
One Entomologist’s Experience with the 
Evolution and Practices of IPM 
Nationally and Internationally

Tony Shelton, Ph.D.
ams5@cornell.edu

mailto:ams5@cornell.edu


Biological 
control

Pest Biology
& Ecology

Cultural
controls

Landscape
Mgt

Host plant
resistance

Detection
Sampling & Monitoring

Thresholds
Control agent

Resistance Mgt

Integrated
Pest Management
Stern et al., 1959

Diagram:
S. Nananjo

These practices are 
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Economics, Environmental
and Social issues







Sweet Corn in NY
 Grown on 25,000 acres, 60% fresh market and 

40% processing, and valued at $40 M
 Main pests are ECB, CEW and FAW

Insecticide 
use down 
1/3 and no
loss in yield



Additional Research Helped
Refine the Sweet Corn IPM Program 

This information is provided to 
Private Scouting Services



Onion Thrips Onion Thrips Control
(Not IPM) 



Control Failure!
Is It Resistance?







Bt Broccoli- DBM System
A Tool to Study IRM and BioControl

We have DBM populations 
resistant to Cry 1Ac and 
Cry 1C proteins and 
information on the 
genetics of resistance. 

We developed broccoli plants
expressing Cry 1Ac or 

Cry 1C toxins, or a combination
of these toxins.



Results from Lab, Greenhouse and Field 
IRM Studies of Bt Broccoli- DBM System

(Empirical Data Helps Inform EPA!)

 Refuges of non-Bt plants are essential
for IRM

 Spatially separate refuges are superior 
to mixed refuges

 Pyramiding two Bt genes in plants will 
be more durable than single gene plants

 Concurrent use of Bt plants expressing 
a single gene and two Bt genes speeds 
insect resistant to the two gene plants
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Are Bt Crops Harmful to Natural Enemies?



What Did We Learn?
Protein Natural Enemy Crop Host Effect

Cry1Ac, Cry2Ab, 
Cry1F

Chrysoperla 
rufilabris

Maize, 
cotton, 
broccoli

Fall 
armyworm, 
cabbage 
looper

No

Cry1Ac, Cry2Ab Geocoris 
punctipes

Cotton Cabbage 
looper

No

Cry 1F Cotesia 
marginiventris

Maize Cabbage 
looper

No

Cry1F Coleomagilla 
maculata

Maize Fall 
armyworm

No

Cry1Ac, Cry2Ab Coleomagilla 
maculata

Cotton Cabbage 
looper

No

Cry1C Diadegma 
insulare

Broccoli Diamondback 
moth

No

Cry1Ac, Cry 2Ab Geocoris 
punctipes

Cotton Onion thrips No



Liu et al. 
PLoS One 2014



Genetically Engineered, Self-limiting DBM
A Tool for the Future







What Did We Learn from Greenhouse
Lab and Field Studies?



Single early season immigration on Day 1



 Brinjal is the 2nd most important 
vegetable crop in Bangladesh

 Grown by 150,000 resource-poor 
farmers on 50,000 hectares

 Farmers spray insecticide 80-100 
times to project brinjal from FSB

 Concerns about human health 
and the environment

Eggplant/Brinjal in 
Bangladesh 











Shelton, A. M. 2021. Bt eggplant: a personal account of using
biotechnology to improve the lives of resource-poor farmers.
American Entomologist 67:3
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Thanks to the Those Who
Contributed to Our Program

• 41 MS and PhD students
• 47 postdocs and visiting scientists
• > 250 technicians
• Dozens and dozens of colleagues 

nationally and internationally
• Federal, State and Industry Funding
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