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Abstract: Organic farming has been questioned about its ability to manage Fusarium infestation compared with 
conventional farming. In this study, we monitored, over a 13-year period in several sites in France, the fungal incidence of 
four genera of fungi on bread wheat grains from organic farming. We collected samples immediately after harvest in 
conditions of natural contamination on a list of winter wheat varieties from 2006 to 2018 in several sites in France. From 
each sample, 100 kernels were surface disinfected, plated on potato dextrose agar, and colonies were identified at the 
genus level, and at the species level for Fusarium graminearum. The fungal incidence observed on kernels over the 
period was on average 88 ± 16% (i.e. mean ± standard-deviation). Kernels were mainly infected by fungal species of the 
genus Alternaria (71 ± 25%), while the incidence of Fusarium graminearum is usually very low in our context (1 ± 2%), 
with the exception of year 2008 (49 ± 12% and 17 ± 9%, respectively in the two sites studied), which is confirmed by the 
highly significant effect of the year and the ‘year × site’ interaction. To conclude, in our study, Fusarium graminearum 
appeared not to be a major concern for wheat production in organic farming systems. 
  
Introduction: The agricultural intensive production model is currently questioned because of agronomic, environmental, 
public health and sometimes socio-economic issues. In this context, reducing the reliance of agriculture on external inputs 
constitutes a priority to achieve more sustainable agricultural models. However, an alternative production model such as 
organic farming, that does not use fungicide, has been questioned about its ability to manage Fusarium infestation and 
mycotoxin contamination compared with the conventional high input model. Concerning the risk of mycotoxin 
contamination, a recent review highlighted that an organic farming system allows maintaining contamination at low levels, 
furthermore comparable or lower than in a conventional system (Brodal et al. 2016). However, the Fusarium pressure is 
not necessarily correlated with mycotoxin contamination, and many factors can affect the development of the pathogen, 
among which some depend on the cropping system, such as the fungicide use, the nitrogen level and the preceding crop, 



while others not, such as climatic conditions. In this study, we monitored, each year over a 13-year period in several sites 
in France, the fungal incidence of four genera of fungi on bread wheat grains from organic farming systems. 
  
Material and methods: Wheat samples were collected immediately after harvest from experimental field trials from 2006 to 
2018 in two sites in France (Brittany and Ile-de-France), and in a third site in 2006 and 2007 (Poitou-Charentes). These 
samples were made in conditions of natural contamination on a substantial list of varieties representative of the winter 
wheat acreages in organic farming over the period, including both susceptible and resistant varieties to Fusarium. Sub-
samples were chosen randomly and stored in paper bags at room temperature with 13-15% humidity until analysed, i.e. 
for about 6 months. One hundred kernels were randomly chosen from each sample, surface disinfected with NaClO 
solution for 2 min, rinsed 4 times with water, and dried for 12h under laminar flow hood. Ten kernels were plated in 10 
separate 55 mm diameter Petri dishes filled with potato dextrose agar, and incubated for 5 days at room temperature 
under ambient light and day-night cycle. Each colony was first identified at the genus level based on phenotypic 
characteristics (pigmentation of aerial mycelium, growth rate of mycelium) among four genera, i.e. Alternaria, Epicoccum, 
Fusarium and Microdochium following descriptions of Pitt & Hocking (1997), and then at the species level to validate the 
presence of Fusarium graminearum using a microscope following descriptions of Seifert (1996). For subsequent statistical 
analyses, we focused on the Fusarium graminearum incidence on wheat grains for the two sites the most studied during 
11 years, i.e. when both sites had tested the same varieties. In a full model, we tested the effects of three explanatory 
variables considered as factors, i.e. the year, the site, the variety, as well as the second-order interactions, on the 
Fusarium graminearum incidence. A log10-transformation has been applied on the response variable after adding a 
constant to the raw values (+ 1). We chose to apply a linear model with a log10-transformation rather than a binomial 
generalized linear mixed model due to a strong asymmetry in the data distribution, i.e. numerous cases for which 
Fusarium was not observed. We applied sum to zero contrasts on fixed factors. Prerequisites were met after log10-
transformation, i.e. homogeneity of variances and normality of the residuals. The full model was compared with all models 
based on Akaike information criterion (AIC), and only the best model was presented. 
  
Results: Sixteen varieties were evaluated from 1 to 13 years, with on average 6 varieties each year. The fungal incidence 
observed in our two sites studied over the 13-year period in organic farming system ranged from 38% to 100%, being on 
average 88 ± 16% over the period in both sites. Kernels were mainly infected by fungal species of the genus Alternaria 
(71 ± 25% over the period) and, to a lesser extent, by the genera Epicoccum and Microdochium (8 ± 9% and 3 ± 8%, 
respectively). In contrast, the incidence of Fusarium graminearum is usually very low, with the exception of year 2008 (1 ± 
2% excluding year 2008, 49 ± 12% in Brittany and 17 ± 9% in Ile-de-France in year 2008, Figure 1). The results observed 
in Poitou-Charentes in 2006 and 2007 confirmed the dominance of Alternaria and the low incidence of Fusarium 
graminearum observed in the other sites. Based on the best model retained, the incidence of Fusarium graminearum on 
wheat grains for the two sites the most studied during 11 years was not influenced by the variety tested. The effect of the 
site was near to be significant (F = 3.14, P = 0.07), while both the effect of the year and the ‘year × site’ interaction were 
highly significant (F = 40.08, P < 0.001; F = 5.61, P < 0.001; respectively, see also Figure 1). 
  
Discussion: In accordance with previous short-term studies in other countries, our results over a 13-year period highlight a 
usually low Fusarium graminearum incidence on organically produced bread wheat grains, while the fungal community is 
usually dominated by other genera of fungi (Lazzaro et al. 2015, Lenc 2015). Moreover, we emphasize that the year of 



study has a significant influence in the incidence of Fusarium graminearum, potentially especially due to climatic 
differences between years, while the variety chosen does not. This result appears consistent with the factors known to 
promote Fusarium species, among which the application of fungicides not active against Fusarium, a high level of nitrogen 
fertilization or/and a preceding host crop, i.e. as much factors for which effects are controlled in an organic farming 
system. As an example, in year 2008, characterized by a high Fusarium graminearum incidence, both weather and the 
preceding crop were unfavourable. Indeed, in year 2008, the month of May was characterized by a high cumulative 
rainfall (136 mm, compared to a mean of 59 ± 26 mm over the period 2006-2018 excluding 2008), a high mean air 
temperature (15.2°C, compared to a mean of 13.7 ± 0.9 °C over the period 2006-2018 excluding 2008), and a maize as 
preceding crop, thus potentially explaining the high level of infestation observed. Moreover, we conducted mycotoxin 
analyses by LC-MS/MS on grains harvested in 2018 that confirmed the low concentrations of deoxynivalenol (DON) that 
was usually under the limit of quantitation (i.e. below 50 μg.kg-1 of DON content on the bread wheat grains sample in 

2018). To conclude, in our context, Fusarium graminearum appeared not to be a major concern for winter wheat 
production in organic farming systems. 
  
Figure 1: Average incidence of Fusarium graminearum on bread wheat grains from organic farming system over a 13-year 
period in two sites in France (mean and standard deviation), with the exception of years 2006 and 2009 for which only the 
site in Brittany has been studied. The standard deviation is computed on the results obtained on the different varieties tested 
(n = 3-8 per year). The boxplots in black on the left and in gray on the right correspond to the sites in Brittany and Ile-de-
France each year, respectively. 
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