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erThe impact of Fusarium ear rot in Poland 

and methods to reduce losses caused 
by the disease 
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Maize has a significant economic impact all over the world. Fungi in the genus Fusarium that cause Fusarium ear 
rot (FER) of maize have significant effect on the yield quality and quantity. The main threat is the contamination 
of grain with the mycotoxins they produce - as these are harmful to humans and animals. Such mycotoxins are a group 
of secondary metabolites of varied structure, which belong mainly to trichothecenes, fumonisins and zearalenones. 
As no efficient chemical control read and pink rot in the field is possible, prevention relies on cultural practices and use 
resistant hybrids. Insects play an important role in the infection, which is why it is recommended to control their 
prevalence during growing season. 
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Kukurydza ma istotne znaczenie ekonomiczne na całym świecie. Grzyby należące do rodzaju Fusarium powodujące 
fuzariozę kolb kukurydzy (FER) mają istotny wpływ na powstawanie strat jakościowych i ilościowych w plonie. 
Głównym zagrożeniem jest skażenie ziarna wytwarzanymi przez nie mykotoksynami, które są szkodliwe dla ludzi 
i zwierząt. Jest to grupa metabolitów wtórych, o zróżnicowanej budowie, należących głównie do trichotecenów, 
fumonizyn i zearalenonów. Z uwagi na fakt, że ochrona chemiczne jest mało efektywna, ważne jest stosowanie 
prawidłowej agrotechniki i dobór odpornej odmiany. Istotną rolę w zakażeniu odrywają żerujące na kukurydzy owady, 
stąd wskazane jest kontrolowanie ich występowania w uprawie. 

Słowa kluczowe: Fusarium, fuzarioza kolb kukurydzy, mykotoksyny, deoksyniwalenol, fumonizyny, zearalenon,

Introduction
The importance of maize in Poland and world-
wide 

Maize play an important economic role 
and is often recognized as the 3rd most cultivated 
crop in the world. It is growing both in the tropics 
(Africa and Central America) and in the moderate 
latitudes (FAOSTAT, 2020). It is used as a major 
and direct human food source, a raw material 
for processed food and as essential source of feed 
for farm animals, depending on the location 
(Ranum et al., 2014). The biofuel derived from 
maize also represents an important share of its 
use. It is included in the first generation of biofu-
els, with a low EROI index (Energy Returned 
on Energy Invested) that makes it on a so-called 
'Net Energy Cliff', and the use of bioethanol 
in the context of reduction of CO2 emissions 

is criticised (Murphy et al., 2011; Brandt, 2017; 
IPCC AR5).

In Poland as well, there was a significant 
increase in the area of maize cultivation after 
2010. The total cultivated area has surpassed 
1 million ha (GUS 2020), of which about half 
of the crop is grain maize, exceeding 670 thou-
sand ha in 2015 (GUS 2020; data for 2010-2017). 
Maize has a high yield per hectare, reaching 
an average value of 73.2 dt/ha for grain maize 
in Poland in 2013 (GUS 2020; data for 2010-
2017). 

The aim of this article is to summarise 
the state of knowledge in the world and to relate 
it to the situation in Poland. The article is also 
a summary of a speech from the conference “Dni 
Młodego Naukowca 2019” (“Young Scientist 
Days 2019”).
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http://doi.org/10.37317/biul-2020-0025


BIULETYN IHAR Nr 290 / 2020
Seweryn Frasiński, Elżbieta Czembor, Justyna Lalak-Kańczugowska 

44

The importance of Fusarium ear rot in Poland 
and worldwide  

Fungi in the genus Fusarium causing fusari-
um red and pink ear rot have a significant impact 
on qualitative and quantitative yield losses. They 
causing many maize diseases at various stages 
of plants development such as seedling damping off, 
stalk rot of the adult plants or red and pink ear rot. 
Stalk rot is important because the plants are lodged 
and cannot be harvested. Fungi in the genus Fusar-
ium that affect maize cobs produce secondary 
metabolites called mycotoxins which are harmful 
to humans and animals (Munkvold et al., 2019)

Discolor section
Individual Fusarium species are able to produce 

many different mycotoxins. Fusarium cumorum 
(W.G. Smith) Saccardo, which belong to Discol-
or section, causing red ear rot and produce main-
ly deoxynivalenol (DON). In chemical terms, 
it is a type B trichothecene (unlike type A tricho-
thecenes, it has a ketone group in position C-8). 
It may also occur in two acetylated forms - 
3-AcDON and 15-AcDON and as double acetylated 
3,15-AcDON, although this occurs in much smaller 
concentrations than other forms (Bottalico 1998; 
Leslie, Summerell, 2006). Fusarium graminearum 
Schwable chemotypes are more common on maize, 
most often producing 15-AcDON. In contrast, 
3-AcDON can be found mainly on wheat. Howev-
er, their composition may vary and may be affected 
by weather conditions. The dangerous phenomenon 
is the presence in the plant material of DON-3-glu-
coside, called ‘masked mycotoxin’. It is produced 
by plants as a defensive response and is not detect-
able by simple methods of DON testing, and can 
be converted back into a toxic form in the diges-
tive tract. Little is known about masked myco-
toxin bioactivity and this problem requires further 
research. (Berthiller et al., 2009; Berthiller et al., 
2011; Galaverna et al., 2009). The Discolor section 
species also produce nivalenol (NIV), group B 
trichothecene which, despite being present in lower 
concentrations, is more toxic - having twice as low 
LD50 compared to DON (IARC, 1993). Moreover, 
these produce zearalenone (ZEA) – which is asso-
ciated mainly with its ability to activate estrogen 
receptors and thus induce hormonal imbalance 
(Kowalska et al., 2016; Pasquali et al., 2016; Shier 
et al., 2001). 

Liseola section
The Fusarium species of the Liseola section, 

causing pink fusariosis of cobs, produce other groups 

of toxins, the most important of which include FB1 
and FB2 fumonisins (FUM).  These are produced 
by Fusarium verticillioides (Saccardo) (Niren-
berg), Fusarium temperatum Scaufl. & Munaut 
and Fusarium profliferatum (Matsush.) Nirenberg 
(mainly FB1). Members of the Liseola section - 
Fusarium  subglutinans (Wollenw. & Reinking), 
Fusarium poae (Peck) Wollenw. and F. proliferatum 
- are able to produce beauvercin (BEA) and monili-
formin (MON). Apart from BEA and FUM, F. poae 
frequently colonizing maize grain, may occasional-
ly produce T-2 toxin.  T-2 toxin is produced in large 
quantities by Fusarium sporotrichioides Sherb., it’s 
presence in Poland in silage has been confirmed, 
but it is not detected in maize grain (Panasiuk et al., 
2019). T-2 and its deacetylated HT-2 derivative 
belong to type A trichothecenes and show relative-
ly high toxicity (low LD50) (Logrieco et al., 2002; 
Leslie, Summerell, 2006; Miedaner et al., 2017).

Fusarium mycotoxins
A single species usually produces many types 

of mycotoxins, and different Fusarium species 
may co-exist on a single host. An additional risk 
is that contamination with Fusarium mycotoxins 
may occur despite the absence of any external signs 
or symptoms on the plants. All of them have a nega-
tive impact on animals and humans. For example, 
mentioned earlier DON, commonly found in plant- 
and animal-based food, also known as vomitoxin, 
overcomes the blood-brain barrier. When it exceeds 
the safe level, it first causes a vomiting reaction, 
as well as a number of other complaints including 
dizziness, headaches and fever. Animal and in vitro 
tests have shown geno- and immunotoxic effects, 
effects on fertility, liver and kidney damage (Mara-
sas, 2001; Missmer et al., 2006; Sobrova et al., 
2010).

Toxins such as fumonisin B1 and B2 are clas-
sified by IARC in category B2 - probably carcino-
genic to humans, while ZEA, DON and NIV still 
remain in category 3 (Ostry et al., 2017). For this 
reason, standards for acceptable concentrations have 
been established in many countries. In the Europe-
an Union, the current regulations date back to 2006 
(Commission Regulation (EC) No 1881/2006) with 
maximum levels specified for DON, ZEA, FB1, 
FB2. In 2013, Recommendation 2013/165/EU was 
made for T-2 and HT-2 with an advice for testing 
in case if the indicator level is exceeded, while 
the acceptable limits remain unset. There is still 
not enough data available, although the compounds 
seem to show high toxicity at low doses. For this 
reason, European Food Safety Authority 2017 
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recommendations set the tolerable daily intake 
(TDI) for humans at 0.02 μg/kg, where it is 1 μg/kg 
for DON, 2 μg/kg for fumonisins, NIV 0.7 μg/kg, 
and 0.2 μg/kg for ZEA (Brera et al., 2008; Arcella 
et al., 2017). 

Fusarium on maize in Poland
The species most commonly found on maize 

in Poland include F. graminearum, F. culmo-
rum, F. poae, F. verticillioides, F. subglutinans, 
and F. temperatum. The occurrence of individual 
species has been changing over the years, however, 
the trend is towards a higher incidence of species 
associated with warmer regions, such as those 
from the Lisolea spp. section: F. verticillioides 
and F. temperatum, as compared to F. graminearum 
and F. poae which favour more temperate climate 
(Czembor et al., 2015; Gromadzka et al., 2019; 
Stępień et al., 2019). Therefore, also in Poland, 
a great deal of attention is paid to the monitoring 
of fungi populations of the genus Fusarium spp. 

Using traditional and molecular methods, 
the IHAR-PIB (The Plant Breeding and Acclimati-
zation Institute - National Research Institute) team 
identifies Fusarium species derived from maize 
grain of selected varieties grown in many loca-
tions (about 13 locations in 2015-2017, depend-
ing on the year). Initial findings from on-going 
unpublished study was presented at the conference 
“Dni Młodego Naukowca 2019”, where authors 
investigating effects of environmental conditions 
on the susceptibility of maize to FER and associated 
grain contamination with toxins. Following initial 
morphological evaluation, the obtained isolates 
are identified primarily with the molecular meth-
od, using species-specific primers based on SCAR 
markers (Mule et al., 2004; Scauflaire et. al., 2011; 
Czembor et. al., 2015). In case if there is no result 
obtained for the isolate, the identification is based 
on the tef-1α factor sequencing - amplification with 
the EF728M and Tef1R primer pairs and reading 
of the sequence using Applied Biosystems devic-
es (ABI Prism 3130XL) (Stępień et. al., 2012). 
The sequences are put together using the Clust-
alW and MEGA5 software (Thompson et. al., 
2002; Tamura et. al., 2011). The species determi-
nation is performed through comparative analysis 
of the results with known sequences of individual 
Fusarium species from the GeneBank database. 

Molecular identification of isolates shows 
statistically significant differences in the general 
species profile of the Fusarium genus. In gener-
al, F. verticillioides, whose secondary metabo-
lites are fumonisins (FB1, FB2, FB3), has been 

the dominant species in the material collected 
over the last 3 years. In contrast, F. proliferatum, 
the second most common species in 2015 and 2017, 
was isolated only occasionally in 2016. Similarly, 
F. subglutinans isolated in larger quantities in 2016, 
appeared incidentally or not at all in 2015 and 2017. 
Over the years, the constant presence of F. tempera-
tum and F. graminearum draws the attention, 
as well. In addition, many isolates were identified  
as Fusarium avenaceum (Fr.) Sacc. in 2017, 
and F. poae – in 2015. The obtained results also 
indicate considerable diversification of the popula-
tion of Fusarium strains depending on the morphol-
ogy and earliness of the tested varieties at different 
locations in Poland, which may be dependent 
on the course of weather conditions (Frasiński et. 
al., 2019)

Factors promoting the appearance of infec-
tion

For their propagation and survival in the envi-
ronment, individual Fusarium spp. species use 
hardened hyphae, micro and macrospores, chlam-
ydospores, and in the case of sexual reproduction  
ascospores (Munkvold et al., 1997). Residues 
of infested maize plants left in the field can be 
a source of primary infection for many years, also 
affecting other plants susceptible to these fungi 
as e.g. wheat (mainly F. graminearum) (Munkvold, 
2003a). Although Fusarium species are mainly asso-
ciated with the rhizosphere, in favourable condi-
tions fungal spores can be transmitted by the wind 
for many kilometers (Munkvold, 2003b; Keller 
et al., 2014). Furthermore, there are reports of inter-
continental transmissibility, e.g. with the Sahara 
dust (Palmero et al., 2011). Moreover, Fusarium 
can grow in alternative hosts such as weeds, fescue, 
soya, or sunflower cultures. Spore transmis-
sion vectors include plant feeding insects, such 
as the European corn borer (Ostrinia nubilalis) 
and corn beetle (Diabrotica virgifera) (Lew et al., 
1996; Sobek, Munkvold, 1999; Munkvold, 2003b).

An important and well-described way of corn 
kernel infection by fungi belonging to the group 
Fusarium spp., especially F. graminearum, 
is the infection through the pistil of female inflo-
rescences (cobs). Spores sprouting on their surface, 
transferred via wind or water from a neighbouring 
plants or from male inflorescences (panicles), can 
easily reach the kernels. A characteristic sign of this 
type of infection is the lightening that runs radial-
ly from kernel top (Thompson, Raizada, 2018). 
Another important route of infection is mechanical 
damage caused by insects, such as the corn borer, 
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and this is particularly true for fungi from the Lise-
ola section. Significant correlations have been 
proven between the occurrences of damage caused 
by the corn borer and disease intensity. This issue 
is discussed in many literature reports and own 
studies (Lew et al., 1991; Sobek, Munkvold, 1999; 
Munkvold, 2003b). In the case of F. verticillioides, 
the mechanism of systemic infection of the plant 
has also been ascertained; however, due to the short 
vegetation period and lower temperatures in Polish 
conditions, it requires experimental confirma-
tion (Munkvold, Carlton, 1997; Murillo-Williams, 
Munkvold, 2008).

Fusarium ear rot and climate change
Observed climate changes and forecasts indi-

cate changes in environmental conditions that result 
in a shift in range or the appearance of pathogens 
previously not observed in a given area. General 
forecasts for Poland can be found e.g. in the docu-
ment "National Environmental Policy 2030" 
and are consistent with the current state of knowl-
edge, presented in generally e.g. in Intergovernmen-
tal Panel on Climate Change reports (IPCC AR5). 
These reports show continuous increase of aver-
age air temperature with more frequent tempera-
ture extremes, uneven precipitation with extended 
periods without rain, growing water shortage areas, 
and decreasing ground water levels. Temperature 
changes favour corn crop culture (advantageous 
WCI), while increasing the risk resulting from water 
deficit and shifting corn borer occurrence range 
to the north of the country (Uchwała nr 67 Rady 
Ministrów z dnia 16 lipca 2019 r.; Kundzewicz et al., 
2017; Popkiewicz, Sierpińska, 2019). What is more, 
it is expected that sowing and harvesting will speed 
up by 16-21 days, depending on the greenhouse gas 
emission scenario (Piniewski et al., 2017). 

Key climatic factors determining Fuasarium 
pathogens impact are, to a greater extent, tempera-
ture and humidity. Species differ in in optimum 
conditions they require. It was found, in general, 
F. graminearum is favoured by high moisture levels 
around silking and maturation period (Reid et al. 
1999). F. verticillioides have been associated with 
warm and dry weather after milk stage  (Munkvold 
et al., 2019). A shifts in pathogen geographic distri-
bution has been observed in recent years for Fusari-
um species – a higher incidence of more thermophilic 
F. graminearum and the retreat of F. culmorum  
which prefers lower temperatures have been 
confirmed in the United Kingdom and Central 
and Northern Europe (Moretti et al., 2019). Current-
ly, at the Plant Breeding and Acclimatization 

Institute - National Research Institute (IHAR-PIB), 
research is carried out on the impact of weather 
and climatic conditions on the occurrence of indi-
vidual Fusarium species on maize in Poland. Some 
of the results were also presented during the Confer-
ence "Dni Młodego Naukowca 2019" in Radzików 
IHAR, 7-8.11.2019.

Corn protection methods 
The level of mycotoxins content, is influenced 

by a number of factors and interactions between 
them, such as genotype resistance, environmental 
conditions and the agrotechnology used. Weather 
conditions and the timing of infestation are import-
ant factors, as well. If the infection occurs at the end 
of the season and favourable conditions for myce-
lium development have occurred, the content 
of toxins in the grain may be low despite obvious 
morphological symptoms. On the other hand, high 
mycotoxin content at small mycelium reach may be 
caused by a situation wherein the infection occurs 
at the early kernel growth stage and then the devel-
opment of mycelium is inhibited by unfavourable 
conditions (Herrera et al., 2010). Contamination 
with these compounds is also a risk factor after 
harvesting, and its main component is grain mois-
ture. The risks in this case are posed in particular 
by F. verticillioides and F. proliferatum fumonis-
ins, which have the capacity to grow and produce 
toxins with less water availability than other 
species (e.g. ZEA, F. graminearum producing DON 
and ZEA). Therefore, the harvested grain should 
be brought to a safe moisture level of 14% (0.70 
aw) as soon as possible (Marín et al., 2004; Magan, 
Aldred, 2007; Chulze, 2010). 

The growing and using of resistant hybrid 
in cultivation is considered to be an economi-
cally reasonable and environmentally friendly 
method of protection against Fusarium diseases 
(Zijlstra et al., 2011; Czembor et al., 2018). There 
is no complete single gene resistance to infection. 
A number of studies have found different inher-
itance of resistance modes: additive, possibly 
non-additive effects, digenic (dominant) and poly-
genic patterns. Some genes have been found 
impacting silk resistance, but kernel resistance 
are under separate genetic control (Chungu et al., 
1996). Studies reporting finding separate quan-
titive trait loci (QTL) for disease control in silk 
and kernel, but this approach is hard to incorporate 
into breeding programs.  In this moment, breed-
ers depend mainly on phenotyping system, as well 
investigating silk channel and kernel resistance, 
witch helps to eliminate very susceptible genotypes 



47

BIULETYN IHAR Nr 290 / 2020
The impact of Fusarium ear rot in Poland and methods to reduce losses...

and grow moderately resistant hybrids. Breeders 
depends mainly on intraspecific genetic variabil-
ity in search of more resistance levels, thus using 
more markers, improving phenotypic protocols 
and testing in multiple environments is way to go. 
(Robertson-Hoyt et al., 2007; Mestehazy et al., 
2012, Lanubile et al., 2017, Munkvold et al. 2019). 
As the example, the different maize genotypes have 
different kernel morphologies, which affects suscep-
tibility to Fusarium, in particular considering geno-
types with grain of dent (Zea mays var. indentata) 
and flint (Zea mays var. indurata) types. The flint 
forms are characterised by hard outer endosperm 
layer, unlike the dent forms, where this layer does 
not cover the whole kernel and does not occur at 
its top (Hallauer, 2010, Wit et al., 2011). The level 
of resistance of individual varieties may be depen-
dent on this (Czembor, Ochodzki, 2009). Silk way 
of Fusarium infection can be managed by selec-
tion for tighter husks, shorter silk emergence stage 
and faster silk abscission to reduce susceptibility 
period (Thomson et al., 2018).

Due to the route of infection, it is important 
to protect crops from insects, using both chemical 
and biological methods (the assessment of the effi-
ciency of biological methods is carried out under 
Postęp Wieloletni 3.5 programe) (Munkvold, 2003a; 
Folcher et al., 2009). Less intensity of cob fusari-
osis and less accumulation of toxins is observed 
in the Bt maize varieties (Ostry et al., 2010). The use 
of fungicides is problematic and their effectiveness 
is limited to seed treatment, in order to protect 
against seedling damping off. Some prevention 
efficacy of spraying during the dusting phase, 
and later at the milky-wax phase boundary has 
been proven, but the method can be hardly justified 
economically because of the difficulty in assessing 
the risk of disease occurrence or its in tensification 
at the early phases (De Curtis et al., 2011).

Methods of protection against Fusarium diseases 
also include the use of proper agro-technical practic-
es (Parsons, Munkvold, 2010). Balanced fertiliza-
tion improves the resistance of the plants, especially 
during drought - positive effect of long-acting nitro-
gen fertilizers with the additive of potassium has 
been proven in the case of resistance to Fusarium 
ear rot. In addition, ensuring an optimal amount 
of nutrients during the vegetation period determines 
reduced accumulation of mycotoxins in the case 
of infestation. Furthermore, there is an evidence 
of less ear rot infections in stay-green varieties 
(Reid et al., 2001; Szulc et al., 2014; Bocianowski 
et al., 2016). 

Post-harvest residues may be an important 

source of Fusarium pathogens, therefore, the plant 
succession and cultivation method play a very 
important role. It is recommended to schedule 
crops in such a way that the pathogens do not have 
constant access to the host, and it is not advised 
to continuously cultivate maize in monoculture. 
The same negative effect will  be observed for direct 
succession of host plants (maize and cereals) or too 
short cycle between them (Mabuza et al., 2018; 
Munkvold, 2003a). 

The correct technique for harvest residues 
is to mulch them. The use of ploughing to cover 
them is subject to discussion. Although the results 
of studies show greater infestation and mycotoxin 
accumulation in cereals and maize with residues left 
on fields, it is indicated that correct plant succession 
is more important. The advantage of less invasive 
cultivation methods, including the improvement 
of water retention, microbiome and nutrient avail-
ability in soil is that they can have positive effect 
on plant resistance and yield under difficult condi-
tions. They also contribute to reduced use of raw 
materials and emissions from cultivation, although 
in this case yield is the decisive factor (Reid et al., 
2001; Ferrigo et al., 2016; Król et al., 2018).

Summary 
The risk assessment of maize cultivation 

and the prevention of adverse effects associated 
with Fusarium fungi is a complex issue that requires 
further research. This group of pathogens covers 
a broad spectrum of species differing inter alia 
in environmental preferences, which is of particular 
importance in the context of the climate changes. 
The risk assessment is problematic because pheno-
typic symptoms do not always reflect the content 
of harmful compounds produced by Fusarium. Due 
to species and intra-species variability (chemo-
types), there is a need to test yields for a number 
of compounds, which complicates, prolongs 
and increases the cost of the quality control process. 
Therefore, it is crucial to know the composition 
of the Fusarium spp. populations in the country 
and the factors affecting it. Resistance of plants 
to the pathogen is a complex factor under multi-
genic control, which prolongs the process 
of creation of higher resistance varieties. There-
fore, it is important to reduce the risk of the disease 
occurrence by using proper agrotechnology meth-
ods and controlling insect pests (mainly the corn 
borer), which are the vectors of the disease.
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