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Early chemical interventions:

• Smoke

• Inorganic sulfur
• Memorialized by Homer 
• A cleansing ritual used against lice

• Botanicals
• Early use in China and Persia
• Extracts of several plants

Timeline of Insecticides
<1000BC
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• A cleansing ritual used against lice

• Botanicals
• Early use in China and Persia
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Timeline of Insecticides

By H. Zell - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=9065556

Wormwood Daisy

TobaccoElderberry

By Edal Anton Lefterov - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=25
451700
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Heavy metal compounds:
• Arsenic compounds
• Lead compounds
• Copper compounds

• Remained in use until the modern pesticide era

• Extremely long-lasting

• Many sites of pre-1950 orchards are still contaminated

Timeline of Insecticides
<1000BC
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Timeline of Insecticides
<1000BC

900

1700s
1842

1700s
• Persian dust introduced into Europe
• Dried and ground chrysanthemums
• Contained pyrethrum

1842
• Johann Zacherl

• Formulated pyrethrum into a consumer product
• Industrialization of pesticides- Vienna, Austria-1855



Timeline of Insecticides
<1000BC

900

1700s
1842
1867

1867
• Paris Green
• Initially a pigment used by painters - 1814
• Widely considered the first insecticide
• 1870s- wide use against Colorado Potato Beetle
• Pesticide for eradication efforts through 1945 By Georges Seurat - The Art Institute of Chicago, Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=2993756
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1867
• Paris Green
• Initially a pigment used by painters - 1814
• Widely considered the first insecticide
• 1870s- wide use against Colorado Potato Beetle
• Pesticide for eradication efforts through 1945

https://ae-
files.s3.amazonaws.com/ArticleImages/c3e28b01-7ce7-

4b7d-9633-b0850d0ea1be.JPG

By Georges Seurat - The Art Institute of Chicago, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=2993756
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1867
• Paris Green
• Huge impact on eradication programs

• Example: Malaria Control in Wartime Areas Program



Timeline of Insecticides
<1000BC

900

1700s
1842
1867

1867
• Paris Green
• Huge impact on eradication programs

• Example: Puerto Rico
• 340,000 gal/month of larviciding oil
• Required an oil tanker sailing every week
• Replaced by 4.5 tons/month of Paris Green



Timeline of Insecticides
<1000BC

900

1700s
1842
1867

1874

1867
• Paris Green
• Initially a pigment used by painters - 1814
• Widely considered the first insecticide
• 1870s- wide use against Colorado Potato Beetle
• Pesticide for eradication efforts through 1945

1874
• Synthesis of DDT by Othmar Zeidler
• Doctoral student at University of Strasbourg
 Adviser: Adolf von Baeyer
    1905 Nobel Prize

http://www.nobelprize.org/nobel_prizes/chemistry
/laureates/1905/baeyer.html, Public Domain



Timeline of Insecticides

1939

<1000BC

900

1700s
1842
1867

1874

1936
• Gerhard Schrader
• Synthesized several organophosphates
• His work was corrupted to create nerve agents

1939
• Paul Hermann Muller
• Discovers insecticidal properties of DDT
• Colorado potato beetle – Switzerland
• 1943- USDA Insects Affecting Man Laboratory

https://www.britannica.com/biography/Paul-Hermann-
Muller#ref73051

Bayer AG: Corporate History & Archives

1936



Timeline of Insecticides

1939

<1000BC

900

1700s
1842
1867

1874

1944
1945
1948

1944
• Scrub typhus outbreak in Naples, Italy
• Ticks and chiggers transmit Orientia tsutsugamushi
• First time: Disease cycle stopped with DDT

1945
• Approved for use in US – October 1945
• Pushed for agricultural & household use
• Quickly began to replace Paris Green

1948
• Paul Hermann Muller awarded Nobel Prize

1936

https://www.treehugger.com
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Timeline of Insecticides

1939

<1000BC

900

1700s
1842
1867

1874

1944
1945
1948

1949
• Synthesis of first pyrethroid - allethrin
• Schechter, Green & LaForge 1949
• USDA Bureau of Entomology

1950s
• Widespread use of organophosphates
• Widespread use of carbamates

1970s
• Widespread use of pyrethroids

1936

1949
1950s

1970s



What is 
insecticide 
resistance?

Card & Smith 1897 definition:
•  

Schoof 1959 definition:
•  

(from Forgash 1984)



Card & Smith 1897 definition:
•  

Schoof 1959 definition:
•  

(from Forgash 1984)

Functional definition:

• Phenotypic loss of efficacy

• Change from previous

• Variation in baseline susceptibility

What is 
insecticide 
resistance?



Melanger 1914:How does 
insecticide 
resistance
develop?



Melanger 1914:

IR Mechanisms:

• Variation between strains

• Suggested inheritance

• Broad vs. narrow resistance

How does 
insecticide 
resistance
develop?



Timeline of Insecticide  Resistance
1897
• Nebraska - Codling Moth
• Washington - San Jose Scale
• Resistance to sulfur pesticides

1908
• San Jose Scale
• Considered the first report of IR

1950s

1867

1945

1970s

1897

1908

https://irp-
cdn.multiscreensite.com/cf97b91f/dms3rep/multi/d
esktop/codling+moth.png http://ftreefruit.wsu.edu



Timeline of Insecticide  Resistance
1897
• Nebraska - Codling Moth
• Washington - San Jose Scale
• Resistance to sulfur pesticides

1908
• San Jose Scale
• Considered the first report of IR

1910-1925
• 3 reports from scale insects
• IR to cyanide class1950s

1867

1945

1970s

1897

1908
1910-25

https://irp-
cdn.multiscreensite.com/cf97b91f/dms3rep/multi/d
esktop/codling+moth.png http://ftreefruit.wsu.edu



Timeline of Insecticide  Resistance
1928
• Codling Moth
• Resistance to arsenates

1935
• Southern Cattle Tick
• Resistance to arsenates

1938-1943
• Blue tick – IR to arsenates
• Thrips – IR to tartar emetic

(MoA Class 8E- non-specific inhibitor)1950s

1867

1945

1970s

1897

1908
1910-25

1938-43
1928

By Daiju Azuma - Own work, CC BY-SA 2.5, 
https://commons.wikimedia.org/w/index.ph
p?curid=1111495

Photo courtesy of USDA ARS



Timeline of Insecticide  Resistance
1946
• IR to DDT in houseflies
• Induced by experimentation
• Confirmed in 1947 by USDA

1947
• DDT IR in field in Italy
• DDT IR in New York
• First reports in mosquitoes

• Aedes sollicitans/taenies - Florida 
• Culex pipiens - Italy 

• Bedbugs - Hawaii1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947

Photo courtesy of Library of Congress

Photo courtesy of AP Photo



The Insecticide Resistance Explosion
IR in Florida Salt Marsh Mosquitos
• August & September 1946 testing

• Published in 1949

• Three species:
• Aedes taeniorhynchus
• Aedes sollicitans
• Ps. confinnis1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947

• Three locations:
• Mosquito Lagoon – New Smyrna Beach
• Banana River – Cocoa Beach
• Indian River – Oakhill & Shiloh



The Insecticide Resistance Explosion
IR in Florida Salt Marsh Mosquitos
• Paired aerial sprays over 4 weeks 
• DDT vs other adulticides
• Landing counts at 2, 6, 10 & 24 hours
• 2 quarts/acre, 110 ft swath
• Standard underwing spray bars
• Spray at daylight

1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947

By Palmer, Alfred T., photographer. Public Domain, https://commons.wikimedia.org/w/index.php?curid=8026429

Naval Aircraft Factory N3N-3
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The Insecticide Resistance Explosion
IR in Florida Salt Marsh Mosquitos
• Paired aerial sprays over 4 weeks 
• DDT vs other adulticides
• Landing counts at 2, 6, 10 & 24 hours

1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947

>95% reduction 

<61% reduction 

36% loss of DDT 
efficacy over one 

month 



The Insecticide Resistance Explosion
IR in Florida Salt Marsh Mosquitos
• Revisit the IR situation in 1949

• Noticeable loss of efficacy during 1949 treatments
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The Insecticide Resistance Explosion
IR in Florida Salt Marsh Mosquitos
• Revisit the IR situation in 1949
• Noticeable loss of efficacy during 1949 treatments
• Comparison of treated vs. untreated areas
• Comparison of DDT to several other AIs
• Larval assay
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The Insecticide Resistance Explosion
IR in Florida Salt Marsh Mosquitos
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The Insecticide Resistance Explosion
1959

• Increasing number of IR species
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The Insecticide Resistance Explosion
1959

• Increasing number of IR species
• 16 of 30 confirmed IR are in US
• 20 of 30 species are mosquitoes
• DDT was losing efficacy
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The Insecticide Resistance Explosion
1959

• Increasing number of IR species
• 16 of 30 confirmed IR are in US
• 20 of 30 species are mosquitoes
• DDT was losing efficacy

• Conclusion:

1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947



The Insecticide Resistance Explosion
1984

• Over 400 resistant species (1908-1980)
• 61% ag pests & 39% public health pests
• IR has high economic & social cost

• Production loss & increased labor
• Increased disease & lost output
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The Insecticide Resistance Explosion
1984

• Over 400 resistant species (1908-1980)
• 61% ag pests & 39% public health pests
• IR has high economic & social cost

• Production loss & increased labor
• Increased disease & lost output

• Increased rate of IR after introduction of synthetics
• Before 1945:  <1 species/year
• By 1960:  >12 species/year

1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947



The Insecticide Resistance Explosion
1984

• Time to develop IR can be very short 
 ~1-4 years
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The Insecticide Resistance Explosion
1984

• Time to develop IR can be very short 
 ~1-4 years

• More time equals more IR in more 
 species
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The Insecticide Resistance Explosion
1984

  How do organisms become resistant?

• Pre-adaptive:  IR factors naturally exist in the population

• Early exposure:  IR factors segregate nearly independently

• Building phase:  IR factors begin selecting for efficiency

• Rapid phase:  IR factors rapidly increase in population
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The Insecticide Resistance Explosion
1984

 How do organisms become resistant?

• Pre-adaptive:  IR factors naturally exist in the population
 baseline susceptibility

• Early exposure:  IR factors segregate nearly independently
 susceptibility- slight IR

• Building phase:  IR factors begin selecting for efficiency
 gradual increase in IR

• Rapid phase:  IR factors rapidly increase in population
 rapid increase in IR

1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947



The Insecticide Resistance Explosion
1984

Nine elements that select for IR development

A residual closely related to a previous AI
AI persistent in the environment

Slow-release formulations
Application at a low threshold of population density

Treatment reaches and kills a high percentage of population
Selection against larvae or against both life-stages

Thorough application
Coverage of large geographical areas
Application of AI to every generation
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The Insecticide Resistance Explosion
1984

What is the future of insecticide resistance?

1950s

1867

1945

1970s

1897

1908
1910-25

1938-43

1946

1928

1947

<insert pest name here>
<insert area here>

By Udo Schmidt from Deutschland - 
Leptinotarsa decemlineata (Say, 1824), 
CC BY-SA 2.0, 
https://commons.wikimedia.org/w/inde
x.php?curid=39260967



Alden Estep – Research Entomologist
Neil Sanscrainte – Molecular Biologist

USDA ARS Center for Medical Agricultural & Veterinary Entomology

Thank you!
Questions?
 Just reach out…
 alden.estep@usda.gov
 neil.sanscrainte@usda.gov

mailto:alden.estep@usda.gov
mailto:neil.sanscrainte@usda.gov


“Mention of trade names or commercial products in this publication is solely for the purpose of providing specific 
information and does not imply recommendation or endorsement by the U.S. Department of Agriculture.” 

“The findings and conclusions in this presentation are those of the author(s) and should not be construed to represent 
any official USDA or U.S. Government determination or policy.”

“The U.S. Department of Agriculture prohibits discrimination in all its programs and activities on the basis of race, color, 
national origin, age, disability, and where applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or part of an individual's income is derived from 
any public assistance program. USDA is an equal opportunity provider and employer. 
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