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Epidemiology of Fusarium species producing enniatins in French wheat, 
durum wheat, barley and triticale 

Since 2006 (with EC Regulation 1881/2006) European legislation on contaminants is constantly changing, depending on the progress of scientific knowledge, mainly at the risk assessment 
carried out by independent agencies (European Food Safety Authority, EFSA at EU level). In 201,4 EFSA published a scientific opinion on beauvericin and enniatins. Indeed, enniatins are 
mycotoxins produced by various Fusarium species as mentioned in the literature. In France, three of those Fusarium species occur and may produce enniatins: F. avenaceum, F. poae and F. 
tricinctum. Hence, the objective of the present study is to identify the Fusarium species producing enniatins in French crops. 

Enniatins content in French small grain cereals depends first of all on the presence of F. tricintum and 
F. avenaceum in grains. The contribution of each Fusarium species in enniatins content depends on the 
crop susceptibility and the field weather conditions.  
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ARVALIS – Institut du végétal has conducted a field survey in collaboration with different French partners (mainly farmers, and 
FranceAgriMer). The study involved 1240 farm fields from 2012 to 2014.  Wheat, durum wheat, barley and triticale were studied.   
For each plot, agronomic parameters were recorded. Three different samples of a minimum of 1kg were collected in the field at the 
emptying of the combine harvester. The 3 samples were then gathered, mixed to be homogeneous, divided and cleaned to remove 
impurities so that a minimum of 1.5kg of cleaned and homogeneous grains remained. These samples obtained were entirely ground 
before analysis. The Enniatins A, A1, B, B1 contents were evaluated with LC/MS-MS method, and  F. avenaceum, F. poae and F. 
tricinctum were evaluated by real-time PCR method. 
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Figure 3 : Fusarium and Enniatins PCA 

Regarding the correlations between each Enniatin 
analyzed  where  r vary from  = 0.61 to 0.97 (Figure 2) we 
decided ton consider the sum of the four enniatins A, A1, 
B, B1. 
Analyzed ratios were 7% (ENNA), 11% (ENNA1), 59% 
(ENNB), 23% (ENNB1). As a consequence, the following 
results have been expressed on the calculated sum of the 
4 enniatins. 
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Farm fields 2012 2013 2014 Total 

Winter durum wheat*  64 102 94 260 

Winter wheat* 94 270 106 470 

Winter barley 6 50 56 

Spring barley 128 84 70 282 

Winter triticale 63 71 38 172 

Total 355 527 358 1240 

Table A : Scope and sampling of the survey 

* In partnership with FranceAgriMer  for 2013 and 2014 harvests 

A statistical analysis was applied on ln(total 
enniatins). A global analysis of variance on data 
applied to harvest year, F. avenaceum, F. poae, F. 
tricinctum, crop, and in a less extend F. poae showed 
that all these factors significantly influence enniatins 
contents (Table B). 

F Value Pr (> F) 

Crop 272 <2.2.10-16 

Harvest year 159 <2.2.10-16 

F. avenaceum 560 <2.2.10-16 

F. tricinctum 584 <2.2.10-16 

F. poae 6 0.017 

A PCA realised on total Enniatins and individual Fusarium 
contents showed that F. avenaceum and F. tricinctum are the 
most correlated with total enniatin content (Figure 3).  

a- 2012 harvest Winter 

Wheat 

Winter Durum 

wheat 

Winter 

barley 

Spring 

barley 

Winter 

triticale 

F. Avenaceum 18% 13% -  8% 55% 

F. Tricinctum 20% 45%  - 24% 3% 

F. Poae 2% <1%  - 3% 6% 

Other (e g interactions) 60% 41%  - 65% 36% 

Table C : Results of the variance analysis by crop and by harvest year 

Table B : Results of the global variance analysis 

A second statistical analysis (Table C a-b-c) on ln(total enniatins) by crop and by harvest year showed that 
F. tricinctum is the first contributor to enniatins content for wheat (20% to 43%), durum wheat (29% to 
45%) and spring barley (23 to 37%). F. avenaceum is a significant contributor for triticale (30% to 55%), 
durum wheat (13% to 17%), wheat (1% to 18%). To finish, F. poae is a minor contributor for all crops, and 
always explains less than 10% of enniatins content.  

b- 2013 harvest Winter 

Wheat 

Winter Durum 

wheat 

Winter 

barley 

Spring 

barley 

Winter 

triticale 

F. Avenaceum 13% 16%  - 8% 30% 

F. Tricinctum 35% 33%  - 37% 3% 

F. Poae <1% 3%  - <1% 9% 

Other (e g interactions) 51% 48%  - 54% 58% 

c- 2014 harvest Winter 

Wheat 

Winter Durum 

wheat 

Winter 

barley 

Spring 

barley 

Winter 

triticale 

F. Avenaceum <1% 17% -  9% 51% 

F. Tricinctum 43% 29%  - 23% 6% 

F. Poae <1% <1%  - 8% 3% 

Other (e g interactions) 55% 53%  - 60% 40% 

Mycotoxin contents are described Figure 1. Spring 
barley is the more sensitive crop, followed by 
triticale, durum wheat, winter barley and wheat. 

Figure 1 : Enniatins quantifications by crop 

Figure 2 : Enniatins Correlogram 
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