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AGRICULTURAL HISTORY



AGRICULTURAL HISTORY

Norman Borlaug

◉Modernization of management techniques 
◉Distribution of hybridized seeds, synthetic 

fertilizers,and pesticides to farmers

The Green Revolution
◉ Between 1940’s - 1960’s 
◉ “saved over a billion people from starvation” 
◉ high-yielding varieties of cereal grains 
◉ Expansion of irrigation infrastructure



502 Records 
$ billions in economic impact

Spotted Wing Drosophila 
Estimated revenue loss in 2008 

$511.3 million

AGRICULTURAL HISTORY | INVASIVE SPECIES



“WHY SHOULD WE TOLERATE A DIET OF 
WEAK POISONS, A HOME IN INSIPID 
SURROUNDINGS, A CIRCLE OF 
ACQUAINTANCES WHO ARE NOT QUITE OUR 
ENEMIES, THE NOISE OF MOTORS WITH JUST 
ENOUGH RELIEF TO PREVENT INSANITY? 
WHO WOULD WANT TO LIVE IN A WORLD 
WHICH IS JUST NOT QUITE FATAL?” 
Rachel Carson, Silent Spring (1962)

1970’s  
USDA creates nationwide IPM program in Land 

Grant Universities



The IPM Pyramid

•Minimize impact on the environment 

•Minimize impact on human health 

•Maintain or increase soil fertility 

•Long-term pest management 

•Prevent pesticide-resistant pests 

•Strives to maximize long-term returns/savings

Monitoring/Scouting

Cultural/Sanitation

Physical/ 
Mechanical Biological

Pesticides



Monitor | Tools of the trade



Monitor | Tools of the trade

P
hoto: N

C
 S

tate U
niversity

Sweep net

http://ipm.ncsu.edu/soybeans/Scouting_Soybeans/scouting_for_insects.html


Slap/Beating technique

Scot Nelson

Monitor | Tools of the trade

https://creativecommons.org/licenses/by-nc-sa/2.0/


Monitor | Tools of the trade
Pheromone Traps | Sweet potato weevil



Monitor | Tools of the trade
Pheromone Traps | Sweet potato weevil

Juliana Cardona-Duque, University of Puerto Rico, Bugwood.org

https://www.insectimages.org/browse/detail.cfm?imgnum=5411108#collapseseven


Monitor | Tools of the trade
General Lures/Traps



Insect Identification
• Recent estimates of species 

diversity
• Total estimated species count: 8.7 

million (Eukaryotes)
• 2.2 million marine
• 1.2 million species described 

• 86% of existing species 
undescribed (96% of marine 
species)

• (Mora et al. 2011)



Larva

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture



Larva

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture



Larva

Io moth caterpillar, Automeris io (Erfan Vafaie, Texas A&M AgriLife Extension)

Fleshy legs
(prolegs)

Segmented legs
(True legs)



Larva

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture



Larva

John Flannery, Flickr, Some rights reserved

123456
7

Sawfly, Family: Symphyta

8

https://www.flickr.com/photos/drphotomoto/3685609388/in/photolist-VQVkHJ-6vjAL8-WmgryD-RFgnrU-6vjB1R-6voLSL-3bbwSH-8ftuG9-AYnz4p-3EypLg-WTVBeq-6vjACP-6voLZd-TQEJGH-2HdRw-HudeR1-P7Te6W-PCcoij-Y2rEJR-YAtkBk-kSPGZ-9JqCNW-2338pVF-bGkrq-3jKv6-6BFHgs-SsyYqA-23Ef5BR-22bsrka-4yPxKz-jTSur-VkMpdM-jV9zu-p5w9ie-3L5x6-o7dpBi-cczk21-p548D-43znEd-p4VKp-o6URDv-7Vj5gE-KDXT1-XLVakU-9RZDKb-DouMGV-ceusoo-22bss7a-9EeL5V-nJrVG8
https://creativecommons.org/licenses/by-sa/2.0/


Larva

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture



Larva

Derek Parker, Flickr, Some rights reserved

Lady beetle larva, Family: Coccinellidae

https://www.flickr.com/photos/derek_p/14378476510/in/photolist-nUzs8q-9vhrgc-9vkiyf-h1AvM-9vhrun-8XLhGb-9vkhV3-9vkhN1-9tx3Wm-HHouvv-5UJRmJ-9tu6ov-9vhi4H-9vki2A-9sBGV8-u5H9og-JEmDoK-drAE5Z-5RgDDC-ea4fpJ-cSgYnU-7MuG-gRCDr-pETdWx-7RrdN3-6w7tgS-vgMYHU-WZqXKZ-WZqXQZ-Jqg7cF-GM1QkZ-6fN5d2-iA4awn-gEVV4-abtSWw-ycDS2T-F6JLFF-8BCGmW-hEhVGp-nWK3Kr-WZqXWa-nvABGV-maj2fF-5zSdhD-nKnUCW-4ZXyuj-DR6D8w-cPKSq3-9sB8M8-uZeJJS
https://creativecommons.org/licenses/by-nc-nd/2.0/


Scott Bauer, USDA Agricultural Research Service, Bugwood.org



Larva

AJ Cann, Flickr, Some rights reserved

Ground beetle larva, Family: Carabidae

https://www.flickr.com/photos/ajc1/31572726565/in/photolist-68A1uG-oLNwCe-6XURLd-b3djiP-gSoC8a-MfB14X-XKQgZ1-BhR3rJ-Q6YtCz-vSnB4A-HgH2aF-J3oC81-RthDKf-Rw2pc8-R8iQJL-K427Ws-JWR7js-JaAnnA-JWRf8o-JWReqm-K72YJp-JaAoVA-JWRfuq-JaD3Lv-JWRePC-JWRcqE-JaAnCf-K72WVK-K72W32-JWRfLh-JZ6WJx-K429QC-JWR6i9-JaAq11-JZ6VJ6-YdeG2s-GHPRpV-K72XTX-JWRdn9-JZ71mx-K429gw-JaD4nk-JZ6YjM-w76Ctj-x4ECfV-QfRCKo-x3n1zh-wDMSD9-x9mF2b-brkJSr
https://creativecommons.org/licenses/by-sa/2.0/


Larva

Katja Shultz, Flickr, Some rights reserved

Ground beetle adult, Family: Carabidae

https://www.flickr.com/photos/treegrow/37133194285/in/photolist-YzkjXF-oL9ZG2-Z8B3qU-Tb892c-Te5uZj-aQzMHa-mo9Zwt-YzkjTc-8PHSkz-TX9US2-8yfVbQ-23oUenE-8yfYsm-8yfZNQ-8ycV74-8yfZ8U-8yfP2w-7HM2zv-GK1j9x-USQSJ3-GD7Lei-dy4qud-GD7UzB-dy3tEy-9dS2Xp-scKhRQ-6w7G2E-7KoQS4-7HQMuU-frVt9F-fE6v3b-8zvHz3-8zvHNs-8Ax2ze-8AA5T5-8yg5vq-8ycNKt-7HA1xc-8ycMzT-7KoMiz-8ycPni-8ycRdc-7KsEWY-8yfSwU-8ycM8z-7HQMds-8yg3NG-8yd3m4-7KoN5v-8AAqdb
https://www.flickr.com/photos/treegrow/37133194285/in/photolist-YzkjXF-oL9ZG2-Z8B3qU-Tb892c-Te5uZj-aQzMHa-mo9Zwt-YzkjTc-8PHSkz-TX9US2-8yfVbQ-23oUenE-8yfYsm-8yfZNQ-8ycV74-8yfZ8U-8yfP2w-7HM2zv-GK1j9x-USQSJ3-GD7Lei-dy4qud-GD7UzB-dy3tEy-9dS2Xp-scKhRQ-6w7G2E-7KoQS4-7HQMuU-frVt9F-fE6v3b-8zvHz3-8zvHNs-8Ax2ze-8AA5T5-8yg5vq-8ycNKt-7HA1xc-8ycMzT-7KoMiz-8ycPni-8ycRdc-7KsEWY-8yfSwU-8ycM8z-7HQMds-8yg3NG-8yd3m4-7KoN5v-8AAqdb
https://creativecommons.org/licenses/by/2.0/


Larva

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture



Larva

White grubs, Family: Scarabaeidae
David Cappaert, Bugwood.org



Larva

Tobacco wireworm, Conoderus vespertinus

Clemson University – USDA Cooperative Extension Slide Series, Bugwood.org



Larva

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology



Larva

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology



Larva

Darkwinged fungus gnat larva, Bradysia sp.
David Cappaert, Bugwood.org



Larva

Pitch-eating weevil, Pachylobius picivorus
Wayne N. Dixon, Florida Department of Agriculture and Consumer Services, Bugwood.org



Larva

Lee Townsend, Extension Entomologist, University of Kentucky College of Agriculture

Life cycle drawings are from: 
Virginia Tech - Department of Entomology  

University of New Mexico - Entomology



Larva

House fly, Musca domestica

John C. French Sr., Retired, Universities:Auburn, GA, Clemson and U of MO, Bugwood.org



Larva

Crane fly larva, Family: Tipulidae

Andrew Hoffman, Flickr, Some rights reserved

https://www.flickr.com/photos/71701055@N00/8514064003/in/photolist-fV4SYn-adwayv-5XQFw5-RoqvRG-d9xJU1-LpxeCJ-LpwYtf-MiQj5A-LpwYG1-qyCJeq-9nAMfg-qh8yVr-b6QMLP-aGTywR-aGTyPn-nskAt6-b6NvF4-9mjGDs-dYmNAX-bMkntK-duwjtk-a3vgyF-TPiM7b-oXfibP-aK1QLi-ez5ivt-aD5ZYD-TPiJvu-dgPLT9-iBcQMN-83fCX3-7hyyuY-dYmLFB-4yXq1y-zrFpz-4yT9Je-6JMBWh-CvEJ2P-C5sxva-tmsDpq
https://creativecommons.org/licenses/by-nc-nd/2.0/


Thrips
Greenhouse thrips Adult western flower thrips

Chili Thrips



Thrips

Foliage

Soil/Leaf litter

egg 
(in plant tissue) 
(2.5 - 4 days) 1st instar 

(1-2 days)

2nd instar 
(2-4 days)

Prepupa 
(1-2 days)Pupa 

(1-3 days)

Adult 
(30-45 days) 

(150 - 300 eggs)



Thrips

UGA1327079



Thrips



Thrips



Thrips

Scot Nelson

https://creativecommons.org/licenses/by-nc-sa/2.0/


Thrips

Erfan Vafaie, Texas A&M AgriLife Extension Service, bugwood.org

Oak Tatters

http://bugwood.org


Twospotted spider mites



Twospotted spider mites



BC Min. of Ag.

Twospotted spider mites



Twospotted spider mites | Pesticides



Twospotted spider mites | Fertilizer



Twospotted spider mites | Fertilizer



Twospotted spider mites | Fertilizer



Caterpillars



Caterpillars



Caterpillars



Caterpillars

Photo Cred: Allen Knutson & Mike Merchant



Caterpillars



Caterpillars



Caterpillars
Photo Cred: Daily Mail

http://www.dailymail.co.uk/


Steven Katovich, USDA Forest Service, Bugwood.org
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Insects

◉ Migration - Monarch

Illustration: Animal-Kid.com

http://Animal-Kid.com


60



Whiteflies & Aphids



Honeydew Sooty mold



I

II

III

IV

Pupa

Adult

Eggs



Whiteflies & Aphids

I know.  I suck.



Whiteflies & Aphids
Overwinter Short daylength 

Cooler temperature 
Degrading habitat

Illustration from Mauro Mandrioli

http://theaphidroom.wordpress.com/2012/02/07/where-are-aphids-during-the-winter/


Aphid



Katja Schulz, Flickr, Some rights reserved



Judy Gallagher, Flickr, Some rights reserved

Green Lacewing Adult





Leaffooted bugs



Leaffooted bugs



Anne Worner, flickr.com, Some rights reserved

Leaffooted bugs

https://www.flickr.com/photos/wefi_official/9242152845/in/photolist-f5Gs3R-5rBXwT-8rSz9J-4Kq49q-dWKXax-6SVWCA-6VnW-8rPtyk-4KkLLk-cAvKwh-7WRp-g9eGr-8rSywE-gKAzk5-5AFUbU-jmxAE-8rPsTR-eduHys-bDr8R4-bDp5jE-ehW4R7-72fY5t-6xCwc3-23GQVN-6gyR4j-4KkLSR-7rTwy3-4Kq4fd-5AiNSV-4cbtBv-bDp44q-6rkwTN-bDp4MC-7ajSAm-5Ao9Hh-4KsSSe-edp4wB-5ar46t-edCML8-jb5joz-8u95Ep-8xhpDS-bVn2ZL-jknmhh-5hv2g7-5p1bnZ-nVX12V-5AiGGx-efqm28-7WQH
http://flickr.com
https://creativecommons.org/licenses/by-sa/2.0/


Leaffooted bugs
Not to be confused with…

John Flannery, flickr.com, Some rights reserved

Assassin bugs

https://www.flickr.com/photos/drphotomoto/36865739841/in/photolist-YaGy5a-HHJhyx-72N92J-jAeNKA-beK8d4-2Edxa-mckU52-78cQC4-fraypH-drT5aL-7NLub3-5Ec4Ax-6taoap-9oqABT-2h5Js-HuHLe-TMxS65-HuCLU-b1VZNe-cnQqe5-6gRSjy-qP2uyg-og4CRw-d7fcpw-V1wa5L-5rMrsb-TQtLJ2-8ZUqb7-atsQvc-pyLsGy-atsQtM-ogQRZr-5UnxGR-6aTB4M-drSUQ2-5VGDcS-pRBaVW-3Hoi5X-2xycv3-77zRBh-9xUXa7-6myK5d-XzxoNm-caP5Yf-8hAtG6-hp4GTV-nYDAsU-74ft1h-mXbe7z-dHLcDL
http://flickr.com
https://creativecommons.org/licenses/by-nd/2.0/


Leaffooted bugs
Not to be confused with…

Wheel bug



Crapemyrtle bark scale

North Amer. First sighting:  
2004, Northern Texas 

Now found in: 
TX, OK, LA, AR, NM, TN, GA, 
AL, MS, NC, SC, VA, and WA 

Originally from: 
Asia 
[Acanthococcus 
lagerstroemiae  
(Hemiptera: Eriococcidae]



Crapemyrtle bark scale



Crapemyrtle bark scale



Crapemyrtle bark scale



Crapemyrtle bark scale | Nymph (2nd instar)

Photo courtesy of Zinan Wang et al., LSU



Crapemyrtle bark scale



60 – 250 eggs/female (n=20)

Crapemyrtle bark scale



Crapemyrtle bark scale | Male adult

Photo courtesy of Zinan Wang et al., LSU



STOPCMBS.COM

http://STOPCMBS.COM


STOPCMBS.COM

http://STOPCMBS.COM


Crapemyrtle bark scale

Treated for beetles

N
ot

 tr
ea

te
d 

at
 a

ll

Treated for beetles and scales

Merchant 2016



Chilocorus cacti L.
Hyperaspis lateralis

Scymnus sp. or Hyperaspis sp.

Objectives 4. Natural Enemies

Kyle Gilder, Texas A&M



Crapemyrtle bark scale?



Monitoring/Scouting

 Lawrence Barringer, Pennsylvania Department of Agriculture, Bugwood.org

Invasives | Lantern fly



Monitoring/Scouting

• Lycorma delicatula


• First detected in Pennsylvania in 2014.


• (2018) also found in Delaware, New 
Jersey, New York, Pennsylvania and 
Virginia


• Introduced from Asia


• Preferred Plant Host: Tree of Heaven 
(Ailanthus altissima)

Invasives | Lantern fly



Monitoring/Scouting

• Sucking pest


• Produced honeydew and subsequent 
sooty mold


• Feeds on over 70 host plants, including 
grapes, hops, apples, cherry, stone fruits 
and walnuts

Invasives | Lantern fly



Spotted Lanternfly

Egg mass.  Photograph by L. Barringer, Pennsylvania Department of Agriculture.



Photograph by Lyle J. Buss, University of Florida.

https://www.youtube.com/watch?time_continue=26&v=vE1QJ4ADV7c

Monitoring/Scouting
Invasives | Lantern fly

mailto:ljbuss@ufl.edu
https://www.youtube.com/watch?time_continue=26&v=vE1QJ4ADV7c


Emerald Ash Borer



Ash in the United States

•Fraxinus:	genus	of	*lowering	
trees	in	family,	Oleaceae	

•21	species	of	trees	in	North	
America	north	of	Mexico	

•Opposite	leaves,	usually	
pinnately	compound	



Uses of ash (white ash)
• Baseball	bats	
• Tool	handles	
• Oars	
• Pallets	
• RR	ties	
• Bows	
• Electric	guitars	
• Firewood	
• Furniture		
• Seeds	used	by	

birds	



Emerald ash borer

• Agrilus	planipennis	(Coleoptera: 
Buprestidae)


• Native of Asia, first detected in Detroit 
MI in 2002 (prob. had been in MI since 
early 1990s)


• By 2003 5-7 million dead or dying ash 
trees in 6 county area of SE Michigan



History of EAB in U.S.

•  Initially very little known 
about this insect


•  Range from China, Korea, E. 
Russia


•  Two pages in a Chinese 
textbook and a few taxonomic 
descriptions in journals



History of ash borer in U.S.

•  Attacks all species of ash

•  In U.S. attacks not only 

weakened trees, but heathy 
trees

•  Attacks trees in forests and 

urban sites

•  In MI, more than 99% of 

forest ash with stems >2.5 cm 
killed



Impact

• Larvae feed under bark, disrupt transport of 
water, nutrients


• Healthy trees killed within 1-3 years of first 
symptoms


• All sized trees attacked



Courtesy Dan Hermes, Ohio State University 
Efficacy of insecticide treatments for EAB: they do work! July 2012
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Ash distribution
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Approximate range of ash species in the Contiguous U.S. 
with EAB positives and Federal quarantines
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Recognizing damage



Emerald Ash Borer Larva

Courtesy Phil Nixon, University of Illinois



EAB larvae



Emerald Ash Borer Adult & Emergence Hole

C
ourtesy Phil N

ixon, U
niversity of Illinois
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Serpentine tunnels



EAB-encouraged Woodpecker Damage 
“flecking”

Courtesy Phil Nixon, University of Illinois



EAB thinning canopy & epicormic branching

Courtesy Phil Nixon, University of Illinois
Courtesy Phil Nixon, University of Illinois



Pesticides

What are pesticides?



Pesticide Use
• Low residual 
• High specificity 
• “Natural” not always better 
• Bee Advisory Box 
• Good IPM Practices



Pesticide Use
150 lbs person = 68 kg

13.4 oz

7.2 oz

0.46 oz~0.0033 oz / cup of coffee 
0.46 oz = ~140 cups of coffee 0.24 oz

0.01 oz1 apple seed ~ 0.24 mg of cyanide 
0.01 oz = 1,181.2 apple seeds



Pesticide Use



Insecticide resistance



Insecticide resistance



Insecticide Resistance Action Committee | irac-online.org



Resources



Resources



Resources



Resources



Resources



Resources | millionpollinatorgardens.org

http://millionpollinatorgardens.org


USDA | nrcsu.usda.gov/portal/nrcs/main/national/
plantsanimals/pollinate

http://nrcsu.usda.gov/portal/nrcs/main/national/plantsanimals/pollinate
http://nrcsu.usda.gov/portal/nrcs/main/national/plantsanimals/pollinate


Podcasts



Thank you!Bugs in Our Gardens
Erfan Vafaie


Extension Program Specialist IPM-II


sixleggedaggie.com

facebook.com/sixleggedaggie

Please provide feedback! 

sixleggedaggie.com/poll

http://sixleggedaggie.com
http://facebook.com/sixleggedaggie

