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1. INTRODUCTION

Maize (Zea mays L.) is one of the most important arable crops in our country and in
the world. Its starch-rich grain and the whole maize crop (green, ensiled) are
important fodder, as well as being suitable for industrial use and direct human
consumption. In 2020, the total harvested area in Hungary was 981 006 ha with an
average yield of 8.58 t/ha. 2021). The most important pathogens are Fusarium
species. As a direct pest, it reduces the harvestable yield, as an indirect pest it
produces mycotoxins, which pose a significant human and animal health risk.
Several control methods can be used with varying degrees of effectiveness to prevent
the onset of the disease or to reduce its levels below economic losses. Effective
chemical control of Fusarium spp. is limited and not widely used in (commaodity)
maize crop protection practices, among which the choice of the hybrid is crucial.
There are significant differences between the fusarium resistance of commercially
available hybrids, and the widespread, effective chemical control against fusarium in
commodity corn crop protection practices is limited. Genetic protection through
choice of variety (varietal selection) (use of resistant or at least less susceptible
varieties) is a fundamental and indispensable element of integrated crop protection
and one of the most effective pillars of food safety (Békési 2019).Sustainability is a
key part of the Green Deal and the EU Biodiversity and Farm to Fork Strategy these
days. Their objectives include reducing the use of fertilizers and pesticides and
increasing the share of organic land. In order to meet these objectives without
reducing yields, varieties with good nutrient utilization and adequate disease
resistance are needed. During breeding, new and new hybrids are continuously
produced in order to achieve higher and higher yields. According to Békési (1999),
the most important value indicators of the variety are: productivity, quality,
agronomic value and crop safety.. In addition to high yields, the role of crop safety is
becoming particularly important due to changing climatic factors (Széles and
Huzsvai, 2020). New hybrids are applicated to the Directorate of Agricultural and
Genetic Resources of the National Food Chain Safety Office of Hungary (NFCSO)
for national variety registration. Of the agricultural plant species applicated for
national registration, maize is one of the species with the largest number of varieties,
with over 100 candidate varieties to be tested each year. Registration may be based

on a 3-year testing period, but 2-year consistent positive trial result. The National List
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(Catalogue) of Varieties contains 320 (Csapo, 2021), while the European Common
Catalogue has a total of 6288 (European Commission, 2021) registered maize
hybrids. Unfortunately, there are very limited reliable data on the Fusarium-
resistance of registered hybrids which are available for domestic maize growers.
Fusarium ear and stalk rot are diseases that must be examined even today. A
disqualifying factor during variety recognition is if a hybrid is classified as very
susceptible (5) to fusarium wilt or tube mold, or more than moderately susceptible
(4) to both forms of the disease (Ruga-Kovacs 2016).In recent years, the testing
methodology used for variety registration (recognition) has been modified several
times: it has been introduced in the registration (recognition) system that if a
candidate variety does not reach the productivity of standards (of production) but has
a stable field (and adequate) resistance to Fusarium diseases for 3 years, the hybrid
can be granted state registration (recognition). The procedure for calculating the
resistance category has been clarified and the two-year Fusarium (disease) resistance
tests (trials) have been extended to three years in case of inconsistent testing results.
With the prospect of further tightening - a resistance category of more than
intermediate susceptibility (4) should be a reason for exclusion - it became timely to
examine the reliability of the current variety trial methodology and to discuss the
possibilities for updating it.

The objective of our research was to evaluate the results of Fusarium (disease)
resistance tests based on the current methodology in the state variety registration of
maize. We sought to answer whether the methodology currently used is suitable to
effectively and reliably determine the field resistance to Fusarium diseases in maize
hybrids applicated for state registration in order to prevent the introduction of highly

susceptible and susceptible hybrids into public cultivation.

Our main goals were the following:

1. To determine the effect of years, trial site and growing season on the development
of ear and stalk rot using data from 2014-2016.

2. From five years of data (2014-2016, 2017 and 2020), to identify the environmental
factors that are most likely to determine the occurrence of ear and stalk rot, and to
estimate the probability of Fusarium diseases in a given year and trial site. 3.
Identification of the Fusarium species responsible for stalk rot from naturally

infected stalk samples.



4. To investigate the relationship between Fusarium ear infection and toxin level in

naturally infected ear samples.

5. To determine the relationship between resistance to Fusarium ear and stalk rot and
to argue that the two disease forms should be assessed separately in the state
registration process

6. To justify the advantage of artificial stalk inoculation over natural stalk infection
in state variety registration and to develop a quick, simple and reliable evaluation
method.

7. Based on the results of the above studies, offer to upgrade the current variety trial

methodology



2. Materials and methods
2.1. Trial Sites

Hybrids under test

During the evaluation we used the results of hybrids and standards applicated for
national registration in 2014-2016. Statistical analyses were carried out based on the
infection rates of all the hybrids tested to study the effect of year, trial site, and
maturity group. The number of hybrids in the maize variety trial differs in years
under tests, because new reports, registrations and withdrawals took place year by
year The number of samples tested is therefore different. Statistical analyses were
performed to investigate the effect of year, location and maturity group on the rates
of infection of all tested hybrids. Data from the forecasting model analysing the
impact of environmental factors were also supplemented with results for the years
2017 and 2020

Location and agrotechnology of the trial (experiment)

The Variety Testing Stations are located in different climatic areas of the country,
including regions important for maize production in Hungary. The experimental plots
were 1 row. The row length is 920 cm, the row spacing is 70 cm, while the row
spacing is 19 cm for the super-early maturity group, 21 cm for the very early - early
maturity groups, and 24 cm for the medium and late maturity groups. The experiment
was sown at all locations and in all years using a seed drill from 14 April to 9 May.
Soil preparation was the same at all sites: deep ploughing in autumn followed by
disc-type seedbed preparation in spring. The pre-crop (sowing) was different at each
location and in each year (vintage), except for Szarvas (Deer) and Rojtokmuzsaj.
Fertilization was based on a soil test, using a N:P:K ratio of (120:60:120) per 10 t/ha
of crop, corrected for the pre-crop effect. Chemical weed control and pest control

were applied according to the list of authorised maize herbicides and insecticides.
Meteorological data

In 2014, spring was warm at a national average. Summer was initially dry, but there
was a large amount of precipitation during the period of fertilization and
incorporation kernel filling. The vegetation period in 2015 was characterized by
extreme heat and drought. The summer in 2015 was the 4™ hottest summer since
1901. A severe drought developed due to heat and lack of precipitation. The amount
of summer precipitation was only two-thirds of long-term average, with frequent heat
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waves. 41 heat days (tmax> 30 © C) and 13 hot days (tmax> 35 © C) were registered in
the country. Heat during silking resulted in fertility defects. In addition, we
experienced kernel filling problems due to drought. Due to the warm, droughty
weather, the drying of maize started early. In 2016, a warmer and drier spring than
average was followed by a cooler and wetter summer than usual. Summer was
followed by warm and rainy weather.In 2015, precipitation in July was lower at each
trial site than in 2014 and 2016

Assesment methods

Assessment of ear rot was carried out per maturity group when the grain moisture of
the hybrids in the group at harvest was below 20%. The tests were performed in 2
replicates in the 4™ row of the 4-row plots. In the 4™ row, cobs were evaluated on a
scale of 0-4 (0=no cob infection, 1=cob end has an infection of roughly 1-10%, or 1-
5 grains on the cob, 2=cob infection of 4-25 %, 3=cob infection of 26-50 %, 4=cob
infection of 51-100 %). With respect to all the cobs and infected cobs, we determined
the frequency of infection, which is given in infected plant % according to Hinfner
and Békési (1969). Based on the estimated rate of infection, an infection index was
calculated with the formula by McKinney (1923), which indicates the severity of

diseases as well.

(n * k)

[ =X
N

K

K — all the cobs in the plot (parcel)
k — cobs for each infection category
n — infection category (0-4)

N — maximum value of the scale (4)

Hybrids were classified into resistance categories based on their infection index.
Assessment is performed in each set of performance trials, however, classification
into the resistance category is performed only on the basis of data from trials with
adequate infection pressure (at least one hybrid tested has a minimum infection of 20
%). in each maturity group. If the trial mean is less than 50 %, classification into
resistance category is based on the deviation between the infection rate of each
genotype and the actual trial mean which considered to be 100% (Hinfner and

Homonnay, 1966) as follows:



If the actual trial mean is less than 50 %, a given candidate variety is:
resistant (1) if its rate of infection does not exceed 25 % of the trial mean,
moderately resistant (2) if its rate of infection is 26 - 75 % of the trial mean,
mid-susceptible (3) if its rate of infection is 76 - 125 % of the trial mean,
susceptible (4) if its rate of infection is 126 - 175 % of the trial mean, and
highly susceptible (5) if its rate of infection exceeds 175 % of the trial mean.

If the trial mean of infection is over 50 %, classification is based on the percentage of
the actual infection: resistant (1): 0-20 %, moderately resistant (2): 21-40 %, mid-
susceptible (3): 41-60 %, susceptible (4): 61-80 %, highly susceptible (5): 81-100 %.

The evaluation of stalk rot was determined by the pressure test of the 2" internode of
the stalk (of the plants) in the first rows. Soft stalks were visually evaluated and the
number of plants showing Fusarium disease was recorded. Stalk rot is expressed as a
percentage of the total number of plants. Subsequently, Fusarium stalk rot resistance

was classified into the appropriate resistance category, similar to ear rot.
2.2. Laboratory tests
Identification of Fusarium species causing high levels of stalk rot

In 2015, we isolated the pathogen from infected stem-base collected in Szombathely
and Kaposvar. Species identification was performed in the laboratory of the Institute
of Plant Protection of the ATK. By PCR (polymerase chain reaction) a DNA
fragment of about 700 bases was amplified. PCR products were sequenced by LGC
Genomics GmbH (Berlin, Germany). The resulting chromatograms were corrected
using the Staden software package (Staden et al. 2000) and the sequences were

compared with sequences from the NCBI database (BLASTnN)
Determination of toxin content from trials with severe ear rot infection

The toxin content was determined in the accredited Analytical National Reference
Laboratory of (Analytical of) the Food Chain Safety Laboratory Directorate of
Hungary with With the Evidence Investigator Myco 7 test, which has Randox
Biochip basic technology and contains antibodies specific for various fixed

mycotoxins. It uses a competitive chemiluminescent immunoassay during screening,
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so it is suitable for the quantitative determination of several toxins from a single

sample at the same time.

2.3. Artificial stalk inoculation (infection) in trial sites
Hybrids under tests

Artificial stalk inoculation trials were conducted in Martonvasar and R6jtokmuzsaj in
2015 and 2019. Stalk inoculation was performed on 3 different genotypes. All three
are Martonvasar-bred two-line hybrids of the FAO 300 maturity group. They were
differentiated in terms of susceptibility to Fusarium stalk rot: one susceptible, one
with average resistance and one with good resistance genotypes were treated. For the
artificial inoculation, isolates of F. graminearum FG36 (lregszemcse, 2003; maize
stalk/ Plant Protection Research Institute) and F. verticillioides FV95 (Bicsérd, 2004;
maize stalk/ Plant Protection Research Institute) were used. The isolates were
maintained in permanent cultures, the monoconidial culture was started on SNA
(Spezieller Nahrstoffarmer Agar, Leslie 2006) medium. Selection of the two isolates

was based on a preliminary pathogenicity test in a phytotron (Szdke et al. 2009).

Trial site and agrotechnology

Artificial stalk inoculation trials were conducted in Martonvasar and Réjtokmuzsaj in
2015 and 2019. In both locations and both years, maize was the pre-crop. After
harvesting and stalk crushing, a 15:15:15 NPK complex fertilizer based on soil
analysis was applied to the soil. The area was deep ploughed in autumn (as a base
crop). In the spring, 50 kg of ammonium nitrate starter fertiliser was applied with a
digging drill. The seedbed was prepared with a combinator. Sowing was done with a
hand seeder in Martonvasar and with a seed drill in R6jtokmuzsaj. The experimental
area was treated with pre-emergent and post-emergent herbicides according to the

weed flora, supplemented with mechanical weed control later.

Meteorological data

In 2015, Rojtokmuzsa; experienced significantly wetter weather than
Martonvasarhely, with the exception of June and October. In 2019, the monthly
precipitation distribution of the two experimental sites was almost identical, with

exceptionally high precipitation in May.

Methods of infection



Soil inoculation was carried out at flowering (first half of July) in both locations in
2015 and 2019. The aim of the soil inoculation is to increase the infection pressure
on the plants by applying an inoculum into the soil in such a way that the applied
provocation is as close as possible to the natural infection. A 10-20 cm deep hole was
drilled 10 cm apart between seedlings sown 20 cm apart, into which 70 g of infected
rice grain was applied (Yang et al, 2010). Toothpick inoculation was carried out 1-2
weeks after soil infestation, on days 10-12 after flowering, adapting the method of
Young (1943).

Evaluation of the experiment

The stalks were collected in October. The plants were cut above the soil surface with
pruning shears at 3 internode lengths and stored at -20 °C until processing. The stalk
samples were cut in two lengthwise and the extent of rotting tissue was estimated on
a scale of 1 to 5 (according to the condition of the intestinal tissue), based on visual
evaluation, and the area of the infected internal tissues was determined to the nearest

millimetre and calculated as a percentage of the total area.
2.4. Statistical processing of data

The Kruskal-Wallis test, the Dunn-Bonferroni post-test and the predictive modelling
were carried out with SPSS statistical program. Toxin measurement data were
evaluated in Microsoft Windows® Excel with the calculation of Pearson correlation

with linear regression analysis (Pearson and Hartley, 1962).
3. RESULTS AND DISCUSSION

3.1. Evaluation of the results of field trials under natural infection
3.1.1. Effect of year on the evaluation of stalk and ear rot

According to the results of the trial under natural infection, the year has a significant
effect on ear and stalk rot of maize. The amount of ear rot is basically determined by
the amount of precipitation during the flowering period, which is the same as De la
Campa et al. (2005) and Cao et al. (2014), that is, the amount of precipitation during
flowering is critical for Fusarium infection and mycotoxin accumulation. According
to Dodd (1980) and Balazs (1990), drought stress is one of the most important risk
factors that increases the risk of developing wilt. Examining the composition of the

Fusarium species that caused large-scale dry rot in the warm and droughty 2015
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year, we also confirmed the presence of the heat-demanding F. temperatum (Molnar
et al. 2017). Czembor et al. (2015) also associated the occurrence of F. temperatum
in Poland with an increase in the frequency of warm and dry year. The year
significantly influences the composition of the Fusarium species involved under
natural infection, therefore it is advisable to supplement the resistance tests of the
state variety registration with species determination. The Fusarium species present in
a given year are not only important in terms of resistance, but also determine the
infection and amount of toxins. The trial with the artificial infection of several
prevalent species ensures the significance of the dominant species in the study area

every year.

3.1.2. Effect of trial site on the evaluation of stalk and ear rot

The location of the experiment has a statistically verifiable effect on the infection of
ear rot and stalk rot within a given year. Variety Testing Stations are located in
different climatic areas of the country, so the climatic characteristics of the trial sites
in a given year were different. The most significant aspect in this respect is the
amount of rainfall during the growing season. Infection of Fusarium species is
determined by other local environmental factors such as the pre-crop. Irrigation is
provided at the Szarvas Variety Testing Station, which allows the infection of the
more rainfall-demanding species in dry weather. In addition to the monoculture at
Rojtokmuzsaj, it is expected that higher infection pressure will be obtained from the
monoculture at Szarvas. For resistance testing, it is important to be able to make
decisions based on the species composition of Fusarium in several naturally infected
sites. The influence of years on stem rot was greater than that of the trial site. As a

consequence, it is necessary to perform stalk rot inoculation trial as well.

3.1.3. Effect of maturity group on the evaluation of stalk and ear rot

The effect of FAO maturity groups on ear rot and stalk rot infection was statistically
proven in only one year. In 2016, the FAO groups 240-299 had a higher
susceptibility to ear rot and in 2014 the FAO groups 180-240 had a higher
susceptibility to stalk rot. Nagy and Cabulea (1996) also found that breeding of early
maturing maize resistant to ear rot is difficult. Manninger (1972) also found that
hybrids from later maturing groups typically have better resistance to stalk rot,
because the longer growing season allows more time for the establishment of the

firming tissues and longer plant turgor. There is also a risk that later maturing
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groups, if left out in the field for a long time, will have higher levels of infection due
to rewetting and over-infection, but resistance tests are carried out in the field before
harvest and so are not reported in variety registration. The difference in susceptibility
between the maturity groups seems to show a trend, which may be influenced by the
genotypes applicated in a given group and in a given year. But differences may also

be due to different flowering times, in case of uneven precipitation.

3.1.4.Effect of the weather and environmental factors on the forcasting ear rot
and stalk rot infection

Our results suggest that summer precipitation and the trial site had the greatest
influence on the infection rate of ear rot, similar to the findings of De la Campa et al.
(2005) and Pfordt et al. (2020) that average temperature and precipitation during
flowering are determinants of ear rot disease. Our studies also showed that weather
was the most determinant of stalk rot (54.8%), including rainfall in August (23.7%).
In comparison, Pfordt et al. (2020) found that weather conditions in September were
the most determinant of Fusarium stalk rot’s severity. The effect of trial site on the
infection rate of stalk rot is almost the same percentage (22.2%) as that of ear rot. For
the purpose of state variety registration of maize, disease resistance testing is carried
out every year at the Variety Testing Stations at least 9 locations in the country, and
therefore large amounts of infection data for both disease forms are available every
year. The agrotechnological parameters of the trial sites are also documented,
providing the opportunity to carry out future monitoring for forcasting purposes. This
will allow us to decide which trial sites should be used for resistance tests under
natural infection. In the future, we expect to complement our results with toxin
measurements, so that we will have the possibility not only to predict pathogen

infestation but also to predict toxin accumulation.

3.1.5. Relationship between ear rot and stalk rot resistance

A weak negative relationship (r=-0.29) was demonstrated between the resistance of
hybrids to ear rot and stalk rot, suggesting independent genetic regulation. We
confirmed the need to evaluate resistance to both disease forms in our resistance tests
for the state registration of candidate varieties. Similarly, Nagy and Cébulea (1996)
found that there was no relationship between ear rot and stalk rot infection rate. In
contrast, Li et al. (2019) argue that maize stalk rot exacerbates the incidence of ear

rot and raise the prospect of conducting research on this.
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3.1.6. Assessment of the resistance of hybrids tested in 2014-2016 to Fusarium
stalk and ear rot based on years and trial sites tested

The infection rate of Fusarium ear and stalk rot is influenced by weather conditions,
agrotechnology, insect damage and the resistance of the selected hybrid, among other
factors. Although the mechanism of resistance to Fusarium stalk and ear rot is not
yet fully understood and there is no maize hybrid with high-level field resistance our
studies suggest that there are hybrids carrying good resistance. The 19 hybrids tested
are distinguishable in susceptibility based on 3 years and pooled results from
different trial sites. The majority of the tested hybrids belong to the moderately

resistant (2) and mid-susceptible (3) resistance categories to both disease forms.

However, in the evaluation process, the final resistance category of a hybrid is
determined by the infection pressure at which it was recorded and, because of the
evaluation methodology, the resistance characteristics of the other hybrids in the
maturity group have a major influence. The results often suggest that the resistance
ranking of a hybrid is not stable because the experimental material in a maturity
group may change from one year to the next due to new applications and
withdrawals, and thus the hybrids that give the actual trial mean have a variable
composition. Also, according to Robertson-Hoyt et al. (2006), some inbred lines
found to be resistant at a particular trial site but behaved differently at other trial sites

due to their genotype x environment interaction.

In order to relate the susceptibility (trait) of hybrids to a fixed point from year to
year, the overall effect of location, pre-crop and year, it is necessary to set Fusarium
checks in each maturity group. Hybrids that consistently produce infestion rates that
match the actual trial mean from year to year, under different environmental
conditions are suitable as standards. This is the case for hybrid 11 of the 19 hybrids
tested. In the present methodology, the trial mean is considered to be 100% and the
deviation from this mean is used as the basis for the classification of hybrids into the
resistance category as described in the material and methodology chapter. Thus,
when using stable medium-susceptible standards, the calculation method would not
need to be changed, only the reference value would be independent of the
susceptibility characteristics of the other hybrids giving the trial mean. A stable
benchmark would be the candidate varieties for determine their susceptibility.
Further studies are needed to find already registered hybrids per FAO maturity group

that are suitable as a pathological standard. The use of a standard is part of the
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currently accepted methodology to establish the additional economic traits of a given

candidate variety.

3.1.7. Significance of toxin test in the evaluation of ear rot

The national registration of maize hybrids is currently based on the determination of
infection rate of candidate varieties, but mycotoxins produced by the pathogens and
their amounts are receiving increasing attention. Based on toxin measurements from
grain samples, fumonisins B1 and B2 were the most abundant, followed by DON
toxin levels. A weak correlation (r=0.17) between DON toxin content and rate of
infection (db%) was demonstrated from natural ear rot infection in Jaszboldoghéza.
However, Mesterhazy et al. (2020) in their studies found a strong correlation (r=
0.5827) between DON toxin content and F. graminearum infection using artificial
inoculation. When analyzing the relationship between F. verticillioides and
fumonisin B1 and B2 toxin content, no strong relationship was observed for the
artificial inoculation trial (r=0.21). In contrast, we found a strong relationship
between fumonisin B1 and B2 toxin content and the infection index from a heavy ear
rot infection in Jaszboldoghaza (r=0.71). We also observed a week relationship (r=
0.22) between the fumonisin B1 and B2 toxin content and the infection index in
samples from the lower infection pressure experiment in Szarvas. Of the hybrids
tested in the Jaszboldoghdza experiment, one hybrid had high toxin levels with
medium rate of infection. Since we did not experience a strong correlation between
the rate of infection and toxin content under lower natural infection, it is
recommended to introduce the setting of resistance tests with artificial ear
inoculation and to complement it with toxin measurements of the resulting samples
for food safety. As a result of the method development, hybrids with symptomlessly

high toxin levels should not be introduced into public cultivation.

3.2. Evaluation of the results of artificial stalk inoculation from field trials

Due to the impact of years on stalk rot, we propose to introduce artificial stalk
inoculation in resistance tests. Both methods are suitable for detecting (susceptibility)
differences in susceptibility between hybrids. The differences in susceptibility
between genotypes were consistent based on the infection rates obtained with
toothpick inoculation. F. graminearum caused significantly higher levels of infection
than F. verticillioides. Also in artificial ear inoculation trials, F. graminearum was

found to have a higher pathogenicity compared to F. verticillioides (Mesterhazy et
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al., 2020). In the case of artificial inoculation with toothpick, a havy stalk infection
was also observed in the control treatment (sterile toothpick). Therefore, it is
advisable to avoid wounding provocation methods in resistance testing for state
registration. Similar to the opinion of Yang et al. (2010), we do not find the results of
toothpick and stem injection methods reliable when the inoculum is directly applied
to the plant. In the natural infection pathway, the pathogen penetrates the roots and
enters the stem through the root. The soil inoculation method we use follows the
natural infection pathway. Soil treatments with both Fusarium species had a
provoking effect on the oneset (development) of infection. In conclusion, we can
provide the necessary discriminatory power to test stem rot resistance in variety trials
by artificial soil inoculation. Since a strong correlation (r=0.98***) between the
infection rates obtained by the two methods of evaluation (visual symptom
assessment, calculation of the area ratio of healthy and diseased stem parts) was
justified, it is advisable to use of the simpler and faster visual evaluation (dissection)
to determine the degree of stalk rot in resistance tests with a high number of hybrids.
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4. SUMMARY OF NEW SCIENTIFIC RESULTS

1. We have found that the current variety trial methodology is suitable for testing the

resistance of varieties to ear rot and stalk rot, despite the effect of years. (vintage).

We proposed to upgrade our methodology to provide adequate infection pressure to

further eliminate the year effect and to include the testing of toxins of food safety

importance.

Recommendation to conduct an artificial ear inoculation experiment.
There is a close relationship between infection rate and toxin content only
in the case of high infection pressure, which is year and trial site
dependent in the case of natural infection

Recommendation to set up an artificial stalk inoculation experiment. We
have demonstrated that soil inoculation following the natural infection
process provides reliable data compared to the toothpick method. In
relation to assess stalk rot resistance, we found that rates of infection
obtained by visual assessment of symptoms and by assessment the area of
the infected internal tissues was determined to the nearest millimetre and
calculated as a percentage of the total area are closely correlated and is
not been statistically differences. Of the two methods, due to the large
number of hybrids tested and the simpler and faster feasibility, the use of
visual evaluation is recommended for resistance testing of candidate
varieties to Fusarium stem rot.

Recommendation to complement the resistance testing of state variety
registration with species identification, as the composition of Fusarium
species involved in natural infection is significantly influenced by the
year. In Hungary, in the year following the first description in 2014, the
presence of F. temperatum was confirmed in additional growing areas (at

the variety trial stations).

2. Five years of data (2014-2016, 2017 and 2020) were used to identify the

environmental factors that are most likely to determine the occurrence of ear and

stalk rot, and to estimate the probability of Fusarium diseases in a given year and

trial site. The maize VCU trials declared for state registration has a large number of

varieties tested each year, and the disease forecast will help to determine which
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variety trial stations will provide sufficient infection pressure for the resistance tests
with a larger number of replicates than currently specified in the methodology. This
will provide statistically more reliable results.

3. Our results show no evidence of a relationship between resistance to Fusarium ear
rot and stalk rot in maize, suggesting different genetic regulation. Based on our
findings the two disease forms should be evaluated separately in the state registration

process of maize.

17



5. REFERENCES

10.

11.

12.

13.

14.

15.

16.

BALAZS, F. (1990): A vizhiany éltal elSidézett stressz allapot Osszefliggése a
kukorica szartokorhadas megjelenésével. In: Kortani és rezisztenciaproblémdak
buzaban és kukoricaban. Tudomanyos Konferencia, 17. p.

BEKESI, P. (1999): A rezisztencialis tulajdonsagok jelentdsége és vizsgalata a
fajtakisérletekben. In: Gyakorlati Agroforum, OMMI. 7. p.

BEKESI, P. (2019): A genetikai védelem- a rezisztencia szerepérol.
Agroforum, 30 54-55

CAO, A., SANTIAGO, R., RAMOS, A. J.,, SOUTO, X. C., AGUIN, 0.,
MALVAR, R. A., et al. (2014): Critical environmental and genotypic factors
for Fusarium verticillioides infection, fungal growth and fumonisin
contamination in maize grown in northwestern Spain. In: J. Food Microbiol.
177 63-71.p. doi: 10.1016/j.ijfoodmicro.2014.02.004

CZEMBOR, E., STEPIEN, L., WASKIEWICZ, A. (2015): Effect of
environmental factors on Fusarium species and associated mycotoxins in maize
grain grown in Poland. In: PLoS ONE, 10 7.

CSAPO J (2021): Nemzeti fajtajegyzék. Nemzeti Elelmiszerlanc-biztonsagi
Hivatal, Budapest

De la CAMPA R, HOOKER D, MILLER D, SCHAAFSMA A W,
HAMMOND B G (2005): Modeling effects of environment, insect damage,
and Bt genotypes on fumonisin accumulation in maize in Argentina and the
Philippines. In: Mycopathologia 159 539-552. p.
https://doi.org/10.1007/s11046-005-2150-3

DODD, J.L. (1980): The role of plant stresses in development of corn stalk rot.
In: Plant Disease. 64 533-537. p.

Europai  Tandcs  (2021): https://www.consilium.europa.eu/hu/policies

Hozzaférés: 2021.01.08.

European Commission (2021) Plant variety database
https://ec.europa.eu/food/plant/plant_propagation_material/plant_variety catalo
gues_databases/search/public/index.cfm?event=SearchForm&ctl_type=A
Hozzaférés: 2021. 11. 3.

HINFNER, K., BEKESI, P. (1969): Kukoricahibridek fuzariumos eredetii
megbetegedésének rezisztenciavizsgalati modszerei. In: Kiilonlenyomat az
1969. évi Orszagos Fajtakisérletek cimii kiadvanybol 253-267.

HINFNER, K., BEKESI, P. (1971): Rezisztenciavizsgalatok elvi alapjai és a
fert6zottség mérésének modszerei. In: 1971 évi Orszagos Fajtakisérletek 113-
126.p.

LESLIE J. F. et al. (2006): The Fusarium Laboratory Manual. 388. Blackwell
Publishing

LIL, QU Q, CAO Z, GUO Z, JIAH, LIU N, WANG Y, DONG J (2019): The
Relationship Analysis on Corn Stalk Rot and Ear Rot According to Fusarium
Species and Fumonisin Contamination in Kernels. In: Toxins, 11 320.p.
doi:10.3390/toxins11060320

MANNINGER 1. (1972): A kukorica szarkorhadasos megddlése. In: Magyar
Mezdgazdasag, 27 14-15.p.

MCKINNEY, H.H. (1923): Influence of soil temperature and moisture on
infection of wheat seedlings by Helminthosporium sativum. In: J. of Agric.
Res., 26 195-217.p.

18


https://www.consilium.europa.eu/hu/policies
https://ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search/public/index.cfm?event=SearchForm&ctl_type=A
https://ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search/public/index.cfm?event=SearchForm&ctl_type=A

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

217.

28.

MESTERHAZY, A., TOLDINE TOTH, E., SZEL, S., VARGA, M., TOTH, B.
(2020): Resistance of Maize Hybrids to Fusarium graminearum, F. culmorum,
and F. verticillioides Ear Rots with Toothpick and Silk Channel Inoculation, as
Well as Their Toxin Production. In: Agronomy, 10 (9) 1283. p.

MOLNAR, O., SPITKO, T., MORICZ, M. A., TOTHNE, ZS. ZS., KOVACS,
B., MARTON, L. CS., SZOKE, CS. (2017). Fusarium temperatum: Uj
korokoz6 magyarorszagi kukorica (Zea mays L.) szarmintdkban. In:
Novényvédelem 78 (53) 289-294. p.

NAGY, E., CABULEA, 1. (1996): Breeding maize for tolerance to Fusarium
stalk and ear rot stress. In: Romanian Agricultural Research Nr. 5-6 43-59.p.
NCBI (2021): (https://www.ncbi.nlm.nih.gov/) Hozzaférés: 2021. 11. 10.

PFORDT, A., ROMERO, R., L., SCHIWEK, S., KARLOVSKY, P,
TIEDEMANN, V. A.(2020): Impact of environmental conditions and
agronomic practices on the prevalence of Fusarium species associated with ear-
stalk rot in maize. In: Pathogens, 9 (3) 236. p.

ROBERTSON-HOYT, L. A, JINES, M. P., BALINT-KURTI, P. J,
KLEINSCHMIDT, C. E.,WHITE, D.G., PAYNE, G. A.,, MARAGOS, C. M.,
MOLNAR, T. L., HOLLAND, J. B. (2006): QTL mapping for fusarium ear rot
and fumonisin contamination resistance in two maize populations. In: Crop
Science., 46 1734-1743. p.

RUGA-KOVACS B., CZIBULYAS P. (2017): Kukorica novénykoértani
vizsgalatainak eredménye a fajtakisérletekben, 2017. In: Agroforum 84-85. p.
STADEN, R., BEAL, K.F., BONFIELD, J.K. (2000): The staden package,
1998. In: Misener S, Krawetz SA, eds. Bioinformatics methods and protocols.
Totowa, Florida In: Humana Press. 115-130. p.

SZELES A, HUZSVAI L (2020): Modelling the effect of sowing date on the
emergence, silking and yield of maize (Zea mays L.) in a moderately warm and
dry production area. In: Agronomy Research 18 579-594. p.

SZOKE, C., RACZ, F., SPITKO, T., MARTON, L.C. (2009): Dates on the
Fusarium stalk rot. Maydica, 54:211-215

YANG Q, YIN G, GUO Y, ZHANG, D, CHEN S, XU M (2010): A major
QTL for resistance to Gibberella stalk rot in maize. In: Theor Appl Genet
121.673-687. p.

YOUNG, H. C. (1943): The toothpick method of inoculating corn for ear and
stalk rots. In: Phytopathology 33 16. p.

19


https://www.ncbi.nlm.nih.gov/

6. Publications
Publications in the topic of the dissertation

Journals with IF:

Blanka Kovacs, Marton Pécs, Nora Joszt-Takacs, Csaba Széke 2023. Evaluation of
Fusarium resistance tests on maize applied in the national variety registration in
Hungary. In: International Journal of Agriculture, Environment and Bioresearch 08.
01. p. 158-177. (IF=1,71)

Journals without IF:

Molnar Orsolya, Spitké Tamés, Moéricz M Agnes, Téthné Zsubori Zsuzsanna,
Kovacs Blanka, Marton L. Csaba, Sz6éke Csaba. 2017. Fusarium temperatum: uj
korokozo6 a magyarorszagi kukorica (Zea mays L.) szarmintakban, In:
Novényvédelem 53. 7. p. 289-294

Kovacs Blanka, Pécs Marton, Gergely Laszlo, Szoke Csaba. 2022. A kukorica
fuzériumos  szartOkorhadasaval szembeni rezisztenciavizsgdlat —modszertani
értékelése provokacios kisérletekben. In: Georgikon for Agriculture 26. 1. p. 199-209
ISSN 0239 1260

Other papers in journals:

Joszt-Takacs Nora, Kovacs Blanka 2015. Allamilag elismert kukorica hibridek
kisérleti eredményei 2014. In: Ostermeld 19. 1. p. 44-49.

Ruga-Kovacs Blanka 2016. A kukorica legfontosabb betegségeinek jelendsége a
fajtamindsités tiikkrében. In: Agroforum Extra 27. Extra 67. p. 88-90.

Ruga-Kovacs Blanka, Czibulyas Piroska 2017. Kukorica ndveénykortani
vizsgalatainak eredménye a fajtakisérletekben, 2017. In: Agroférum Extra 72. p. 84-
85.

Conferences papers (..full papers™)

Kovacs Blanka, Czako6 Zsofia, Gergely Laszlo, Gyocsi Piroska, Poos Bernat 2022.
A fajtavalasztas szerepe a szant6foldi novényfajok integralt novényvédelmében. In:
Integralt termesztés a kertészeti és szantofoldi kulturakban (XXXVI) 2022.
November 22. Magyar Novényvédelmi Tarsasag. Budapest. p. 21-28 (ISBN 978-
963-89690-5-7)

Conferences papers (.,abstracts”)

Molnar Orsolya, Spitkdé Tamés, Moéricz M Agnes, Toéthné Zsubori Zsuzsanna,
Kovacs Blanka, Marton L. Csaba, Sz6ke Csaba : Fusarium temperatum: 4j faj a
magyarorszagi kukorica (Zea mays L.) szarmintakban. Novényvédelmi Tudomanyos
Napok (63.) 2017. februar 21. Magyar Novényvédelmi Tarsasag. Budapest p. 50

20



Pods Bernat, Ruga-Kovacs Blanka: A ndvénykortani rezisztencia vizsgalatok
szerepe a novénybetegségek jarvanyos fellépésének a megakadalyozasaban. In:
Integralt termesztés a kertészeti és szantofoldi kulturakban (XXXIV.) 2017.
November 23. Osszefoglalok. Magyar Novényvédelmi Tarsasag. Budapest. 34: p.
55-57

Scientific book excerpt:

Czibulyas Piroska, Csapd Jozsef, Csiiros Zoltan., Horpacsiné Zsulya Agnes, Joszt-
Takacs Nora, Matok Gyorgy, Poos Bernat, Ruga-Kovacs Blanka, Szekrényes Gabor
2017. Szant6foldi novények, In: Lukéacs Jozsef. (szerk.). 125 éves a magyar
novényfajtakisérlet, NEBIH NKI p. 37-66 ISBN:978-615-5747-04-5

Publications in the topic of the dissertation (not directly)

Journals without IF:

Kovacs Blanka, Horvath Alexandra, Sarosi Szilvia, Nagy Géza. 2013. A mentafélék
¢s a fahéj kivonatanak és illoolajanak alkalmazési lehetdsége az 6szibliza fuzariumos
kalaszfertézése ellen. In: Novényvédelem 49 (9) 403-409

Other papers in journals

Horvath Alexandra, Kovacs Blanka, Nagy Géza 2013: Application of mint and
cinnamon against Fusarium disease of winter wheat. Episteme, 18 (3) 297-304.

Nagy Géza, Kovacs Blanka, Kovacs Florian 2014. Az Osziblza fuzariumos
kalaszfertézés elleni védelme. Biokultira 2013/6 p. 12-14.

Conferences papers (..full papers”)

Hochbaum Taméds., Kovacs Blanka, Kovacs Florian, Kolinger Istvan, és Nagy Géza
2013: Illoolajok szabadfoldi hatékonysdga a kajszi, alma és az Oszi buza néhany
jelentdsebb korokozoja ellen. Integralt termesztés a kertészeti €s szantofoldi
kultirdkban (XXX.) 2013. November 27. Magyar Novényvédelmi Tarsasag.
Budapest. p. 47-55. ISBN 978-963-89690-1-9

Conferences papers (,.abstracts)

Kovacs Blanka, Horvath Alexandra, Nagy Géza 2013: Menta ¢és a fahéja
alkalmazasdnak a lehetdsége az Oszi buza fuzariumos betegsége ellen.
Noveényvédelmi Tudomanyos Napok 59. 2013. februar 19. Magyar Novényveédelmi
Tarsasag. Budapest. 47. ISSN 0231 2956

Other publications

Journals without IF:

21



Kovacs Blanka, Gergely Laszlo, Kristo Attila 2023. Burgonya-fajtajeldltek fitoftora-
(Phytophthora inferstans) ellenallésaganak vizsgalata provokacios kisérletekben,
2022. In: Georgikon for Agriculture 27. 1. p. 56-63. ISSN 0239 1260

Other papers in journals

Kovacs Blanka 2014. Gyokérzoldségek talajban és kosarban. In: Agroinform 23. 3.
p. 18-19.

Pods Bernat, Kovacs Blanka 2014. Oszi arpafajtik 2014évi kisérleteinek
novénykortani eredményei. In: Agroforum 25. 10. p. 39-41.

Poos Bernat, Kovacs Blanka. 2014. Allamilag elismert 6szi buzafajtak sargarozsda

fogékonysagi eredményei a 2014. évi posztregisztracios kisérletekben. In: Agroforum
25.9. p. 44-47.

Ruga-Kovacs Blanka, Gergely Laszl6 2017. Napraforgé fajtakisérletek
ndvénykortani vizsgalatanak eredményei, 2016. In: Agroforum Extra 69. p. 40-45.

Ruga-Kovacs Blanka, Czibulyds Piroska 2018. Napraforgd fajtakisérletek
novénykortani vizsgalatanak eredményei, 2017. In. Agroforum Extra 74. p. 42-45.

Gydcsi Piroska, Ruga-Kovacs Blanka, Czakd Zsofia, Szekrényes Gébor 2021.

Novénykortani tapasztalatok a 2020. évi napraforgo fajtakisérletekben. In:
Agroforum 2021. februar. p. 68-70.

Gergely Laszlo, Ruga-Kovacs Blanka, Horpacsiné Zsulya Agnes 2020. A sztolbur
betegség okozta stlyos termésveszteség burgonya-fajtakisérletben, 2018-ban. In:
Agroforum 31. 7. p. 62-64.

Balogh Stefania, Horpacsiné Zsulya Agnes, Kovacs Blanka. 2021. A biologiai
alapok helyzete a burgonyatermesztésben In: Agroférum 32. 3. p. 108-114.

Czak6 Zsofia, Kovacs Blanka, Palmainé Baranyi Anita. 2021. Napraforgohibridek
fehérpenésszel szembeni rezisztencidjanak vizsgalata. In: Agroférum 32. 12. 74-76.

Czako6 Zsofia, Kovacs Blanka, Palmainé Baranyi Anita. 2022. Napraforgo hibridek
fehérpenésszel szembeni rezisztencidjanak vizsgalata. In: Agroférum 33. 11. p. 14-
16.

Czak6 Zsofia, Kovacs Blanka, Palmainé Baranyi Anita 2022. Napraforgohibridek
hamusziirke szarkorhadassal szembeni rezisztencidjdnak vizsgalata In: Agroférum
Extra 93. p. 64-65.

Scientific book excerpt

Kovacs Blanka 2014. A hazikert novényvédelmének alapjai. In: Gedsel Andrés.
(szerk.) Szemelvények a hazikerti zoldség- és gombatermesztéshez, Budapesti
Corvinus Egyetem, Szirdk Polgarosodasaért Alapitvany -9 p. 47-54. ISBN: 978-963-
503-577

22



23



