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Abstract: Ear rot caused by Fusarium species is serious problem for maize growers. Fusarium ear rot, 
European corn borer attack and length of ear in maize were assessed after inoculation with Fusarium
verticillioides in condition of fertilization with different sources of nitrogen. No effect of fertilization on 
increase of the intensity of incidence of all investigated parameters was established, whereas considerably 
increased intensity of Fusarium ear rot in plants inoculated with F. verticillioides in all investigated 
fertilization treatments was established.  
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Introduction   

Numerous factors may influence the infection of maize kernels by Fusarium 
verticillioides (Sacc.) Nirenberg (syn. Fusarium moniliforme Scheldon). Cultural 
practices also can influence susceptibility to disease. The type and application rate of 
fertilizers, especially nitrogen (N), can affect disease incidence and severity in some 
crops for some pathogens, although it is difficult to make generalizations (Reid et al., 
2001). The effect of individual nutrients is very complex – the severity of one plant 
disease can be decreased, that of others increased (Veverka et al. 2007). The objective 
of the study was to determine effect of fertilization on the incidence of Fusarium ear rot, 
as well as on the intensity of damage from European corn borer (Ostrinia nubilalis 
Hübner) and on length of maize ear in inoculated and non-inoculated plants.  

Materials and methods 

The maize field trial was set up in 2007 on chernozem soil at the Institute for Animal 
Husbandry, Belgrade, Serbia. The experiment was designed as a randomized complete 
block arranged in three replications. The incidence of Fusarium ear rot at three 
fertilizers with different N source, beside the control (without fertilizer) parcels, was 
investigated.  Artificial kernel inoculation was carried out according to method of Reid 
et al. (1996). Primary ears were inoculated with spore suspension (1x106 spores ml 1) F.
verticillioides and sterile distilled water, and control were non-inoculated ears. At 
maturity, ears were manually harvested at 25% of grain moisture. After hand de-husking 
the severity of ear F. verticilliodes attack was evaluated according to the Reid et al. 
(1996); intensity of the attack of European corn borer is presented by number of 
damages from caterpillars in the ear, as well as length of the maize ear, were determined 
in all investigated fertilization treatments, including control, as well as in all inoculation 
treatments, including non-inoculated ears. Fusarium ear severity, European corn borer
attack and length of the ear were analyzed statistically using the method of variance 
analysis – Tukey test.  
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Results and discussion  

Inoculation of maize ears with F. verticillioides influenced significantly the increase of 
maize ear diseases in all investigated treatments, whereas inoculation of ears using 
sterile distilled water had less significant effect on the intensity of infection of ears 
except in fertilization treatment F2. In the first treatment of inoculation, intensity of 
infection of maize ears was within the range of 2 to 2,4 and in the second treatment 
within the range of 1,2 to 2. All investigated treatments of fertilization had no 
significant effect on increase of intensity of infection in non-inoculated ears. All 
investigated treatments of fertilization, in case of inoculated and non-inoculated ears, 
had no significant effect on increased number of damages caused by caterpillars of 
European corn borer, in average from 0,6 to 1 damage per ear and treatments had no 
significant effect on length of maize ear, which in average was from 21 to 21,9 cm 
(Table 1). 

Table 1. Effect of fertilizers on Fusarium ear rot severity, European corn borer attack  
and length of ear in inoculated and non-inoculated kernels 

Fusarium ear rot severity European corn borer attack 
(damage/ear) 

Length of ear (cm) 

Fertilizer (N source) 

Treatment 
Inoculation 

F14 F25 F36 C7 F14 F25 F36 C7 F14 F25 F36 C7

T11 2.2 2.3 2.4 2 0.8 0.9 0.7 0.6 21.7 21.3 21.0 21.3 
T22 1.5 2.0 1.3 1.2 1.0 0.7 0.7 0.5 21.8 21.9 21.6 21.5 
T33 1.2 1.3 1.3 1.3 0.6 0.8 1.0 0.8 21.6 21.7 21.5 21.4 

Probabilities
Inoculation *** ns ns 
Fertilizers ns ns ns 
Inoculation 
x Fertilizers 

ns ns ns 

1T1 = Inoculated kernels with F. verticillioides; 2T2 = Inoculated kernels with sterile distilled water;  
3T3 = Non-inoculated kernels; 4F1 = 150 kg urea +30 m3 pig slurry; 5F2 = 220 kg urea + 22.500 kg cattle 
manure; 6F3 = 300 kg urea; 7C = Control (no fertilizer); *** = indicate significant at p<0.001 according to 

ukey test; ns = non significant different 

According to data Bush et al. (2004) maize kernel infection by F. verticillioides
appeared 4 to 5 weeks after pollination (milk stage of kernel development) and 
inoculated ears had about 20% more infected kernels. 
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SETTLEMENT OF SPRING WHEAT KERNELS BY FUSARIUM
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Abstract: Settlement of kernelas of four spring wheat cultivars was diverse in particular years. Depending on 
cropping system and cultivar it ranged from 2.0% up to do 25.0%. Mean value calculated for three years in 
organic system was 12.7%, in conventional – 10.6% and in integrated system – 13.2%. The most often 
isolated fungi were: F. poae, F. tricinctum and F. avenaceum. There were also obtained four isolates of new 
species occurring in Poland – F. langsethiae. Mycotoxin concentration was low, up to 101 ppb for DON and 
11.9 ppb for NIV.  
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Introduction 

So far there is not many research on quality of kernels of organically grown cereals. 
Some reports suggest, that organic products may be contaminated at greater extent with 
metabolites produced be fungi occurring on them (Marckmann 2000; Trewavas 2001). 
Fungi from genus Fusarium are commonly regarded as main producers of these 
compounds. Aim of this study was to determine the settlement of kernels of spring 
wheat by Fusarium spp. cultivated under conditions of three cropping systems: organic, 
integrated and conventional.  

Materials and methods 

The objects of our study were grain samples of four spring wheat cultivars grown in 
2005-2007 on experimental fields owned by Institute of Soil Science and Plant 
Cultivation – National Research Institute in Pu awy (south-eastern Poland). 
Out of collected samples 400 kernels from each sample were taken to determine their 
settlement by Fusarium spp. according to method described by Lukanowski and 
Sadowski (2002). Outgrowing colonies were transferred on agar test tubes and 
identified with mycological keys.  

Results and discussion 

Grain settlement was not high. Mean for all objects researched for three years was 
12.2%. The highest settlement of kernels was noted for kernels harvested in integrated 
system (13.2%), and the lowest in conventional (10.6%). Cv. Bryza showed the highest 
occurrence of Fusarium spp. on kernels in all cropping systems (mean 16.3%), what 
may suggest its higher susceptibility for Fusarium spp. Settlement of the other cultivars 
was similar (10.0% -11.4%). Fusarium spp. occurrence was diverse and depended on 
year. Higher per cent of settled kernels was noted in 2007 (in 2005 - 6.0% and in 2006 – 
12.6%).
Dominating species was F. poae followed by F. tricinctum and F. avenaceum (Table 1). 
There was no relationship between cropping system and occurrence of particular 
Fusarium species. 
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Table 1. Occurrence of Fusarium spp. on kernels of four spring wheat cultivars (in %, 2005-2007) 

C
ro

p
p

in
g

sy
st

em Cultivar

F
us

ar
iu

m
av

en
ac

eu
m

F
us

ar
iu

m
ce

re
al

is

F
us

ar
iu

m
cu

lm
or

um

F
us

ar
iu

m
eq

ui
se

ti

F
us

ar
iu

m
la

ng
se

th
ia

e

F
us

ar
iu

m
po

ae

F
us

ar
iu

m
sp

or
ot

ri
ch

io
id

es

F
us

ar
iu

m
tr

ic
it

nc
um

F
us

ar
iu

m
gr

am
in

ea
ru

m

T
ot

al

Bryza 1.8 - 1.7 0.3 - 12.3 2.2 - 0.3 18.6

Ismena 0.7 - - 0.7 - 5.5 0.7 1.8 - 9.4 

Napola 0.8 - - - - 7.7 0.3 2.0 - 10.8

Vinjett 0.9 - 0.8 0.3 - 5.8 0.3 3.8 - 11.9

Total 4.2 0.0 2.5 1.3 0.0 31.3 3.5 7.6 0.3 50.7
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Mean for system 1.1 0.0 0.6 0.3 0.0 7.8 0.9 1.9 0.1 12.7 

Bryza 1.0 - - - - 11.0 - 1.5 - 13.5 

Ismena - - - - - 8.6 - 0.3 0.8 9.7

Napola 0.8 - - - - 5.9 0.5 1.3 0.6 9.1

Vinjett 0.3 - 1.4 - 1.0 6.2 0.3 0.8 - 10.0

Total 2.1 0.0 1.4 0.0 1.0 31.7 0.8 3.9 1.4 42.3C
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Mean for system  0.5 0.0 0.3 0.0 0.2 7.9 0.2 1.0 0.4 10.6 

Bryza 3.0 0.3 - 0.3 - 8.0 3.4 1.8 - 16.8 

Ismena 2.2 - 0.3 - - 7.4 2.0 1.7 - 13.6

Napola 1.8 - - - - 6.2 0.8 1.3 - 10.1

Vinjett 2.0 - 0.1 - - 6.0 1.9 1.8 0.6 12.4

Total 9.0 0.3 0.4 0.3 0.0 27.6 8.1 6.6 0.6 52.9In
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Mean for system 2.3 0.1 0.1 0.1 0.0 6.9 2.0 1.7 0.2 13.2 
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From kernels of cv. Vinjett four strains of F. langsethiae was isolated. The presence of 
this species in Poland was reported in 2006 (Lukanowski et al. 2008). Correctness of 
species identification was confirmed with PCR assay. 
Grain settlement in organic system was similar as compared to other systems, what may 
suggest that risk of kernel contamination with mycotoxins harvested in this system was 
not higher than in the case of these from conventional and integrated one. Our previous 
research on winter wheat and spring barley grown in the same location showed 
distinctly lower grain settlement by Fusarium spp. in organic system than in integrated, 
conventional and, in the case of wheat, even monoculture (Lukanowski and Sadowski 
2002; Baturo et al. 2004). However, mycological analysis of kernels of winter wheat 
and spring barley from organic and conventional production farms located near 
Bydgoszcz (18°00’E, 53°07’N) showed that occurrence of Fusarium spp. was a little bit 
higher in organic system (Baturo et al. 2004).  
Mycotoxin content in some winter wheat kernel samples in 2007 was very low (DON – 
trace to 101 ppb, NIV –  trace to 11.9 ppb). 
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The potential contamination of cereals with noxious mycotoxins after infections by 

Fusarium spp. receives increasing attention by all stakeholders of the cereal supply 

chain. Swiss granum, the Swiss branch organisation for the cereal sector is aware that 

the mycotoxin problem of cereals is a supply chain problem rather than an individual 

problem of single producers, traders or millers. The working group "food security" of 

swiss granum has therefore set up a 3 pillars concept to prevent and to manage 

mycotoxin contaminations in cereals. The first pillar concerns information of producers 

about the risks and the necessary interventions allowing to reduce it, i.e. recommended 

varieties, good cultural practices and rotation schemes, thus avoiding maize preceding 

cereals and no-tillage. The second pillar takes place during the growing season and aims 

at predicting the effective risk of mycotoxin contaminations basing on the prevention 

system Fusaprog of Agroscope Reckenholz-Tänikon (www.fusaprog.ch) and on 

observations of the crops before harvest. Finally, for the last pillar, the effective 

contamination of cereals is evaluated. Here, the results of different monitoring programs 

and of specific analyses of collecting centres are documented. Each step (i.e. pillar) 

results in a working group meeting to present and discuss the results obtained, to decide 

which measures are to be taken and to communicate these conclusions to the members. 

While in 2006, there was hardly no risk for contaminations, in 2007 and 2008, 

producers and recipients had to be alerted about these very precise  risks. This has lead 

to early detection of contaminated batches and thus increased food safety for the 

consumers. 
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Summary: Lodging would be an important risk factor in mycotoxin production. A case-control study and 
invention trials were done to clarify effect of lodging on the accumulation of DON and NIV. The 
concentration of DON+NIV in lodged crop was higher than that of nonlodged one and the mycotoxins 
production was increased 30% even after 5-7 days lodging. These results suggest that appropriate 
management practices e.g. cultivar or fertilization to avoid lodging should be required for reduction of 
mycotoxin contamination. 

Keywords: lodging, nivalenol, deoxynivalenol, good agricultural practice 

Introduction 

Lodging is common after strong winds accompanied by heavy rains near harvest time. 
Recently, overluxuriant growth during warm winters due to global warming has also led 
to increased lodging. Lodging of cereals causes large reductions in grain yield and 
quality. Lodging normally occurs through interactions between the crop and wind, rain, 
and soil, and subsequently increased moisture content of the grain. Therefore, it seems 
that lodging is a significant risk factor in relation to mycotoxin development. However, 
few reports (Langseth and Stabbetorp 1996; Nicholson et al. 2003) have addressed the 
interaction between lodging and mycotoxin accumulation. We have investigated the 
effects of lodging on the level of DON and NIV contamination in wheat, barley, and 
rice infected with the F. graminearum species complex (Nakajima et al. 2008). This 
proceeding aims to introduce our present studies.

Materials and methods 

Collecting samples from natural infested field for case control study
Sixty-six sets of grain samples of wheat (31), barley (15), and rice (20) were collected 
from different fields in 12 Japanese prefectures from 2002 to 2006. Each sample set 
consisted of grains from lodged and nonlodged plots. The one set of grains was 
harvested from the same field in which some plants had lodged naturally. The crops 
were harvested by hand at the optimal harvest time, and DON and NIV in the grain 
samples were analysed with ELISA. 
Artificial lodging in artificial infested field for intervention trial 
Two wheat cultivars and a rice cultivar were used to examine the effect of artificial 
lodging on mycotoxin accumulation. A mixture of two isolates of F. graminearum
species complex differing in trichothecene chemotype was used as the inoculum. The 
heads of each wheat or rice cultivars were sprayed with spore suspension at anthesis. 
For wheat, one-quarter of the area of the each plot was completely lodged by trampling 
15, 10, or 5 days before harvest. For rice, half of each plot area was completely lodged 
by trampling 20 days before harvest. Each plot was harvested at the optimum maturity 
stage, and DON and NIV in the grain samples were analysed with ELISA.  
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Results and discussion 

The concentration of DON + NIV in naturally lodged crops was significantly higher 
than that in nonlodged crops (Fig. 1). With increasing levels of DON + NIV in the 
nonlodged plot, the increasing effect of lodging was considerable. This tendency was 
observed in every year and sample set from every district in Japan. The ratio between 
DON and NIV was not affected by lodging: they increased in parallel. Co-
contamination with DON and NIV was detected in all samples of wheat and barley; 
however, five lodged rice samples out of six were only contaminated with NIV. As for 
the intervention trials in wheat, even after a 5-day lodging, the levels of DON + NIV at 
harvest increased by 27 to 51% compared to nonlodged control. We observed the 
formation of abundant perithecia on the spikes of lodged wheat at harvest. The moisture 
conditions in the lodged wheat spikes seemed to be ideal for perithecia formation. For 
rice, the level of NIV in lodged rice grain was significantly higher than that in 
nonlodged rice. Our results show that lodging has a significant increasing effect on 
Fusarium mycotoxin levels in the three crops. Thus, appropriate management (e.g., 
rational use of fertilizers) to avoid lodging should improve good agricultural practices to 
reduce the risk of mycotoxin contamination. This is the first epidemiological study on 
the effect of lodging on mycotoxin accumulation by Fusarium head blight in wheat, 
barley, and rice. 

Figure 1. Comparison of the sum of deoxynivalenol (DON) and nivalenol (NIV) contamination between 
lodged and nonlodged grain samples of wheat, barley, and rice collected from different fields in 12 Japanese 

prefectures from 2002 to 2006 (Nakajima et al. in press).
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Abstract:  The objective of this research was to determine the impact of four previous crops (barley, dry pea, 
red clover and soybean) and four nitrogen fertilization rates (0, 40, 80 and 120 kg ha-1) on deoxynivalenol 
(DON) content of barley.  During three years out of four, DON content was significantly higher when the 
previous crop was barley compared to dry pea, soybean or red clover.  Nitrogen fertilization had no significant 
effect on DON content in barley. 

Keywords: fusarium head blight, barley, deoxynivalenol, nitrogen fertilization, previous crop 

Introduction 

Fusarium head blight (FHB) associated with the presence of the fungus Fusarium 
graminearum is probably one of the most feared diseases in barley (Hordeum vulgare)
production in Eastern Canada. In addition to reducing grain yields, the fungus produces 
a toxin (deoxynivalenol or DON) which can affect the health of livestock.  Crop rotation 
to a non-host crop should be considered to reduce the risk of infection. Schaafsma et al. 
(2001) indicated that between 14 % and 28 % of the variation in DON content in wheat 
grain can be attributed to the previous crop.  Some studies indicated that increasing N 
application can increase FHB (Martin et al. 1991; Lemmens et al. 2004).  However, 
Fauzi and Paulitz (1994) and Schaafsma et al. (2001) concluded that N fertilization had 
little effect on FHB.  The objective of this study was to determine the impact of four 
previous crops (barley, dry pea, soybean and red clover) and four nitrogen fertilization 
rates (0, 40, 80 and 120 kg ha-1) on DON content in barley. 

Materials and methods 

An experimental study was conducted during four years (2002 to 2005) at the Research 
Farm of Agriculture and Agri-Food Canada in Normandin (Quebec, Canada) and the 
experimental design was a split-plot with four replicates; previous crops were arranged 
on main-plots, while nitrogen fertilizations were arranged in sub-plots.  The 
establishment of the previous crops was conducted according to provincial 
recommendations (fertilization, seeding rate and herbicide applications).   The crop 
residue of each crop was incorporated in the 0-5 cm soil layer.  The next year, nitrogen 
(ammonium nitrate) fertilization was broadcast and incorporated before sowing.   DON 
content was determined by competitive direct enzyme linked immunosorbent assay 
using monoclonal antibodies (Sinha et al. 1995). 

Results and discussion 

During the four years, the interaction Preceding crop X Nitrogen fertilization was not  
significant at P < 0.05.  The effect of the preceding crop on DON content in barley was 
significant for three years out of four. In 2002, 2003 and 2005, the DON content was 
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significantly higher when the previous crop was barley compared to dry pea, soybean or 
red clover (Table 1).  In 2003, the DON content was particularly high. For example, 
when barley was grown the previous year, the average toxin content was 22.5 mg kg-1.
The lowest DON content was obtained when barley was seeded on a previous dry pea 
crop with an average content of 10.3 mg kg-1. The DON content in barley grown on a 
previous soybean or red clover crop was respectively 15.2 and 13.4 mg kg-1.  In 2004, 
the effect of previous crops on DON content was not significant. Similarly, during the 
four years of testing, nitrogen fertilization had no significant effect on DON content in 
barley. 

Table 1.  Effect of the previous crop on DON content in barley 
DON content (mg kg-1) zPrevious 

crop 
2002 2003 2004 2005 

Barley 6.6 a 22.5 a 0.4 0.4 a 

Dry pea 4.0 b 10.3 c 0.4 0.2 b 

Soybean 4.0 b 15.2 b 0.5 0.1 b 

Red Clover 3.1 b 13.4 b 0.4 0.2 b 

Z Means followed by the same letter in the same year are not different according to 
Tukey test at P < 0.05 
Conclusion 

The results indicate that seeding barley two years in a row can increase DON content in 
grain.  However, if the previous crop is dry pea, soybean or red clover, DON content in 
barley is lower, especially in years when the environmental conditions are favorable to 
FHB.  Nitrogen fertilization had no significant effect on DON content. 
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Abstract:  The trichothecenes T-2 and HT-2 toxins have been found at much higher levels in oats from 
Sweden and N. Europe in 2005-2007 compared to surveys during 1990-ties. High portions (13-44%) of the 
samples were above the suggested EU max level (500 μg/kg) for the sum of T-2 and HT-2 toxins in raw oats. 
Factors behind these high toxin levels have been studied. Variations due to oat variety have been found in 
trials, but no or small effects of fungicides. Processing of oats, cleaning and dehulling, have reduced the 
toxins often by more than 90%. Sortex equipment to remove discolored kernels from the dehulled kernel 
fraction reduced the toxins further. Oat by-products from the milling process were 3-6 times higher in HT-2 + 
T-2 toxins compared to original oats. 

Keywords: oats, trichothecene, T-2 toxin, HT-2 toxin, milling, variety, fungicide, processing 

Introduction 

The trichothecenes T-2 and HT-2 toxins have during recent years been more commonly 
found in European cereals, especially oats. Both occurrence and levels have increased 
markedly after 2002 and compared to surveys during 1990-ties (Pettersson 2007). The 
toxins have been included in the EU-regulation on maximum levels in foodstuffs, 
although the levels have not yet been fixed. They are probably produced mainly by the 
recently described Fusarium langsethiae (Torp and Nirenberg 2004), and very little is 
known about the fungus infection biology and toxin production. 
A project to study the agronomy factors behind the high occurrence of T-2 and HT-2 
toxins in oats was started 2006 in Sweden. The results up to now will be presented. 

Materials and Methods 

Oat samples were obtained from different field trials in southern Sweden in 2005-2007. 
Trials with oat varieties, fungicides, fertilization and cultivation were included. Oat 
materials from mill processing were also studied. T-2 and HT-2 toxins were analyzed 
with gas chromatography according to Pettersson and Langseth 2001. The cleanup was 
later changed to the use of immunoaffinity columns. 

Results and Discussion 

Both occurrence and levels of T-2 and HT-2 toxins in oat samples from Swedish field 
trials in 2005-2007 were much higher, and especially in 2006, compared to surveys 
1994-1998. The toxins occur always together in oats and HT-2 toxin is nearly always in 
higher concentration. High portions (13-44%) of the samples were like in other North 
European surveys above the suggested EU maximum level (500 μg/kg) for the sum of 
T-2 and HT-2 toxins in raw oats. 
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Results from the oat varietal trials 2006-2007 show that there are varietal differences in 
the fungal susceptibility and the toxin occurrence in the harvested kernels. This has also 
been observed in UK by Edwards 2007. 
Fungicide trials (4 locations) with Comet, Amistar and Tilt Top were analyzed in 2005. 
High levels of T-2 and HT-2 toxins were found, but the eventual effects of the 
fungicides were low. Trials with Proline were studied in 2006 and 2007. A reduction of 
the toxins was seen at most locations in 2006, but the opposite was found in 2007. 
The effects of oat processing have been studied both at laboratories and in mills. Sorting 
and sieving to remove debris and small kernels (<2 mm) markedly reduced the levels of 
T-2 and HT-2 toxins in the kernels for further processing compared to the harvested oat. 
Removing the shell by dehulling will further reduce the toxin concentrations both at 
laboratory scale and in mill processing. Normal cleaning and dehulling during mill 
processing will reduce T-2 and HT-2 toxin by 80-95% compared to harvested oat at 
levels above 200 μg/kg. The reduction is lower at lower levels. This has also been found 
in UK by Scudamore et al. 2007. By using a Sortex equipment to remove discolored 
kernels from the dehulled kernel fraction the levels of T-2 and HT-2 toxins could be 
further reduced. The discolored kernels had mostly 10 times higher toxin concentrations 
than the kernels with normal colour. The T-2 and HT-2 toxin levels in the by-products 
from the milling process were 3-6 times higher than in the original oats. 
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PLANT HEIGHT CAN BE AN IMPORTANT FACTOR IN THE 
DIFFERENTIAL RESPONSE OF WHEAT VARIETIES TO 
FUSARIUM HEAD BLIGHT DEVELOPMENT 
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1 Department of Plant Sciences, North Dakota State University, Fargo, ND 58105, USA, e-mail: 
joel.ransom@ndsu.edu  

Abstract: The relationship between plant height and Fusarium Head Blight (FHB) development was analyzed 
using data from multiple variety trials conducted in eastern North Dakota in 2005.  Experiments included 
commercially available varieties and promising advanced lines (at least 15 genotypes in each experiment) of 
winter and spring classes of wheat.  FHB pressure was high in all locations without inoculation.  Correlations 
between plant height and FHB field severity were significant in three of the four experiments.  The best 
correlations were obtain from winter wheat experiments because heading corresponded to ideal environmental 
conditions for FHB and because there was no genetic resistance in the genotypes tested like in some of the 
spring wheat cultivars.  These data suggest the importance that distance from the inoculum source can play in 
disease infection.  Plant height difference should be considered when screening for disease resistance and 
when recommending varieties to growers in regions where FHB can be problematic. 

Keywords: resistance, disease avoidance 

Introduction 

Fusarium head blight (FHB) has become a serious constraint to small grain production 
in North Dakota (ND).  The identification and deployment of genetic resistance in 
adapted wheat cultivars has been a high priority within the research community (Rudd 
et al. 2001).  Adapted spring wheat cultivars with type II resistance are now widely used 
in North Dakota.  Winter wheat cultivars containing specific, known FHB resistance 
genes are not yet available commercially, though varieties are reported to have 
quantitative difference in their response to FHB (Ransom and McMullen 2008).  Others 
have found a negative relationship between plant height and the development of FHB 
(Hilton et al. 1999; Srinivasachary et al. 2008).  The role that plant height might play in 
FHB development in cultivars adapted to or being developed for ND has not been 
studied.  The objective of this research was to quantify the relationship between plant 
height and FHB development in genotypes of spring and winter wheat adapted to ND. 

Materials and methods 

Data were analyzed from spring wheat experiments conducted in Prosper and Lisbon, 
ND and from winter wheat experiments conducted in Lisbon and Langdon, ND in 2005.  
Experiments consisted of 15 or more released cultivars or lines being evaluated for 
release grown in plots of approximately 5.6 m-2 under optimal management practices 
excluding fungicide.  All experiments were replicated at least three times.  Data on FHB 
field severity (FS) were obtained during the soft dough stage and plant height was 
measure prior to harvest.  Plots were not inoculated but due to the high rainfall during 
flowering, FHB pressure was high in all locations.  FHB FS and plant height values 
within a location were regressed using mean values for each variety.  

Results and discussion 

Correlation coefficients between plant height and FHB FS were significant in three of 
the four experiments (Table 1).  The highest correlations were obtained from the winter 
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wheat experiments and within a class when disease development was greatest.  The 
better correlations between plant height and FHB development in the winter wheat 
experiments compared to the spring wheat experiments may have been related to the 
lack of other mechanisms of resistance in the winter wheat genotypes; several spring 
wheat cultivars included in the experiments did have improved genetic resistance 
conferred by the Sumai-3 gene.  Averaged over the two experiments, plant height 
explained more than 50% of the variation in FHB FS in winter wheat.  These data 
support the findings of others using genotypes adapted to other regions that plant height 
can play an important role in FHB development (Hilton et al. 1999; Mesterhazy 1995; 
Buerstmayr et al. 2000).  They do little to shed additional light on whether the 
seemingly better resistance in taller plants is related to avoidance (being further from 
the inoculum source) or because genes that impart shorter stature are linked to 
susceptibility genes (Srinivasachary et al. 2008). 

Table 1. Correlation coefficients and regression equations (where  y = the predicted FHB field severity and x 
= plant height in cm) for the relationship between plant height and FHB FS based on variety trial data 

conducted in ND in 2005

Conclusions 

Plant height can be a determinant of FHB development in wheat genotypes, especially 
in winter wheat where specific resistant genes have not yet been incorporated into 
commercial cultivars adapted to ND.  Screening techniques that use crop residues or 
grain spawn when compared to spray inoculation techniques may be better able to 
quantify the value of this characteristic under natural epidemics.  Furthermore, these 
data suggest that in the absence of other sources of genetic resistance, avoiding the use 
of short-statured genotypes could be a useful practice to reduce FHB losses in regions 
where FHB epidemics are frequent.  
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Class of wheat Location Regression equation Max. FHB FS Corr. Coeff. (r) 

Winter Langdon y = -0.19x + 24 13 -0.64** 

Winter Lisbon    y = -1.73x + 206 75 -0.83** 

Spring Lisbon y = -0.42x +58 39 -0.36n.s.

Spring Prosper   y = -0.95x + 134 73 -0.57* 
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Abstract: A survey of Fusarium mycotoxin deoxynivalenol (DON) in cereals intended for human 
consumption was carried out in Czech Republic for eight-year period (2000 – 2007). Wheat and barley 
samples were collected directly from farmers so as to represent most of regions in Czech Republic. 
Immunochemical method (ELISA) was used for analyses. 82% of 444 wheat samples and 70% of 481 barley 
samples were positive for DON content and maximum levels for DON according to Commission Regulation 
(EC) 1881/2006 were exceeded in 3,6% out of wheat samples and 1,7% out of barley samples. Further the 
influence of region, variety, average year temperature and sum of precipitation on levels of DON was 
observed and evaluated. 

Keywords: Fusarium, mycotoxin, deoxynivalenol, monitoring

Introduction 
Deoxynivalenol is one of the type B trichothecene mycotoxins produced by Fusarium
genus. DON has an adverse effect on animal health and can cause several human 
diseases like alimentary toxic aleukia (D’Mello 1999). Under the climate conditions of 
central Europe, DON seems to be most common mycotoxin (D’Mello 1999). The aims 
of this study was to present eight-year-period results of monitoring of DON occurrence 
in cereals and evaluate the influence of region, year, average year temperature and sum 
of precipitation on DON levels. 

Materials and methods 

Wheat and barley samples were collected directly from farmers so as to represent all 
regions of Czech Republic. During the eight years, 444 samples of wheat and 481 
samples of barley were tested for DON occurrence. Numbers of samples from various 
years and region differ. 
An immunochemical assay ELISA with the limit of detection (LOD) for DON of 
200 g/kg was used for analyses. The kits RIDASCREEN®FAST DON (R-Biopharm 
AG, Darmsadt, Germany) were used and manufacturer´s guidelines were observed. 
Relative one-year sum of precipitation, relative mean temperature (both percentage of 
long-term normal from each region), region, year and variety was assigned to each 
analyzed sample. Influence of region and variety was defined and the dependence on 
combination of precipitation and temperature was determined. 

Results and discussion 

Resume of results showing the range of experiment and the deoxynivalenol occurrence 
rate is presented in Table 1. 
Influence of variety on DON content is not statistically significant in both groups of 
data – wheat and barley – as was defined by one-way ANOVA. In opposite values of 
DON content from each region are significantly different. The region with the highest 
average of DON content is Zlin, situated on the southeast of CR for both crop and with 
the lowest one is Liberec region situated on the north of CR. The rank of other regions 
slightly differs between groups. Relations of DON content to precipitation and 
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temperature differ in wheat group and barley group, as it can be seen on Fig. 1. 
Linear/non-linear regression analysis didn’t proved unambiguous dependence. 

Table 1. Results of eight-year-period monitoring of DON in wheat and barley 

Year Crop Number of: samples 
(cultivars, regions) 

Average DON 
content (mg.kg-1)

Maximum DON  
  content (mg.kg-1)

Samples 
upward limit 

2000 Wheat 56 (21,12) 0,14  0,74 0 
 Barley 33(7, 10) 0,23 0,55 0 

2001 Wheat 55 (14,13) 0,21 2,49 1 
 Barley 32(7, 10) 0,40 3,77 2 

2002 Wheat 95(19,12) 0,19 1,45 0 
 Barley 30(5, 9) 0,25 1,15 1 

2003 Wheat not analysed not analysed not analysed not analysed 
 Barley 71(5, 13) 0,15 0,41 0 

2004 Wheat not analysed not analysed not analysed not analysed 
 Barley 73(6, 13) 0,11 2,4 1 

2005 Wheat 39(11,12) 0,37 3,79 4 
 Barley 52(10, 11) 0,31 3,32 2 

2006 Wheat 99(10,13) 0,27 4,59 5 
 Barley 90(8, 13) 0,13 1,54 4 

2007 Wheat 100(11,13) 0,24 2,57 6 
 Barley 100(9, 13) 0,18 1,42 1 

                                    a                                                                                   b

Figure 1. Dependence of DON content in barley (a) and wheat (b) on precipitation and temperature (Lighter 
shade means higher DON concentration) 

In spite of the fact that studies held under the special conditions proved influence of 
temperature and water activity on DON content (Martins and Martins 2002), any 
dependence of this quantities wasn’t proved in this study except vague connection 
between DON content and region. This is probably caused by influence of other factors 
which wasn’t considered like pre-crop, local climate excess, fungicide treatment, etc 
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Summary

Type III resistance has been described as the capacity of the plant to 
degrade or avert deoxynivalenol (DON) accumulation. Plant traits and 
DON accumulation response is often contradictory as experiments are 
carried out either under artificial infection pressure, in natural field 
conditions or greenhouse inoculations. The effect of seeding dates and 
the correlations between days to heading and DON content and also 
between plant height and DON content were investigated. Two replicated 
trials were carried out during an FHB epidemic year in 2004 and two 
others were carried out in natural conditions in 2007 at two seeding dates. 
Five representative barley cultivars, Chapais,  

AC Vision, Brucefield, AC Klinck, and Encore were investigated. 
Results showed a significant effect of seeding dates on days to heading. 
Seeding dates had an effect on DON content and plant height only during 
a non-epidemic year. A positive correlation was observed between plant 
height and DON content. A negative correlation between heading date 
and DON was also observed. These findings suggest that, contrary to 
results obtained in inoculated experiments, shorter cultivars with later 
heading dates were less contaminated with DON. A passive Type III 
resistance in spring barley may be associated with shorter plant stature 
and/or later heading dates under natural infection conditions. 
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Abstract: Nitrogen (N) application around anthesis is currently an important management practice in wheat 
production in Japan to increase grain protein content, especially for bread-making wheat. To determine the 
effect of N application at anthesis on FHB and mycotoxin accumulation, we conducted greenhouse 
experiments and field experiments using two bread-making cultivars in Japan. In all experiments, N 
application at anthesis led to a significant increase in grain protein, but had no significant effect on the levels 
of FHB and mycotoxin content in grain. These results suggest that N application at anthesis to obtain a high 
grain protein content does not significantly affect FHB and mycotoxin content in the bread-making cultivars. 

Keywords: Fusarium graminearum, deoxynivalenol, nivalenol, trichothecene, fertilization, top-dressing

Introduction 

Most Japanese wheat cultivars are used to make Japanese noodles. In recent years, 
however, several new cultivars for bread-making have been developed, and cultivation 
of bread-making wheat is increasing in Japan. Currently, in the western part of Japan, 
two cultivars, ‘Nishinokaori’ and ‘Minaminokaori’ are cultivated for bread-making use. 
Bread-making wheat requires higher grain protein content compared to Japanese noodle 
wheat. As grain protein content is effectively increased by nitrogen (N) application after 
the heading stage, generally around anthesis, N top-dressing around anthesis is a 
prevalent management practice in Japan. For ‘Nishinokaori’ and ‘Minaminokaori’, N 
top-dressing around anthesis is a standard management practice. However, many fungal 
diseases increase in severity as the rate of N application increases. Therefore, there is 
concern that N application after heading might increase FHB levels and mycotoxin 
accumulation. Several studies have reported on the effect of N application before the 
heading stage, including base fertilization, on FHB in wheat (Fauzi and Paulitz 1994, 
Heier et al. 2005, Lemmens et al. 2004, Subedi et al. 2007, etc.), however, the results 
have not been consistent. The effect of N application on FHB and mycotoxin 
accumulation remains unclear, and the effect of N application after heading has not been 
well investigated. We have investigated the effect of N application at anthesis on FHB 
and mycotoxin [deoxynivalenol (DON) and nivalenol (NIV)] accumulation in bread-
making wheat in Japan (Yoshida et al. 2008). In this paper, we present a summary of the 
results from our recent study.

Materials and methods 

Greenhouse experiments. The cultivars ‘Nishinokaori’ and ‘Minaminokaori’ were tested 
in a greenhouse environment in 2004 and 2005. They were planted in 1/5000-are 
Wagner pots and grown in a greenhouse under natural light. At anthesis, three N levels 
(0, 4, 8 g/m2) in the form of ammonium sulfate were applied. 
As inoculum, a mixture of two Japanese isolates of the F. graminearum species 
complex differing in trichothecene chemotype were used. Spray inoculation was 
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performed at three different times: 3, 10, and 20 days after N treatments [= 3, 10, and 20 
days after anthesis (DAA)] because the timing of change in host susceptibility following 
N application, if any, was unknown. A control with uninoculated pots was also 
prepared. For each inoculation treatment of each cultivar, four pots (replicates) per each 
N treatment (i.e., 0, 4, 8 g/m2 of N application) were tested in a completely randomized 
design.  
The severity of FHB was assessed at 23 DAA, and the spikes in each pot were harvested 
at maturity (38 DAA). The grain samples of inoculated pots were analyzed for the 
percentage of Fusarium-damaged kernels (FDK) and mycotoxins (DON and NIV) 
content, and the uninoculated control grain samples were analyzed for protein content. 
Field experiments. Field experiments were performed in two fields in Koshi (32.5˚ N, 
130.4˚ E), Kumamoto, Japan, in 2006. The cultivars ‘Nishinokaori’ and 
‘Minaminokaori’ were sown side-by-side in each field. At anthesis, three N levels (0, 4, 
8 g/m2) of ammonium sulfate were applied. In each field, the effects of the N treatments 
were tested in a randomized complete blocks design, with three blocks for each cultivar.  
Inoculation was performed using colonized maize kernel inoculum, which generates 
ascospores over a period of time during the testing season in the field. As inoculum, a 
mixture of four Japanese isolates of the F. graminearum species complex differing in 
trichothecene chemotype was used. Irrigation to promote fungal infection was 
performed in both fields, although at different times and in different ways. The severity 
of FHB, the percentage of FDK, mycotoxins (DON and NIV), and protein content were 
analysed for each test plot. 

Results and discussion 

In all the experiments, N application at anthesis led to a significant increase in grain 
protein, as expected, but did not significantly influence the levels of FHB, FDK, or 
mycotoxin (DON and NIV) content in grain. These results suggest that N application at 
anthesis does not significantly affect FHB or mycotoxin (DON and NIV) content in 
either tested cultivar. Therefore, at least in the bread-making cultivars in the western 
part of Japan, this practice to increase grain protein content does not need to be avoided 
or reduced in relation to the risk of FHB.  
Similar results were obtained for both tested cultivars, although the pedigrees of the two 
cultivars were quite different. This suggests that the present results may be common to 
other wheat cultivars, but to confirm this, further study is needed. 
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