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Guess or know? 

How assumptions about the behaviour 
of lepidopteran pests affect IRM 

strategies and sustainability of Bt-crops.



What are Bt crops?

Maize Soybeans CottonRice

ÅBt crops = genetically modified crops

ÅContain genes from bacterium Bacillus thuringiensis

ÅProduces Cry (crystal) proteins

ÅCry-proteins are effective toxins against various 
lepidopteran pests



Yield gains and pesticide reductions are 
larger for insect-resistant crops than for herbicide-
tolerant crops. Yield and profit gains are higher in 
developing countries than in developed countries.

Χƻƴ ŀǾŜǊŀƎŜΣ Da ǘŜŎƘƴƻƭƻƎȅ ŀŘƻǇǘƛƻƴ Ƙŀǎ
reduced chemical pesticideuse by 37%, 

increasedcropyieldsby 22%, and 
increasedfarmer profits by 68%.



How to ensure Bt technology sustainability

ÅIRM = Insect resistance management

ÅHigh-dose/refuge strategy  - mandatory IRM strategy



Refuge structures

Single block 
refuge

Perimeter refuge

Strip refuge

Mixed seed/
refuge-in-a-bag

Bt crop Refuge



High-dose/refuge strategy  - key assumptions

1. The resistance alleles are rare and recessive

2. Bt-toxins are expressed at a high dosage that kills 
heterozgotes(RS individuals)

3. The refuge produces large numbers of susceptible 
individuals to mate with resistant individuals



Other assumptions affecting IRM strategies

ÅFactors that could affect IRM are often overlooked:
ÅInteraction between insect pest and Bt crop

ÅInteraction between R and S individuals in pest population

ÅAssumptions valid for lepidopteran pests?

ÅInvalid assumptions = undermine IRM efforts

1. Random mating between R and S individuals

2. Random selection of oviposition site

3. No feeding preference and extensive migration of 
larvae

4. Consistently high Bt toxin expression within plants

5. Wild host plants as naturally occurring refuge



Assumption 1: Random mating 

ÅNo preferential mating between R and S moths

ÅResistance evolution might affect mating behaviour
ÅE.g. calling of females

ÅLonger development time for R individuals on Bt crop
ÅMating period or R and S moths may not overlap

ÅE.g. Pink bollworm Pectinophoragossypiella

Pectinophora
gossypiella

Preferential mating will 
reduce likelihood of hybridization 



Assumption 2: Random oviposition site selection 

ÅFemales unable to detect Bt toxins

ÅNo preferential oviposition between Bt and non-Bt plants

ÅSome lepidopterans do not display oviposition 
preference:

ÅOstrinianubilalis

ÅChilopartellus

ÅSesamiacalamistis

Å...but some species DO:
ÅSpodopterafrugiperda

ÅDamage avoidance behaviour

Preference for Bt crops will accelerate 
resistance evolution!



Assumption 3: Feeding preference and migration 

Å[ŀǊǾŀŜ ŘƻƴΩǘ ŘƛǎǇƭŀȅ Bt avoidance behaviour

ÅSome lepidopterans alter feeding and migration 
behaviour:

ÅOstrinianubilalis

ÅSesamianongrioides

ÅΧΦōǳǘ ǎƻƳŜ ǎǇŜŎƛŜǎ 5hbΩ¢Υ
ÅHelicoverpazea

ÅHelicoverpaarmigera

ÅFeeding and migration behaviour 

will affect choice of refuge structure

Mixed seed refuges are NOT suitable for migrating pests



Assumption 4: High-dose expression of Bt toxin 

ÅBt-toxin expression is not uniform: 
Åacross plant parts 

Åthroughout the growing season

ÅPest larvae feed on less toxic plant parts
ÅE.g. Helicoverpaarmigera

ÅPrefer feeding on less toxic 

cotton flowers 

ÅSilksof Bt maize

Greater survival of RS individuals...
ΧǊŀǇƛŘ ŜǾƻƭǳǘƛƻƴ ƻŦ ǊŜǎƛǎǘŀƴŎŜΗ


