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ABSTRACT: This study aimed to verify the incidence of Fusarium spp. in commercial maize hybrids and 
irrigation management strategies utilizing center pivot systems. The experiment was carried out during the 
second season in a randomized block design with a split-plot arrangement with five maize hybrids (2B810, 
MG580, AS1633, DKB290, and AG8544). The plots were irrigated with five frequencies (1, 2, 3, 4, and 5 days) 
in one experiment, and five water depths (at 25, 50, 75, 100, and 125% of crop evapotranspiration) in another 
experiment. Plant height, ear insertion height, moisture at harvest time, yield, and incidence of stalk rot were 
evaluated. Neither irrigation frequency nor irrigation depth influenced the incidence of disease. The one-day 
irrigation frequency provided the highest yield for maize hybrids. Hybrid 2B810 showed the highest yield 
and the lowest incidence of the disease.
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Manejo da irrigação sob pivô central em híbridos
de milho e a incidência de podridão de colmo

RESUMO: Este estudo foi realizado com o objetivo de avaliar a incidência de Fusarium spp. em híbridos 
comerciais de milho e manejos de irrigação por pivô central em segunda safra. O experimento foi conduzido 
em delineamento de blocos casualizados em esquema de parcelas subdivididas, sendo as parcelas constituídas 
pelos manejos de irrigação com cinco frequências (1, 2, 3, 4, 5 dias, primeiro experimento) e cinco lâminas 
d’água (25, 50, 75, 100 e 125% da evapotranspiração da cultura) e as subparcelas com cinco híbridos de milho 
(2B810, MG580, AS1633, DKB290 e AG8544), em quatro repetições. Foram avaliadas altura de planta, altura 
de inserção de espigas, umidade no momento da colheita, produtividade e incidência de podridão no colmo. 
Tanto as a frequências de irrigação como as lâminas de irrigação não influenciaram a incidência da doença. A 
frequência de irrigação de um dia proporcionou o maior rendimento de híbridos de milho. O híbrido 2B810 
apresentou o maior rendimento e a menor incidência da doença.
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Introduction

In Brazil, the incidence of diseases in maize crops has 
increased over the years. Pinto (2005) relates this phenomenon 
to climatic changes and common practices adopted in the 
midwest region of the country, such as no-tillage and irrigation 
systems, sowing times, and crop succession. These changes 
encourage edaphoclimatic conditions favorable to pathogens 
and the preservation of inocula, promoting plant disease.

Fusarium spp. is a fungus that survives in the soil through 
its resistance structures, until it finds a host. Moreover, it 
can survive in seeds (Ramos et al., 2014). In the latter case, 
measures to combat fungus are seed analysis and the use of 
chemical treatments (Costa et al., 2003). Munkvold (2003) 
stated that Fusarium spp. is one of the most important 
pathogens of maize crops, as it is related to diseases such as 
root rot, seedling death, and stalk and ear rot, which can cause 
decreases in crop yield and grain quality.

In addition to the ability of Fusarium spp. to survive in 
soil, a wide range of plant species can serve as hosts for it. 
Pinto (2006) stated that proper soil preparation and suitable 
fertilization can help prevent nutritional stress and facilitate 
maize plant resistance to the fungus. However, the author cites 
that the most effective measure is the use of resistant hybrids. 
In addition, the application of fungicide products is an efficient 
practice for maintaining crop health.

In the midwest region of Brazil, maize is predominantly 
grown during the second harvest, after a soybean harvest. 
During the maize-growing period, the crop usually experiences 
a water deficit. Bergamaschi et al. (2004) found that even during 
climatically favorable years, grain yield might decrease due to 
water stress during the critical period between pre-flowering 
to the start of grain filling. Scientific research advancing the 
genetic improvement and biotechnology of maize crops has 
contributed to increasing their adaptation to water shortage 
scenarios (Langner et al., 2019). Maximum technical efficiency 
of irrigation depths has increased grain yield from 9.9 to 41% 
(Ben et al., 2019).

Based on these factors, the use of irrigation for water 
supplementation avoids stress in maize plants, resulting in 
maximized crop yields. Therefore, this study aimed to verify 
the incidence rates of Fusarium spp. in the second harvests 
of commercial maize hybrids managed with the aid of center 
pivot irrigation.

Material and Methods

Two experiments were carried out at Fundação de Apoio à 
Pesquisa Agropecuária de Chapadão, Chapadão do Sul, Mato 
Grosso do Sul (18° 46' 49" S, 52° 38' 51" W, altitude – 810 m), 
Brazil, during the 2016 crop season. The first experiment aimed 
to evaluate the effect of irrigation frequency on the incidence of 

Fusarium spp., while the second experiment evaluated the effect 
of water depth on the pathogens that attack maize plants. The 
climate of the region is classified as Aw (tropical with dry winter 
and rainy summer), according to Köppen’s classification, with 
an average annual temperature of 25 °C and average rainfall 
between 1600 and 1800 mm. The soil is classified as Oxisol, 
with a high clay content (Table 1).

The hydro-physical characteristics necessary for appropriate 
irrigation management were obtained from the water retention 
curves of the soil, using a Richards extractor. The field capacity 
for the 0-0.15 and 0.15-0.30 m layers were 0.413 and 0.383 cm3 cm-3, 
respectively. The water content equivalent to the wilting point 
in these layers was 0.282 and 0.262 cm3 cm-3; the real available 
water (RAW) was 1.76 and 1.74 mm cm-1, and the soil and 
particle density, determined by the volumetric ring method, 
was 1.34 and 1.44 kg dm-3, respectively.

Each experiment was carried out in a randomized block 
design, with treatments arranged in subplot schemes. The main 
factor in the first experiment was composed of five irrigation 
frequencies (1, 2, 3, 4, and 5 days). The main factor of the 
second experiment was composed of five water depths (25, 50, 
75, 100, and 125 % of the crop evapotranspiration - ETc. In both 
experimental subplots for each region, the secondary factor 
was composed of five of the most used maize hybrids (2B810, 
MG580, AS1633, DKB290, and AG8544) in that region. The 
plots consisted of five 5-m rows spaced at 0.45 m. The useful 
areas in each experiment were defined as two central rows of 
crop, and excluding a 1.5 m zone at each end.

Mechanized sowing was carried out in each experiment 
on April 08, 2016. The number of sown seeds was sufficient to 
obtain a population of 60,000 plants per hectare in a no-tillage 
system. The mineral fertilization in seed furrows consisted of 
150 kg ha-1 of monoammonium phosphate. Thirty days after 
emergence, 60 kg ha-1 of K2O in the form of potassium chloride 
and 30 kg ha-1 of nitrogen in the form of urea were applied as 
topdressing. Sixty days after emergence, nitrogen was applied 
at the same dose.

Seeds were treated with imidacloprid (150 g L-1) + 
thiodicarb (450 g L-1), at a dose of 0.35 L ha-1, and carboxin 
(375 g kg-1) + thiram (375 g kg-1), at a dose of 250 g 100kg-1 
of seeds. Phytosanitary treatments were performed during 
the experiment, depending on the occurrence of pests, by 
applying indoxacarb (400 mL ha-1) and diamida (150 mL ha-1) 
to control the fall armyworm, and beta-cyfluthrin (12.5 g L-1) 
+ imidacloprid (100 g L-1), at 800 mL ha-1 to control corn 
leafhopper and bedbugs.

The center pivot irrigation system used in this study was 
managed based on climate characteristics, following the 
methodology of Penman-Monteith-FAO, according to Allen 
et al. (1998). The definitions of the crop coefficients and 
root system depth of each subperiod (Table 2) followed the 

FC - Field capacity moisture at the water matric potential (ᴪm) of 0.3 atm; RWC - Residual water content (RWC) at a ᴪm of 15 atm; TAWC - Total available water; SD - Soil density; 
TP - Total soil porosity; PD - Particles density

Table 1. Hydro-physical soil attributes of the experimental area at 0-0.15 and 0.15-0.30 m depths 
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recommendations of Detomini et al. (2009), using a gradual 
variation of the passage from one subperiod to the other in 
function of the days after emergence.

The water balance remained in deficit for almost the entire 
cycle of rainfed crops (Figure 1), with low rainfall frequency 
and volume, totaling 203.0 mm – a much lower volume than 
maize requires during its growing period. The required amount 
of water depends on the cycle of the hybrid and the climatic 
conditions, which, can vary from 500 to 800 mm according to 
Doorenbos & Kassam (1994). Therefore, no control treatment 
(without irrigation) was carried out.

From the sowing day up to 20 days after sowing, no rainfall 
was recorded, which significantly affected the initial stages of 
the crop in treatments with less irrigation. During most of 
the cycle, the value for water storage was far below that of the 
real available water (RAW), keeping the plants at the residual 
water content (RWC). This water stress condition inhibited the 
development of the plants for an extended period, and at 45 
days after sowing (V7 stage), all the plants died.

The air temperature (maximum and minimum) and the air 
relative humidity for all experimental periods are presented 
in Figure 2.

According to Figure 2, the lower air relative humidity was 
verified between the reproductive period of the cycle. 

Irrigation frequencies were based on the interval defined 
in each treatment (1, 2, 3, 4, and 5 days) by applying the 
accumulated value of ETc for the period.

Water depths were artificially raised only when the 
water balance of the crop was close to the lower limit of the 
RAW. Thus, irrigation (25, 50, 75, 100, and 125% of the ETc 
accumulated in the period) was performed only when the 
plants consumed all the readily available water.

The total water applied in each treatment is presented in 
Table 3, showing the differences in each management strategy 
of irrigation frequency and water depth.

Stalk rot incidence was evaluated at the milky grain stage, 
84 days after emergence, by the presence and absence method. 
This study evaluated 40 plants per plot to verify signs of the 
disease in the stem of each plant and to calculate the percentage 
of disease incidence for each treatment.

Plant and ear insertion heights were evaluated during 
the physiological maturation stage in 10 plants randomly 
selected from the useful area of each plot, by measuring the 
distance from the soil surface to the last leaf and ear insertion, 
respectively. Harvesting first began on August 25, 2016, but 
each hybrid was only harvested when it reached maturity. Grain 
yield was obtained by weighing the grains from the useful area 
of the plots, correcting to 13% of moisture, and subsequently 
converting the values to kg ha-1.

The data were subjected to an analysis of variance test. 
The hybrid means were compared by Tukey’s test, whereas 
the irrigation frequency and water depths were subjected to 
regression analysis. Afterward, Pearson’s correlations between 
the evaluated variables were estimated. The correlation network 
was used to graphically express the results the proximity 
between the nodes (traces) is proportional to the absolute 
correlation value among these nodes. Edge thickness was 
controlled for using the estimates of correlation, where positive 
correlations are highlighted in green and negative correlations 
are colored in red. Finally, principal component analysis 
(PCA) was carried out for the treatments of both experiments 
(irrigation frequency × maize hybrid and irrigation depths × 
maize hybrid). These analyses were performed using the free 
software RBio (Bhering, 2017). 

Table 2. Crop coefficients (Kc) for maize for each phenological 
stage

Source: Detomini et al. (2009)

Figure 1.  Residual water content (RWC), real available water 
(RAW), soil water storage (Storage) and rainfall for maize crop 
in the rainfed condition, during the study period

Figure 2. Air maximum and minimum temperature, and air 
relative humidity (RH) during the experimental period

Table 3. Total water applied (TWA) in each management of 
irrigation frequencies and water depths

Results and Discussion

Significant differences (p ≤ 0.05) in irrigation frequency 
were observed only for the grain moisture at harvest time and 
grain yield (Table 4). The maize hybrids had different results for 
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all evaluated variables. No significant interaction was observed 
between these factors, indicating that the hybrids had a similar 
response regardless of irrigation frequency. 

The higher the irrigation frequency, the lower the grain 
moisture at harvest time (Table 4). This reinforces the 
hypothesis that the more intense the water regime at harvest 
time, either through irrigation or natural rainfall, the higher 
the moisture content of maize grains (Bergamaschi et al., 
2004). Thus, both the use of hybrids and irrigation resulted in 
moisture percentages higher than that recommended.

The highest grain yield was obtained at the 1- and 2-day 
irrigation frequencies. When compared with the lowest GY 
(3-day irrigation frequency = 4.057 t ha-1), the results were 
22.36% and 17.70% higher, respectively (Table 3). Bergamaschi 
et al. (2006) stated that if the water deficit period coincides 
with the critical period of the maize crop, from pre-flowering 
to grain filling, grain yield may be affected. This is related to 
the fact that lower grain yields are obtained with decreases 
in irrigation frequencies, resulting in the high incidence of 
diseases reported in this study. 

For plant height, the hybrid 2B810 had 23% higher plant 
population when compared to the hybrid with the lowest 
plant height (MG 580). Although the irrigation depths did 
not differ significantly for plant height, other studies indicate 
the importance of water management in this crop (Kappes 
et al., 2011; Agostinho, 2011; Vieira et al., 2013). Rosa et al. 
(2015) studied the behavior of 50 maize hybrids in response 
to two fertilization levels and verified mean heights of 213.1, 
215.6, and 226.0 cm for hybrids DBK290, 2B810, and AS1633, 
respectively, in the region of Lucas do Rio Verde, MT, Brazil 
(Table 3). 

Ear insertion height had different behavior from that of 
plant height. The tallest hybrid had the highest ear insertion 
height, as can be seen for the hybrid 2B810 (99.16 cm). 
According to Sangoi et al. (2002), a shorter distance between 

the soil and the ear insertion contributes directly to the 
reduction of stalk breakage, which occurs in taller plants. 
Thus, taller hybrids such as AS1633, DKB 290, and AG8544 
had higher ear insertion height and may be more susceptible 
to breakage (Table 3).

Over 70% of the crop comprising the hybrids DKB290, 
MG580, AG8544, and AS1633 were attacked by disease, and 
90% of the hybrid AG8544 was diseased (Table 4). These 
hybrids had high lodging due to stalk rot. Moreover, the ears 
were attacked by fungi, causing a decrease in yield. Pinto (2005) 
stated that the incidence of fungi during the pre-harvest stages 
of maize can directly affect grain yield by causing ear rot. 
Stefanello et al. (2012) found a 19.3–27.4% incidence of disease 
in three maize hybrids (Celeron, Penta, and Status) during one 
summer harvest. These results demonstrate that the incidence 
of Fusarium spp. is more associated with genetic factors than 
with water availability during the maize cycle.

This is evidenced by the analysis of the grain yield of 
2B810. This hybrid had the highest disease incidence (25.87% 
incidence). The yield of the DKB290 was 57.54% lower than 
the 2B810. Rosa et al. (2017) found yields of 5.589 and 5.740 
t ha-1 for hybrids AS1633 and DKB290 in the second maize 
crop (Table 4). Rosa et al. (2015) also verified that hybrid 2B810 
had the highest grain yield among the hybrids they evaluated. 
Kaman et al. (2011) affirm that the grain yield response of 
maize depends on the level of deficiency of irrigation and 
genotypic variability.

Table 5 shows that water depth did not influence the 
evaluated variables. However, hybrids had a significant effect 
on all variables (p ≤ 0.01). These results disagree with those 
reported by Ben et al. (2016), who reported that irrigation 
affected dry matter, hundred-grain weight, and the highest 
grain yield of the maize hybrid Dekalb 250 PRO2 maize 
hybrid for the 100% ETc irrigation depth. This difference may 

ns, *, ** - Not significant and significant at p ≤ 0,05 and p ≤ 0,01 by F test

Table 4. Means and summary of analysis of variance for plant 
height (PH), ear insertion height (EIH), grain moisture at the 
harvest time (GMH), grain yield (GY), and incidence of disease 
(ID) for irrigation frequency 

ns, *, ** - Not significant and significant at p ≤ 0,05 and p ≤ 0,01 by F test

Table 5. Analysis of variance for plant height (PH), ear 
insertion height (EIH), grain moisture at the harvest time 
(GMH), grain yield (GY), and incidence of disease (ID) for 
water depths treatments
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be related to the high incidence of diseases detected in the 
present experiment. The water depth × hybrid interaction for 
all variables was not significant, indicating a similar response 
of all hybrids, regardless of water depth.

Similar results were found for hybrid 2B810, which showed 
significantly higher values for plant height when compared 
with the other hybrids, followed by the hybrid AG8544 (Table 
5). Shioga et al. (2015) observed higher means for plant height 
than those of the present study for the lowest hybrid (MG580). 
These same authors found no significant change in lodging or 
breakage rates for this cultivar, compared to others.

It is important to highlight that the highest water 
productivity was obtained with irrigation deficit strategies, 
which may be a suitable approach in water resource 
management to increase the efficiency of water use; applicable 
in situations with water limitations (Vian et al., 2016; Martin 
et al., 2012). However, Gava et al. (2018) warn that in the case 
of sandy soils, the best results will always be for the greatest 
water depths.

Studying the effects of waterlogging stress on plant-
pathogen interactions between Fusarium and wheat/barley, 
testing levels of water in interaction with Fusarium, Martínez 
et al. (2019) found that excess water always decreases yield, 
regardless of Fusarium presence.

In general, height correlated with plant ear insertion height 
insertions between 99.66 and 101.19 cm. However, the hybrid 
with the highest result for plant height (2B810) did not have the 
highest result for ear insertion height. A response also reflected 
in the irrigation frequencies, where hybrid AG8544 had a 
high value for ear insertion height (Table 5). The ear insertion 
height should be lower than 1 m for good structural stability of 
maize plants. Conversely, Santos et al. (2002) affirmed that the 
higher the insertion, the better the efficiency of mechanized 
harvesting, ensuring lower grain losses and higher grain purity. 

Figure 3 shows that the lower incidence of stalk rot in 
hybrid 2B810 hybrid planting may be directly related to grain 
yield (Table 5). According to Pereira et al. (2005), when disease 
infestation occurs, grain filling stops, leading to rot, which can 
culminate in severe yield reduction. Table 4 shows that 78.50 
to 97.50% of disease incidence led to grain yields lower than 
4 t ha-1, which is considered a low yield.

Grain yield was higher for hybrid 2B810, with the lowest 
disease incidence rate (37.39%), compared to other hybrids 
(Table 5). Despite the significantly higher yield, other authors 
reported about 10 t ha-1 grain yield for the same hybrid 
(Rosa et al., 2015). The mean grain yield for maize in Brazil 
is approximately 6 t ha-1; however, the mean grain yield of all 
hybrids was lower than this value, except for hybrid 2B810.

 Principal component analysis (PCA) revealed the 
relationships between irrigation management factors of 
each experiment simultaneously, using a general measure 
of the hybrid yield in each strategy. The first two principal 
components were responsible for 88.3 % of the total variance of 
the variables evaluated. Figure 3 shows the dispersion between 
the evaluated variables and different irrigation strategies in 
relation to the first two principal components. The more distant 
the axial position of the components, the closer the relationship 
between them. The points in the graph show the relationship 
of the components based on the proximity between the axes.

Figure 3. First (PC1) and second (PC2) principal components 
and dispersion of grain moisture at the harvest time (GMH), 
grain yield (GY), plant height (PH), ear insertion height (EIH) 
and incidence of disease (ID), for frequencies of 1, 2, 3, 4 and 
5 days (T1, T2, T3, T4, and T5, respectively) and water depths 
of 25, 50, 75, 100, and 125% ETc (T6, T7, T8, T9, and T10, 
respectively)

Figure 3 shows that the cluster formed by the treatments 
of 5-day irrigation frequency (T5) and water depths of 25, 50, 
75, 100, and 125% ETc (T6, T7, T8, T9, and T10, respectively) 
is close to ID and far from GY. These treatments had a high 
incidence of disease and low yield. In all the plots of these 
treatments, plants showed stalk rot and ears attacked by fungi, 
which explains the low grain yield. These results corroborate 
those of Pereira et al. (2005), who found a yield decrease 
in response to high severity of fungal diseases in the crop. 
Roese et al. (2018) point that agrosilvopastoral systems have 
the potential to reduce the abundance of Fusarium spp. and 
enhance populations of beneficial microorganisms in the soil. 
This is important to show that correct management of irrigation 
can improve the abundance of beneficial microorganisms too.

The GY vector is in the opposite direction to that of ID 
and close to the T1 and T2 treatments. This fact shows that 
high incidence of disease compromises grain yield and that 
the treatments with higher irrigation frequencies resulted in 
higher grain yields. Bergamaschi et al. (2004) claimed that, 
from tasseling to the beginning of grain filling, irrigation allows 
high grain yields and contributes to healthier plants. This result 
shows the importance of using healthy seeds, especially the 
choice of tolerant hybrids, as reported by Pereira et al. (2005) 
and Pinto (2006). 

Figure 4 shows the correlation network between the 
variables evaluated in the two experiments. Grain yield and 
the incidence of stalk rot have a high correlation. These results 
are similar to those reported by Pinto (2005), who verified that 
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several species of fungus are directly linked to the damage 
caused to plants and grains, resulting in decreased yields. 

Conclusions

1. The incidence of stalk rot was not influenced by irrigation 
management strategy. The one-day irrigation frequency 
provided the highest grain yield. Water depth did not influence 
any of the variables studied, for the maize hybrids included in 
this experiment.

2. Hybrid 2B810 showed a higher mean yield and lower 
incidence of disease. The incidence of disease was directly 
correlated with maize crop yield.
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