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Wheat derived feed and food products can be contaminated with 
mycotoxins produced as a secondary metabolite by a variety of fungi, in 
particular Fusarium species, causing a potential risk to human and animal 
health. Deoxynivalenol (DON) is the most implicated mycotoxin associated 
with Fusarium head blight (FHB) in wheat. Forecasting models for the 
DON content in wheat at harvest can assist decisions on disease 
management and can also be useful tools for control authorities and 
industry to limit potential feed and food safety problems. The objective of 
the current study was to develop a quantitative predictive model for DON 
content in Dutch winter wheat based on agronomic and climatic variables.

Methods
From 2001 to 2007 (exl. 2006) winter wheat samples were taken at 
harvest from in total 264 fields throughout the Netherlands. The following 
field characteristics were recorded: region (southwest, central, northeast), 
cultivar resistance level (1-10), heading date, and fungicide use (yes/no). 
From the nearest meteorological station hourly weather data on 
temperature, precipitation, wind and relative humidity were obtained for 
each field for a 48-day period centred around the heading date. After 
univariate pre-selection of variables, multiple regression models were 
constructed (excluding year). The model with the best set of explanatory 
set of variables was chosen (all subset regression). 

Results
Levels of DON in Dutch winter wheat

The level of DON (µg/kg) in mature wheat grain showed considerable 
variation between the years (Table 1). The years 2001, 2002 and 2004 
showed levels around the average of the entire period, while 2003 and 
2005 showed substantial lower levels. Levels of DON were exceptionally 
high in 2007, with a median DON content of 1690 µg/kg, and with 60% of 
the fields exceeding the maximum tolerated level of 1250 µg/kg. There 
was  a significant year effect (p<0.001), explaining 26% of the variation in 
DON levels.  

Predictive model for DON

From the regression analysis, one model was selected as the statistically 
best performing, and biologically relevant, model. This model was based on 
average climatic conditions of the pre-heading (preh) and post-heading 
(posth) 24d periods (Table 2). The model showed 59% explained variation 
and a correlation between observed and predicted values of r=0.79 (Fig. 1). 
The DON levels increased with increased average post-heading temperature 
(T), increased pre- and post-heading precipitation (Pmm) and increased 
number of post-heading hours with a relative humidity higher than 90% 
(RH90). DON levels decreased with increased number of pre-and post-
heading hours with a temperature higher than 25 C (Th25) and with later 
heading date (HD).

In addition to climatic variables, the region of production (REG), the 
application of fungicides (SPRAY) and the resistance class of the wheat 
variety (RES) contributed significantly to the predictive power of the model. 
Higher DON levels were found when progressing from the south-west to the 
north-east of the Netherlands. 

Table 2. Summary of the predictive model for DON in Dutch winter wheat. 

In 92% of the cases (n=264) the model 1 predicted correctly whether the 
concentration of DON was either lower or higher than the maximum level of 
1250 µg/kg. In 3% of the cases the model predicted a false positive for 
exceeding the maximum level, and in nearly 5% of the cases the model 
predicted a false negative estimation.  

Conclusions
A predictive model for DON in Dutch winter wheat was developed based on 
climatic, geographic and agronomic variables. The models can be used by 
control authorities and the industry to get an impression of estimated DON 
values in the wheat at harvest. Future model improvement might be realized 
by indentifying and quantifying the mechanism underlying the region effect.  

Table 1. Levels of DON in Dutch winter wheat. 

Fig.1. Observed versus 
predicted DON concentrations 
in mature wheat at harvest 
using weather and agronomic 
variables (Table 2). The dotted 
line represents the 1:1 line and 
the solid line the regression 
line between the observed and 
predicted values. 
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