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NEW KNOWLEDGE  
AND TECHNOLOGIES  

FOR IPM 
 

FEBRUARY 2014 

 
OBJECTIVES  
 

 
The overall objective of PURE is to provide practical Integrated Pest 
Management (IPM) solutions to reduce dependence on pesticides in 
selected major farming systems in Europe, thereby contributing to a 
reduction of the risks to human health and the environment and 
facilitating the implementation of the pesticides package legislation 
while ensuring continued food production of sufficient quality. 
 
PURE will provide IPM solutions and a practical toolbox for their 
implementation in key European farming systems (wheat, maize, field  
vegetables ,pomefruit, grapevine and protected crops) in which 
reduction of pesticide use and better control of pests will have major 
effects. 
 
For this, PURE will enrich the knowledge base required by the IPM 
design process with new solid scientific knowledge and practical tools 
with the participation of innovative industries on: 
 - pest evolution and enhancement of the durability of IPM solutions; 
 - exploitation of plant-pest-enemies mechanisms to derive bioproducts 
in a broad sense; 
 - population and community ecology of IPM at the field and landscape 
scale to enhance pest regulation by cultural strategies and habitat  
manipulation; 
 - combination of whole-field monitoring methods (pest risk level 
monitoring) with micro-diagnostic nanotechnology (fine pest species 
and  genotype identification), decision engines and other emerging 
technologies. 
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PURE APPROACH 

 

PURE will exploit recent advances in emerging technologies, plant-pest-
enemies interactions, soil and landscape ecology and pest evolution to 
feed IPM solutions with innovative diagnostic and decision support 
systems, physical devices and bio-products, strategies for ecological 
pest regulation and improved durability of control methods. 
 
 
 
 
 
 
 
 
 
 
 
 
 

PURE associates 14 European research institutes or universities, 2 
extension organizations, 5 industries and 1 project management 
consulting company. It is coordinated by INRA, France. 
 

 
OBJECTIVE OF THE BOOKLET 
 

 

The booklet focuses on the “New knowledge and technologies on IPM” 
and presents the first results and applications in Cropping systems 
activities.  
This booklet gives information about the next steps of these activities. 
 

http://www.pure-ipm.eu/taxonomy/term/1
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Pest evolution and enhancement  
of the durability of IPM solution 

FEBRUARY 2014  

 
OBJECTIVES 
 

 

Evolution of pests, diseases and weeds is continually posing new 

challenges to sustainable farming. Due to natural mutation and 

selection processes, new genotypes appear of plant pathogens, insect 

pests, and weeds that break through pest management approaches, 

including host plant resistance, crop protection chemicals, and 

biological controls. In this work package, we study the process of this 

evolution and assess how the risks can be mitigated by integration of 

multiple methods and judicious use strategies. 

 
APPROACH 
 

 

 

The evolution of “super strains” of pests, diseases and weeds that 

overcome control strategies can occur in few years or take decades. 

Mathematical modelling is indispensable to evaluate the effectiveness 

over time of a strategy and make predictions. Such models assess 

population genetics and population dynamics, as well as damage to the 

crop, and should be based on sound biological knowledge, generated by 

literature research and experimentation.    

 
FIRST RESULTS 
 

 
A meta-analysis of biological control of grey mould (widespread, and 
notorious, e.g., on strawberries, grapes, and tomato) has shown marked 
differences between pathogen strains in their aptitude to grow in the 
presence of antagonists, such as the bacterium Pseudomonas 
chlororaphis (Figure 1).  
 

 
Figure 1. Growth of two strains of grey mould fungus, Botrytis cinerea, in petri dishes 
in the presence of Pseudomonas chlororaphis; left: sensitive Botrytis strain ; right, a 
less sensitive evolved strain. Far right: infected strawberry. 

 
These differences hold a warning against one-sided reliance on a single 
biocontrol agent. One sided usage of Cydia pomonella granulovirus has 
already resulted in resistance development in the target pest, the 
codling moth, an important pest on apple (Fig. 2). An SME partner in 
PURE, Natural Plant Protection, is developing new strains of the virus 
that can overcome this resistance. 
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Figure 2. Cydia pomonella granulovirus (CpGV) is a biocontrol agent for Codling moth 
(Cydia pomonella). PURE works towards identifying novel strains that overcome 
resistance in the target pest.  

 

 
Figure 3: Model images of a yellow rust epidemic in France, after initialization with a 
novel strain in the Northwest in spring. 

 
We have built a spatial population genetic and population dynamics 
modelling framework at a continental scale, to identify pathways for 
spread of yellow rust through France (Fig 3) and analyze the drivers of 
emergence of new rust strains. Modelling studies at regional scale 
suggest that gene stacking is not a panacea for providing durable 
resistance, and under certain conditions, alternation is as good as 
stacking. Vicious strategies that promote development of super-strains 
have been identified. 
 

 
Figure 4: Herbicide resistant (left) and susceptible individual (right) of barnyard grass, 
Alopecurus myosuroides, indicating major difference in fitness.  

 
Model studies on weed dynamics indicate the importance of diversified 
rotations to combat problem weeds. Empirical studies showed that 
herbicide resistant weed have fitness disadvantages, highlighting 
opportunities for controlling those weeds by using an integrated 
approach (Fig. 4). 
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INTERACTION WITH 
CROPPING SYSTEMS 
ACTIVITIES 
 

 

 
Picture of field visit at INRA Grignon (June 2012) with participation from 
Wheat based cropping system colleagues. Here we inspect a wheat field 
with yellow rust infection in a cropping systems trial. Inset: leaf with 
yellow rust.  Photos: Wopke van der Werf 
 

 
NEXT STEPS 
 

 
At the PURE annual meeting in Valencia, March 2014, we will again 
engage with the Cropping systems activities and discuss our findings 
and their implications for practical IPM approaches in key cropping 
systems in Europe. 
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Plant-pest enemies interactions 
 

FEBRUARY 2014  

 
OBJECTIVES 
 

 
1. Assess the potential of selected combinations of defence- and 

priming-inducing agents to enhance the effectiveness of natural 
defence in tomato and wheat (Task 1) 

2.  Develop biocontrol strategies for use against plant pathogens (Task 
2) 

3.  Develop biocontrol strategies for use against insect pests (Task 3) 
4.  Identify natural products that could function as biopesticides (Task 4) 

 
APPROACH 
 

 
This activity identifies factors that can be used to control pest and 
disease infestations in order to develop innovative crop protection 
methods. Research is being conducted at a range of levels from 
molecular to whole organism to community or field level. Natural 
products with a direct effect against pests/microbes or their pathogenic 
behaviour as well as those providing indirect defence by attracting 
natural enemies of pests or priming plant defence are being 
investigated. Biocontrol agents are being evaluated to determine which 
show the most potential for use in crop protection. The knowledge of 
plant defence and interactions between pests and natural enemies 
gained in this activity will inform pest management practise and the 
development of bio-products or green products will supply the toolbox 
of Cropping systems activities. 
 

 
FIRST RESULTS 
 

 
1. Development of plant activator x genotype combinations to 
enhance tomato resistance against pests and diseases.   

The objective of task 1 is to optimise the benefits of different defence 
activators in tomato, and to extrapolate results from fundamental 
research with the model plant species Arabidopsis to tomato. So far, 
task 1. has revealed that the effects of chemical defence activators(s) on 
resistance and plant growth repression depend on the tomato cultivar 
used. This outcome creates opportunities for tomato breeding 
programmes to select for genetic traits that increase the resistance 
response to specific combinations of chemical defence activators, whilst 
minimizing the costs in terms of plant growth reduction. The most 
effective plant activators emerging from these trials are β-aminobutiric 
acid (BABA; Figure 1) and fructose. Fortunately, neither of these needs 
custom synthesis. BABA is available via Sigma and fructose is also 
readily obtainable and inexpensive. Protocols for their use are available 
from Jurriaan Ton (Sheffield University) and Nick Birch (JHI). Secondly, 
research on the model plant species Arabidopsis has revealed the 
identity of the receptor protein of BABA. This so-called IBI1 protein was 
found to control disease resistance and plant growth suppression via 
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separate signalling pathways. Hence, the costs of BABA-induced 
resistance can be separated genetically from the corresponding costs on 
plant growth. Subsequent experiments with tomato have revealed that 
tomato perceives BABA in a mechanistically similar manner as 
Arabidopsis. Currently, reverse genetics techniques are used to confirm 
the identity of the tomato IBI1 gene homologue of in tomato. The 
discovery of the plant receptor of BABA allows for more targeted 
breeding programmes that specifically aim to increase crop 
responsiveness of BABA-induced resistance, whilst minimising the 
concurrent stress response to this chemical.  
 

 
 
 
 
 
 
 
 
2. Formulations to improve the longevity of fungal biocontrol agents 
and more efficacious strains have been developed.  

A natural occurring hyperparasite, Ampelomyces quisqualis (Fig.2)., is 
considered one of the best alternatives to chemicals against Erysiphales, 
the casual agents of powdery mildews that are among the most 
dangerous plant diseases worldwide.  

Figure 1. Long-lasting induced resistance in tomato against grey mould 
(Botrytis cinerea) upon seedling treatment with beta-amino butyric acid 

(BABA) A: Experimental procedure of seedling treatment B: representative 
differences in disease at 21 d after induction treatment and 5 d after 

inoculation with B. cinerea.  C: Lesion size (cm) at 21d, 35d and 49d after 
induction treatment and 4 d after inoculation with B. cinerea. 
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Figure 2: Ampelomyces quisqualis, fungal biocontrol agent viewed under the 

microscope 

We evaluated the effect of five different substances (Powdery mildew 
extract, Shrimp Shells powder, Chitosan, Yeast cells and Mushroom 
powder) on the germination rates of three selected A. quisqualis strains 
(AQ10, ITA 3, ATCC 200245) (Fig.3). Conidial germination and tube 
elongation of strains were stimulated most strongly by shrimp shells. 
AQ10 exhibited significantly lower germination rates and less tube 
elongation in the presence of several substances stimulating conidia, as 
compared to the strain ITA3. In vivo biocontrol assays after stimulation 
of conidial spores of A. quisqualis were conducted with cucumber 
(Podosphaera xanthii), strawberry (Podosphaera aphanis) and grapevine 
(Erysiphe necator) powdery mildews. Best results were obtained with 
ITA 3 stimulated by chitoplant, shrimp shell and mushroom which 
reduced the infected leaf area on strawberry, grapevine and cucumber 
(62 to 91% less). 

 

Figure 3: Effects of five different substances on the conidial germination (%) of three 
selected A.quisqualis strains  
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Several species of the fungal genus Trichoderma are good antagonists 
of soil borne diseases; they are competitors for space, nutrients and 
produce lytic enzymes. Trichodermas are common inhabitants of the 
soil; however their natural concentration is often too low to provide a 
sufficient antagonism against soilborne pathogens. We have developed 
an improved strain, Trichoderma atroviride SC1 and conifer bark 
formulations that improve its longevity.  
 
3. Identification of biocontrol agents for the invasive insect pest Tuta 
absoluta (tomato leafminer). 
 

  
Figure 4. Egg parasitoid (Trichogramma achaeae) and the predator (Necremnus  
artynes) are being tested in glasshouse trials 

 
We have been charactering and optimising biocontrol solutions for 
tomato leafminer (Fig. 4). Quality control is essential to achieve 
effective biocontrol because different species of insect parasitoids and 
predators look similar but have completely different performance in 
controlling the pest. For example, Trichogramma brassicae sold as T. 
achaeae by one company led to failures of biocontrol programmes. We 
have established morphological and molecular protocols for species 
characterisation. For Trichogramma species tested there was 
agreement of molecular and morphological data indicating that the 
strain sold by other companies such as Invivo Group (France) was a 
true Trichogramma achaeae. 

In collaboration with “Protected crops” and “Emerging technologies’ 
activities, a field test was conducted to assess the biological 
performances of Necremnus  artynes against Tuta absoluta in a 
greenhouse in the South of Italy (Fig.4). Predation rate was 20-30% 
which was considered too low and future trials will focus on the egg 
parasitoid, Trichogramma achaeae. 
 
4. Identification of natural products that could function as 
biopesticides  
Natural products with useful biological activity such as insect 
antifeedant activity or inhibition of fungal mycotoxin biosynthesis are 
being sought. 3-5 dicaffeoylquinic acid (DiCQ) has a significant activity 
on aphids by ingestion but not enough in field trials up to now. 
Similarly, Caffeic and Chlorogenic acids are the best plant derived 
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inhibitors of Fusarium mycotoxin in vitro, but their effect on treated 
plants is limited. For both series of compounds, improvement of their 
field effect will be tested through formulation using BayerCropScience 
expertise.  Ajuga chamaepitys extract was tested at Rothamsted and 
found to have antifeedant activity against diamondbackmoth Plutella 
xylostella larvae. 
 

 
INTERACTION WITH 
CROPPING SYSTEMS 
ACTIVITIES 
 

 
Fungal biocontrol agents have been tested in the grapevine activity. 
Production of the Trichoderma atroviride SC1 strain was scaled up and is 
available for the field trials. It will be offered to the grapevine Cropping 
systems activities for trials in 2014. 
 

NEXT STEPS 
 

For the plant defence activator work, we will optimise application 
methods, evaluate effects on belowground interactions with plant 
beneficial microbes and develop tools for breeders. 

BCAs for plant diseases: Production of the ITA 3 Ampelomyces quisqualis 
strain and Trichoderma atroviride SC1 strains of biocontrol agents for 
use against plant diseases is being scaled up for a field application in 
summer 2014.  

BCAs for tomato leafminer control: Two different strains of 
Trichogramma achaeae, provided by IAS (strain A06 reared from eggs of 
Ephestia kuehniella , strain A02 reared from eggs of Sitotroga cerealella) 
at different of temperature and relative humidity regimes will be tested 
on Tuta absoluta eggs. These trials will allow us to understand how 
temperature before and after emergence affects the performances of 
this parasitoid in terms of parasitization rate coupled with longevity. 

Natural products: Tests of efficiency of curcumin to inhibit fungal 
growth and mycotoxin biosynthesis by Fusarium, phenolic acids 
metabolism by F. graminearum and field experimentations for the most 
active compounds. 
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Ecological engineering for IPM:  
from field to landscape 

FEBRUARY 2014 

 
OBJECTIVES 
 

 
In this working group, we are exploring ways in which the ecology of 
pests, their interactions with other organisms and the physical 
environment, can be managed in to help achieve pest control. 
 

 
APPROACH 
 

 
We are using a combination of field experiment, laboratory assay, 
landscape scale observation and computer simulation modelling to 
explore the ways in which the different habitats in the crop production 
environment can be managed. Our investigations cover a range of 
spatial scales that includes the field, field boundaries and the wider 
landscape (Fig. 1). 

 
Figure 1. Habitats can be managed 
at multiple scales. Here habitats 
associated with Orchards in the 
South of France are shown at 3 
different scales. 
 

 

 

 

 

 

 
FIRST RESULTS 
 

 
Disease suppressing soils 
At the field scale we are performing a trial to look at the way crop 
rotations and tillage can influence soil organisms and lead to the 
suppression of soil pathogens (Fig. 2). 

 
Figure 2. The field trial in northern France  
showing a brassica plot, November 2011 

 

 
The results from the first year of the field trial show a variable response 
to crop sequence and management. Bacterial, fungal and nematode 
communities responded to treatments. Though the disease antagonist, 
Lysobacter spp., was found in the soil it was not influenced by either 
tillage or rotation but despite this, limited changes in disease 
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suppression were detected (Fig. 3). The full significance of these results 
will only be established with the completion of the field-trial in 2014. 

 
Figure 3. Disease suppression was tested by 
challenging wheat grown in field trial soil to 3 
pathogens: Pythium ultimum, Rhizoctonia solani 
AG 8, and Gaeumannomyces graminis 

 
 
Conserving Natural Enemies 
In reviewing a large number of studies we demonstrated that a wide 
range of strategies were effective in conserving natural enemies 
including spiders, ground beetles, and parasitoid wasps. However, the 
results suggest that the success of conservation strategies depends on 
the scale at which they are deployed (Fig. 4) and also on the 
composition of the surrounding landscape (Fig. 5) 

 
Figure 4. As strategies are 
deployed at larger scales they 
become more effective as 
measured by Hedges’ d (y-axis) at 
conserving winged species of 
natural enemy but less effective in 
the conservation of flightless 
species (spiders).  

 
 
 
 
 
 
 
 
 
 
Figure 5. The effectivness of the 
natural enemy conservation was 
geatest in those studies that were 
conducted in simple landscapes 
(>75% arable/grass land). 
 
 
 
 
 
 
 
 

 
Measuring landscape effects 
We have also been analyzing data collected from three different 
cropping systems to understand the relationship between pests and 
natural enemies and the types of habitat surrounding fields and 
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orchards (Fig. 6). 
 
Despite considering contrasting cropping systems, regions, and pests 
we found that conditions beyond the field were consistently important 
in determining both pest and natural enemy numbers.   
 
 
 
 
 
 
 
Figure 6. Pest and natural enemy 
populations in sampled fields (bright 
green) were related to the surrounding 
habitats from the field boundaries to the 
land use composition several kilometers 
away. 
 
 
Codling moth density in the apple orchards of Southern France and its 
parasitoids (Fig. 7) are highly sensitive to organic cropping practices 
both at the orchard and landscape scale but they are also influenced by 
the density of windbreak hedgerows and irrigation channels in the 
landscape. 
 

  
 
Figure 7. Codling moth larvae (left) are parasitised by several species of wasp 
including Ascogaster quadridentata (right). 
 
Within the wheat fields of the Fénay area of central France, the 
presence of weed species is determined by cropping that takes place 
within field but also by the type of boundary surrounding the fields and, 
and for four weed species, by the management of neighbouring fields. 
 
In a similar way generalist predators present in the Scottish arable 
system respond to the landscape as well as the local field conditions. 
For example, spiders are more abundant in landscapes that contained a 
higher proportion of semi-natural habitats (Fig. 8). This contrasts with 
ground beetles and rove beetles which favour more intensely managed 
land both at the field and landscape scale. 
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Figure 8. Spider abundance 
increases three fold as the 
proportion of semi-natural land in 
the landscape increases from 1 to 
10%. 
 
 
 

 
 
 
 
Modelling landscape effects  
The results we have obtained so far demonstrate that the design of 
ecologically based pest control strategies should take account of 
processes operating at scales from the field to landscape and the 
interactions between them. 
 
To address this we are taking a modelling approach which combines the 
dynamics of crop production with the population dynamics of pests and 
their natural enemies to explore the response of pest to the 
management of the crop and non-crop habitats at a range of scales 
from local to landscape (Fig. 9). 
 

 
Figure 9. The model integrates the behavior of multiple “local” populations (top right 
panel) connected by the dispersal to give an area-wide view (bottom right panel) of 
the pest response. In this example the different trajectories (bottom right panel) show 
how the size of buffer zones alters the effectiveness of rotation based control in 
western corn root worm. 

 
The model has been designed to be flexible allowing us to look at a 
wide range of ecologically based strategies for pest control. Some of 
the ideas trialed so far include optimizing the use of pesticides in space 
and time, designing natural enemy based conservation strategies, and 
assessing the impact on pest control of interference between multiple 
natural enemies. 
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INTERACTION WITH 
CROPPING SYSTEMS 
ACTIVITIES 
 
 

Our research has already highlighted the potential of ecological 
engineering strategies to help suppress pest populations and is 
providing insight into how such strategies might be developed. This 
includes some key recommendations for the Pomefruit and Cereal 
based systems studied in PURE. 
As ecologically based approaches to pest control take space and time to 
implement we are maintaining our efforts to develop and test such 
strategies through the continuation of our own field trials in wheat 
based systems and through the landscape modelling of cereal and 
pomefruit systems. 
 

 
NEXT STEPS 
 

 
We will continue to develop and test ecological strategies completing 
field trials and model simulation experiments to provide 
recommendations on:  
- The potential of cultivation methods pathogen suppressive soils in 
wheat based farming systems. 
- The manipulation of field margins to achieve pest suppression through 
conservation biocontrol in wheat based systems. 
- The design of pest suppressive landscapes for wheat and orchard 
based farming systems. 
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Emerging technologies  
for Integrated Pest Management 

FEBRUARY 2014 

 
OBJECTIVES 
 

 

We will develop new technologies that combine detection and 

monitoring at field scale and at nano scale. Decision support systems 

link these scales for proper action at the right time and scale. Airborne 

and optical sensing methods are developed at field scale. DNA 

diagnostic tools are developed for nano scale technologies. Mating 

disruption is developed for biological control. Precision crop protection 

is developed to reduce inputs during action. 

 
APPROACH 
 

 

To close the precision agriculture loop, methods for monitoring and 

detection have to be integrated into decision support engines and 

innovative crop protection solutions. These solutions include mating 

disruption technologies both for protected vegetables and for 

grapevine. Furthermore precision spraying technologies to apply 

adequate amounts of crop protection products. 

 
FIRST RESULTS 
 

 

 
In the first years spores have been trapped in fields and at rooftop 
locations (Fig 1). Spores are emitted by crops and also by certain pests 
that are in the fields. Spores from rusts or other diseases are very 
harmful for the wheat crops in the region. Therefore spores have also 
been trapped at rooftop locations to provide information on a more 
regional level. 
 

                
Figure 1. Left : Field air sampling picture; Right: Rooftop sampling picture 

 
The spores have been collected from these traps. At Rothamsted, DNA 
has been extracted from these samples. DNA has been sent to Aarhus 
University in Denmark and to Plant Research International in The 
Netherlands where it has been analyzed for the presence of certain 
pathogens.  
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For the decision support system multiple dose-effect trials have been 
established and analyzed for weed control in Maize. These data were 
input in the first prototype decision engine and the results were made 
available to the partners on a website. The proposed crop protection 
measures are now presented to the Maize field trials. 
 
Mating disruption (Fig 2) by vibration was introduced to grapevine 
pathogens in season 2012 and 2013. Trials were performed to find out 
the correct vibration signals to interact with female and male insects. 
These vibrations cannot be heard by the human ear, though can be 
detected by the male and female insects, so that they get confused and 
cannot generate any offspring, thereby the pest is controlled in the 
field. 
 

 
Figure 2. Mating disruption in grapevine 

 

Pheromone dispensers (Fig 3) were used in a similar way to confuse 
mating Tuta insects. Male and female insects could not find each other 
due to the odour dispensed by the pheromone dispenser. Humans 
cannot smell the odour, though it is very specific to certain insects and 
thereby an effective way of controlling insects in fields. 
 

 
Figure 3. Pheromone dispensers to control Tuta 

 
For precision control and minimum application amounts a cell sprayer 
was developed and adjusted for use in vegetables. This sprayer (Fig 4), 
tested in field, only applies crop protection on places where it is 
required instead of broadcast spraying the whole surface area. 
 

http://130.226.173.145/cp/weeds/parameters.asp?Language=en&ID=PURE
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Figure 4. Cell sprayer for specific spraying in vegetables 

 
For precision spraying in orchards a canopy density sprayer (Fig 5) was 
developed and further tested. This sprayer is measuring the width and 
height of the fruit trees and adjusts the number of spray nozzles that 
are active. This helps the farmer in applying the right and minimal 
amount of crop protection products in the orchard. It also minimizes the 
residue on the fruit, and probably in, but no residue evaluation was 
conducted. 
 

 
Figure 5. Canopy density sprayer for orchards 

 
INTERACTION WITH 
CROPPING SYSTEMS 
ACTIVITIES 
 

 
Each task and topic in emerging technologies activities links to one or 
more of the cropping systems activities. The spore sampling and DNA 
technologies are developed for wheat cropping and in cooperation with 
researchers and on-station experiments in the wheat activity.  
The decision support system is developed in close cooperation with the 
maize activity. The maize activity provides a lot of data to the 
researchers working on the development of the decision support 
system for weed control in maize. 
Vibration mating disruption is developed for the grapevine cropping 
system and the trials are performed at research stations. The mating 
disruption for Tuta Absoluta is developed for the tomato cropping 
system and tested in cooperation with that activity. 
The precision spraying techniques are developed for and with 
vegetables and fruit cropping systems activities. 
 

 
NEXT STEPS 
 

 
The prototypes of technologies that have been delivered for wheat, 
maize, vegetables, fruit, tomato and grapevine Cropping systems 
activities. These prototypes are now tested on stations where field trials 
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are performed.  
 
Next steps are to validate the prototypes of technologies and get them 
into the stage where aspects of the technologies can be put into 
practice and into commercial solutions for the farmers. 
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