Effect of Preventive and Curative Fungicide Treatment on Fusarium proliferatum Infected
Maize - A Field Trial
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There are extensive data on effects of antifungal agents on the plant pathogens,
especially on Fusarium species. However, investigations on the interaction of chemicals and
the treated cultivars are rare. The aim of the study was to test two types of fungicide mixtures,
azoxystrobin-propiconazole, and prothioconazole-tebuconazole, which are applied in wheat
cultivars intensively, on six fodder maize hybrids that were infected with Fusarium
proliferatum in the R1 growth stage in a field trial. The effect of the fungicide treatment was
tested on the starch content and antifungal, antioxidant polyphenols of the kernels in the R3-R4
and R6 stage of the cultivars. The level of the fungal presence and the fumonisin concentration
of the kernels were increased significantly under the artificial infection. The fumonisin
concentration was variable at the R6 stage of the hybrid maize kernels. The treatment with
prothioconazole and tebuconazole was found to be suitable when it was done before flowering,
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while the azoxystrobin-propiconazole treatments were equally successful before and after
maize flowering considering the decreasing fumonisin concentration of the kernels. Both
fungicide mixtures, when they were applied after maize flowering, affected the starch
biosynthesis to the R3-R4 stage significantly. Meanwhile, azoxystrobin-propiconazole also
significantly affected the antioxidant flavone/flavanol contents from the R3-R4 stage to the R6
stage.
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Preharvest maize ear rot causes huge economic problem worldwide. Recently,
Fusarium proliferatum, F. verticillioides and F. subglutinans (pink ear rot) (Logrieco et al.,
1995) were found to be a potent causal agent of the kernel disease besides F. graminearum and
F. culmorum (red ear rot) (Dorn et al., 2011). The fungal infection usually spread by insects,
e.g. European Corn Borer (Ostrinia nubilalis Hiibner) (Scarpino et al., 2015), through the kernel
injuries they cause. The fungal infection has an impact on the nutrient value of maize, and not
only the starch content but the fatty acid composition can be affected (Dall’ Asta et al., 2012).

Besides the decreased nutrient levels in the grains, the mycotoxin production of the
fungal biomass is also a crucial problem and revealed in connections of all type of fungal
infections (Nesic et al., 2014). Fusarium spp. are well known about the broad range of
potentially toxic secondary metabolites, and F. proliferatum was reported as a potential
producer of e.g. fumonisins, moniliformin (Scarpino et al., 2015), beauvericin (Moretti et al.,
1994) and fusaproliferin (Logrieco et al., 2002). Therefore, prevention of the fungal infection

and mycotoxin production in cultivars is a critical task.

A large set of metabolites in maize and cereals counteracts the fungal pathogens and
Fusaria and reduces the mycotoxin accumulation in plants. These metabolites origin from the
primary and the secondary metabolisms of plants and are very diverse. Amino acids, fatty acids,
and their derivatives, carbohydrates, amines, terpenoids and phenylpropanoids are the best-
known compounds (Gauthier et al., 2015). The last two groups with antioxidant properties are
among the most frequently reported metabolites to take part in the plant defense mechanisms
and some of them especially interfere with mycotoxin biosynthesis (Gauthier et al., 2015).
Maize grains contain high level in total flavonoids followed by wheat, rice, and oat (Adom and
Liu, 2002), and the most frequently cited flavonoids are the flavonols kaempferol and quercetin
(Das and Singh, 2015).



Prevention against Fusarium ear rot relies on cultural practices to manage the disease:
crop rotation, crop residue management, good nutrient supply (supplying high N and low K),
control of the insect pests, and use of resistant hybrid plants. The relationships between the
resistance and the mycotoxin production have been well documented (e.g. Pilu et al., 2011).
The resistance to Fusarium spp. is quantitatively inherited, but, up to our knowledge, no fully
resistant maize genotype has been discovered.

In the present work, two fungicide mixtures, azoxystrobin-propiconazole, and
prothioconazole-tebuconazole were tested. Azoxystrobin (inhibits fungal respiration, Bartlett
et al., 2002) and propiconazole (demethylation inhibitor; Taton et al., 1988) mixtures are
recommended in maize cultivars against Aureobasidium zeae (eyespot) and Helminthosporium
spp. (leaf blight) by the manufacturers. Meanwhile, prothioconazole and tebuconazole (dual
demethylation inhibitor fungicide; Taton et al., 1988) are applied as mixture mainly on cereal
cultivars. Interesting, that the fungitoxicity of these compounds is well understood, while the
information on the effects on plant metabolism and plant-fungal interactions are rare (Wu and
von Tiedemann, 2001; Blandino et al., 2012). Our aim was to highlight at least a part of the
combined effect of the chemicals mentioned above on maize-Fusarium interaction. Therefore,
the artificially infected maize hybrids were investigated under treatment at and after flowering.
The rate of the fungal presence was characterized by visual evaluation and measurement of the
total fumonisin content of the kernels in ELISA. The response to these specific fungicide
treatments was evaluated by measuring the total antioxidant polyphenol, the flavone/flavonol

content and storage nutrient starch levels.

Materials and Methods

Cultivation of maize hybrids

The field experiment was conducted in the experimental areas of the Institute of Plant
Protection, the University of Debrecen in 2015 using the following fodder maize hybrids:
DKC5007, DKC5031, DKC4608 (Monsanto), and P9074, P9911, P0216 (DuPont Pioneer).
The experimental design was a randomized complete block design (RCBD) with three blocks
for each treatment. The research field composed of 108 squares, all of which had the length of

4 m and 2.25 m of width. In every square, there were three rows, the distance of the plants was
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applied as it was described for that hybrid by the producer. Seeds were planted approximately
5 cm deep. Plants were fertilized and frequently irrigated to avoid any nutrient deficiency or

moisture stress.

The respective blocks of the hybrids were treated with a mixture of 125 g I
prothioconazole and 125 g I*! tebuconazole and with a combination of 141.4 g I azoxystrobin
and 122.4 g I'* propiconazole antifungal compounds both preventively and curatively. The
chemicals were applied in 1 | ha® concentration in early flowering and after flowering of maize.
The fields did not get any other treatment during the cultivation. All treatments of all hybrids

were repeated three times.

Contamination with Fusarium proliferatum

F proliferatum ITEM2287 strain was isolated from maize. The strain was inoculated on
Czapek-Dox plates (HiMedia Laboratories) and incubated at 25 °C for 7 days. The
conidiospores were collected suspending them in distilled water and centrifuged three times at
1600 rpm for 4 min. The spore concentration was determined in a Biirker chamber, and a
suspension was made in the final concentration of 10° mI in sterile physiological salt solution
and loaded into spreading flasks. The maize hybrids were contaminated in the R1 growth stage
(Abendroth et al., 2011) of the plants by a nail punch (mimicking the damage by insects) at the

uppermost 1/3 of the ear through the husk leaves and spraying the conidiospores to the wound.

Evaluation of the Fusarium contamination

In the R6 stage of the maize cultures, the Fusarium infection was evaluated visually by
the intensity of the fungal disease on the ears (Fischl, 1977). The contamination was rated and
scored with 1-10 points as the following: (1) contaminated only at the ear tip; (2) 4-5 rows of
the kernels at the tip; (3) diffusively at the 1/3 uppermost part of the ear; (4) up to the middle
of the ear; (5) diffusively at the 2/3 of the ear; (6) covering the 2/3 of the upper part; (7)
continuous mycelial cover on the 1/3 of the ear; (8) constant mycelial cover on the 2/3 of the
ear; (9) total mycelial coverage; (10) totally damaged ear. The scores of the ears were

summarized, and the average was taken for every block.



Sample taking and preparation

Samples were taken at the R6 reproductive stage of the maize. The ears without the husk
leaves were let air-dry for 2 days until further preparations. Then photos were taken on the
samples, and the kernels were dried to steady weight in a drying cabinet. The dried seeds were
ground and used in further analyses.

Dry weight

The dry weight of the kernels was determined by drying them in a 60 °C drying cabinet
until a stable weight was reached. All measurements were done repetitively (n=3). All analytical

measurements have been related to the dry matter.

Starch

The starch content was measured based on the Hungarian standard MSZ 6830-18:1988.
A portion of 2.5 g of ground sample was weighed in a 100 ml Kohlrausch volumetric flask and
mixed with 25 ml of 0.31M HCI solution. After addition of another 25 ml of 0.31M HCI
solution, the suspension was heated on a boiling water bath for 15 min. Once the hydrolysis
was finished, 20 ml of cold distilled water was added. After fast cooling, clarification with 5 ml
of Carrez | and 5 ml of Carrez Il solutions was performed. Finally, the volumetric flask was
filled up with distilled water, its content was properly mixed, and filtrated using a filtration
funnel. The obtained filtrate was transferred to a polarization tube (20 cm) and measured using
a polarimeter (Zeiss) at 20 °C with Na-lamp. The starch content related to dry weight was
calculated as the following:
[(a *1000)/(184.6* 20 cm *2.5 g)]*[100/(100-N)]= starch %
a, the angle of rotation; N, water content.

All measurements were repeated three times.

Polyphenols and flavonoids (flavones/flavanols)

The determination of total phenolic compounds was made with Folin-Ciocalteu method
(Kaur and Kapoor, 2002). Briefly, 5 g of ground maize was made up to 50 ml with methanol:
water (80:20), mixed thoroughly for 30 min and filtered through filter paper (Whatman grade
292; Millipore). From the extract, 0.5 ml was reacted with 2.5 ml of Folin—Ciocalteu reagent
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and of 2 ml of 20% (w/v) sodium carbonate. The mixture was let to stand for 2 h in the dark,
and the absorbance was measured at 760 nm. The total phenolic content was calculated from
the calibration curve, and the results were expressed as mg of gallic acid equivalent (GAE) per

100 g dry weight.

The determination of flavone/flavanol compounds was made per the aluminum chloride
colorimetric method of Chang et al. (2002). Briefly, 1 ml of the extract was combined with 4
ml of distilled water and then 0.3 ml of 5% NaNO. solution; 0.3 ml of 10% AICIs solution was
added after 5 min of incubation, and the mixture was allowed to stand for 6 min. Then, 2 ml of
1 M NaOH solution was added, and the final volume of the mixture was brought to 10 ml with
distilled water. The mixture was let to stand for 15 min, and absorbance was measured at 510
nm. The total flavone/flavanol content was calculated from a calibration curve, and the result

was expressed as g catechin equivalent (CE) per 100 g dry weight.

ELISA of fumonisins

Fumonisins were measured with Fumonisin from maize ELISA kit (Sigma-Aldrich).
The sample preparation and the measurements were done as it was described by the

manufacturer.

Statistics

The three repetitions of a treatment of all six hybrids (n=18) were evaluated in MS
Office Excel program. Median values were calculated, and Student #-tests were performed.

Significance was tested at the level of p<0.05 and p<0.005.

Results

The first task of the project was to get significantly infected cultivars and high fumonisin
content in the maize kernels. The inoculation with F proliferatum ITEM2287 strain was

successful, as it was shown by the rate of the fungal presence that was evaluated visually on the



field (Fig. 1 and Fig. 2A) and by the fumonisin content (Fig. 2B). The prothioconazole-
tebuconazole treatment was not successful in some hybrids (DKC4608, DKC5031, P0216) (Fig.
1) and caused only weak changes in the infection levels (p<0.5) in comparison with the F.
proliferatum infected but untreated cultivars (Fig. 2A). While, in most hybrids, azoxystrobin-
propiconazole treatment decreased the visual signs of the infection (Fig. 1). Investigation of the
R3 and R4 stage samples revealed fumonisin content under detection limit, however, in the R6
stage kernels, the ELISA measured high concentrations (within 0.05-65 mg kg!) of the toxin.
In the non-infected and non-treated controls, the Fusarium infection was observable only where
the insect larvae damaged the ears; however, no significant fumonisin production was detected
(Fig. 2B). In the presence of azoxystrobin and propiconazole fungicide, both the infection (Fig.
2A) (p<0.005) and the fumonisin concentration (Fig. 2B) (p<0.05) decreased significantly.
While treatment with the prothioconazole-tebuconazole mixture had an inhibitory effect on the
fumonisin content (Fig. 2B), when they applied before maize flowering, the infection rate was
not reduced significantly by this mixture (Fig. 2A). The antioxidant polyphenol content of the
kernels as the respond to the fungal infection was tested in R3 - R4 (Fig. 3A), and R6 (Fig. 3B)
stages. Interestingly, in contrast to the flavone/flavanol content (Fig. 3C and D), the deviation
of the measured polyphenol concentrations was high in the samples from the R3 - R4 stage
(Fig. 3A), while the values were stabilized in the R6 stage kernels (Fig. 3B). The
flavone/flavanol content was low in R3-R4 stage (Fig. 3C) of the cultivars, and the fungicide
treatments did not result in significant changes. Later, in the R6 stage, the flavone/flavanol
values were increased and had higher deviations (Fig. 3D). Surprisingly, the azoxystrobin and
propiconazole fungicide caused significant change when applied after flowering as a decreased
flavone/flavanol content (p<0.005) of the kernels was detected. We also tested the starch content
(Fig. 4) and found significant differences (p<0.005) in cultivars treated after flowering with any
fungicide mixtures. The starch biosynthesis was more intensive in the R3-R4 stage hybrids
treated by one of the fungicide mixtures (Fig. 4A), while, in the R6 stage (Fig. 4B), the

difference was insignificant.

It was concluded that the effect of the fungicide mixtures, besides the applied chemical,
strongly depended on the timing of the treatment. Only azoxystrobin and propiconazole
together caused significant changes in both the flavone/flavanol and fumonisin values at

»<0.005 and p<0.05 significance levels, respectively.



Discussion

Recently, the injection of ears through husk leaves with a Fusarium conidiospore
suspension was shown to be more efficient than stalk injection or soil contamination in inducing
systemic and seed infection (Al-Juboory and Juber, 2013). Therefore, here the spore suspension
also was applied spiking through the husk leaves. The results revealed that the applied
inoculation method was efficient in causing infection with significant (p<0.005) differences
compared with non-infected and non-treated controls. It also has been demonstrated recently,
that the dent stage (R5) of maize (Abendroth et al., 2011), with increasing starch content and
reduced moisture content, was the most conducive for fumonisin production. Here, the acidic
state of kernel induced more FB1 production (Picot et al., 2011). Accordingly, no fumonisin

production was detected in the kernels of the R3, and R4 stage but in the R6 stage.

Generally, both fungicide mixture treatments were successful against F. proliferatum,
but the timing of the treatment was highly critical not only from the point of the infection but
the chemical composition of the kernels. It was concluded that prothioconazole and
tebuconazole were more efficient when used preventively, while, azoxystrobin and
propiconazole were more effective when they were applied after flowering.

Demethylation inhibitor fungicides, in addition to providing disease control, and
particularly propiconazole and the quinone outside inhibitor fungicide strobilurins, have been
shown to induce physiological benefits for plants (e.g. improved stalk strength, longer
preserved green leaf tissue and delayed plant senescence) (Wu and von Tiedemann, 2001).
Blandino et al. (2012) found an increased photosynthetic activity in maize; however, no
significant change in fumonisin content was detected when azoxystrobin and propiconazole
were applied on flowering plants. No another physiological effect of the treatment has been
demonstrated. The significantly decreased flavone/flavanol content as a new information made
us careful for the timing of the treatment. Moreover, the fungal incidence was only decreased
on plants but not dismissed by the azoxystrobin-propiconazole treatment when applied after
flowering.

The presumable cause of the reduced flavone/flavanol content was the plant defense
mechanisms as it was concluded in the case of winter wheat (Busko et al., 2014). Alternatively,
the flavonoids took part in the reaction to quinine inhibitor and the reduction of the level of FB1

in the pericarp (Pilu et al.,, 2011). Moreover, other polyphenols were increased in their
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concentration at the same time as the total polyphenol concentration did not change
significantly. By our knowledge, there is no information on the precise mechanism, so it needs
further research to elucidate the physiological process.

Although the azoxystrobin-propiconazole treatment generally was less effective against
the Fusarium contamination and FB1 production when it was applied before flowering, in that
case, it did not cause significant changes in the maize kernel composition; therefore, the

preventive treatment is more recommended.
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Fig. 1.

Fig. 2.

Legend of Figures

Visual evaluation of Fusarium infection on the different hybrid maize DKC5007,
DKC5031, DKC4608 (Monsanto), and P9074, P9911, P0216 (DuPont Pioneer) ears
taken from the R6 stage. Mean and SD values were calculated from the data on three
quadrats of each hybrids. The bars represent the mean from the different treatments in a
sequence from left to right: non-infected and non-treated controls, F. proliferatum
treatment, prothioconazole-tebuconazole treatment before flowering, azoxystrobin-
propiconazole treatment before flowering, prothioconazole-tebuconazole treatment

after flowering, azoxystrobin-propiconazole treatment after flowering.

The statistical analysis of the Fusarium infection (A) and the assay of the mycotoxin
fumonisin (B) of the different hybrid maize DKC5007, DKC5031, DKC4608
(Monsanto), and P9074, P9911, P0216 (DuPont Pioneer) ears taken from the R6 stage.
The boxplots represent the data from the different treatments in a sequence from left to
right: non-infected and non-treated controls, F. proliferatum treatment, prothioconazole-
tebuconazole treatment before flowering, azoxystrobin-propiconazole treatment before
flowering, prothioconazole-tebuconazole treatment after flowering, azoxystrobin-
propiconazole treatment after flowering. The boxplots contain the median (x) and the
upper and lower quartiles. There were no outlier data. The significance of the
differences at levels p<0.05 (**), p<0.005 (***) was presented.

Fig. 3. Antioxidant total polyphenol (A-B) and flavonoids (flavones/flavanols) (C-D) contents

of the different hybrid maize: DKC5007, DKC5031, DKC4608 (Monsanto), and P9074,
P9911, P0216 (DuPont Pioneer) kernels taken from the R3-R4 stage (A and C) and the
R6 (B and D) stage. The boxplot represents the data from the different treatments in a
sequence from left to right: non-infected and non-treated controls, F. proliferatum
treatment, prothioconazole-tebuconazole treatment before flowering, azoxystrobin-
propiconazole treatment before flowering, prothioconazole-tebuconazole treatment
after flowering, azoxystrobin-propiconazole treatment after flowering. The boxplots
contain the median (x) and the upper and lower quartiles. There were no outlier data.

The significance of the differences at levels p<0.05 (¥*), p<0.005 (***) was presented.
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Fig. 4. Starch content of the hybrid maize DKC5007, DKC5031, DKC4608 (Monsanto), and
P9074, P9911, P0216 (DuPont Pioneer) kernels taken from the R3-R4 stage (A) and the
R6 (B) stage. The boxplot represents the data from the different treatments in a sequence
from left to right: non-infected and non-treated controls, F. proliferatum treatment,
prothioconazole-tebuconazole treatment before flowering, azoxystrobin-propiconazole
treatment before flowering, prothioconazole- tebuconazole treatment after flowering,
azoxystrobin-propiconazole treatment after flowering. The boxplots contain the median
(x) and the upper and lower quartiles. There were no outlier data. The significance of

the differences at levels p<0.05 (**), p<0.005 (***) was presented.
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Fig. 4.
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