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Presentation Outline

 Background to GMO/ Bt maize

 Insect resistance management (IRM)

 Product stewardship

 Present and potential options for Africa

 Summary
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 What are the main advantages of Bt crops

 7 steps involved in the action of Bt/ How does Bt kill an insect

 How does an insect become resistant to Bt

 What are the two strategies used for Insect Resistance 
management (IRM)

 Why a refuge? Why is planting a refuge important? How do 
you plant a refuge?

 Why is Bt stewardship important

 How can we be stewards of Bt technology/ what is our role in 
monitoring for evolution of resistance?

 Any success stories - use of Bt for management of Fall 
Armyworm (FAW) in Africa?
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FAW- Threat to Food Security

Harris Creek 

D. Wangila

(FAO, 2017)
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What are GM/ transgenic /Bt
Plants?
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Bacillus thuringiensis “Bt” 

 Derived from soil bacterium- produces crystal proteins (Cry)

 Toxic to many species of insects/ Cry family- specificity

 Proven safety for environmental and human health

 Used as a biological insecticide for over 50 years -

extensively in the organic market- Dipel, Thuricide, Javelin

 As a foliar spray: weaknesses are production, delivery and 

durability

 Bacterium is genetically introduced in a plant

 Transgenic Bt plants: > 20 years in the market
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Mode of Action of Bt toxins

Solubilization by alkaline gut

Toxin Ingestion

Receptor Binding

Proteolytic Activation

Pore Formation

Mortality

Cell lysis
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Source: ISAAA, 2016
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Source: ISAAA, 2016



© 2017 Monsanto Company – Confidential For Internal Use Only

Source: ISAAA, 2016
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Global Status of Resistance

As of 2014;

 540 arthropods

 200 plant pathogens

 230 weeds

 5 mammals

D. Wangila

(Siegfried, 2015)
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Field Evolved Resistance to Bt Crops

 African stem borer to Cry1Ab maize in 
South Africa in 2005/06 (Van Rensburg 2007)

 Pink bollworm to Cry1Ac cotton in western 
India in 2009 (Dhurua and Gujar 2011)

 Western corn rootworm to Cry3Bb1 corn 
in USA in 2011 (Gassmann et al. 2011) 

 Corn earworm (CEW) to Cry1A, Cry2Ab 
sweet corn in the U.S. (Dively et al. 2016)

http://www.push-pull.net/Chilo%20life.htm

news.bbc.co.uk/2/hi/science/nature/412198.stm

Marlin Rice

news.bbc

http://news.bbc.co.uk/2/hi/science/nature/412198.stm
http://www.google.com/imgres?imgurl=http://www.push-pull.net/images/Busseola fusca.jpg&imgrefurl=http://www.push-pull.net/Chilo life.htm&h=613&w=604&sz=62&tbnid=IhyZwhkbxf8J::&tbnh=136&tbnw=134&prev=/images?q%3DPhotos%2Bof%2BBusseola%2Bfusca&hl=en&usg=__dzAaKUtoGrvEoxwxM98RER08-dE=&sa=X&oi=image_result&resnum=1&ct=image&cd=1
http://news.bbc.co.uk/2/hi/science/nature/412198.stm
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How Does an Insect Population 

Become Resistant to Bt Crops?

Accelerate development of resistance

High degree of selection pressure

Insecticide resistance management (IRM) Plan

Ensures long-term durability of Bt plants
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 ‘High dose/refuge’ strategy - from 1996

 ‘Gene pyramiding’  - from 2002 in cotton 

and 2010 maize

Current IRM for Bt Maize
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Current IRM for Bt Maize

High dose/refuge 
strategy

“High dose” to 
kill ≥ 95% RS

Recessive 
resistance Rare R allele 

frequency 
(<0.001)

RR can mate with 
the SS from non-Bt

refuge plants



What is a refuge and why plant one?

Bt land

(Davis & Onstad, 2000; Liu et al.1997; Tabashnik et al. 2000)



Option A

95% Bt, 5% non -Bt.
No insecticide control in 
refuge

800m

Option B

80% Bt, 20% non -Bt.
Chemical control in the 
refuge allowed

800m

Refuge theory

Refuge tenets - size, location, planting, treatment 
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Examples of structured refuge arrangements

Strip planting

Bt plant

Non Bt plant

Perimeter planting

Block planting

NonBt plant

Soybean

Bt plant

Separate fields

(USEPA 2001; Monsanto, 2010)

Refuge theory

Non Bt plant
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 Gene-pyramiding: >1 Bt genes for same target sp.

 YieldGard II: Cry1A.105 and Cry2Ab2 for moth pest

 No cross-resistance between Cry proteins

Gene pyramiding IRM Strategy

Pyramided 
Cry1A.105/Cry2Ab

Cry1F/Cry1Ab 

1996 2003 2010

Single gene
Cry1Ab,Cry1Ac

Single 
gene 
Cry1F

Pyramided
Vip3A

2017
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Goals - To detect evolution of resistance in target pest

- To derive long term gains from this technology

Stewardship/ Resistance Monitoring



© 2017 Monsanto Company – Confidential For Internal Use Only

Goals- To detect evolution of resistance in a target pest

- To derive long term gains from this technology

Main tactics (8)

 Sentinel plots

 Diet incorporated bioassay

 Leaf tissue bioassay

 Whole plants bioassay

 Deterministic dose bioassay

 Discriminatory dose bioassay

 F1 and or F2 screening

Stewardship/ Resistance Monitoring
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Monitoring Evolution of Resistance

Diet-incorporated

Whole plant

Leaf tissue

Insect Bioassays
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Bt group Bt protein Crop

Cry1 Cry1Ab, Cry1Ac, 
Cry1F, Cry1A.105

Maize, cotton, 
soybean

Cry2 Cry2Ab ≈ Cry2Ae Maize, cotton 

Vip Vip3A Maize, cotton 

Bt Proteins for Lepidopteran Pests 

(Difonzo, 2017; Huang et al., 2016)
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Bt group Bt protein Crop

Cry1 Cry1Ab, Cry1Ac, 
Cry1F, Cry1A.105

Maize, cotton, 
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Cry2 Cry2Ab ≈ Cry2Ae Maize, cotton 
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Bt Proteins for Lepidopteran Pests 
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Bt Maize potential to control FAW in Africa
South Africa

 MON810 reduced damage by FAW, no full-season protection

 MON89034 shown very good control of FAWinfestations

 Scouting for this pest and additional control tactics needed 

 MON89034could be an effective technology for FAW

Trade name Event Bt protein(s) Control 

spectrum

YieldGardTM MON810 Cry1Ab ECB, SWCB, SCB

GenuityTM

VT ProTM

MON89034 Cry1A.105 + 

Cry2Ab2

CEW, ECB, FAW 

SB, SCB, SWCB
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Bt maize with potential to control Fall Armyworm-
CFTs for stacked Dt + Bt hybrids, Uganda, Jan 2017

Case of MON810 CFTs in Uganda

Non-Bt maize
Bt maize
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Case of MON810 CFTs in Kenya

Kitale, July 2017

Bt maize
Non-Bt maize
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Case of MON810 CFTs in Kenya

Kiboko, July 2017
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MON810 Conventional Iso-hybrid

Chokwe, Mozambique – May 2017

Ears  vs. few, small-Ears

Case of MON810 CFTs in Mozambique
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WEMA  Mozambique – CFT 2017: 

Yield [t/ha]  (MON87460 + MON810)

Six hybrids show more yield due to the Bt trait

*
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 Use multiple MOA, i.e,. not Cry1F and Cry1A 

 No fitness costs in FAW resistance

 Cross-crop resistance is possible; a common 
target pest of Bt maize, Bt cotton, and Bt soybean 

 Tropical environment in Africa- more challenges

 Highly mobile and long flights

(Huang et al, 2017; Yang et al. 2016)

Summary: Transgenic Options For FAW 

Management in Africa
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 Reduce selection pressure, resistance occur for 
insecticides, biologicals and transgenics

 Non-sequential use of pyramids, > 1 MOA

 Compliance to refuge is critical for IRM

 IPM is a key part of FAW management

Summary: Transgenic Options For FAW 

Management in Africa
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 Effective resistance monitoring programs required

 Bt can be an effective tool for managing FAW

 Coordination among stakeholders is key

 Regulatory and political barriers in Africa need to 
be addressed to make Bt Maize a viable alternative

Summary: Transgenic Options For FAW 

Management in Africa
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