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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 
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tillage or rotation but despite this, limited changes in disease 

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). 
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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 

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 
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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. 

 
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 
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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. 

 

 

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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