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The fungus Aspergillus parasiticus produces aflatoxins, the most important group of
mycotoxins considering their potential toxicity that may cause cancer in humans.
Prevention is the most important and economically most beneficial practice in the
reduction of fungal growth and mycotoxin production. Due to that, the development of
resistant maize genotypes is the most effective method. The aim of the present study was
to analyse the resistance of maize hybrids to pathogenic and toxigenic A. parasiticus
isolates originating from maize in Serbia. Hybrids used belong to three FAO maturity
groups and showed a high level of resistance to A. parasiticus species. A combination of
prevention management strategies and good grain management at harvest can lessen the
impact of Aspergillus ear rot on yield and grain quality.
Keywords: tolerance, genotypes, A. parasiticus
INTRODUCTION
In terms of distribution and economic importance of aflatoxigenic species, only species
belonging to the section Flavi are significantly related to health safety of food and food products.
Aspergillus flavus and A. parasiticus are representatives of aflatoxigenic species that naturally
occur in food products around the world. These are related fungi that may contaminate primary
agricultural products in the field, at harvest, in storages and during processing ( DIENER et al.,
1987).
Aspergillus contamination has been rare under agroecological conditions of cerealgrowing areas of Serbia. However, based on changes in climatic factors, such as the occurrence
of high temperatures and prolonged droughts, which favour the increased frequency of
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Aspergillus spp., it has assumed that this pathogen may be a problem in Serbia. The species A.
parasiticus was isolated from maize grain for the first time in Serbia in the growing season of
2012 (STANKOVIĆ et al., 2015). Furthermore, the isolates obtained from wheat grains were
identified as A. parasiticus, for the first time under climatic conditions of Serbia in 2017
(NIKOLIĆ et al., 2018).
Beside direct losses from infections of maize kernels, maize is considered one of the most
susceptible crops to mycotoxins worldwide. A. parasiticus produces aflatoxins, which are the
most important group of mycotoxins considering their potential carcinogenicity and significant
and longstanding problems that they cause in humans and animals. A. parasiticus is capable of
synthesizing four aflatoxins B 1, B2, G1, and G2, but not cyclopiazonic acid (AMAIKE and KELLER,
2011). Due to extremely harmful effects of these mycotoxins, their amounts are legally regulated
in food and food products in Europe and our country ( KOS, 2015).
Strategies for the reduction or elimination of mycotoxins are known. Prevention is the
most important and economically most beneficial plan to reduce the fungal growth and
mycotoxin production. One of the most effective prevention method is the development of
resistant maize genotypes.
Due to both, economic damages on maize kernels caused by A. parasiticus and potential
contamination caused by aflatoxins, the aim of the present study was to analyse the resistance of
maize hybrids to pathogenic and toxigenic A. parasiticus isolates originated from maize in
Serbia.
MATERIALS AND METHODS
Ten A. parasiticus isolates, isolated from maize kernels in Serbia were used in this study.
Susceptibility of three maize hybrids to ear rot, caused by A. parasiticus, was evaluated in field
trials during 2016 and 2017. A selected group of 20 hybrids was inoculated by the injection of
fungal spore suspension into the silk channel. After harvest, ears were rated for Aspergillus rot
and evaluated for levels of aflatoxin contamination.
Preparation of spore suspension
A potato dextrose agar (PDA, Biolife, Milan, Italy) was used to culture A. parasiticus
isolates at the temperature of 25°C in the dark. The spore suspension was prepared by flooding
the 7-day old mycelia with 10 ml sterile distilled water and 0.01% Tween 20 added. The
haemocytometer was used to adjust the suspension concentration to approximately 3x10 7 spores
ml-1.
Inoculation
A method developed by REID et al. (1996) was used for artificial inoculations. Inoculation
was carried out 2 days after 50% of plants reached the silking stage. An injury on the upper cob
was made with a syringe fitted with a needle immediately prior to inoculation, and 2 ml of
inoculum was injected per cob. Positive control cobs were inoculated by applying the equal
amount of A. flavus and negative control cobs were inoculated by applying the equal amount of
sterile distilled water. Five cobs in four replicates were inoculated with such prepared conidial
suspension (total of 20 cobs per isolate). Visual rating was performed according to REID et al.
(1996), on the 1-7 scale (1 - complete absence of symptoms; 7 - 76-100% infected kernels).
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RESULTS AND DISCUSSION
Visual evaluation of disease severity
Virulence of isolates of this fungus is reflected through their capability to overcome
defence responses of host plants, to infect and colonise the plant tissue. Symptoms were
observed during the harvest.
The results indicated a different tolerance, which was assessed on the basis of the
degree of infection according to the 1-7 scale at maize harvest. This scale included the follow
rates:
Degree 1 – cobs without symptoms; Degree 2 – (1-3%); Degree 3 – (4-10%); Degree 4 – (1125%); Degree 5 – (26-50%); Degree 6 – (51-75%); Degree 7 – (76-100% of the infected cob).
Under conditions of artificial inoculation, during the first trial year (2016), the tested
isolates exhibited an average degree of the disease intensity in the range of 1.2-2.15 on hybrids
of the FAO 300. The lowest, i.e. highest pathogenicity was observed in the isolates MRI 10Ap
(average degree: 1.2), i.e. MRI 3937 (A. flavus) (average degree: 2.6), which was used as a
positive control in the test, respectively. In addition, the highest average pathogenicity was
obtained by the isolate MRI 1Ap. In the hybrids of the FAO 500, the investigated isolates
showed the mean intensity of the infection in the range of 1.3-2.5. The isolates MRI 1Ap and
MRI 9Ap isolates exhibited the lowest pathogenicity, while the highest one (average degree:
2.55) was recorded in the isolate MRI 3937 (A. flavus), and then in the MRI 4Ap isolate (Table
1). The investigated isolates showed the mean intensity of the infection in the range of 1.05-1.45
(FAO 800 hybrids). The MRI 5Ap and MRI 8Ap isolates showed the least pathogenicity, while
the largest pathogenicity (average degree: 2.05) was detected in the MRI 3937 (A. flavus) isolate,
and then in the MRI 2Ap isolate (Table 1).
The average assessment ratings of the infection intensity in the second year of the study,
2017, ranged from 1.15 to 1.9 in the hybrids of FAO 300. The lowest and highest pathogenicity
was observed in the isolates MRI 8Ap, and MRI 1Ap and MRI 9Ap, respectively. The mean
intensity of the infection in hybrids of FAO 500 ranged from 1.4 to 2.2. The MRI 6Ap isolate
exhibited the lowest pathogenicity, while the highest (average score: 2.80) was observed in the
MRI 3937 (A. flavus) isolate, then in MRI 2Ap. The mean intensity of the infection in hybrids of
FAO 800 ranged from 1.05 to 2.0. The MRI 1Ap isolate exhibited the lowest pathogenicity,
while the highest (average score: 2.45) was observed in the MRI 3937 (A. flavus) isolate, then in
isolate MRI 9Ap (Table 1).
Based on the obtained results, it can be concluded that the highest tolerance was
recorded in the FAO 800 hybrid, while the FAO 500 hybrid was the least resistant in the first
year of study. During the second year of testing (2017), the FAO 300 hybrid was the most
tolerant, while the least resistant was, also, the FAO 500. The overall observation of all three
hybrids showed a high level of resistance to A. parasiticus species. The highest number (83%) of
tested hybrids showed moderate resistance to this pathogenic species (Table 1).
The comparison of the average degrees of the infection during the two examined years
(average degree for 2016: 1.47; average degree for 2017: 1.63), showed that the isolates did not
exhibit a uniform pathogenicity (Table 1).
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Table 1. Resistance assessment ratings of maize hybrids from FAO maturity groups 300, 500 and 800 in
years 2016 and 2017 according to Aspergillus ear rot
Rating of resistance
Isolates
2016
2017
FAO 300
FAO 500
FAO 800
FAO 300
FAO 500
FAO 800
MRI 1Ap
MRI 2Ap
MRI 3Ap
MRI 4Ap
MRI 5Ap
MRI 6Ap

2.15
1.4
1.5
1.35
1.6
1.65

1.3
2.0
1.4
2.5
2.05
1.6

1.25
1.45
1.15
1.4
1.05
1.25

1.9
1.3
1.65
1.3
1.3
1.4

2.1
2.2
1.8
1.65
1.95
1.4

1.05
1.65
1.7
1.75
1.95
1.55

MRI 7Ap

1.45

1.75

1.05

1.5

1.6

1.4

MRI 8Ap
MRI 9Ap
MRI 10Ap
Average
Average per year

1.35
1.3
1.2
1.5

1.55
1.3
1.7
1.72
1.47

1.05
1.1
1.35
1.21

1.15
1.9
1.4
1.48

1.85
1.55
1.65
1.78
1.63

1.75
2.0
1.65
1.65

These results agree with results obtained on variations in pathogenicity gained by
(2007). Results indicate that the average pathogenicity of isolates was 2.45 in the
experiments carried out in 2005, while in those performed in 2006, aggressiveness of isolates
was lower and amounted to 1.30. Pathogenicity varied from 1 to 5.1 (2005), and from 1 to 1.8
(2006). Different weather conditions are thought to have significantly affected extreme changes
in the occurrence of the infection during the years of investigation (2005, 2006).
Researching the pathogenicity of the isolates of the genera Fusarium and Aspergillus,
BAGI et al. (2012) found that the average intensity of A. flavus isolates was 1.81 on the various
maize hybrids examined in a two-year experiment, indicating their poor pathogenicity.
Studying the new concept of food safety protection from the species Fusarium and
Aspergillus, SZABO et al. (2018) noted that the infection intensity of A. flavus in the corn hybrid
resistance tests was 0.3-1.52, with an average value of 0.78.
The results of NIKOLIĆ (2019) also demonstrated the pathogenicity of A. parasiticus
isolates lower intensity. Comparative overview of the average estimate of infection during the
two examined years was 1.46 (2016), and 1.71 (2017).
GIORNI

CONCLUSIONS
Based on the gained results it can be concluded that the FAO 800 hybrid was the most
tolerant, while the FAO 500 hybrid was the least resistant, in the first year of study (2016).
During the second year of testing (2017), the FAO 300 hybrid was the most tolerant, while the
FAO 500 hybrid was the least resistant. All three hybrids showed a high level of resistance to A.
parasiticus species. The highest number of investigated hybrids showed moderate resistance to
this pathogenic species.
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This risk would be even more certain if global climate changes continue and thus provide
the development of this pathogen. The ability to estimate climate changes and the comparison of
that between these changes and fungal infection and subsequent aflatoxins contamination will
help in predicting and dealing with this emerging risk.
A combination of preventative management tactics and good grain management at
harvest can lessen the impact of Aspergillus ear rot on yield and grain quality. The most
important preventive measure is cultivation of resistant genotypes. For this reason, continuous
research of the susceptibility of local hybrids to toxigenic fungal species is required.
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OTPORNOST KUKURUZA NA TRULEŽ KLIPA KOJU IZAZIVA
Aspergillus parasiticus
Milica NIKOLIĆ, Iva SAVIĆ, Ana NIKOLIĆ, Goran STANKOVIĆ, Nenad DELIĆ,
Snežana MLADENOVIĆ DRINIĆ, Slavica STANKOVIĆ
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Izvod
Toksigena vrsta gljive Aspergillus parasiticus stvara aflatoksine, najvažniju grupu mikotoksina s
obzirom na njihovu potencijalnu toksičnost koja može izazvati rak kod ljudi. Preventivne mere
su najvažnije i ekonomski najznačajnije mere koje se primenjuju u cilju sprečavanja i razvoja
toksigenih vrsta gljiva i stvaranja mikotoksina. U tom smislu, stvaranje otpornih genotipova
kukuruza je najefikasniji metod. Cilj ovog rada bio je da se utvrdi otpornost hibrida kukuruza
različitih FAO grupa zrenja na patogene i toksigene izolate A. parasiticus poreklom iz zrna
kukuruza u Srbiji. Utvrđeno je da su svi ispitivani hibridi ispoljili visok stepen otpornosti na
vrstu A. parasiticus. Kombinacija preventivnih mera, kao i odgovarajući uslovi skladištenja zrna
mogu da ublaže uticaj vrsta roda Aspergillus na prinos i kvalitet zrna.
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