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Aphid Control in Wheat without GM 
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Introduction 
Rothamsted Research is field testing a GM wheat in 2012 and 2013 which is modified to repel 
aphids. Aphids can be a serious pest of wheat. Conventional farmers use a number of insecticides 
to control aphids. This briefing examines the use of natural control agents to keep aphids below 
the level at which economic damage to wheat crops occurs without the need to resort to either GM 
or chemical pesticides. 
 
Background 
Rothamsted Research was granted authorisation by Defra to plant a GM wheat test site in Spring 
2012 and again in Spring 2013.  
 
The wheat variety, Candenza (a spring variety), was genetically modified to produce a hormonal 
chemical compound that acts as an alarm signal to keep aphids away. This chemical is a 
pheromone known as sesquiterpene (E)-β-farnesene (EBF) that aphids produce under stress, 
especially when they are being attacked by predators and parasitoids. This alarm pheromone 
causes other aphids to stop feeding and move away from the chemical source, which reduces their 
chance of being eaten or parasitised. The pheromone is said to repel other aphids about to infest 
the crop. In addition Rothamsted Research says the emission of EBF is expected to attract 
predators and aphid parasitoids to the GM crop.  
 
Aphids and wheat 
There are three main aphid pests of wheat in the UK:  
 

• The bird cherry-oat aphid, Rhopalosiphum padi. 
• The grain aphid, Sitobion avenae.  
• The rose grain aphid, Metopolophium dirhodum.  

 
These aphids can harm wheat in three main ways:  
 

• By sucking sugars from the plant, thus reducing the amount available for growth and filling 
ears.  

• By carrying infectious plant virus diseases, such as barley yellow dwarf virus.i    
• By encouraging fungal infestation because of their sugary exudates.  

 
Crops on conventional farms are usually walked regularly to look for signs of aphid attack. 
Insecticides will be sprayed if aphid populations are above the threshold when economic damage 
to the crop would occur due too few beneficial insects being present to control them. 
 
Aphids and viral diseases in cereals are mainly a problem in Winter cereal crops.ii Typically total 
insecticide costs in Winter crops to control all pests including non-aphid pests amount to around 
5% of total pesticide costs between £9 and £15 per hectare compared to around £5 per hectare in 
spring varieties.iii   
 
Controlling aphids on wheat without GM or pesticides 
 

“There is considerable potential to manage field margins to increase pest control by natural 
control agents and, in addition, to enhance biodiversity…allowing farmers to fulfil their 
environmental commitments without jeopardising profitable crop production.” 

- Powell et al 2004iv 
 
This statement sums up the potential for non-GM non-chemical control of cereal aphids in arable 
crops such as wheat. Ironically a lot of research demonstrating the effective use of natural agents 
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to control aphid populations was carried out at Rothamsted (when it was known as the Institute of 
Arable Crops Research) in collaboration with others institutions. 
 
The basic requirements for ensuring that natural control agents are effective arev and vi: 
 

1. Resources must be sufficient to ensure the survival and reproductive capacity of natural 
enemies is maintained or improved. 

2. The farmed landscape must permit movement between non-crop habitats and crops, or 
between crops, ensuring an even distribution of natural enemies during the pest infestation. 

3. A diversity of natural enemies with a range of phenologies and feeding habitats must be 
present to ensure that the pest is attacked throughout its lifetime and in a variety of ways. 

4. In the case of parasitic species it may be necessary to allow the pest to survive outside of 
the crop ensuring that parasites survive in the locality. 

 
The environmental requirements for natural control agents to survive and so be available to attack 
pests if needed arevii:  
 

• A supply of food for adult predators or parasitoids (eg, flowers producing pollen or nectar). 
• Above-ground overwintering habitats. 
• Alternative prey populations in or outside the crop. 
• Refuges away from pesticides spraying or cultivation operation to allow re-invasion. 
• Uncultivated land for overwintering. 

 
Cereal aphids have a number of different natural control agents including:  
 

• Pathogenic fungi (eg, Pandora neoaphidis) 
• Parasitoids (eg, Hymenoptera Parasitica)  
• Predators, such as ground beetles (Carabidae), rove beetles (Staphilinidae), spiders 

(especially money spiders Linyphiidae), adults and larvae of ladybirds (Coccinellidae) and 
the larvae of lacewings (Chrysopidae and Hemerobiidae) and hoverfly larvae (Syrphidae).  

• Parasitoids of aphids are nearly all solitary wasps that lay their eggs inside aphids, which 
are then used a source of nutrients for the wasp larvae and die. 

 
The need to reduce the use of pesticides prompted a wave of research into the biological control of 
aphids in recent years, and a number projects have demonstrated that aphid populations can be 
kept below the threshold at which economic damage occurs to the yield using a combination of 
biological control techniques, including the use aphid sex hormone emitters placed in fields to draw 
in parasitoids before aphid populations become established.viii   
 
Research into organic arable systems has also increased knowledge of the effectiveness of natural 
control agents for aphids:ix 
 

“The abundance of cereal aphids was five times lower in organic fields, while predator 
abundances were three times higher and predator-prey ratios twenty times higher in 
organic fields, indicating a significantly higher potential for biological pest control in organic 
fields.”  

- Krauss J, et al 2011x 
 
Research over a number of years has refined the techniques and identified the important changes 
needed in the management of arable farms necessary to ensure the natural aphid control agents 
are present and successful in wheat crops.xi and  xii Traditional plant breeding has also produced 
wheat varieties with partial resistance to aphids that can work in combination with control agents.xiii  
 
Adult hoverflies and adult parasitoids are highly mobile and can rapidly spread across large fields.  
Hoverfly activity can substantially reduce aphid numbers in mid Summer, when the impact of 
parasitoids is likely to be less.xiv 
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Money spiders are important predators of cereal aphids at least 100 metres1 into the crop even 
when aphid densities are low. 
 
The following management techniques have been shown to be effective: 
 
Field margins 
 

• Field margins and other areas of uncropped land containing wildflower/grass mixtures 
attract adult hoverflies and parasitoids and provide cover for other predators.  

• Types of flowering plants in margins and uncropped areas are important. For instance the 
Umbellifer flowers (eg, cow parsley and hogweed, yarrow and white campion) attract adult 
hoverfly, and stinging nettles attract ladybirds adults because they harbour high aphid 
populations. 

• Rough field margins provide ground-dwelling predatory invertebrates, such as carabid 
beetles, with a suitable habitat from which they move into aphid infested crops.  

• Set-aside strips sown with game cover can encourage predatory invertebrates. 
• Large fields take longer to colonise than small fields, and the centre of large fields has less 

diversity of predators, so breaking up field with beetle banks, uncultivated areas or 
wildflower strips can help overall control.  

• A narrow strip of grassy uncut vegetation against the field boundary (around one metre), 
with a broader (at least two metres) flower-rich strip has been recommended to maximise 
predators and parasitoids. 

• Hedgerows are important to provide overwintering sites for predators, as well as providing a 
source of alternative prey if aphids are not present on crops and nectar for adult parsitoids, 
hoverfly and lacewing. 

 
Timing 
 

• Parasitoids need to be active early in the season to coincide with aphid colonisation of 
crops in Spring. 

• Aphid sex pheromones stimulate early spread of parasitoids into the crop and increase their 
impact on cereal aphid populations.xv and xvi  Plastic strips impregnated with pheromones 
placed in fields to attract parasitoids have been shown to be effective. 

• Flowers to attract hoverfly adults should be present in mid Summer. 
 
Crop management 
 

• An in-field weed cover of 10-14% is good for attracting ground predators, such as ground 
beetles (carabids), which prey on aphids.  

• Large numbers of predatory invertebrates overwinter within the soil, so reducing Autumn 
cultivations can reduce losses through disturbance that exposes them to predators and 
weather. 

• Broad-scale insecticide applications should be avoided to maximise the chances of re-
invasion of predators with localised distribution, such as carabid beetles, and to avoid killing 
predators which are active in the crop. 

 
Research published by the Home Grown Cereal Authority and others demonstrates that by 
adopting this range of management techniques cereal aphid numbers were kept below the yield 
damaging threshold on a number of different trial farms in the UK. A diverse community of natural 
control agents of aphids in agroecosystems can provide stability for biological control in wheat. No 
single field margin management approach will suit all predators and parasitoids, so a range of 
habitats are required. Such an approach will also help maintain and restore farmland wildlife 
including pollinators, butterflies, moths, mammals and birds. 
 

                                                 
1 Researchers only took samples up to 100 metres into the crop therefore the middles of large fields were not 
sampled. 
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To enable the knowledge gained by this research to be widely adopted arable farmers need 
specific training and advice linked to that provided for agri-environment schemes. 
 
Other benefits of non-GM aphid control 
The provision of biodiverse field margins and uncropped land on farms is also an important means 
of restoring biodiversity in farmland. These areas can provide food and shelter for a broad range of 
invertebrates, amphibians, mammals and birds, all of which have significantly declined in recent 
decades due to intensive farming methodsxvii including the over-reliance on pesticides to control 
weeds and insect pests. If planned and managed correctly these areas can become rich in 
wildflowers, which attract bees, other pollinating insects, butterflies and moths, as well as many 
other leaf- and nectar-feeding invertebrates.xviii   
 
Research in Canada has shown that profits are highest if 30% of land is uncultivated within 750 
metres of the edge of oilseed rape crops.xix This uncultivated land provides wildflowers for nectar 
and pollen when the crop is not in flower. It also provides nesting sites for wild bees and host 
plants for other pollinators. Other studies have shown the importance of honeybees and other 
large pollinators for increasing yields.xx A trial in Australia where bees and other large pollinating 
insects were excluded from one part of oilseed rape crops found that seed yield was 58% 
increased and seed weight by 46% when pollinators had access to the crop.xxi  
 
Farmland birds and mammals can also benefit from field margins, uncropped land and from in-field 
weeds which combine to provide cover for nesting and chicks in Summer, as well as Winter feed 
from insects and weed seeds. 
 
Arable farmers currently receive CAP subsidies to manage field margins for wildlife, although there 
is a evidence that more needs to be done to maximise the benefits to farmland biodiversity through 
these schemes.xxii   
  
Conclusions 
Field research has demonstrated that a diverse range of predators and parasitoids can keep cereal 
aphid populations below the threshold that leads to crop yield reduction. Wheat with naturally bred 
aphid resistance and pathogenic fungi can work alongside predators and parasitoids to control 
aphid numbers.  
 
Healthy predator and parasitoid populations can be achieved by providing suitable habitats in and 
near fields. Such measures will also benefit other farmland wildlife, which has been in decline for 
many decades and is subject to government targets and taxpayer support via CAP payments. 
 
GM wheat and pesticides are therefore irrelevant, unnecessary and potentially damaging 
interventions in the agroecosystem.  
 
The overriding priority should be to provide training for farmers in how to create the ecosystems 
that allow natural aphid control agents to thrive. Ongoing research will help refine these methods 
and provide opportunities for UK scientists to spread their knowledge and expertise to the major 
cereal growing areas where aphids and aphid-borne plant disease are a problem. This is an 
exciting and challenging branch of science in which the UK has a very strong research base. It 
would be waste of farmers’ and taxpayers’ money to not maximise the use of the knowledge 
gained so far. 
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