 
comparing means by Tukey test at 0.01 probability 
level. The statistics software used by SISVAR 
(Ferreira, 2010). 
 
Results and Discussion 

 There was interaction between maize 
hybrids and application of foliar fertilizers and 
fungicides to grain dry mass and dry mass plants 
(Table 1). Regarding growth others attributes 
verified difference of isolated variables. The maize 
hybrids and application of foliar fertilizer and 
fungicides statistical difference isolate was show of 
cob dry mass, leaf dry mass, and modified leaf ear. 
To the maize hybrids only was observe differences 
to culm dry mass and total plant dry mass. 

The application of foliar fertilizers and 
fungicides provided dry mass increments of 311,64 
kg ha

-1
 (9,41%) in leaf, 422,36 kg ha

-1
 (12,61%) in 

culms, 201,69 kg ha
-1

 (11,35%) in modified leaf, 
360,31 kg ha

-1
 (21,47%) in cob and, consequently 

1.296,00 kg ha
-1

 (12,81%) in total plants. 
Vasconcellos et al. (1998) founded leaf dry mass 
values between 31-39 g planta

-1
, 106-118 g plant

-1
 in 

culms, 3-4 g planta
-1

 in tassel and 220-250 g plant
-1

 
in bracts + cob. While, Moreira et al. (2014) 
determined that the leaf dry mass values between 
2.243,9 e 3.368,1 kg ha

-1
, similar accumulation in to 
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that present study (3.310,4 kg ha
-1

) and higher dry mass values between 4.402,3 e 7.244,9 kg ha
-1

. 
 

Table 1 – Variance analyse of dry mass parts of hybrids maize with or without fungicides and foliar fertilizers application. 

Medium square 

 Variation source 

 
Hybrids Protection Hyb. * Apl. Block Residue 

CV 
(%) 

G.L. 1 1 1 7 21  

Leaf  961.290,7
*
 776.970,3

*
 14.547,3

ns
 116.110,1 101.736,7 9,2 

Culm  7.794,6
 ns

 1.427.084,3
*
 15.038,7

 ns
 227.979,2 93.002,1 8,6 

Modificated Leaf.  204.860,8
*
 325.432,5

*
 32.792,3

 ns
 46.706,7 46.839,4 11,5 

Cob  809.112,8
*
 1.038.583,5

*
 201.754,9

 ns
 88.214,5 94.858,7 16,6 

Total plant  198.261,0
 ns

 13.436.928,0
*
 780.375,3

 ns
 1.407.018,7 972.715,6 9,2 

Grains  1.352,00
ns

 19.722.789,2
*
 16.225.463,4

*
 1.388.454,5 1.543.524,9 10,2 

Total plants  232.366,9
 ns

 65.718.199,8
*
 24.122.794,7

*
 5.430.967,3 4.795.053,9 9,5 

Hyb. - Hybrid; Apl.- Application; CV – Variation Coefficient; 
ns

 not significantly and * significantly (F test, p≥ 0,05) 
 
This increase is of great importance in the 

production cycle, as well as in the management and 
conservation of the soil, because, after the harvest 
of grains, all shoot of the plants remains in the field. 
The return to the soil of 11,409.5 kg ha

-1
 shoot dry 

mass plants, this means that reaching a difference 
of 1,296 kg ha

-1
 (12.81%) dry mass, in treatments 

with application of foliar fertilizers and fungicides 
(Table 2). 

The shoot dry mass incorporate in soils 
promotes the protection of the soil, reducing erosion, 
evaporation of water, increasing the amount of 
available water, favoring the beneficial 
microorganisms, recycling and diffusion of nutrients, 
especially the low mobility (P and Zn). With greater 
dissemination, for greater absorption of P, higher 
root growth and, consequently, greater recycling of 
nutrients. The largest recycling of nutrients for 
subsequent crops, as soybeans, can increase the 
grains production, promote the maintenance of the 

no-tillage system and reduce the environmental 
impact, ensuring a sustainable production.  

The persistence of residues (shoot dry mass) 
during critical times of the year in the Brazilian 
savannah, as the dry season after the first rains and 
during the early development of commercial culture, 
will mitigate the direct sunlight and the action of 
erosion agents, as the impact of raindrops, common 
in those periods (Sodré Filho et. al., 2004). 

The ground cover provided by cultural waste 
is a major source of nutrients to agricultural systems, 
once the plants absorb the sub-surface layers of soil 
being subsequently released into the surface layer 
by decomposition (Krutzmann et al., 2013). The 
refund depends on the rate of mineralization, the 
organic matter is five to ten times greater in the 
region of the Brazilian savannah than in temperate 
regions (Costa et al., 2014). 

For the grains dry mass, there was interaction 
between hybrids and application of foliar fertilizers 
and fungicides (Table 2).  

 
Table 2 – Leaves, modified leaf ear, shoot plant, culm, cob, grains and total dry mass of maize hybrids (kg ha

-1
), with or 

without application.   

Hybrids 
Leaves  Culm 

Without With Average  Without With Average 

Resistant 3505,0 3774,0 3639,5 a  3355,0 3734,0 3554,5 a 
Susceptive 3115,7 3470,0 3292,9 b  3342,9 3808,6 3575,7 a 

Average 3310,4 B 3622,0 A   3348,9 B 3771,3 A  

 W = 0,96; FLevene = 2,17; Fno additivity = 10,42  W = 0,95; FLevene = 2,12; Fno additivity= 3,28 

 
Modified leaf ear  Cob 

Without  With Average  Without With Average 

Resistant 1888,3 2026,0 1957,2 a  1600,0 1798,0 1699,0b 
Susceptive 1664,3 1930,0 1797,1 b  1755,7 2278,3 2017,0a 

Average 1776,3 B 1978,0 A   1677,9 B 2038,2 A  

 W = 0,98; FLevene = 2,58; Fno additivity = 14,62  W =0,88; FLevene = 1,67; Fno additivity = 4,50 

 
Shoot plant  Grains 

Without With Average  Without With Average 

Resistant 10348,3 11332,0 10840,2 a  12160,0 aA 12306,0 bA 12233,0 
Susceptive 9878,6 11486,9 10682,7 a  10722,9 bB 13717,1 aA 12220,0 

Average 10113,5 B 11409,5 A   11441,4 13011,6  

 W = 0,96; FLevene = 3,27;  Fno additivity = 5,48  W = 0,95; FLevene = 2,56; Fno additivity = 5,96 

 
Total plant   

Without With Average     

Resistant 22508,3 aA 23638,0 aA 23073,2     
Susceptive 20601,4 aB 25204,1 aA 22902,7     

Average 21554,9 24421,0      

 W = 0,95; FLevene = 2,94; Fno additivity 6,85   
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Médias followed by different letters, capital letters on the line and lower the column, differ by Tukey test at 0.05 significance. Values in 
bold indicate normality, the Shapiro-Wilk test (W), homogeneity, the Levene test (F) and non-additivity, by Tukey test (Fnão-additivity), 
the 0.01 significance; Values without bold indicate lack of normality, the Shapiro-Wilk test (W), lack of homogeneity, the Levene test (F), 
and additivity, by Tukey test at 0.01 significance level. 

 
To the resistant maize hybrids were no 

incremented in rains dry mass with application of 
moisture. It is a fact that the moisture promoted an 
increase set in all parts of maize plants, 
demonstrating the effectiveness of foliar treatment 
on photosynthetic achievement extension. However, 
the energy cost with hybrid resistance causes the 
plant does not get enough to boost assimilates 
translocate to grain productivity, and these 
accumulated in other parts of plants. 

On the contrary, the susceptible hybrid, 
showed an increment of 2,994.28 kg ha

-1
 (27.92%), 

i.e. 49.9 sacks ha
-1

 (table 2). Costa et al. (2012) 
reported that among the main measures 
recommended for the management of the white spot 
disease, the use of resistant cultivars and fungicides 
are the most used. And yet, in susceptible cultivars 
crops or with moderate resistance, the use of 
fungicides have been a measure widely used, and 
the use of fungicides with azoxystrobin + 
Cyproconazole are efficient in the control of white 
spot disease. 

When they analyzed the hybrids (table 2), it 
was evident the difference between them, in 
treatment without application of foliar fertilizers and 
fungicides the resistant hybrid presented higher 
productivity 1,437.14 kg ha

-1
 (13.40%), equivalent 

24.0 sacks ha
-1

. The application of moisture in 
susceptible hybrid maize provide higher grains 
productivity 1,411.14 kg ha

-1
 (11.46%), equivalent 

23.52 sacks ha
-1

. 
This result show that the application of foliar 

fertilizers and fungicides provide photosynthetic 
apparatus in leaves along with the foliar nutrition 
allows the expression of the productive potential of 
selected materials for genetic improvement available 
in actually market and that have some disability that 
can express themselves in a negative way in certain 
conditions.  

The highest productivity, in this case, due to 
the fact the plant with greater susceptibility does not 
have excessive energy expenditure on defense. 
Then these plants invest in accumulation in grain 
weight, since the diversion of carbohydrates the 
main metabolic pathway of grain formation and 
growth for the secondary metabolic pathway of plant 
defense occurs more pronounced in the presence of 
the inductor. 

Duarte et al. (2009) evaluating the application 
of fungicides (Azoxystrobin + Cyproconazole) in 
maize crop, were observed efficient in the foliar 
control of maize diseases and an increase in the 
percentage of leaf area and grains productivity 
maize. These authors found increases of up to 35.8 
sacks. ha

-1
 of grains maize, or 34.0%, with two 

applications of fungicides in relation to the control. 
The increase in productivity results 

corroborate with those obtained by Juliatti et al. 

(2014) who observed higher response in grain 
productivity, with the application of fungicides 
(Azoxystrobin + Cyproconazole) along with the 
adjuvant (Nimbus) which found increased to 60.12 
sacks ha

-1
 of grains maize, or 41.8%, with two 

applications of fungicides in relation to the control. In 
this same way, Manerba et al. (2013) with the use of 
the Mancozeb fungicide, in two seasons (V8 and 
before flowering), observed positive effect in the 
control of white spot disease, as well as, increased 
productivity maize. 

However, it is noteworthy that, in addition to 
chemical control, foliar fertilization also has 
importance for increasing the productivity of corn, 
and this practice of nutritional supplementation of 
micronutrients is economically viable. The balanced 
nutrition of plants, especially with respect to 
manganese (Mn), can mitigate the severity of 
diseases. This nutrient is relate in defense 
mechanisms of plants. 

For the variable dry mass plants, there was 
interaction between hybrids and application of foliar 
fertilizers and fungicides in maize crop. The dry 
mass plants of susceptible hybrid presented 
increase of 4,602.62 kg ha

-1
 (22.34%), when used 

the moisture. On the other hand, the resistant hybrid 
showed no increase in total dry matter production of 
plants, as well as maize hybrids no showed 
difference regarding the dry mass plants (table 2). 

Currently have become economically viable 
use of triazole fungicides and their mixtures with 
estrobilurinas, and with benzimidazoles in 
production systems of medium and high technology, 
which ensures the productive potential hybrids 
(Duarte et al., 2009). 

The average dry mass accumulation by 
different parts of two maize hybrids at descending 
order followed: 12,262.5 kg ha

-1
 (53.18%) grains 

maize > 3,565.10 kg ha
-1

 (15.50%) culm > 3,466.18 
kg ha

-1
 (15.07%) leaves > 1,877.16 kg ha

-1
 (8.16%) 

modificated leaf > 1,858.02 kg ha
-1

 (8.08%) cob. The 
total dry mass plants were 22,987.95 kg ha

-1
 and the 

exportation was 12,262.5 kg ha
-1

 (53.18%) by 
grains, 10,761.45 kg ha

-1
 (46.82%) by shoot of 

plants that return to soil (table 2). 
Pereira et al. (2011) claim that the shoot of 

plants and cob fractions totaling about 65% of the 
dry mass hybrids maize, different values that 
present work to same variables (46.82%) .According 
to Alves et al. (2013), the structural composition of 
the maize plant cans determine the productive 
potential of the hybrids. 

The grains maize production and dry mass 
plants followed by others authors were 5.1 t ha

-1
 and 

11.6 t ha
-1

, respectively. Duarte et al. (2003) to same 
variables followed 14.6 t ha

-1
 and 29.6 t ha

-1
, 

respectively. The others author followed large 
variation by total dry mass and grains production 
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(Pereira et al., 2011; Carvalho et al. 2011; Moreira et 
al. 2014). 

França et al. (2011) observed shoot dry mass 
maize of 8,725 and 1,425 kg ha

-1
, respectively, at 99 

days after emergence and values of 39,710 and 
8,507 kg ha

-1
 at maize harvest to same variables. 

Bergonci et al. (2001) used irrigation system 
obtained shoot dry mass plants of 22,201 at 27.838 
kg ha

-1
.  

 
Conclusions 
  
 The application of fungicides and foliar 
fertilizers increased the leaf, culms, ear modified, 
cobs and shoot dry mass plants maize. 

The application of fungicides and foliar 
fertilizers providing returning of 11.409,5 kg ha

-1
 of 

shoot dry mass plants with increased of 1.296 kg ha
-

1
 on soil

 
(12,81%). 

The  hybrid maize the application of 
fungicides and foliar fertilizers provide higher dry 
mass grains and shoot of plants. 
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