
Identification and classification of agronomic factors involved in ergot and 
its alkaloids content in small grain cereals 

Claviceps purpurea is able to infect numerous cereal species and grasses in Europe and worldwide. The pathogen forms a 
sclerotium also called ergot, which covers the grain during its growth. The sclerotium is a mass of mycelium that contains 
alkaloids. The European Commission Regulation (EU) 2015/1940 of 28 October 2015 amending Regulation (EC) No 1881/2006 as 
regards maximum levels of ergot sclerotia in unprocessed cereals establishes a maximum limit of 0.5 g/kg for ergot content 
(Claviceps purpurea) in small grain cereals for human consumption. 

This work led to a multifactor field prevention tool to  help to manage the ergot and alkaloids risk (Figure 2). 
Nevertheless, we know that the main factor involved in ergot infection remains the weather conditions.  
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ARVALIS - Institut du végétal collected 2 060 field samples of common wheat, durum wheat, triticale, barley, rye and oat, collected  
on 2012, 2013 and 2014  harvests. (Table A) 
For each farm field, a representative sample of at least 3 kg was taken in the field at the emptying of the combine harvester. Ergot bodies were removed in the laboratory  by 
visual analysis, in order to measure ergot content. 589 samples contained ergot bodies (28.6%). The grain samples were cleaned to remove all impurities so that a 1.5 kg of 
cleaned and homogeneous grains remained. Ergot bodies were re-introduced  in this cleaned grain. These samples obtained were entirely ground before analysis of their 
alkaloids content.  
Ergometrine, ergotamine, ergosine, ergocristine, ergocryptine, ergocornine and their corresponding epimers (-inine forms) were analyzed by liquid chromatography-tandem 
mass spectrometry. The concentration factor defined as the ratio between the mass of the sample collected and the 1.5 kg analyzed grain is then applied to the analyzed 
alkaloids content . 

Table B : Alkaloids compound in 1g ergot bodies 
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For each sample, alkaloid content is reduced to 1 g ergot bodies. Total average 
alkaloids content is 0.32 % varying from 57 to 36385 µg/g ergot bodies, that 
means from 0.006% to 3.6% of ergot bodies weight. The ratio between –ine and 
–inine forms is 2,4:1. Ergotamine, ergocristine, ergosine and their corresponding 
epimers represent 74% of total alkaloids. The mean of total alkaloids content of 
C. purpurea is 3103 µg/g. (Table B) 

*In 2013 and 2014, common wheat and 
durum wheat were harvested in collaboration 
with FranceAgriMer 

–ine forms 
µg /g sclerotia 

-inine forms 
µg /g sclerotia 

Ergocristine 403 170 

Ergotamine 649 258 

Ergocryptine 164 92 

Ergometrine 249 56 

Ergosine 566 250 

Ergocornine 156 90 

TOTAL 2187 916 
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Farm fields 2012 2013 2014 Total 

Durum wheat*  67 121 159 347 

Common wheat* 111 287 518 916 

Barley 135 84 220 439 

Triticale 63 71 51 191 

Oat 34 34 - 68 

Rye 26 27 46 99 

Table A : Scope and sampling of the survey 

F Value Pr(>F) 

Ln(ergot+0.001) 1 221 <2e-16* 

Host plant 1.68 0.15 

Harvest year 1.044 0.36 

Ln(ergot+0.001) : Host plant 1.033 0.39 

Ln(ergot+0.001) : Harvest year 1.60 0.20 

Table C : Global analysis of variance results 

The host plant and the harvest year have no 
influence on the alkaloid content. (Table C). 
The ergot content explains 79% of the 
variability of alkaloid contents.  
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Figure 1 : Classification of agronomic factors involved in alkaloids content 
Statistical analysis were applied on the sum of the 12 alkaloids  defined as : ln(total alkaloid). The 
analysis of variance applied to agronomic factors showed that the host plant, grassweeds 
presence, previous crop and tillage system significantly influence alkaloids content (Figure 1) . The 
relevance of these drivers was confirmed by analytical trials.  
 

Host plant :  Total alkaloid adjusted means, calculated according to the different crops showed 
that rye is 16 time more contaminated than wheat, and triticale is twice more contaminated than 
wheat (Table D). 
 

 Grassweeds within the field and at the margin : Total alkaloid adjusted means calculated 
according  to the satisfaction index of grassweed infestation showed that a good weed control 
reduces alkaloids content by  20%  compared to  grassweeds infested fields.  A higher  level of 
control of weeds at the margin of the field  reduces alkaloids content by  10%. 

Table D : host plant  - ln (Total alkaloids) adjusted 
means (µg/kg) and tukey statistic :  

Farm fields Total alkaloid adjusted mean Tukey (5%) 

Oat 11 a 

Durum wheat*  12 a 

Common wheat* 12 a 

 Winter barley 12 a 

Spring barley 15 a 

Triticale 26 b 

Rye 198 c 
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Crop rotation : Total alkaloid adjusted means calculated 
according to the previous crop  showed that “host plants”  
e.g. small grain cereals, and crops  inducing grassweeds 
control problem are more contaminated by alkaloids. 
 

 Tillage system : The  total alkaloid adjusted means 
calculated  according to the depth of soil cultivation 
showed that fields are less contaminated after deep 
tillage. 
 

Figure 2 : Multifactor field prevention to manage  
ergot and alkaloids risk 
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