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Food production relies on the services 
insects provide: 
• Pollination
• Pest control
• Soil quality
• Decomposition
• Stable food webs

If you like to eat, 
thank insects



40% of insect species face extinction in coming decades 
leading scientists to warn of “catastrophic ecosystem collapse.”  

Sánchez-Bayo, F., & Wyckhuys, K. A. (2019). Worldwide decline of the entomofauna: A review of its 
drivers. Biological conservation, 232, 8-27.

https://www.oldragmasternaturalists.org/uploads/6/7/7/5/67752507/worldwide_decline_of_the_entomofauna.pdf


40% of insect pollinators 
face extinction

https://www.weforum.org/agenda/2016/03/40
-of-pollinator-species-face-extinction-report-
finds/



Maintenance of soil structure

Carbon sequestration

Organic matter breakdown

Increased water infiltration & 
reduced compaction

Soil is essential for 95% of food production 

John Walters
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Nutrient transportation and cycling
Detoxification
Agricultural pest control
Pollination

Soil invertebrates and microorganisms maintain 
healthy, productive soils
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Pesticides harm soil 
ecosystems

www.foe.org/soil-health

http://www.foe.org/soil-health


A “test case” =

Meta-review of 394 studies encompassing 2,842 test cases

Pesticides and Soil Invertebrates: A Hazard Assessment, Gunstone et al., 2021.

endpointPesticide organism

Slide credit: Aditi Dubey, PhD, U of MD

Pesticides and Soil Invertebrates: A Hazard Assessment

Pesticides kill or harm soil invertebrates in 71% of cases

https://www.frontiersin.org/articles/10.3389/fenvs.2021.643847/full


Impacts on Soil Invertebrates by Pesticide Class
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Pesticides and Soil Invertebrates: A Hazard Assessment, Gunstone et al., 2021.
Slide credit: Aditi Dubey, PhD, U of MD
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Pesticides Impact Soil Microorganisms

A comprehensive review conducted by the European Food Safety 
Authority found:

Ø Field doses of pesticides can reduce terrestrial microbial activity 
(32-40%) & biomass (15-48%) & alter microbial community 
structure (54-90%)

Puglisi, E. (2012). Response of microbial organisms (aquatic and terrestrial) to pesticides. EFSA 
Supporting Publications, 9(11), 359E.

https://serc.carleton.edu/

https://www.researchgate.net/profile/Edoardo-Puglisi/publication/288972288_Response_of_microbial_organisms_aquatic_and_tesrrestrial_to_pesticides/links/56b87bd308ae5ad3605f35aa/Response-of-microbial-organisms-aquatic-and-tesrrestrial-to-pesticides.pdf


US agriculture has become 48 times more toxic to 
insect life since the 1990s, driven by neonicotinoids

DiBartolomeis, M., Kegley, S., Mineau, P., Radford, R., & Klein, K. (2019). An assessment of acute insecticide toxicity 
loading (AITL) of chemical pesticides used on agricultural land in the United States. PloS one, 14(8).

www.foe.org/toxic-acres

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220029


Increased use of neonicotinoid 
seed treatments

• 79-100% of corn and 34-44% of soybean seeds 
were treated by 2011

• > 80% of the pesticide remains in the soil and can 
then contaminate water resources

Sur & Stork 2003; Bonmatin et al. 2015; Douglas & Tooker 2015; Alford & Krupke 2017 

Slide credit: Aditi Dubey, PhD, U of MD



Soil communities and other organisms have 
little chance to recover from pesticide impacts

• Environmental persistence
• Repeated use year after year

• Use of multiple pesticides each year

Ø USDA estimates that Washington 
apples are treated 6-17 times a 
year with a total of ~51 pesticides

Slide credit: Aditi Dubey, PhD, U of MD



The Environmental Protection Agency 
must consider soil health endpoints 

when registering pesticides

Pesticides and Soil Invertebrates: A Hazard Assessment, Gunstone et al., 2021.

Legal Petition Urges EPA to Assess Pesticides’ 
Harms to Soil Health

• Sublethal effects to the earthworm 
• Sublethal effects to the springtail 
• Sublethal effects to the mite 
• Effects on nitrogen transformation 
• Sublethal effects to an isopod species 
• Effects on mycorrhizal fungi 

https://www.frontiersin.org/articles/10.3389/fenvs.2021.643847/full
https://biologicaldiversity.org/w/news/press-releases/legal-petition-urges-epa-to-assess-pesticides-harms-to-soil-health-2021-05-20/
https://biologicaldiversity.org/w/news/press-releases/legal-petition-urges-epa-to-assess-pesticides-harms-to-soil-health-2021-05-20/


WHY IT MATTERS FOR 
CLIMATE CHANGE

• Regenerative agriculture
• Insect declines
• Increased pest pressure





Majority of no-till farmers use Roundup 
Ready seeds

Ø Glyphosate (active ingredient in Roundup) 
can harm soil organisms including 
mycorrhizal fungi & earthworms, increase 
pathogenic microorganisms, impair 
respiration of soil organisms & immobilize 
nutrients

Yamada et al. 2009; Druille et al. 2013;Zaller et al. 2014; Gaupp-Berghausen et al. 2015; Dobberstein 2017

What about no-till?

Slide credit: Aditi Dubey, PhD, U of MD



Climate change + agricultural 
intensification are key drivers of 

insect loss

https://beyondpesticides.org/dailynewsblog/2022/05/climate-change-and-industrial-
agriculture-are-supercharging-the-insect-apocalypse/

Outhwaite, C. L., McCann, P., & Newbold, T. (2022). Agriculture and climate 
change are reshaping insect biodiversity worldwide. Nature, 605(7908), 97-102.

https://www.nature.com/articles/s41586-022-04644-x


Climate change may increase 
pest pressures in agriculture

Sutherst et al., 2011, Adapting to crop pest and pathogen risks under a changing climate, 
Wiley Interdisciplinary Reviews

Lehmann et al., 2020, Complex responses of global insect pests to climate warming, Frontiers in 
Ecology and the Environment

Climate change may promote pest population 
growth, increase outbreak frequencies, and 
facilitate the geographic expansion of many 
pest species

Deutsch et al, 2018, Increases in crop losses due to insect pests in a warming climate, Science

https://d1wqtxts1xzle7.cloudfront.net/47230640/Adapting_to_crop_pest_and_pathogen_risks20160713-4945-uyrhw5-with-cover-page-v2.pdf?Expires=1666816259&Signature=YMS9znA0X9wyhxnNUpXg0kNYm68zq9HwLlWe~SlI99pdc0tRI-b14P4BZ5~yBO597pDRVdfcW0mXIliORI2XAnebT2OftSRpZodJNUai7QTotY2cZXBanUMk9W5FBl2cH2kd0GVDVw7Me-rRVJReusjyj3C2o0q0iAkrNI5qRMwck-xpgtvlcgf00EDqSMCGQDCMbAZHLKZuTWB8AmneFXVwmWdESydV1goJM3e37v7jrPTyKc6CS0rBqUahFmNCNP4jp9wUVGzhW-EW8ZJ6GqH8olXqdjUuIJlS7j9TFafY0NPSVX2QYuZKd5UpNKM7GxK3SjhRr2nWj8aW~YGWtQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/fee.2160
https://web.archive.org/web/20200218145349id_/https:/science.sciencemag.org/content/sci/361/6405/916.full.pdf




90% of Iowa farmers feel “pest 
management is a never-ending 
technology treadmill”
https://bit.ly/3G51n8S

~360 weed and 540 insect species 
have developed resistance  

Use of 2,4-D increased 19 times in 
the past decade in the Midwest

Farmers are on a 
“pesticide treadmill”

https://foe.org/top-ten-truths-pesticides/

https://foe.org/top-ten-truths-pesticides/


• Cover cropping
• Intercropping
• Crop rotations
• Companion planting
• Beetle banks
• Pheromone traps
• Maturity date selection
• Timing of planting or harvest
• Physical barriers (e.g., floating row

covers, fruit bagging

• Trap cropping
• Mulching (for weed control)
• Eliminate alternate hosts or sites
• Plant resistant varieties
• Soil solarization
• Sanitation
• Mating disruption

List of methods is from The Xerces Society Bee Better certification

Science-based solutions

Ecological farming methods manage pest pressures with 
few or no hazardous pesticides



Organic is the gold standard for pesticide reduction

Organic farmers must 
first use non-chemical 
strategies.



Reganold & Wachter, Organic agriculture in the 21st century, Nature Plants, 2016

Meta-analysis of 40 years of data

Organic systems provide better balance in 4 areas of sustainability:  
Production Environment Economy Wellbeing



Organic agriculture can help protect 
biodiversity above and below ground

Organic farming can help reverse pollinators declines
Organic farming supports spatiotemporal stability in species richness of bumblebees 
and butterflies. Carrié et al., 2018. 

Organic agriculture helps other beneficial insects flourish
Organic farms support more species. University of Oxford, 2014. 

Organic soils may have up to 10 million times more helpful 
bacteria than conventional soils. 
http://www.soilfoodweb.com

https://www.researchgate.net/profile/Romain_Carrie/publication/327551857_Organic_farming_supports_spatiotemporal_stability_in_species_richness_of_bumblebees_and_butterflies/links/5b9f70e092851ca9ed112102/Organic-farming-supports-spatiotemporal-stability-in-species-richness-of-bumblebees-and-butterflies.pdf
http://www.ox.ac.uk/news/2014-02-04-organic-farms-support-more-species


Organic soils can sequester up to 25% more carbon and achieve 
deeper and more persistent carbon storage than pesticide-
intensive methods
Deep_soil_inventories_reveal_that_impacts_of_cover_crops_and_compost_on_soil_carbon_sequ
estration_differ_in_surface_and_sub-surface_soils, 2019;  National Comparison of Total and 
Sequestered Organic Matter Contents of Conventional and Organic Soils, 2017

30-year trial found organic cornfields produced 1/3 more during 
drought than conventional farms
Rodale Institute Farming Systems Trial

Organic agriculture can be a climate solution

Pesticide manufacturing accounts for ~10% of total energy used 
for growing crops
Impacts of organic farming on the efficiency of energy use in agriculture, Pimentel, 2006

https://www.researchgate.net/publication/334452070_Deep_soil_inventories_reveal_that_impacts_of_cover_crops_and_compost_on_soil_carbon_sequestration_differ_in_surface_and_sub-surface_soils
https://www.sciencedirect.com/science/article/abs/pii/S0065211317300676
https://rodaleinstitute.org/science/farming-systems-trial/
https://www.semanticscholar.org/paper/Impacts-of-Organic-Farming-on-the-Efficiency-of-Use-Pimentel/c40927715eae88f5c17556501fdf24e1bf8df9f7?p2df


www.OrganicForAll.org



Expert consensus concludes 
that we need to rapidly 

transition from pesticide-
intensive to ecological 

agriculture in order to “feed 
the world”



THANK YOU!
Kendra Klein, PhD, Deputy Director of Science, Friends of the Earth

Kklein@foe.org

www.OrganicForAll.org

www.foe.org/Toxic-Acres
www.foe.org/Soil-Health


