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1. Summary  

 

Naturally occurring substances produced by plants or other organisms offer alternatives to 

synthetic pesticides to control pests, diseases and weeds and new leads when resistance has 

evolved to currently available pesticides. In vitro bioassays were conducted to evaluate the 

efficacy of different molecules in combatting target pests. 

Whole extracts and fractions of the ground pine, Ajuga chamaepitys, which may contain 

potential antifeedant clerodane diterpenoids, were tested for their biological activity on the 

diamondback Plutella xylostella and tomato leaf miner Tuta absoluta. Other secondary 

metabolites, phenolic acids and benzoxazinoids, were tested for their biological activity 

against several insect species, and for inhibition of mycotoxin production by Fusarium sp. in 

wheat. With the aim of restoring sensitivity to herbicides, key genes involved in herbicide 

detoxication in wild grass were characterized and transgenic (rice) lines overexpressing 

detoxifying enzymes were generated. This allowed screening for inhibitors of detoxifying 

enzymes, including protein kinases. 

Knowledge was acquired on the spectrum of action of these biomolecules in order to 

define the scope in terms of insect pests to be targeted. Whole extracts of A. chamaepitys 

reduced feeding damage by larvae of the two Lepidoptera insect species studied. 

Dicaffeoylquinic acids showed no effect on insects of the Coleoptera and Lepidoptera orders, 

but were highly toxic to a wide range of aphid species. 

The mode of action of the active compounds was investigated. Although significantly 

different from the control, none of the fractions of A. chamaepitys extract were as good as the 

whole extract for antifeedant activity, and the active components remain to be identified. 

After topical application of dicaffeoylquinic acids, aphid mortality was low, but still varied 

with the experiments, suggesting that the contact efficacy can be improved with an optimized 

formulation of dicaffeoyl-based biopesticides. Monitoring of the aphid feeding behavior 

showed that ingestion of 3,5-dicaffeoylquinic acid-supplemented diet was severely impaired, 

but that aphids could not detect the presence of the molecule before ingestion. The 

mechanisms by which phenolic acids may limit the accumulation of mycotoxins in kernels 

have been studied. Phenolics are able to modulate the expression of the biosynthesis genes, 

and their effect may also be linked to their antioxidative properties. 

Field trials have been conducted to evaluate the efficiency of phenolic acid spray 

applications to protect wheat plants from Fusarium graminearum. Like with aphids, the 

results obtained with mycotoxins suggest that experiments need to be repeated after an 

optimized formulation is found for use of these compounds as crop protection agents. Another 
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method to increase protection against Fusarium sp. would be breeding or engineering of 

plants with increased levels of benzoxazinoids. 

2. Objectives 

 

Naturally occurring substances produced by plants or other organisms offer alternatives to 

synthetic pesticides to control pests, weeds and diseases. They provide novel modes of action 

that circumvent the reduced efficiency of synthetic pesticides due to the occurrence of 

resistant biological targets. The main objective of task 9.4 was to identify natural known and 

novel compounds and test these substances for their biological activity against insects, fungi, 

and weeds. This task has focused on two strategies. 

The first strategy relied on the study of existing natural compounds, to discover novel 

biological properties and/or mode of action. Different simple and complex plant phenolics, 

clerodane diterpenoids and benzoxazinoids have been chosen as interesting natural products 

to be tested on insects and fungi. 

The second strategy relied on the discovery of novel compounds through high throughput 

assays of collection of natural products using as targets fungal and plant protein kinases. 

Novel plant metabolites were also identified using high resolution metabolomics. 

The most active compounds with novel mode of action and low risk profiles were used for 

field tests. 

 

 

3. Deliverable procedure 
 
Plant derived extracts as insecticides (RRES, UK) 
 
The objective was to investigate the efficacy of novel, plant derived extracts. The insecticidal 

activity of the drimane antifeedant, polygodial, was reassessed and showed to display 

significant toxicity. For this reason, it was discarded from additional assays. The potential 

activity of Clerodane antifeedants, found in Ajuga species, was investigated with an extract of 

the ground pine, Ajuga chamaepitys. Different concentrations of the extract, diluted in a 

solvent, were tested for their biological activity against pest insects (Lepidoptera), focussing 

on the optimisation of the treatment concentration and a preliminary study of the active 

components by fractionation.   

 
Plant extraction and fractionation  

A sample of field grown A. chamaepitys plants was subjected to CO2 extraction and the 

concentrated product stored at 4°C until required for use. For preliminary bioassays, serial 

dilutions (0.1%, 0.05% and 0.01%) of the extract in absolute ethanol were prepared.  

A portion of the extract (0.5g) was added to a 250 ml round-bottomed flask and dissolved 

in methanol (50 ml). Silica gel (40-60 mesh) was added to the flask and the solvent removed 

by evaporation in vacuo to leave silica pre-loaded with extract. The dried pre-loaded silica 

was then carefully added to the top of a silica gel column wetted with hexane. The column 

was eluted with a succession of solvents (hexane, 1:1 hexane : diethyl ether, diethyl ether and 

methanol), with fractions being collected separately and evaporated in vacuo, and re-dissolved 

in absolute ethanol to make 0.1% solutions ready for bioassay.  

 
Protection against the diamondback Plutella xylostella 

For choice tests, first true leaves were cut from small Chinese cabbage plants and the petioles 

put into water in a seed tray to maintain freshness. The upper and lower surfaces of each leaf 
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to the left hand side of the midrib were lightly painted with absolute ethanol using a no. 5 

sable paint brush – one brush loading per surface. The leaves were them returned to the water 

and allowed to dry. Once dry, the upper and lower surfaces of each leaf to the right hand side 

of the midrib were lightly painted in the same way with the test solution. Using a sharpened 

brass ring, a 5cm diameter disc was cut from each leaf, the midrib making a bisecting line 

across the disc. The discs were then transferred to 9cm Petri dishes containing two Whatman 

No. 1 filter papers and 2ml of deionised water. Five second instar moth larvae were added to 

each disc. Ten replicates were set up for each test concentration. For no-choice tests, a similar 

technique was used to that described above except that both sides of the whole leaf were 

painted with the treatment, or absolute ethanol as a control, and allowed to dry before a 5cm 

diameter disc was cut. 

 

The dishes were kept at 20C for 24 hours (except for 2 Choice trials which were run at 

~13C and ~26C), after which the insects were removed and the discs were photocopied to 

record the amount of feeding damage. The amount of leaf eaten was assessed using a 

transparent 1mm
2
 grid, which was placed over each photocopy and the number of squares 

covering the damaged area counted and recorded. The disc area was calculated as Pi x r
2
 i.e. 

3.142 x 25 = 1963.5mm
2
. All damage assessments were expressed either as mm

2 
or as a 

percentage of the disc area. Data were analysed by Student’s t test or ANOVA where 

appropriate. 

 

In preliminary assays, choice tests with different concentrations of A. chamaepitys extract 

showed that 0.1% and 0.05% solutions gave almost complete protection against feeding by 

larvae, when an ethanol treated alternative feeding area was available.  

 

 
 

Antifeedant activity of Ajuga chamaepitys extract vs. Plutella xylostella larvae 

 

In choice tests with fractions of the A. chamaepitys extract obtained via liquid 

chromatography, the hexane fraction did not reduce feeding damage significantly, compared 

to the ethanol control, while the methanol fraction was most effective. Although significantly 

different to the control, however, none of the fractions were as good as the whole extract. 
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Antifeedant activity of Ajuga chamaepitys extract fractions vs. Plutella xylostella larvae 

 

In no choice feeding tests, only the whole A. chamaepitys extract (0.1%) reduced feeding 

damage significantly when compared to the ethanol control. None of the fractions were as 

effective, but the methanol fraction was the best. The no choice test is much harsher than the 

choice test as the insects have no alternative source of food, and will starve if they cannot 

feed, therefore there is much greater pressure for them to feed on the treated area. This shows 

the limitations of the antifeedant and the need for a strategy if it is to be used for pest control. 

In addition, further tests on possible effects on subsequent larval development are required to 

get a full picture of efficacy. 

 

 
Antifeedant activity of Ajuga chamaepitys extract fractions vs. Plutella xylostella larvae 

 

 

Protection against the tomato leaf miner Tuta absoluta 

In choice tests, terminal leaflets were cut from ~3-4 week old tomato plants and the petioles 

placed in water. The absolute ethanol control and test treatments were applied to either side of 

the leaf mid rib as described above. Once dry, the whole leaves were transferred to 15cm 

diameter Petri dishes with two 12.5cm Whatman no. 1 filter papers and 3ml deionised water. 
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Ten replicates were set up for each test concentration. Larvae were collected as they 

‘absailed’ from the culture plants and were put into a plastic cup from which batches of 5 

were selected and placed in the centre of the treated leaves. The larvae were left at 26°C for 

24h after which the number of feeding mines in the treated and control sides of the leaves 

were recorded. The extract caused some phytotoxicity. 

 

A choice test with a single concentration of A. chamaepitys extract showed that a 0.1% 

solution in ethanol gave some protection against feeding by larvae compared to a control leaf. 

 

 
 

Antifeedant activity of Ajuga chamaepitys extract vs. Tuta absoluta larvae 

 
 
Plant phenolics as aphicides (INRA, GAFL and PSH, FR) 

 
Dicaffeoylquinic acids (diCQs) are phenylpropanoid phenolics highly active against aphids. 

A method for extraction from plants and use as aphicide have been previously patented by 

INRA [Poëssel JL, Sauge-Collet MH, Rahbé Y (2008) « Procédé de préparation d’acides 

dicaféoylquiniques et leur utilisation dans la lutte contre les pucerons » (“Method for 

preparing dicafeoylquinic acids and use thereof in combating aphids”). Patent Application 

n°0800561, February 01 2008, granted July 20 2012]. On the basis of the patent claims, the 

work conducted in PURE was designed to acquire new knowledge on (1) the biological 

spectrum of these compounds to envision a list of insect pests to be targeted by diCQ-based 

biopesticides (2) their mode of action in order to develop products with optimized efficacy 

and (3) the risk of aphid adaptation to the molecules, with the aim to ensure the success of this 

method of aphid biocontrol in the long term. The biological activity of diCQs was assessed in 

comparison with the one of its precursor, chlorogenic acid (monocaffeoylquinic acid, 5-CQ).  

  

The strategy also involved the study of dicaffeoyl tartaric acid (diCT) (also named chicoric 

acid). Like diCQs, this compound is a phenolic derivative that shows several beneficial 

medicinal properties. Many wild or cultivated plant species contain chicoric acid, such as 

lettuce, artichoke, basil, chicory. Several plant species of the family Asteraceae, Lamiaceae, 

Fabaceae, or Equisetaceae for example may serve for extraction and purification of the 

molecule. diCT exhibits aphicide properties similar to those of diCQs. 
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They have been patented by INRA as well thanks to previous funding [Poëssel JL, Sauge-

Collet MH, Rahbé Y. “Composition phytosanitaire”. PCT/FR2015/050346]. 

 

Production of diCQ 

For the achievement of bioassays conducted in PURE, 3,5-diCQ was produced in large 

quantities by our teams based on the patented method quoted above. Cuttings of sweet potato 

were grown hydroponically in growth chambers under growing conditions allowing the 

accumulation of high levels of the substance in the roots. 3,5-diCQ was extracted from non-

tuberous roots and purified by semi-preparative HPLC. Several grams of substance of high 

purity was produced and supplied for the bioassays. The compound concentration and its 

ability in culture media used for the bioassays were checked by HPLC. The isolated substance 

was supplied to INRA MycSA team (FR) to test its activity against growth and mycotoxin 

production of Fusarium strains. Other phenolic compounds tested in PURE were from 

commercial suppliers. 

 

Biological spectrum: the insecticidal activity of phenolic derivatives is likely aphid-specific 

The repulsive and insecticidal activity of diCQs was assessed on a range of aphid species, and 

on insects other than phloem feeding herbivores from Coleoptera and Lepidoptera orders. 

(1) The susceptibility of two beetle species damaging stored products (the rice weevil 

Sitophilus oryzae and the flour beetle Tribolium castaneum) to diCQ was evaluated in 

collaboration with UMR BF2I (INSA-INRA Lyon, FR). No activity of isomer 3,5-diCQ was 

detected at a concentration of 2 mM, which is the highest concentration tested so far against 

aphids. Sensitivity of codling moth larvae (Cydia pomonella, a major pest of apples and 

pears) to 3,5-diCQ was not significantly different from the control at a concentration of 2 mM 

and after 7 days of contact. 
(2) In continuation of previous work, PURE results showed that the three diCQ isomers 

(3,5-diCQ, 3,4-diCQ and 4,5-diCQ) have significant phagorepulsive and toxic effects on five 

aphid species : the green peach aphid M. persicae, the pea aphid Acyrthosiphon pisum, the 

cotton aphid Aphis gossypii, the potato aphid Macrosiphum euphorbiae and the cereal aphid 

Sitobion avenae. By contrast, while chlorogenic acid also had an antifeedant effect on all 

aphid species, it displayed no toxicity. Repulsive and toxic effects were assessed via overnight 

choice tests and larval development analysis over a 7-day period after delivery of the 

molecule in a nutritional artificial diet. The antifeedant effect of diCQs was significant at a 

concentration as low as 0.0625 mM depending on the aphid species. Toxicity on nymphs 

could be detected at a concentration as low as 0.03125 mM. 

 
Mode of action: diCQ causes toxicity following ingestion. Optimized formulations of diCQ 

might also confer contact toxicity 

For a better understanding of the mode of action of diCQ in aphids, we considered two ways 

the molecule can interact with the insect: oral ingestion and contact. 

(1) The activity through ingestion was studied on M. persicae using the electrical 

penetration graph (EPG) technique, a method which is used to discern, in real time, the 

location and activities of aphid stylets during probing, including uptake of diet. In a no-choice 

device, ingestion activity on the diet supplemented with 3,5-diCQ (0.5 mM) is repeatedly 

interrupted, comparatively to the control. By contrast, aphid does not seem to detect the 

presence of diCQ before the diet is ingested. In addition, the aphid seems to be unable to 

develop behavioral adaptation to diCQ, since ingestion period’s duration does not increase 

over time. 

(2) The contact efficacy of 3,5-diCQ was evaluated after topical application on A. pisum. 

The molecule was delivered in acetone solution with a Hamilton syringe at 0.25 μl/aphid at 
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concentrations ranging from 15μm to 500 μM. Less than 15% mortality is observed after 6 

days. The penetration rate of the molecules remains low (less than 10%). No significant effect 

was also observed for chlorogenic acid, even at higher concentrations (2 mM to 8 mM). 

However, in previous experiments conducted in collaboration with UMR BF2I, up to 30% 

mortality had been observed.  

 

Possible mechanisms of aphid adaptation: resistance to chemical insecticides may reduce 

susceptibility to diCQ 

Toxicity bioassays were conducted in collaboration with UMR ISA (Sophia-Antipolis, FR) to 

evaluate the role of specific detoxifying enzymes in aphid adaptation to diCQs. Tests were 

performed on M. persicae aphids that display metabolic resistance to organophosphate and 

carbamate classes of insecticide. Resistance is conferred by the enhanced production of two 

carboxylesterases that both hydrolyze and sequester the insecticide. These enzymes may 

degrade diCQ (a di-ester between quinic acid and two caffeic acids) into monocaffeoylquinic 

acid (chlorogenic acid), or caffeic and quinic acids, molecules that display no toxicity for 

aphids. Three clones, two overexpressing carboxylesterases and one susceptible, were kindly 

provided by Rothampsted Research. Survival analysis over a 15-day period evidenced 

variation among aphid clones. 

  

 

Plant phenolics and benzoxazinoids as anti-fungal molecules and inhibitors of 
Fusarium mycotoxin production  
 

Phenolic acids (INRA, MycSA, FR) 
 
The aim in the PURE project was to investigate the potential use of phenolic compounds as 

biopesticides to limit the accumulation of mycotoxins in kernels. Fusarium head blight is a 

devastating disease in maize and wheat caused by the fungal pathogen Fusarium 

graminearum which produces trichothecene mycotoxins resulting in significantly decreased 

wheat yields and a hazard to human health due to the mycotoxins. The effect of phenolic acids 

on the biosynthesis of mycotoxins by several Fusarium species has been studied and the 

mechanisms underlying the observed modulation investigated. 

 

Effect of phenolic acids on the production of Fusarium mycotoxins (type B trichothecene, 

type A trichothecene and fumonisin)  

 

Type B trichothecene: Thirteen strains from the MycSA collection were used: five strains of 

F. graminearum and eight of F. culmorum. The two chemotypes (DON/ADON and NIV/FX) 

were considered. Fungal growth and toxin production were analyzed in media supplemented 

with ferulic, caffeic, chlorogenic, 3-5 dicaffeoylquinic and quinic acids.  

Among the phenolic acids tested, ferulic acid was shown to be the most efficient to inhibit 

fungal growth whatever the considered Fusarium species (F. graminearum or F. culmorum) 

and its chemotype.  

Caffeic and chlorogenic acid at 0.5 mM (a concentration that does not affect fungal 

growth) were the strongest inhibitors of mycotoxin biosynthesis. Strains of the two 

chemotypes were affected for their production of mycotoxins. The factor by which the 

production of toxins was reduced was shown to vary according to the considered strain.  

 

Type A trichothecenes: Type A trichothecene producing strains belonging to the F. 

langsethiae and F. sporotrichioides species were considered. Ferulic, p-coumaric, caffeic and 



PURE – Deliverable  D9.5 

Page 9 of 15 

 

chlorogenic acid at 0.5 mM were supplemented in liquid culture media and effect on toxin 

biosynthesis assessed. A strong inhibition of toxin production with caffeic and chlorogenic 

acid (50 and 78%) was observed for F. langsethiae strains. Toxin production was only 

slightly affected with caffeic and ferulic acid for F. sporotrichioides strains.  

 

Fumonisins: 0.5 mM of chlorogenic, caffeic and ferulic acid were tested in vitro for their 

effect on fumonisin production by Fusarium strains of the F. verticillioides and F. 

proliferatum species. All phenolic acids were able to inhibit toxin production. The highest 

inhibition percentages (50-76% of inhibition) were obtained with caffeic acid.  

 

Mechanisms by which active compounds are able to modulate mycotoxin production 

Four complementary approaches have been implemented: 

(1) Phenolic acids are able to modulate the expression of the biosynthetic genes 

In order to decipher how phenolic acids can affect type B trichothecene and fumonisin 

biosynthesis, the expression of Tri5 and Fum1 genes (key genes involved in the biosynthetic 

pathway) was analyzed using real time RT-PCR. RNA were extracted from 4 and 7-day-old 

mycelia supplemented or not by the phenolic acids and levels of gene expression were 

compared. 

In F. verticillioides inoculated cultures treated with caffeic, chlorogenic and ferulic acids, 

expression of Fum1 gene was significantly decreased compared to control cultures. The 

strongest inhibition (88 fold) was observed in caffeic acid supplemented culture.  

In F. graminearum inoculated cultures treated with caffeic and ferulic acids tested alone 

and in mixture, expression of Tri5 gene was significantly decreased compared to control 

cultures. The strongest inhibition was observed in caffeic acid supplemented cultures.  

 

2) Is the effect of phenolic acids linked to their antioxidative properties?  

Expression of genes that code for antioxidative enzymes (catalase and superoxide dismutase) 

was shown to be affected by the treatment with caffeic and ferulic acid in F. graminearum 

inoculated broths. This strongly suggests that the addition of phenolic acid induces an 

oxidative stress perceived by the fungal strain. 

Using a type B trichothecene producing F. graminearum strain and two associated mutant 

strains (modified for the FgAP1 gene, a transcription factor involved in the response to 

oxidative stress), we however demonstrated that the response to phenolic acid is not mediated 

by FgAP1 (M. Montibus et al., 2013 Plos One). Identification of the additional pathways that 

could be involved is expected to result from the following transcriptomic approach. 

 

3) Profiling of caffeic acid effect by RNA-seq 

RNA was extracted from 4-day-old mycelia from two F. graminearum strains (DON/15-

ADON and NIV/FX chemotype) cultivated in the presence or without caffeic acid. 4 days-old 

culture correspond to the time mycotoxin biosynthesis is initiated. Gene expression levels in 

caffeic acid supplemented culture were compared with not treated culture. Data interpretation 

is in progress. 

 

4) Fusarium strains are able to biotransform phenolic acids 

The link between the ability of F. verticillioides to metabolize chlorogenic acid and one of its 

hydrolyzed products, caffeic acid and the efficiency of the previous phenolic compounds to 

reduce fumonisin production was investigated. The metabolic fate of the two phenolic acids 

was followed after supplementation in F. verticillioides broths and the ability of F. 

verticillioides to biotransform these phenolic compounds was demonstrated. Our results 

highlight the occurrence of biotransformation pathways for chlorogenic acid which was 
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supported by the detection and quantification of chlorogenic acid metabolites: caffeic and 

hydroxychlorogenic acids. In caffeic acid supplemented culture, a rapid and drastic 

transformation of caffeic acid into less toxic protocatechuic and hydroxycaffeic acids was 

observed. Our data indicate that the products resulting from such biotransformation can 

contribute to the observed inhibitory activity. These results have been published (Atanasova-

Penichon et al, 2014). 

 

Field tests of active compounds 

Given our results, we studied the efficiency of caffeic and ferulic acids alone and in mixture 

to protect wheat plants from Fusarium graminearum in field conditions under natural 

inoculations. Preparations of phenolic acids were sprayed at the flowering stage. The obtained 

results could not confirm the promising results we obtained in vitro. This experiment required 

however to be repeated. 

 

Benzoxazinoids from wheat (AU, Agroecology, DK) 
 
We tested 14 secondary metabolites from wheat for their effect on trichothecene production in 

liquid cultures of G. zeae, a 15-ADON producer. A benzoxazinoid (BX) compound 

completely abolished toxin production without any apparent effect on fungal growth through 

two different concurrent mechanisms. To our knowledge until now 4-ABOA was the only 

benzoxazinoid studied for its effect on trichothecene production while other studies using 

benzoxazinoids focus only on fungal growth inhibition.  

 
 
Resistance busting genes able to restore sensitivity to herbicides (BCS, DE) 
 
One major achievement of the project in the frame of WP9 was to deliver a screening tool to 

screen for resistance busting genes able to restore sensitivity to herbicides, in particular 

natural compounds which could be delivered by other teams. 

Even if this tool is not related to proteins involved in the signal transduction of metabolic 

resistance to herbicides, transgenic rice calli overexpressing two cytochrome P450 genes will 

allow screening for natural proteins acting on these key enzymes involved in plant xenobiotic 

detoxification. 

 

Identification of key protein kinases involved in the induction of metabolic herbicide 

resistance 

The targeted molecules were protein kinases, in particular MAP kinases, involved in the 

signal cascade responsible to induce the metabolic herbicide resistance of some grassy species 

to inhibitors active on the ACCase, and the ALS, major classes of herbicides used in cereal 

crops. The important weed species Alopecurus myosuroides (ALOMY) is used as a model. 

The first part of the project is to analyze the data obtained by RNAseq of a resistant and a 

sensitive biotype in the frame of a project outside PURE. This analysis is focused on the 

genes involved in the signal transduction pathways and differentially expressed between both 

biotypes. The first data were promising and several protein kinases showed differential 

expression between the two ALOMY biotypes. At the moment, a total of 74 potential genes 

have been identified to be differentially expressed between resistant and sensitive plants and 

need to be further evaluated. All of them are annotated as protein kinases or are involved in 

signal transduction. 

 

 



PURE – Deliverable  D9.5 

Page 11 of 15 

 

Comparison of gene expression in rye-grass populations sensitive and resistant to the 

ACCase inhibitor diclofop-methyl 

At the same time, gene expression was obtained by next generation sequencing, and was 

compared between a sensitive and a resistant population of Lolium rigidum. Several protein 

kinases and transcription factors were annotated and found to be over expressed in the cDNA 

of the original resistance population. Genetic validation of these data was performed by 

crossing resistant parents over two generations. Then co-segregation of the gene 

overexpression with resistant plants in the second generation was performed. Unfortunately 

none of the overexpressed protein kinases or transcription factors studied so far was found to 

co-segregate with the ACCase resistant phenotype. Nevertheless other genes encoding 

cytochrome P450 oxidases, glutathione-S-transferases or glycosyl-transferases showed a co-

segregation between overexpression in the resistant plants and the resistant phenotypes (study 

in parallel, Gaines et al, 2014). Rice calli were transformed with these different gene 

candidates and it was found indeed that two CytP450 genes can confer resistance to wild type 

rice to diclofop-methyl. Cultures of rice calli in petri dishes offer the opportunity to screen for 

inhibitors of these cytochrome P450s. Still several protein kinases and transcription factor 

genes have to be studied in more details and remain potential gene candidates. 

 

4. Conclusion 

 

Biopesticide treatments against Lepidoptera and aphid insect pests 

Previous literature has reported on the identification of clerodane diterpenoids from Ajuga 

chamaepitys (Camps et al, 1984; Camps et al, 1987). The mass spectrometer (MS) analysis 

conducted in PURE provides evidence that these compounds are present in the A. 

chamaepitys extract used in bioassays, and that they are responsible for the observed 

antifeedant activity. Activity against Tuta absoluta was shown for the first time. Further work 

is required to confirm the identity of the compounds and determine which of the compounds 

are responsible for the observed activity, in order to provide the QA required for use of 

extracts as crop protection agents. 

 

DiCQs and diCT extracted from plant have been shown to act against a wide range of aphid 

species. They seem to be inactive towards Coleoptera or Lepidoptera. Now it would be 

worthwhile to test whether these compounds also have an antifeedant or toxic effect against 

piercing-sucking insects other than aphids (white flies, thrips). A preliminary experiment 

suggested that some aphid genotypes expressing high levels of enzymes involved in the 

detoxification of insecticides showed reduced susceptibility to diCQ. A complementary 

approach relying on the use of enzyme inhibitors could contribute to strengthen these results. 

Further work is also required to optimize the formulation and mode of application of 

diCQs/diCT-based biopesticides, for improving their toxicity in the field, either upon contact 

(through increased rate of cuticular penetration) or ingestion (through the manufacturing of a 

systemic product). 

 

Biopesticide treatments against mycotoxin production 

The data obtained on the Fusarium model provide evidence that phenolic acids, in particular 

caffeic, chlorogenic and ferulic acid, modulate mycotoxin biosynthesis and fungal 

development. They appear promising natural molecules to be used as biopesticides. However 

additional studies are required to optimize their formulation and mode of application to 

improve their efficacy in field trials.  
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The BX compound identified in this project could play an important role in preventing the 

accumulation of trichothecenes in wheat grain. Breeding or engineering of wheat with 

increased levels of benzoxazinoids could provide varieties with increased resistance against 

trichothecene contamination of grain and lower susceptibility to Fusarium head blight. 

 

Natural compounds to restore sensitivity to herbicides 

Key genes involved in herbicide detoxication in plants were characterized and two transgenic 

rice lines were generated, each overexpressing one cytochrome P450 gene. This allows 

screening for inhibitors using rice calli tissue culture in petri dishes. Numerous genes found to 

be differentially expressed by next generation sequencing between resistant and sensitive 

populations towards ACCase inhibitors remain to be validated because there are still further 

potential target candidates. One publication is planned to be written soon (Iwakami et al, 

2015). Tools are available in Bayer Crop Science’s laboratory for screening compounds 

possibly generated by the work of other members of the group. 
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5. Annexes 

 
Annex I 
 
 
 

Natural products studied in PURE WP9.4 
 
 
 
 FSDFS 
 
 
 
 
 
 
 
 
 

 
 
    Chicoric acid 
    Dicaffeoyl-D-tartaric acid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ferulic acid
Caffeic acid

Chlorogenic acid

3-5 dicaffeoylquinic acid

2,4-dihydroxy-7-methoxy-1,4-benzoxazin-3-one

DIMBOA

Cinnamic acid

benzoxazinoids

phenolics

Figure 1: Natural products studied in PURE WP9.4Plant phenolics and DIMBOA from wheat 
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Annex II 

 
Part of these results was financed by other projects complementary to PURE. 

 

diCQs and diCT as aphicides 

Patent applications result from funding by The French Ministry of Agriculture (Direction 

Générale de l’Enseignement et de la Recherche, Dicaphide project) and The French National 

Agency for Research (ANR, Hortibiope project). 

 
Benzoxazinoids as inhibitors of Fusarium mycotoxin production 

The Danish Research Council for Independent Research | Technology and Production 

Sciences financed a postdoc project for Thomas Etzerodt “Bioactive secondary metabolites in 

wheat – a hitherto underexploited resistance mechanism against Fusarium Head Blight 

infection and the biosynthesis of mycotoxins” (project # 12-132600). 

 

Protein kinases and resistance to herbicides 

RNAseq data were obtained by Lothar Lorentz, hired in a project that has been started in the 

1
st
 November 2011. 
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