The holistic approach in allelopathy research. 
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A new view on research into benzoxazinoids, allelochemicals from wheat, was launched in the FATEALLCHEM project (http://www.fateallchem.dk). The overall objective was to perform an environmental and human risk assessment of exploiting the allelopathic properties of wheat in modern farming and to develop a framework for future assessments of allelopathic crops. The participants were DIAS/Denmark, NEGRI/Italy, AGES/Austria, CSIC/Spain, IFA-Tulln/Austria, UCA/Spain, LIA/Lithuania, NERI/Denmark, IUNG/Poland.

The benzoxazinoids studied were DIBOA, DIMBOA, DIBOA-glc, DIMBOA-glc, HBOA, HMBOA, BOA and MBOA (systematic names in web-site). The development of analytical methods in LC-MS or LC-MS/MS for benzoxazinoids in plants and soil, which has hardly been considered in earlier research, was complicated. Sensitive methods were developed and the first intercalibration study ever on the analytical procedures for analyzing benzoxazinoids in plant material was published recently. The analysis of different varieties of wheat showed that there is a genetic difference between varieties in the level of production of defence compounds as well as environmental effects on the levels.

Benzoxazinoids were shown to degrade very rapidly in soil with DT50 values (1-2 days. The formation of degradation products depended on the initial concentration of the benzoxazinoids in soil or test media. Several transformation products showed more pronounced suppressive effects on both weeds and fungi than the parent compound. The conclusions in earlier published studies, in which the effect of wheat benzoxazinoids on weeds or soil-borne diseases have been studied without any focus on the transformation that occurred during the time of study must now be revised.

Toxicological evaluations on benzoxazinoids and their soil metabolites were performed for the first time in this project. The ecotoxicological studies showed that the soil transformation products with highest suppressive effects on weeds and fungi also had the highest toxicological effects on beneficial organisms (carabid beetle larvae, collembola and selected aquatic organisms). However, the harmful effects of the most bioactive metabolites did not exceed negative effects of synthetic pesticides. QSAR studies on human and mammal toxicity showed that harmful effects on humans or animals consuming high concentrations of the benzoxazinoids should be taken into consideration.

The project results clearly showed the relevance of optimizing the exploitation of cereal benzoxazinoids. Crop rotation is a very traditional practice, which was given less importance for decades, but now is regaining its importance in agricultural practice as a means of controlling weed seed banks and soil-borne diseases and pests. Cover crops and green manure are used more extensively in modern sustainable agriculture as well. When using cereals as catch crops and green manure, the allelopathic properties of the cereals could now be much more extensively exploited, choosing varieties with optimal production of benzoxazinoids and optimizing the time of sowing in relation to the formation of bioactive metabolites.  

A framework for future assessments of an extensive use of allelopathic crops must include the development of validated analytical methods, considerations of relevant concentrations, studies on soil transformation, ecotoxicological studies on individual compounds and mixtures, evaluation on human and mammal toxicity and joint effect studies on weeds, fungi and pests.
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