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INTRODUCTION

4

The concept of regenerative agriculture has 
gained momentum over the past few years, 
bringing increased interest and funding, from 
multimillion dollar investments from companies 
such as Nestle, Mars, and PepsiCo to state and 
federal funding. 1 With billions of dollars — and 
the future of our food system — at stake, we 
must ensure that the practice of regenerative 
agriculture is robust and is guarded against 
greenwashing. 

“No-till” is widely considered a regenerative 
practice, and tillage is often called out as 
universally detrimental to the health of the 
soil. Reduced tillage, including no-till, is the 
practice most often included in de�nitions and 

a For Ground by Bayer. Bayer Carbon Program. Bayer AG: Leverkusen, Germany. Webpage. Accessed January 7, 2025.  
https://bayerforground.com/carbon-initiative

b  For corn and soy, the USDA reports data on “no-till or minimum-till” acreage combined in their Chemical Use Survey Highlights.  
We used this data as the basis of our analysis. We refer to these acres as “no-till” throughout this report for simplicity and to follow 
the term of art that has shaped the public conversation and billions worth of public and private spending. It is also worthwhile to 
note that “no-till” is largely misnomer: USDA data show that at least 80% of “no-till” corn, soybean, wheat, and cotton acres were 
tilled at some point over a four-year period. (Claassen, R., Bowman, M., McFadden, J., Smith, D., Wallander, S. 2018. Tillage Intensity 
and Conservation Cropping in the United States. U.S. Department of Agriculture: Washington, D.C. September,  https://mssoy.org/
sites/default/�les/documents/tillage-study-ers-sep-2018-six.pdf.

descriptions of regenerative agriculture given 
by nonpro�t organizations, extension agencies, 
and farmers. 2 No-till is one of the practices 
that has been incentivized through state and 
federal funding and major companies such 
as Tyson Foods, ADM, Cargill, and Bayer are 
promoting or funding no-till as  
a regenerative practice. 3, 4, 5, a 

This report compiles the latest scienti�c 
research and U.S. Department of Agriculture 
(USDA) data on the leading no-till crops 
in the U.S. by acreage — corn and soy. No-
till and minimum-till corn and soy account 
for approximately 28% of the nation’s total 
cropland, or 107 million acres. 6,7,8,b The majority 

https://bayerforground.com/carbon-initiative 


of this corn and soy is not produced as food 
for human consumption, but for livestock  
feed and biofuels. c,d

In this report, we examine the production of 
conventional no-till corn and soy against the 
stated goals of regenerative agriculture — 
sequestering soil carbon, improving air and 
water quality, bolstering farmers’ resilience to 
climate change, and protecting biodiversity 
and human well-being — and �nd that it falls 
woefully short. 

To be clear, no-till in and of itself does not 
have inherently negative impacts. When 
incorporated into a holistic, ecological 
approach to farm management,  no-till can 
lead to positive outcomes including reduced 

c More than 80% of U.S. corn goes to the production of feed and ethanol fuel. USDA Economic Research Service. Feed Grains Sector 
at a Glance. U.S. Department of Agriculture: Washington, D.C. Webpage. Accessed January 7, 2025. https://www.ers.usda.gov/topics/
crops/corn-and-other-feed-grains/feed-grains-sector-at-a-glance/    

d  More than 90% of U.S. soy that is not exported is crushed, creating soybean meal – used in livestock feed – and soybean oil, approx-
imately half of which goes to biofuel production. Vaiknoras, K., Hubbs, T. 2023. Characteristics and Trends of U.S. Soybean Production 
Practices, Costs, and Returns Since 2002. USDA Economic Research Service: Washington, D.C. June. https://www.ers.usda.gov/web-
docs/publications/106621/err-316.pdf?v=2345.2

erosion. It is when no-till is implemented as a 
standalone practice in large-scale, chemical-
intensive systems that it not only falls short 
of regeneration, but results in negative 
externalities. 

Large-scale, chemical-intensive agriculture 
currently predominates in the U.S., not through 
the fault of farmers, but because that is what 
public policies and markets support. The 
adoption of no-till  by conventional growers 
who once practiced standard tillage is 
indicative of the fact that many farmers are 
interested in conservation and are willing to 
adapt and implement new practices. We must 
now restructure our policies and markets to 
support these and other farmers to achieve 
truly regenerative agriculture. 

In this report, we show that conventional 
no-till is soaked in toxic pesticides and 
synthetic fertilizers. 

We �nd that the vast majority (93%) of U.S. 
corn and soy acreage grown in no-till and 
minimum-till management systems relies on 
toxic pesticides that harm soil health and 
threaten human health . That represents an 
area approximately the size of California. 

While reducing tillage can reduce mechanical 
disturbance to the soil,  the soil in most 
conventional no-till systems is far from 
“undisturbed.” Rather than relying on physical 
cultivation to manage weeds and/or terminate 
cover crops, conventional no-till often relies 
on increased use of chemical herbicides 
that damage the soil organisms at the heart 
of regenerative agriculture. A strong body 
of science shows that synthetic pesticides 
— a term that encompasses herbicides, 
insecticides, and fungicides — disrupt the 
soil microbiome and harm soil organisms 
that are central to the goals of regenerative 
agriculture: building healthy soil, sequestering 
carbon, protecting biodiversity, conserving 
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What is regenerative 
agriculture?

The de�nition of regenerative agriculture is 
open to debate. Like the term sustainable, 
some de�nitions are robust while 
others are weak or even meaningless. 
Regenerative agriculture has been 
broadly described as a holistic farming 
approach that challenges the status 
quo of conventional agriculture and its 
degenerative impacts on the environment 
and human health. Robust approaches 
prioritize protection of soil health and 
biodiversity to achieve resilience, water 
conservation, and carbon sequestration. 
Meaningful approaches include reduction 
or elimination of synthetic pesticides and 
fertilizers as a central tenet and result in 
improved ecological, social, economic, and 
human health outcomes, including long-
term food security.

https://www.ers.usda.gov/topics/crops/corn-and-other-feed-grains/feed-grains-sector-at-a-glance/
https://www.ers.usda.gov/topics/crops/corn-and-other-feed-grains/feed-grains-sector-at-a-glance/
https://www.ers.usda.gov/webdocs/publications/106621/err-316.pdf?v=2345.2
https://www.ers.usda.gov/webdocs/publications/106621/err-316.pdf?v=2345.2


water, improving farmers’ climate resilience, 
and protecting human health. 9,10 86% of 
regenerative practitioners agree that a target 
outcome of regenerative agriculture is to 
build soil health 11 — yet this is di�cult, if not 
impossible, to achieve while broadcasting 
toxic pesticides and overapplying synthetic 
fertilizers.  

Conventional no-till is soaked in toxic 
pesticides that harm soil life and human 
health. A staggering one-third of the 
U.S.’s total annual pesticide use can be 
attributed to corn and soy grown in  
no-till systems.

We �nd that  a staggering one-third of the 
U.S.’s total annual pesticide use can be 
attributed solely to corn and soy grown 
in no-till systems.  Alongside devastating 
impacts to soil health, these chemicals are 
energy-intensive to produce, resulting in a 
major greenhouse gas footprint, and they 
are also associated with signi�cant harm to 
wildlife and to human health. Children are the 
most vulnerable to the impacts of pesticide 
exposure, and farmers, farmworkers, and rural 
communities are on the frontlines.

We also show that  at least 90% of no-till corn 
and soy acres (91% of soy and 88% of corn) 
rely on  genetically engineered seeds, driving 
a cycle of increased pesticide use, and that 
potentially all no-till corn seeds are coated 
with neonicotinoids,  a class of insecticides 
harmful to soil life, pollinators, other bene�cial 
organisms, and to human health, the most 
concerning of which are banned in the 
European Union.

We summarize current scientific data that 
show no clear relationship between no-till 
and soil carbon sequestration. This belies 
the widely held assumption that no-till is 
de�nitively linked to increased soil carbon 
sequestration. We place particular emphasis 
on this point, as both public and private 
initiatives to promote regenerative agriculture 
— with millions of dollars at stake — are 
currently operating on this faulty assumption. 
For example, the USDA listed no-till as a 
climate-smart agricultural practice that will 
“increase soil organic matter” 12 and chemical 

company Bayer is paying farmers up to $6 an 
acre for practicing standalone no-till because 
of its alleged ability to enhance soil carbon 
sequestration. 13

Finally, we summarize data showing that 
tillage is not universally detrimental to 
soil health and that tillage can be part of 
regenerative agriculture. Research shows 
that the impact of tillage on the soil depends 
greatly on the depth, spatial coverage, and 
frequency of tillage and the implement 
used, as well as other practices in the 
farming system. For example, the literature 
shows that some diversi�ed organic farms 
achieve regenerative outcomes, such as 
substantial improvements in soil organic 
matter and other soil health metrics, while 
using tillage in combination with practices 
such as cover cropping, compost application, 
and diverse crop rotations.  Our �ndings 
illustrate why  a narrow focus on tillage is 
insufficient and misleading when trying to 
determine whether or not a farm or system 
is regenerative. 

Classifying conventional no-till as 
“regenerative” invites extensive 
greenwashing. A narrow focus on 
tillage is insu�cient and misleading 
when trying to determine whether a 
farm is regenerative.

No-till is a misnomer

It is important to understand that “no-till” 
is largely a misnomer. U.S. Department 
of Agriculture (USDA) data show that 
at least 80% of “no-till” corn, soybean, 
wheat, and cotton acres were tilled at 
some point over a four-year period. 
However, we use “no-till” throughout 
this report to follow the term of art that 
has shaped the public conversation 
and billions worth of public and private 
spending. Our �ndings are based on 
USDA reporting on “no till or minimum 
till” acreage.

6



This report serves as an alarm bell 
warning that classifying conventional no-
till as “regenerative” invites extensive 
greenwashing from major food and chemical 
companies. Pesticide companies like Bayer 
and Syngenta have capitalized on the 
growing interest in soil health by promoting 
conventional no-till — which relies heavily 
on their pesticides, genetically engineered 
seeds, and digital agriculture platforms — 
as regenerative. 14,15,16 In fact, the pesticide 
industry is deeply intertwined with the 
ascendance of no-till over the past few 
decades, as discussed in this report. 

Given the urgency of the public health, 
biodiversity, and climate crises we face, the 
growing interest in regenerative agriculture 
must be harnessed in service of robust 
approaches that truly increase soil health and 
carbon sequestration, improve air and water 
quality, bolster farmers’ resilience to climate 
change, and protect biodiversity and human 
well-being. Truly regenerative agriculture 
cannot be boiled down to single practices, 
such as no-till — it requires holistic, systems-
based approaches.  And truly regenerative 
agriculture must be a force to reduce the 
use of harmful pesticides and synthetic 
fertilizers. Regenerative agriculture de�nitions, 
certi�cations, and initiatives must explicitly 
center and prioritize agrochemical reduction if 
they are going to meet their stated goals. 

Companies, policymakers, and regenerative 
advocates should promote, uplift, and 
incentivize systems-based approaches that are 
rooted in shifting away from a toxic, industrial 
model of agriculture towards diversi�ed and 
ecological cropping systems. They should 
provide �nancial, technical, and other forms 
of support to conventional growers to adopt 
practices and systems that build fertility and 
manage pests with signi�cantly fewer, if any 
synthetic chemical inputs. Reducing inputs 
in conventional systems is possible, and it 
comes with a host of bene�ts for the climate, 
biodiversity, and human health – and along 
with regenerating soils and ecosystems, it can 
lower costs and improve farm pro�tability.  

Equally, companies, policymakers, and 
advocates must do a better job investing 
in and supporting growers who are already 
practicing diversi�ed organic and other 
leading forms of regenerative agriculture. As 
we discuss below, decades of scienti�c data 
show that on average, diversi�ed organic 
growing systems sequester more carbon, 
build healthier soils, increase biodiversity, 
and improve resilience — thereby protecting 
farmers’ yield during droughts and �oods — 
compared to conventional growing systems. 
Investing in low-input, systems-based 
approaches like diversi�ed organic agriculture 
is a no-regrets solution for achieving the goals 
of regenerative agriculture.

7



II. KEY FINDINGS

We found that:

Conventional no-till has a toxic 
footprint

 �z At least 93% of no-till and minimum-till 
corn and soy acreage in the U.S. uses 
synthetic herbicides. That represents an 
area the size of California — approximately 
100 million acres of U.S. cropland.

 �z Herbicide use in no-till corn and soy can be 
associated with a whopping 33% of total 
annual pesticide use in the U.S. — 285 million 
out of 851 million pounds of pesticides 
(a term that encompasses herbicides, 
insecticides, and fungicides). These 
chemicals are associated with signi�cant 
harm to human health, biodiversity, and soil 
health, including the soil invertebrates and 
microorganisms that are the basis of truly 
regenerative agriculture. 

 �z We estimate that the majority of use (61%) is 
herbicides classi�ed as highly hazardous to 
human health and/or the environment — 173 
million out of 285 million pounds of herbicides 
used annually in no-till corn and soy.

• Glyphosate (aka Roundup), dicamba, 
2,4-D, atrazine, acetochlor, and 
S-metolachlor e account for the majority 
of herbicide use in corn and soy. Of these, 
glyphosate, 2,4-D, and acetochlor are 
classi�ed as highly hazardous. 

• Glyphosate alone accounts for an 
estimated 40% of the total use of 
herbicides in no-till corn and soy. The 
glyphosate used in no-till corn and 
soy account for approximately 13% 
of the total use of pesticides in U.S. 
agriculture annually.

e We have aggregated use of S-metolachlor and metolachlor for our �ndings because they are functionally very similar chemicals. See 
Appendices 1 and 2 for the breakdown between S-metolachlor and metolachlor use in corn and soy. For more information about the 
two chemicals, see: Benbrook, C. M. 2001. Factors Shaping Trends in Corn Herbicide Use: An Update and Technical Report. Northwest 
Science and Environmental Policy Center: Sandpoint, Idaho. July

• The use of the highly hazardous herbicide 
paraquat has also increased dramatically 
in soy production in the past decade. 

 �z Conventional no-till is associated with 
increased herbicide use over standard tillage. 
This is due to greater reliance on chemical 
forms of weed management compared to 
conventional systems with tillage. Based 
on our conservative estimates, at least 26 
million pounds of additional herbicides are 
used annually due to conventional no-till 
management in corn and soy. 

 �z At least 89% of conventional no-till corn 
and soy acres (91% of soy and 88% of corn) 
rely on seeds genetically engineered (GE) 
to be herbicide tolerant. These GE seeds 
are associated with a dramatic increase 
in use of glyphosate and growing use of 
antiquated, hazardous herbicides dicamba 
and 2,4-D.

 �z Neonicotinoid seed coatings are used on 
up to 100% of conventional no-till corn 
acreage. This represents up to 2.47 million 
pounds of toxic insecticide used annually. 
Neonicotinoids are associated with 
signi�cant harm to soil life, pollinators, and 
human health.

Conventional no-till has a significant  
carbon footprint 

 �z The herbicides and synthetic fertilizers 
used in conventional no-till have a 
signi�cant carbon footprint. The energy-
intensive production of herbicides 
associated with no-till corn and soy results 
in upwards of 3.4 million metric tons of 
CO2-equivalent emissions annually based 
on available estimates. The production, 
transportation, and application of nitrogen 
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fertilizer used on no-till corn acres likely 
accounts for between 18.4 million to 49.3 
million metric tons of CO 2-equivalent 
emissions. At the high end, these emissions 
are equivalent to 11.4 million cars on the 
road for a year — approximately the 
number of cars in the top 9 no-till states: 
Kansas, Nebraska, South Dakota, North 
Dakota, Montana, Iowa, Illinois, Missouri, 
and Indiana.

Conventional no-till does not increase 
soil carbon sequestration

 �z The latest science shows that, on average, 
conventional no-till production does not 
increase soil carbon and in some cases has 
been found to reduce it.   

Tillage can be part of regenerative  
farming systems

 �z Tillage is not universally detrimental to soil 
health. Research shows that the impact of 
tillage on the soil depends greatly on the 
depth, spatial coverage, and frequency of 
tillage and the implement used, as  
well as other practices in the farming 

system. A narrow focus on tillage is 
insu�cient and misleading when trying  
to determine whether or not a farm or 
system is regenerative. 

Truly regenerative agriculture is  
systems-based

 �z Truly regenerative agriculture cannot  
be boiled down to single practices, such  
as no-till — it requires holistic, systems-
based approaches. 

 �z Reducing synthetic pesticide and fertilizer 
use in conventional agriculture, using 
systems-based approaches to build 
fertility and manage weeds and pests, has 
clear bene�ts for the climate, soil, and 
biodiversity — and can be achieved without 
harming yield or pro�tability.

 �z Agroecological farming, including 
diversi�ed organic production, is a no-
regrets solution for achieving soil health, 
promoting biodiversity, and mitigating and 
adapting to climate change. Research also 
shows that it can produce abundant food 
for a growing world population. 17
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III. THE RISE OF NO-TILL

Tillage — mechanically turning or mixing soil 
in order to prepare it for cultivation — is a 
longstanding agricultural practice. A wooden 
plow, one of the earliest instruments of tillage, 
was likely invented and �rst used in ancient 
Mesopotamia more than 5,000 years ago. 18 
Tillage became commonplace in modern, 
industrial agriculture with the invention of 
the tractor and implements such as the 
moldboard plow, disc harrow, and rotary tiller. 
The moldboard plow was widely adopted 
in the U.S. starting in the 19th century, and 
for decades stood as the most common 
tillage implement in American agriculture. 19 
Moldboard plowing is an intensive form of 
tillage that inverts the soil to a depth of 8 to 12 
inches, causing signi�cant disturbance to soil 
structure at a great depth and typically leaving 
less than 15% of the soil surface protected and 
covered. 20  Intensive tillage with moldboard 
plows, combined with drought, led to the Dust 
Bowl in the 1930s, drawing national attention 
to the role that agricultural practices play in 
supporting — or undermining — soil health. 21

As evident in the devastation of the Dust 
Bowl, intensive or excessive tillage followed 
by extended periods of bare fallow can 
leave soil vulnerable to wind and rain and 
result in a variety of negative impacts, 
including increased soil loss (or erosion), 
soil compaction, harm to soil invertebrates 
(such as earthworms), loss of soil organic 
matter, and diminished capacity to hold water 
and nutrients. 22 Soil erosion is of particular 
concern. The U.S. is predicted to lose 3 
inches (300 years’ worth) of soil by 2100, 
threatening sustainable crop production 
and farmland fertility. 23 Concerns about the 
connection between intensive tillage and soil 
erosion have led farmers to explore alternative 
practices over the past few decades, including 
conservation tillage, reduced tillage, strip-till, 
and no-till. All of these systems — some of 
which are overlapping categories — seek to 
prevent erosion and minimize other negative 
impacts by reducing the frequency or intensity 
of tillage and leaving crop residues on the �eld 
to cover and protect the soil. 

No-till, in particular, has risen in popularity 
over the past few decades. The use of no-till 
has increased in corn, wheat, soy, and cotton 
since 2001, including more than doubling on 
corn and wheat acres. 24  The Natural Resource 
Conservation Service (NRCS) estimates that 
no-till is now practiced on 33% of the nation’s 
total cultivated cropland. 25 Although a small 
number of organic producers have adopted 
no-till as a practice, the majority of no-till 
adoption (by acreage) has occurred in the 
conventional production of row crops, such 
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as corn and soy. Like conventional row crop 
production with tillage, conventional no-till is 
most often implemented as part of industrial 
systems that depend on the use of toxic 
pesticides and synthetic fertilizers. 

Chemical companies are deeply intertwined 
with no-till’s ascendance. When the concept 
of industrial no-till �rst emerged in the 
1970s, companies such as Imperial Chemical 
Industries (the �rst company to commercialize 
the highly hazardous herbicide paraquat) saw 
an opportunity to expand the market for their 
chemicals. They conducted no-till experiments 
and helped spread the concept, explicitly 
marketing pesticides as a replacement for 
tillage. 26,27 “Let paraquat be your plow,” reads 
a 1972 advertisement placed by Chevron in 
the magazine No-Till Farmer. 28 The increased 
e�cacy of herbicides in the 1990s and the rise 
of ‘Roundup Ready’ corn and soy genetically 
engineered to withstand herbicide applications 
also enabled an ongoing shift towards no-till in 
the past few decades. 29,30,31 

In recent years, pesticide companies have 
capitalized on the nation’s growing interest 
in soil health by making regenerative claims 
about conventional no-till, which relies heavily 
on their chemicals, genetically engineered 
seeds, and digital agriculture platforms. 32 
Pesticide companies like Bayer and Syngenta 
are claiming that industrial, chemical-intensive 
no-till production is regenerative and climate-
smart 33,34,35  — despite the large carbon 
footprint associated with their chemicals and 
the grave threat they pose to soil, human, and 
planetary health. 

Two problematic assumptions have 
proliferated alongside the rise of no-till and 
the attempt to classify conventional no-
till as “regenerative.” The �rst problematic 
assumption is that no-till is de�nitively linked 
to soil carbon sequestration and soil health. 
The second is that tillage is universally 
detrimental to the health of the soil. Our 
�ndings reveal signi�cant �aws in both of 
these assumptions and illustrate why a narrow 
focus on tillage alone is insu�cient when 
trying to determine whether or not a farm or 
system is “regenerative.”  

The reality is that tillage is nuanced. Tillage can 
be detrimental to soil health — contributing 
to soil loss, compaction, and other harms, as 
discussed above — but this isn’t always the 
case. Tillage can also be used responsibly and 
in some soils may be necessary to break up 
compaction and allow for healthy root and 
plant growth. For example, numerous studies 
have documented that diversi�ed organic farms 
increase soil organic matter and improve other 
soil health metrics while still using full tillage, 36,37  
and sometimes even more frequent tillage than 
conventional standard tillage systems. 38,39  No-
till, when combined with other practices, can 
also  be part of regenerative growing systems, 
and in some contexts can demonstrably reduce 
erosion, improve soil health outcomes, and 
achieve other bene�ts. On the other hand, 
chemical-intensive no-till — which encompasses 
the majority of no-till acreage — is not 
de�nitively linked to carbon sequestration and 
is accompanied by a toxic footprint, climate 
costs, and threats to human health that are far 
from the true meaning of “regenerative.”
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 IV. TOXIC FOOTPRINT

A. Toxic herbicides are the 
foundation of most conventional 
no-till

While conventional no-till systems reduce 
tillage, that doesn’t mean the soil in these 
systems is “undisturbed,” something often 
touted both as a principle of regenerative 
agriculture and a bene�t of no-till. 
Conventional no-till trades mechanical 
disturbance for chemical disturbance . The 
herbicides used in conventional no-till to 
manage weeds and/or terminate cover crops 
are associated with signi�cant damage to soil 
organisms, which are the drivers of 80-90% 
of soil processes, such as nutrient cycling 
and carbon sequestration. 40  These organisms 
are the heart of regenerative agriculture, as 
detailed below in Part V, Section 3. 

Our analysis found that at least 93.2% of no-till 
corn acreage and 93.5% of no-till soy acreage 
in the U.S. uses herbicides (see Appendix 6: 
Methodology). That represents approximately 
100 million acres of cropland, an area roughly 
equal to the state of California. 41,42 This is a 
conservative estimate, as we assumed that 
the minimum possible percent of conventional 
no-till corn and soy acres rely on herbicides. 

In total, we estimate that 285 million pounds 
of herbicides are used on no-till corn and soy 
acres each year. To put this in perspective, 
the herbicides used in no-till corn and soy 
production account for a whopping 33% of 
total annual pesticide use in U.S. agriculture 
(see Figure 1) . 

These chemicals are associated with 
signi�cant harm to the environment and 
human health. Glyphosate, dicamba, 2,4-D, 
atrazine, acetochlor, and S-metolachlor are 
currently the most widely used herbicides in 
corn and soy production. (See Appendix 1 and 
2 for a full list of herbicides, insecticides, and 
fungicides used in corn and soy production.) 
Use of these six herbicides in corn and soy 
has dramatically increased in the past decade 
(see Figure 2). Three of these chemicals are 
classi�ed as highly hazardous: glyphosate, 
2,4-D, and acetochlor. Glyphosate is far and 
away the most heavily used.  We estimate that 
112 million pounds of glyphosate are used 
annually on no-till corn and soy. Glyphosate 
alone accounts for an estimated 40% of the 
total use of herbicides in no-till corn and soy. 
The glyphosate used in no-till corn and soy 
account for approximately 13% of the total use 
of pesticides in U.S. agriculture annually.
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Figure 1: Herbicides used in conventional no-till corn and soy 
compared to total pesticide* use in the U.S. annually

Results generated using Pesticide Use Data System (PUDS) based on USDA QuikStat surveys and NASS 
data for corn and soy . 2021 is the most recent year of surveyed data for pesticide use in corn, 2020 for soy.   
* The term ‘pesticide’ encompasses herbicides, insecticides, and fungicides.
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https://hygeia-analytics.com/pesticides/usage/puds-the-pesticide-use-data-system
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B. Conventional no-till is 
associated with increased 
herbicide use over standard 
tillage

Without the ability to control weeds through 
tillage, no-till growers must �nd alternative 
approaches. Diversi�ed organic or biodynamic 
growers who implement no-till are prohibited 
from using synthetic herbicides, relying instead 
on cultural practices like crop rotation or cover 
crops to minimize weed pressure, and/or the 
integration of practices like grazing animals, 
hand weeding, or occultation. Conventional 
growers typically replace tillage with herbicide 
use for weed management. 43,44  This can result in 
increased use of herbicides over standard tillage. 
Scholars have observed 10% - 41%  increases 
in herbicide use with the adoption of no-till in 
conventional systems. 45,46  To be conservative, 
we used the lower end of this range (10%) 
to estimate that approximately 25,911,600 
additional pounds of herbicides are used 
annually in the U.S. as a result of conventional 
no-till management of corn and soy.

Some of the increase in herbicide use may be 
a result of residue retention — the practice of 
leaving crop or cover crop residues on the �eld. 
The U.S. Natural Resource Conservation Service 
(NRCS) Conservation Practice Standard requires 
residue retention (with a minimum of 60% residue 
cover on the soil throughout the year) for a farm 
to qualify as “no-till.” 47 Residue retention can be 
bene�cial for reducing soil erosion, bu�ering 
soil temperatures, and preserving soil moisture. 
However, conventional growers practicing residue 
retention may increase the amount — both the 
rate and frequency — of herbicide application 
because the residues can absorb a signi�cant 
amount of herbicide, requiring more to be 
sprayed to ensure contact with the soil where it is 
most e�ective. 48,49,50  As most of these herbicides 
are highly water soluble, the portion that is 
absorbed in the residue can also run o� and end 
up downstream after rain or irrigation events. The 
contamination of waterways with toxic herbicides 
threatens ecosystems as well as access to safe 
drinking water and safe recreation. 
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Figure 2:  Top 6 herbicides used in U.S. corn and soy in 2020/2021: 
Change in use over time

 Results generated using Pesticide Use Data System (PUDS) based on USDA QuikStat surveys and NASS data 
for corn and soy. 2021 is the most recent year of surveyed data for pesticide use in corn, 2020 for soy.  
*Represents the aggregate amount of S-metolachlor and metolachlor. 

*glyphosate atrazine acetochlor S-metolachlor2,4-D dicamba 
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C. Conventional no-till is 
associated with increasing use of 
antiquated, hazardous chemicals 

Glyphosate — aka Roundup — is by far the 
most widely used herbicide in conventional 
corn and soy production. 51 However, the use 
of other herbicides is rapidly increasing as the 
e�cacy of glyphosate wanes. We found that 
the use of 2,4-D and dicamba has doubled in 
corn and increased 25-fold in soy in the past 
two decades. 52 These are antiquated chemicals 
that are more toxic to human health than 
glyphosate, according to U.S. Environmental 
Protection Agency (EPA) assessments of 
toxicity. f They are also associated with serious 
harm to the environment, as discussed at 
length in Part IV, Section F, below. The use 
of paraquat, a highly acutely toxic herbicide 
linked to increased risk of Parkinson’s disease 
and other serious health problems, has also 
increased 5-fold in soy production in the past 
two decades. 53,54  

f  The EPA has set the chronic reference dose (cRfd), a measure of chronic toxicity, at .01 mg/kg/day for 2,4-D; .03 mg/kg/day for dicam-
ba; and .1 mg/kig/day for glyphosate. A higher cRfd indicates that the EPA has judged the chemical is less chronically toxic. U.S. EPA 
IRIS System. IRIS Home: Advanced Search. U.S. Environmental Protection Agency: Washington, D.C. Web database. Accessed January 9, 
2025. https://iris.epa.gov/AdvancedSearch/  

A dramatic increase in glyphosate was driven 
by the advent of ‘Roundup Ready’ corn 
and soy varieties, which were genetically 
engineered by Monsanto in the 1990s to 
withstand the spraying of glyphosate. Since 
then, the use of glyphosate has increased 32-
fold on corn and 9-fold on soy (see Figure 2). 55 
This ubiquitous use of glyphosate resulted 
in the proliferation of glyphosate-resistant 
“superweeds.” Superweeds now plague over 
100 million acres of U.S. farmland 56  and cost 
farmers an estimated $10 billion annually 57 

— equivalent to about 5% of the total GDP 
generated by U.S. farms each year. 58 Pesticide 
companies have capitalized on this by 
genetically engineering crops to withstand a 
broader suite of herbicides, including 2,4-D, 
dicamba, and glufosinate, and marketing them 
as a way to combat superweeds that no longer 
respond to glyphosate. The latest genetically 
engineered corn and soy seeds are designed 
to resist two herbicides, and seeds with 
resistance to as many as four are available. 59 

Results generated using Pesticide Use Data System (PUDS) based on USDA QuikStat survey.  
2021 is the most recent year of surveyed data for pesticide use in corn, 2020 for soy.

Figure 3: Increases in 2,4-D, dicamba, and paraquat use 
in U.S. corn and soy
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Most conventional no-till farmers use 
genetically engineered seeds. Our analysis 
shows that, at a  minimum, 89% of no-
till corn and soy acres are planted with 
crops genetically engineered to withstand 
glyphosate and other toxic herbicides  (91% 
of soy and 88% of corn; see Appendix 6: 
Methodology). 60 

Genetically engineered herbicide-tolerant 
varieties drive the cycle of increased herbicide 
use, decreased e�cacy, and increased 
incidence of superweeds, yet the pesticide 
industry is doubling down on this failed 
approach. Conventional no-till production, 
like conventional production with standard 
tillage, is contributing to this ramp-up in 
herbicide use, causing negative externalities 
and undermining our ability to achieve truly 
regenerative outcomes. 

D. Herbicides used in 
conventional no-till harm human 
health  

According to USDA data, at least 15 herbicides 
classi�ed as highly hazardous to human health 
or the environment are used in conventional 
corn and soy production in the U.S. 61,62 We 
estimate that 173 million pounds of highly 
hazardous herbicides may be attributed to 
no-till corn and soy annually .

Regenerative agricultural systems should not 
only regenerate soil and ecosystem health, 
but human health as well. Yet decades of 
data show that the pesticides widely used 
in conventional agriculture can disrupt and 
derail the healthy functioning of our bodies. 
Children and infants in utero are the most 
physiologically vulnerable to the e�ects of 
exposure, and farmers, farmworkers, and 
rural communities are on the frontlines of 
exposure. 63,64 

Figure 4 provides an overview of the health 
harms associated with the top six herbicides 
used in U.S. corn and soy production (see 
Appendix 5 for supporting research). Note 
that the three herbicides classi�ed as highly 

hazardous — glyphosate, 2,4-D, and acetochlor 
— as well as the other three, are associated with 
a range of human health impacts, including 
cancers, reproductive and developmental 
toxicity, endocrine disruption, and more. 

It is misleading to call agricultural systems 
that depend heavily on use of these and other 
toxic chemicals “regenerative.” Regenerative 
farming systems should sustain and improve 
human health, not threaten it. 



E. Herbicides used in 
conventional no-till harm the 
environment

Along with human health harms, the 
six herbicides most commonly used in 
conventional corn and soy production also 
harm biodiversity above and belowground, 
from birds and �sh to essential soil organisms. 
This damage threatens the stability of our 
farming systems, which depend on the 
complex array of ecosystem services that 
biodiversity provides. A healthy and intact 
web of life is fundamental to feeding ourselves 
and future generations. 

Figure 5 provides an overview of the risks 
posed by the six herbicides to di�erent classes 
of organisms (see Appendix 6 for supporting 
research). Given that these chemicals are 
herbicides — designed to kill plants — it 
should come as no surprise that they pose 
risks to native plant communities. Dicamba 

is particularly problematic in this regard 
as a volatile chemical that is prone to drift. 
Dicamba can cause injury to crops and wildlife 
thousands of feet from where it is applied, 
threatening native plant communities and the 
insects and birds that depend on those plants 
for their food and shelter. 65  

Many of these herbicides also pose risks to 
essential pollinators like bees. The EPA notes 
that there are concerns for bees related to 
the use of dicamba and acetochlor, 66,67  and 
glyphosate has been found to negatively 
impact bees’ reproduction, broods, foraging 
and navigation abilities, learning, and 
memory. 68  Pollinators like bees are responsible 
for one in three bites of food that we eat. 69  

When these toxic herbicides run o� into 
waterways, they can also cause injury 
and death to �sh, aquatic organisms, and 
amphibians; and �nally, many of these 
herbicides pose risks to birds and mammals. 
Atrazine is worth highlighting, as the Re�ned 
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Glyphosate Dicamba 2,4-D Atrazine Acetochlor S-Metolachlor*

Cancer X X X X X X

Genotoxicity X X X

Reproductive Toxicity X X X X X X

Developmental / Birth Defects X X X X X

Neurotoxicity X X X X

Liver / Kidney Impacts X X X X X

GI System / Gut Microbiome Impacts X X

Endocrine Disruption X X X X X

Irritant / Sensitizer X X X X

Other X* X** X***

Figure 4: Summary of human health impacts linked to top herbicides 
used in U.S. corn and soy

Data is from studies on both S-metolachlor and metolachlor
*Associated with metabolic syndrome
**Associated with retinal degeneration and cataracts
***Associated with cardiac e�ects and immunotoxicity
See Appendix 5 for more information



Ecological Risk Assessment for Atrazine, 
published by the EPA in 2016, demonstrates 
just how ecologically damaging this herbicide 
is. The EPA found that the risks posed by 
atrazine to birds, mammals, and �sh exceed 
the EPA’s level of concern for chronic 

exposure by as much as 22, 168, and 62 times, 
respectively. 70  

For more details on how the herbicides used 
in conventional no-till harm soil organisms, see 
Part V, Section C below.

Risks posed to: Glyphosate Dicamba 2,4-D Atrazine Acetochlor S-Metolachlor*

Native Plants X X X X X X

Pollinators X X X X X X

Birds X X X X X X

Fish/Aquatic Organisms X X X X X X

Mammals X X X X X

Amphibians X X X

Soil Organisms X X X

Figure 5: Summary of ecological risks posed by top herbicides 
in U.S. corn and soy

* Data is from studies on both S-metolachlor and metolachlor

See Appendix 6 for more information.
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F. Conventional no-till uses 
neonicotinoids associated with 
devastating harm to ecosystems 
and human health

Researchers estimate that between 79% and 
100% of corn grown in the U.S. relies on the use 
of neonicotinoid insecticides as seed coatings. 71 
This means that seed coatings in no-till corn 
may account for up to 2.47 million pounds of 
neonicotinoid (or neonics) use annually. 72 The 
available data did not allow us to calculate the 
percentage of no-till soy that likely uses neonic-
coated seeds; however, the data indicate that 
at least 40% of conventional soy in the U.S. is 
grown with neonic-coated seeds. 73 

Neonics are a class of insecticides associated 
with devastating ecological harm. They are one 
of the main drivers of insect declines worldwide, 
including the massive loss of pollinators, and 
are responsible for serious harm to soil and 
aquatic ecosystems. 74,75  U.S. agriculture has 
become nearly 48 times more toxic to insect life 
since the introduction of neonics in the 1990s. 76 
They are also a key factor driving mass loss of 
birds, 77 and the EPA asserts that continued use 
will likely push more than 200 threatened and 
endangered species toward extinction. 78 

18

Figure 6: Increase in Toxicity of U.S. Agriculture for Insects
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Neonics are “systemic,” so when applied at 
the root of plants or as seed coatings, they 
are absorbed and permeate the entire plant 
as it grows, poisoning its nectar, pollen, and 
fruit. Neonics are also far more persistent 
in the environment than other insecticides 
and can kill insects for months to years after 
application. They travel in soil and water, 
spreading threats well beyond the original 
application site. 

The largest use of neonics in the U.S. is as 
coatings on corn and soy seeds. Neonic 
seed coatings result in a tremendous cost to 
biodiversity but provide little to no yield or 
economic bene�ts to farmers, on average, 79,80  
and in some cases may even decrease yield 
by killing pollinators and pest predators (i.e. 
“good bugs”). 81,82 Yet they are widely used 
because a near-monopoly in the seed industry 
held by pesticide corporations leaves farmers 
with few other options. 83

Neons also threaten human health. They have 
been associated with adverse developmental 

and neurological outcomes, including memory 
loss and tremors and congenital heart defects 
and neural tube defects. 84  Some neonics have 
also been linked to reproductive toxicity and 
endocrine disruption. 85,86,87   

G. Synthetic fertilizers used in 
conventional no-till harm human 
health and the environment

The use of synthetic fertilizers is ubiquitous in 
conventional corn production, including in no-
till systems. At least 92% of no-till corn acres 
in the U.S. can be associated with application 
of synthetic nitrogen at an estimated average 
application rate of 150 pounds per acre. 88  That 
represents 50.44 million acres and a total use 
of 7.6 billion pounds of synthetic nitrogen on 
conventional no-till corn. 

The widespread use of synthetic nitrogen 
fertilizer in agriculture threatens biodiversity 
and human health. When excess nitrogen 
runs o� of �elds and contaminates surface 
waters, it can lead to catastrophic “dead 
zones” —  areas that lack oxygen, making it 
impossible for aquatic wildlife to survive. The 
Gulf of Mexico, the Chesapeake Bay, the Great 
Lakes, and other critical marine and freshwater 
ecosystems in the U.S. are negatively impacted 
by dead zones every year. 89  Fertilizer use is 
also a major source of nitrate pollution in 
drinking water, and exposure to nitrates in 
drinking water has been linked to cancer, 
thyroid disease, and neural tube defects, 
among other health issues. 90  Synthetic 
fertilizers can also harm soil life, as discussed 
in Part V, Section C below. 

Since soybeans are legumes that can naturally 
�x nitrogen in the soil, they are associated with 
far lower applications of synthetic fertilizer 
(537 million pounds annually versus 12.3 billion 
pounds annually for corn). 91 While USDA data 
shows that 30% of soybean acres received 
applications of nitrogen fertilizer, it was not 
possible for us to determine the percent of 
conventional no-till soy that nitrogen fertilizer 
was applied to.
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 V. CLIMATE COSTS

The past few years have seen a surge of 
interest in agricultural practices that can 
reduce greenhouse gas emissions and/or draw 
down carbon from the atmosphere. Despite 
widely held assumptions, scienti�c evidence 
shows that investing in conventional no-till will 
not help us reach ambitious climate goals. 

Research shows that no-till is veri�ably linked 
to a reduction of direct fossil fuel emissions 
on-farm, typically attributed to the need for 
fewer tractor passes. 92,93,94  However, this may 
be o�set by additional passes associated with 
increased application of herbicides. Other 
factors in conventional no-till systems also 
undermine the impact of this reduction in fuel 
use. First and foremost, conventional no-till 
corn and soy production are soaked in fossil 
fuels in the form of synthetic fertilizers and 
pesticides. The production and use of these 
chemicals is linked to signi�cant greenhouse 
gas emissions. Second, there is little to no 
scienti�c evidence supporting the assumption 
that no-till increases soil carbon sequestration. 
Third, the pesticides commonly used in 
conventional no-till have been shown to harm 
soil organisms, undermining the ability of 
soils to sequester carbon, cycle nutrients, and 
maintain a healthy structure. 95,96  Healthy soil 
structure is essential for farmers’ resilience to 
climate change and extreme weather events.

A. Fossil fuel-based pesticides 
and fertilizers used in 
conventional no-till have a 
signi�cant carbon footprint

99% of all synthetic chemicals, which includes 
pesticides and fertilizers, are derived from 
fossil fuels. 97 Fossil fuels are also used as 
an energy source during the manufacturing 
process of these chemicals. 98  

We estimate that eliminating synthetic 
pesticides and fertilizers in conventional no-
till corn production could mitigate as much 
or more CO 2-equivalent emissions per acre 

as the adoption of cover crops, under some 
conditions. Meta-reviews estimate that cover 
crop adoption could mitigate approximately 
.4 - .83 metric tons of CO 2-equivalent emissions 
per acre, per year. 99,100,101 In comparison, we  
estimate that eliminating synthetic fertilizer and 
herbicides in conventional no-till corn could 
avert approximately .39 - 1.02 metric tons of 
CO2-equivalent emissions per acre per year. 
(See Appendix 4: Methodology). Yet while 
cover crops are a large part of USDA’s 2024 
list of ‘climate-smart’ practices, agrochemical 
reduction is mostly ignored. There is no 
practice standard related to reducing or 
eliminating synthetic pesticide use on the list 
at all. 102 To transform our agricultural system 
into one that regenerates and mitigates climate 
change, the carbon footprint of pesticides and 
synthetic fertilizers must be addressed, and 
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agrochemical reduction must be prioritized 
alongside other e�ective practices. 

1. Pesticides

Publicly available data on the carbon cost 
of pesticide production is limited and out-
of-date, in large part due to commercial 
con�dentiality held by chemical companies. 
While it would be useful to have speci�c 
calculations for individual chemicals, the 
available research only provides broad 
assessments of di�erent types of pesticides. 
Available data estimate that insecticide 
production generates between 15 and 19 
kilograms (kg) of CO 2-equivalent emissions 
per kg of insecticide while herbicide 
production results in between 18 and 27 kg of 
CO2-equivalent emissions per kg of herbicide 
on average — more than double the amount of 
emissions from burning a gallon of gasoline. g,103 
(This calculation is from a study at Cran�eld 
University prepared for the agrochemical 
industry.) Using these data, we found that  the 

g  In this section of the report, we use the metric system (kilograms and metric tons) because greenhouse gas emissions are typically ex-
pressed as metric tons of CO 2-equivalent. 

production of herbicides associated with 
no-till corn and soy may result in upwards 
of 3.4 million metric tons of CO 2 equivalent 
emissions annually  (see Appendix 4: 
Methodology). This is the equivalent of around 
760,000 cars on the road for a year. 104 

Researchers have calculated the energy 
use associated with the production of some 
speci�c pesticides, including glyphosate. The 
production of glyphosate was found to result 
in 31.29 kg of CO 2-equivalent emissions for 
every kg of the pesticide. 105 This translates to 
approximately 1.6 million metric tons of CO 2-
equivalent emissions annually that can be 
attributed to the glyphosate used in no-till 
corn and soy production in the U.S. 

2. Fertilizers 

Synthetic nitrogen fertilizer is associated with 
signi�cant emissions along its entire supply 
chain, from production to transportation 
to application. It is energy-intensive to 
manufacture, with the production of each 
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Eliminating synthetic pesticides and fertilizers could be as good for  
the climate as cover cropping per acre of corn



metric ton resulting in an estimated 3.1 - 4 
metric tons of CO 2-equivalent emissions. 106 
It also results in signi�cant nitrous oxide 
(N 2O) emissions when from it is applied. N 2O 
is a potent greenhouse gas with a global 
warming potential 273 times when greater 
than that of carbon dioxide. 107 The N 2O from 
agricultural soils is the single largest source 
of direct greenhouse gas emissions from U.S. 
agriculture, according to the U.S. EPA. 108 

We estimate that the nitrogen fertilizer 
used on no-till corn acres likely accounts for 
between 18.4 million to 49.3 million metric 
tons of CO 2-equivalent emissions annually. At 
the high end, that’s the equivalent of about 
10.7 million cars on the road for a year. 109 

Combining our analysis of the emissions 
associated with the herbicides used in no-
till corn and soy and our analysis of the 

nitrogen fertilizer used in no-till corn, we 
estimate a total carbon footprint of 21.9 
million to 52.8 million metric tons of CO 2-
equivalent emissions per year. This means that 
eliminating the use of synthetic herbicides 
and fertilizer in no-till corn would avert an 
estimated .39 - 1.02 metric tons of CO 2-
equivalent emissions per acre, per year. 

This may be conservative. Other scholars have 
estimated that replacing synthetic fertilizer 
in conventional systems (for example, with 
organic amendments and farming practices 
that stimulate biological activity and replenish 
nitrogen in the soil) may be able to mitigate 
roughly 1.7 metric tons of CO 2-equivalent 
emissions per acre, per year. 110 We also 
assumed that the least possible percentage of 
no-till corn acres uses fertilizer, and that these 
acres applied fertilizer at the average rate for 
conventional corn.
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Calculated using the U.S. Department of Agriculture 2022 Census of Agriculture, U.S. Department of Transportation 
State Motor Vehicle Registrations – 2020, and U.S. EPA Greenhouse Gas Emissions from a Typical Passenger Vehicle

The combined emissions associated with synthetic fertilizer and pesticide production use in  
no-till corn and soy production can be associated with the equivalent CO2 emissions of up to 11.4 
million cars on the road for a year — approximately the number of cars in the top 9 no-till states.
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B. No-till is not proven to 
increase soil carbon stocks

Soil carbon sequestration is often touted as 
a bene�t of no-till, but this isn’t scienti�cally 
accurate.  Recent research shows that much of 
the data that led to this erroneous assumption 
su�ers from a common error: not measuring 
deeply enough in the soil pro�le. Shallow 
sampling (20 - 30 cm) is likely to overestimate 
the carbon storage bene�ts of no-till; as tillage 
distributes soil deeper in the soil pro�le, while 
no-till strati�es it in the surface. 111 When the 
entire zone of soil in�uenced by tillage is 
considered, the positive bene�ts of no-till on 
soil carbon disappear. 112 

Multiple meta-reviews looking deeper at the 
soil pro�le — beyond 30 cm — have found that 
while no-till is linked to increased carbon in 
the surface layers of the soil, it is also linked 
to lower concentrations at deeper depths, 
meaning there is no overall change in carbon 
stocks. 113,114,115 In other meta-reviews, no-till 
has been found to actually reduce overall soil 
carbon stocks. 116 

The fact that no-till concentrate soil carbon in 
shallower layers — rather than increase overall 
stocks — is problematic, as most no-till farmers 
till intermittently. USDA data show that at least 
80% of “no-till” corn, soybean, wheat, and 
cotton acres were tilled at some point over 
a four-year period. 117  This intermittent tillage 
can result in an immediate loss of substantial 
amounts of carbon from shallow layers of 
the soil. 118,119 Thus, the lack of redistribution of 
carbon within the soil pro�le associated with 
no-till may actually undermine deeper, more 
stable soil carbon storage.

No-till may sequester soil carbon under 
some conditions, but it depends on site-
speci�c context and the overall farm system. 
One meta-review found that when no-till 
was combined with double-cropping, it did 
sequester a signi�cant amount of carbon. 120 
However, this study still found that, on the 
whole, there was no relationship between no-
till and increased carbon storage. 

What’s more, research shows that, in some 
climates, no-till may lead to an increase in N 2O 
emissions from the soil compared to standard 
tillage 121122. Again, N 2O is a potent greenhouse 

gas with a global warming potential 273 times 
greater than that of carbon dioxide.

The bottom line is that it is not scienti�cally 
sound to assume that no-till, as a standalone 
practice, will result in increased soil carbon 
storage. 

C. Agrochemicals used in no-
till are a serious threat to the 
organisms that underpin soil 
carbon sequestration and 
farmers’ resilience 

The pesticides and synthetic fertilizers used in 
conventional no-till systems are associated with 
signi�cant harm to soil health. These chemicals 
threaten critical soil organisms, disrupt 
microbial activity, undermine soil carbon 
sequestration, and alter soil ecosystems. 

Two meta-reviews show that pesticide use is 
incompatible with healthy soil ecosystems. 
One focuses on soil invertebrates, including 
earthworms, ants, beetles, mites, springtails, 
nematodes, and ground nesting bees. It found 
that commonly used classes of pesticides 
kill or harm soil invertebrates in 71% of cases 
evaluated. 123 Another looked at microorganisms 
like bacteria and fungi. It found that �eld 
doses of pesticides can reduce soil microbial 
activity (32-40%) and biomass (15-48%) and 
alter microbial community structure (54-
90%). 124 Multiple studies suggest that the 
routine use of pesticides has greater and more 
disruptive effects on soil bacterial and fungal 
communities than routine tillage does. 125,126 
And pesticides have been speci�cally linked to 
negative impacts on nitrogen-�xing bacteria — 
undermining the ability to build fertility in the 
soil through biological activity. 127 

Although the e�ects of glyphosate — the 
most widely used pesticide in corn and 
soy production — on soil are not fully 
understood, mounting evidence shows 
cause for concern. 128,129,130 Studies have found 
that glyphosate damages the ecology of 
mycorrhizal fungi that enable the �ow of 
carbon to the soil. 131,132,133  Earthworms are also 
at risk from glyphosate exposure. One study 
found that the casting activity of earthworms 
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at the soil surface nearly disappeared after 
three weeks of glyphosate application and that 
reproduction of earthworms dropped by half 
after three months. 134 Other potential negative 
e�ects of glyphosate on soil health include an 
increase in pathogenic microorganisms in the 
soil, impairment of respiration of soil-dwelling 
organisms, and nutrient immobilization for 
plants and microorganisms. 135 

Research also shows that use of synthetic 
fertilizers can hinder, alter, and impair 
biodiversity and biological activity in the soil, 
which can lead to a decline in soil organic 
matter and degradation of soil structure. 136,137

Soil carbon sequestration depends on the very 
soil organisms that agrochemicals harm and 
kill. Soil carbon sequestration takes place as 
plants breathe in carbon from the air through 
photosynthesis. Some of this CO 2 is converted 
into organic compounds that make up the 
plant biomass and the rest is exuded into 
the soil through the plants’ roots, feeding an 

ecosystem of microorganisms.  Invertebrates 
also feed on fallen plants, breaking them down 
and excreting carbon-rich casts and feces 
and mixing organic materials into the soil 
as they go. By harming soil microorganisms 
and invertebrates, the agrochemicals used in 
conventional no-till undermine the ability of 
the soil to sequester carbon.

Soil biodiversity also plays a central role in 
water conservation and improving farmers’ 
resilience. Invertebrates like earthworms and 
springtails are  ecosystem engineers, crafting 
and maintaining the structure of soil. Healthy 
soil with good structure acts as a sponge 
— readily absorbing water during intense 
rains and holding on to it during dry times — 
improving farmers’ outcomes during weather 
extremes. 138,139 Thus, the agrochemicals used 
in conventional no-till also undermine farmers’ 
resilience to the impacts of droughts and 
�oods, which will continue to worsen with 
climate change.
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Leveraging the momentum behind regenerative 
agriculture to create transformative change 
in our food system is central to responding to 
the intertwined crises of biodiversity loss and 
climate change while addressing the massive 
threats to public health posed by the dominant 
industrial food system. 

Interest in regenerative agriculture has 
exploded in the past decade, and, as stated 
above, the fact that many conventional 
growers who once practiced standard tillage 
have adopted no-till systems is an indication 
of an interest in conservation and a willingness 
to adapt and implement new practices. 
Government agencies, corporations, and 
others interested in regenerative agriculture 
must harness this interest and provide 
�nancial, technical, and other forms of 
support to conventional growers to assist their 
transition to truly regenerative agriculture. 
And equally, we must support growers who 
are already practicing diversi�ed organic 
and other leading forms of regenerative 
agriculture. We must lift up systems-based 
approaches to growing food that research 
shows have broad bene�ts for the soil, human 
health, and the climate. 

A. Reducing fertilizer and 
pesticide use in conventional 
systems is possible and bene�cial

Within conventional agricultural production, 
reducing the use of synthetic pesticides and 
fertilizers is a critical way to shift toward more 
regenerative systems. 

Research shows that reducing use of 
pesticides in conventional systems is 
possible. There are a variety of practices 
that conventional growers can use to 
manage weeds and pests without chemical 
inputs, particularly when those practices 
are combined in holistic, systems-based 
approaches. For example, when implemented 

robustly, Integrated Pest Management (IPM) 
— a pest management strategy that prioritizes 
long-term prevention, least-toxic approaches, 
and minimizing risks to people and the 
environment — is one approach that can 
reduce chemical use and improve outcomes 
in conventional systems. One study found that 
IPM was able to reduce insecticide use in corn 
and watermelon cropping systems by 95% 
over four years while yields were maintained 
or increased. 140 Another study evaluated data 
from 85 IPM projects across Asia and Africa 
and found that, on average, yields increased 
and pesticide use declined by 30%. 141 

Synthetic fertilizer reductions are also 
possible. At a minimum, conventional 
growers can implement improved nutrient 
management: applying fertilizer from the 
right source at the right rate, right time, and 
right placement (sometimes referred to as 
the “4R” framework). If multiple 4R principles 
are implemented in conjunction, it can 
decrease excess fertilizer use and improve 
the e�ciency of nutrient uptake by crops. 142 
Scholars who have modeled the potential 
impact of improved nutrient management 
estimate that, if adopted on 27% of eligible 
acres globally by 2050, it could mitigate over 2 
billion metric tons of CO 2-equivalent emissions 
and save farmers around $23 billion. 143 Given 
the tremendous greenhouse gas emissions 
and severe water pollution associated with 
nitrogen fertilizers, however, our long-term 
goal should be supporting conventional 
growers’ to build fertility through holistic sets 
of practices (cover cropping, crop rotations, 
using organic soil amendments, etc.) that 
ultimately eliminate the need for synthetic 
fertilizers entirely. While increased e�ciency 
is a practical �rst step, it is imperative that 
we begin working on a time-bound transition 
away from synthetic fertilizers and towards 
truly regenerative agriculture that derives 
fertility from healthy, biologically active, well-
managed soils. 

  VI. SOLUTIONS 
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Reducing synthetic inputs is not only 
possible, it can save farmers money on 
costs and even increase pro�tability. For 
corn farmers, for example, fertilizer alone 
typically accounts for approximately 15-
25% of total production expenses, 144 and 
U.S. farmers spend approximately $19 
billion on pesticides annually. ,145 One study 
found that farming systems that employed 
regenerative practices including eliminating 
insecticide use, planting multispecies cover 
crops, and reducing tillage were up to 
78% more pro�table than more chemical-
intensive conventional farm systems. 146 A 
long-term program to reduce pesticide use 
by implementing IPM in Texas cotton led to 
an average increase in net returns of $43 
per acre for producers. 147 And a study of 
946 conventional farms in France found that 
lower pesticide use was not associated with 
reduced productivity or pro�tability. 148 

It’s also clear that protecting and fostering 
biodiversity by reducing the use of harmful 
pesticides can bene�t farmers. A meta-review 
found that an abundance and diversity of 
insects in agricultural systems can improve 
productivity and yield outcomes. 149 As 
noted in Section V, Part 3, a diversity and 
abundance of soil organisms supports 
essential nutrient cycling and healthy 
soil structure, which improves farmers’ 
resilience to extreme weather events. Healthy 
ecosystems provide a variety of important 
services to farmers, and reducing pesticide 
use maintains these ecosystems and sustains 
the key bene�ts they provide. 

Public and private initiatives must support 
conventional growers to prioritize input 
reduction as they move along the pathway 
of regeneration. Reducing the use of 
agrochemicals in conventional agriculture is 
a no-regrets solution that has the potential to 
bene�t biodiversity, the climate, soil health, 
human health, and farm pro�tability and yield. 

B. Decades of research show the 
climate, biodiversity, and health 
bene�ts of organic

At the same time as we invest in reducing 
agrochemical inputs in conventional systems, 
public and private actors must also invest 
in expanding organic systems. Diversi�ed 
organic is a leading form of climate-
smart and regenerative agriculture, as 
demonstrated by decades of peer-reviewed 
research. 150 Organic agriculture has been 
consistently proven to lead to positive 
outcomes for the climate. On average, 
organic farms use less energy, emit fewer 
greenhouse gasses, and improve soil carbon 
sequestration compared to conventional 
farms. 151,152,153 Long-term trials conducted 
by the USDA found that organic farms can 
sequester, on average, 400-600 more pounds 
of carbon per acre than conventional farms, 
including conventional no-till farms. 154,155 

Organic also o�ers broad soil health bene�ts 
beyond carbon sequestration. For example, a 
long-term trial at the University of Minnesota 
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found that soils under organic management 
demonstrated: higher microbial biomass and 
activity; improved storage of plant nutrients 
(such as phosphorus and potassium); and 
reductions in soil-borne diseases compared 
to soils under conventional management. 156 

Organic �elds  have also been found to have 
30–50% greater soil aggregation and ten times 
higher water in�ltration than conventional 
�elds. The fact that organic �elds can take 
up and hold more water allows them to be 
more resilient to extreme weather events — 
intensifying due to climate change — including 
drought and �oods. 157,158 

By not using synthetic pesticides, organic 
farms also protect essential biodiversity. On 
average, organic farms host 50% more living 
organisms than conventional farms. 159,160 The 
increased populations of bene�cial insects, 
birds, mammals, reptiles, and soil organisms 
on organic farms maintain the web of life and 
ensure that we can feed ourselves and future 
generations. 161 Additionally, organic farming 
protects people — farmers, farmworkers, rural 
communities, consumers — from the health 
impacts of these toxic pesticides, safeguarding 
human health and wellbeing. 162 

Investing in diversified organic agriculture 
is another no-regrets solution that will 
help us achieve the important goals of 
regenerative agriculture. 

C. Tillage can be part of 
regenerative farming systems 

It is critical to recognize that, when 
implemented in the right ways, tillage 
can  be part of truly regenerative farming 
systems. Farms in Korea, China, and Japan 
have retained healthy soils and remained 
productive even after being tilled for more 
than 3,000 years. 163 It is true that excessive 
tillage can lead to a variety of negative 
impacts on the soil, including soil erosion, as 
discussed earlier in this report. 164 But  tillage 
is not a monolith . The impact of tillage on 
the soil depends greatly on the depth, spatial 
coverage, and frequency of tillage and the 
implement used, as well as other practices 
in the farming system. When it comes to soil 
carbon sequestration, for example, studies 
have shown that practices such as crop 

diversity have a greater impact on the level of 
carbon in the soil than tillage does. 165

Much evidence that tillage can be part of 
regenerative farming systems comes from 
research conducted on organic systems.  
Organic farmers are legally required to “select 
and implement tillage and cultivation practices 
that maintain or improve the physical, 
chemical, and biological condition of soil and 
minimize soil erosion.” 166 Numerous studies 
have documented that diversi�ed organic 
farms using practices such as cover cropping, 
compost application, and diverse crop 
rotations achieve substantial improvements 
in soil organic matter and other soil health 
metrics while still using full tillage 167,168 and 
sometimes even more frequent tillage than 
conventional standard tillage systems. 169,170 
Some organic systems with tillage have also 
demonstrated reduced soil erosion compared 
to conventional systems, because they 
had improved soil structure that prevented 
erosion. 171 We highlight this research to 
demonstrate that tilling — on organic farms 
or otherwise — can be part of regenerative 
farming systems, depending on context.
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 VII. RECOMMENDATIONS 

A. Make agrochemical reduction 
a central pillar of regenerative 
agriculture 

The evidence presented in this report makes 
clear that the reduction of agrochemicals 
must be a central pillar of regenerative 
agriculture. This is not currently the case. In 
a 2020 study of regenerative practitioners 
(nonpro�t organizations, extension agencies, 
and farmers), only 30% cited “using no or low 
external inputs” as a key practice, and only 18% 
and 23% cited “using no synthetic pesticides” 
and “using no synthetic fertilizers” as key 
practices, respectively. 172 Yet 86% agree that a 
target outcome of regenerative agriculture is 
to build soil health — a goal that is di�cult, if 
not impossible, to achieve while broadcasting 
toxic pesticides and overapplying synthetic 
fertilizers.

Regenerative de�nitions, initiatives, and  
labeling programs that do not address the 
need for input reduction leave the door open 
for greenwashing and fail to confront the 
way that agrochemicals drive catastrophic 
biodiversity loss, harm soil organisms, and 
threaten human health. Unfortunately, many 
emerging regenerative labeling programs for 
farms and the products they sell have failed 
to adequately address input reduction. If 
regenerative agriculture initiatives are going 
to meet their stated goals, they must explicitly 
center and prioritize a transition away from 
toxic pesticides and synthetic fertilizers. 

B. Invest in research on reducing 
tillage without the use of toxic 
agrochemicals 

Because reduced tillage and no-till are 
bene�cial in some contexts – particularly 
for reducing erosion – a growing number of 
researchers and farmers are experimenting 
with techniques, such as roller-crimping, 
�ame weeding, occultation, and animal 

grazing that may be able to replace 
herbicides to e�ectively suppress weeds in 
no- and minimum-till systems. 173,174,175 Holistic 
management systems that combine no-till with 
other bene�cial practices have the potential to 
improve soil health, climate, and biodiversity 
outcomes, and may even lower input costs for 
farmers. 176 More federal research dollars are 
needed to: (1) identify and optimize  practices 
that could underpin no-till systems that don’t 
rely on herbicides; (2) quantify the outcomes 
of those practices; and (3) assess the �nancial, 
technical, and cultural barriers to adoption and 
implementation across a diversity of contexts 
(soil types, climates, production systems). 
For example, with cover crops, more work is 
needed to identify which cover crop species 
can be successfully terminated by a roller 
crimper, which species can be terminated by 
winter kill, and/or to identify which animals to 
graze, for how long, and how much to let them 
graze down crop biomass. Accelerating the 
ability of farmers to minimize tillage and reap 
the soil bene�ts — without the degenerative 
impacts of the chemicals used in conventional 
no-till — could help move the U.S. towards a 
more regenerative agricultural system overall.

C. Phase out industrial crop 
production for livestock feed 
and biofuels 

At the largest scale, we must address the 
end-use of the majority of conventional corn 
and soy production: livestock feed and �rst-
generation biofuels (i.e., ethanol and soy 
biodiesel). Continuing to cultivate industrial 
corn and soy on hundreds of millions of U.S. 
acres to feed these industries is a climate and 
biodiversity catastrophe. First-generation 
biofuels are associated with signi�cant 
greenhouse gas emissions, along with other 
adverse e�ects on biodiversity and water 
quality. 177,178,179 And scientists warn that we must 
reduce our consumption of animal products 
and shift to plant-rich diets if we are going to 
avert global warming, as the livestock industry, 
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including feed production, currently accounts 
for a majority of agricultural emissions and 
14.5% of total global emissions. 180,181,182,183 

In some contexts, regenerative grazing 
practices may bene�t the climate, soil health, 
and human health —  for example, when 
regenerative grazing replaces conventional 
grazing, or when animals are integrated into 
small-scale, diversi�ed cropping systems. 
However, the ability of regenerative grazing 
to mitigate emissions is limited, 184 and it is 
critical that support for regenerative grazing 
doesn’t incentivize the overall expansion of 
cattle grazing into more land than it already 
occupies. The surest path to reducing the 
climate, air and water pollution, and other 
impacts of the livestock industry is to reduce 
overall meat and dairy consumption.  

U.S. farm policy and corporate initiatives must 
be focused on a speedy transition away from 
our overproduction of meat and dairy and our 
overdependence on corn and soy and towards 
more diversi�ed cropping systems. And in 
the meantime, policymakers and companies 
should promote approaches to animal 
agriculture and the cultivation of corn, soy and 
other row crops that are holistic, ecological, 
and systems-based. 

 

D. Speci�c recommendations 
for policymakers, companies, 
and the regenerative 
agriculture community 

1. Policymakers

 �z Any de�nitions of “regenerative 
agriculture” promulgated by federal, state, 
or local governments should explicitly 
center and prioritize transitioning away 
from agrochemicals. 

 �z Federal, state, and local governments 
should fund and direct resources towards 
researching and spurring the adoption of 
techniques (such as roller-crimping, �ame 
weeding, occultation, and animal grazing) 
that may be able to replace herbicides 
to e�ectively suppress weeds in no-till 

and minimal-till systems, accelerating the 
ability of farmers to reap the bene�ts of 
reduced tillage without needed to rely on 
degenerative chemical inputs. 

 �z USDA should increase incentives for 
farm operations that eliminate or deeply 
reduce the use of synthetic pesticides and 
fertilizers, and focus more resources on 
promoting and measuring reductions in 
use, to help accelerate the adoption of truly 
regenerative agriculture. It is also critical, 
when tracking or measuring pesticide use 
reductions, to do so in terms of decreasing 
risk and toxicity, and not decreasing pounds 
of active ingredient. 185

 �z USDA should add the Natural Resource 
Conservation Service (NRCS) Conservation 
Practice Standard 595, “Pest Management 
Conservation System,” 186 to the Climate-
Smart Agriculture and Forestry (CSAF) 
Mitigation and Activities List, making it 
eligible to receive money and resources 
allocated to climate-smart agriculture.

 �z Additionally, USDA should update 
Conservation Practice Standard 595 — 
under “Purpose” — to recognize that 
reducing and eliminating synthetic 
pesticides averts greenhouse gas emissions 
and protects the soil microorganisms 
essential in the process of �xing nitrogen 
(building fertility and mitigating N 2O 
emissions) and sequestering carbon. 

 �z USDA should pursue research that 
evaluates the contexts in which promoting 
and incentivizing the adoption of 
standalone no-till (for example, through 
Conservation Practice Standard 329, 
“Residue and Tillage Management: No-Till”) 
may lead to increased reliance on chemical 
herbicides. USDA should assess possible 
methods for preventing further expansion 
of chemical-intensive no-till.  

 �z Congress should pass legislation as part 
of the Farm Bill that establishes a new 
conservation standard focused explicitly 
on reducing the use of chemical pesticides, 
particularly in no-till systems (e.g. the 
Streamlining Conservation Practice 
Standards Act).  
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 �z Congress should create a new training 
program for NRCS Technical Service 
Providers focused on soil health and input 
reduction, increasing the support available 
to help conventional growers signi�cantly 
reduce pesticide and synthetic fertilizer use 
or transition to organic  (e.g., by passing  
the Soil Care Act).

 �z Congress should adopt new regenerative 
agriculture programs that help farmers 
transition to perennial, agroforestry, 
and other diversi�ed cropping systems 
as outlined in the bipartisan Innovative 
Practices for Soil Health Act. 

 �z Congress should increase funding for the 
National Organic Program, the Organic 
Transitions Program, the Sustainable 
Agriculture Research and Education 
Program, and other key programs that 
support organic agriculture for Fiscal 
Year 2025 – and beyond – in alignment 
with the National Organic Coalition’s 
“Appropriations Priorities: Fiscal Year 2025 
Requests.” 187

 �z Where the assumption that no-till as a 
standalone practice increases soil carbon 
sequestration has been incorporated into 
materials and models, this assumption 
should be re-examined in light of the 
science, and materials and models should 
be updated appropriately. 

2. Food manufacturers & retailers

 �z Corporate regenerative agriculture 
initiatives should explicitly center 
and prioritize transitioning away from 
agrochemicals. Companies are encouraged 
to set time-bound, measurable goals to 
phase out toxic pesticides and synthetic 
fertilizers and transition towards ecological, 
least-toxic approaches along their entire 
food and beverage supply chains. 

 �z Companies should not fund or incentivize 
no-till as a standalone practice, as this 
is unlikely to achieve the stated goals of 
regenerative agriculture and may incentive 
degenerative practices. Instead, companies 

should provide �nancial and technical 
assistance to suppliers to support a broad 
transition to ecological, low-input growing 
systems — which may use tillage or not, 
depending on context. 

 �z Companies should invest in expanding 
organic food and beverage o�erings, 
recognizing that diversi�ed organic is a 
leading form of regenerative agriculture. 
Companies should prioritize sourcing from 
and supporting domestic U.S. organic 
growers and also help non-organic growers 
in the supply chain transition to organic 
(for example, by providing incentives to 
transition, by o�ering technical assistance, 
by committing to price �oors during 
transition, or by covering the cost of 
organic certi�cation). 

 �z Companies should keep in mind that 
there is no set de�nition of regenerative 
agriculture, allowing extensive 
greenwashing to occur in the regenerative 
space. While the term is being applied to 
truly regenerative farms — like regenerative 
organic farms — that support biodiversity, 
protect soils, and �ght climate change, 
it is also frequently being applied to 
degenerative forms of agriculture like 
chemical-intensive no-till. Companies are 
advised to be aware of this dynamic and 
put appropriate safeguards in place to 
ensure that investments in regenerative  
are e�ective and impactful. 

3. Regenerative community

 �z Members of the regenerative community 
(e.g., advocates, certi�ers, technical 
assistance providers, farmers) should 
promote a nuanced understanding 
of tillage: that it is not universally 
detrimental to soil health and can be part 
of truly regenerative growing systems, 
depending on context. Conversely, be 
aware that uplifting strict no-till without 
equally prioritizing input reduction can 
inadvertently incentivize chemical-
dependent growing systems that are at 
odds with regenerative goals. 
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 �z Where the assumption that no-till as a 
standalone practice increases soil carbon 
sequestration has been incorporated into 
materials and models, this assumption 
should be re-examined in light of the 
science, and materials and models should 
be updated appropriately. 

 �z Regenerative certi�cations that do not 
already do so should evaluate and adapt 
their standards to prioritize agrochemical 
input reduction and elimination. 
Certi�cation frameworks should incentivize 
and support growers to transition away 
from synthetic inputs over time, with 
the ultimate goal of minimizing use or 
eliminating those inputs entirely. It is 
also critical, when tracking or measuring 
pesticide use reduction, to do so in terms of 
decreasing risk and not simply decreasing 
pounds of active ingredient. 188 

 

 

 

 

 

 �z We encourage members of the regenerative 
community to understand diversi�ed 
organic agriculture as a leading form of 
regenerative agriculture. This is already 
happening in many regenerative spaces 
but is not ubiquitous. As opposed to seeing 
organic and regenerative as separate, as 
competitors, or as fundamentally di�erent 
perspectives on agriculture, we believe it 
is both accurate and strategic to consider 
diversi�ed organic as one type of growing 
system that falls under the broad umbrella 
of regenerative. We encourage members of 
the regenerative community to recognize 
that supporting the National Organic 
Program, as well as organic researchers, 
farmers, and advocates, is a way to advance 
the goals of the regenerative movement. 
We must combine the momentum behind 
regenerative and the longstanding success 
of organic in order to address the climate 
and biodiversity crises with urgency and 
speed the transition to a more sustainable, 
equitable, and healthy food system.
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1.  Pesticides used in corn production in 2021 

Pesticides used in corn production in 2021

 Type of Pesticide Acres Treated Pounds Applied

Pyraclostrobin Fungicide 4,662,600 890,557 

Propiconazole Fungicide 6,527,640 633,181 

Azoxystrobin Fungicide 6,527,640 620,126 

Prothioconazole Fungicide 3,730,080 331,977 

Trifloxystrobin Fungicide 3,730,080 317,057 

Mefentrifluconazole Fungicide 1,865,040 201,424 

Fluopyram Fungicide 1,865,040 145,473 

Other Fungicides Fungicide  -    134,000 

Tebuconazole Fungicide 932,520 124,958 

Benzovindiflupyr Fungicide 3,730,080 96,982 

Picoxystrobin Fungicide 932,520 86,724 

Pydiflumetofen Fungicide 932,520 55,951 

Cyproconazole Fungicide 932,520 21,448 

Tetraconazole Fungicide 220,536 14,114 

Fluxapyroxad Fungicide 255,462 13,029 

Glyphosate Herbicide 73,669,080 79,926,289 

Atrazine Herbicide 60,613,800 63,886,945 

Acetochlor Herbicide 31,705,680 44,863,537 

S-metolachlor Herbicide 25,178,040 29,055,458 

Metolachlor Herbicide 2,797,560 7,128,183 

2,4-D Herbicide 8,392,680 6,772,893 

Mesotrione Herbicide 43,828,440 5,785,354 

Dicamba Herbicide 17,871,761 4,571,093 

Dimethenamid Herbicide 5,595,120 3,217,194 

Other Herbicides Herbicide  -    2,355,000 

Clopyralid Herbicide 16,785,360 1,387,590 

Pendimethalin Herbicide 932,520 939,048 

Glufosinate-ammonium Herbicide 1,865,040 865,379 

Simazine Herbicide 932,520 850,458 

Paraquat Herbicide 932,520 696,592 

Tembotrione Herbicide 6,527,640 652,764 

Clethodim Herbicide 932,520 497,966 

Bicyclopyrone Herbicide 8,392,680 302,136 

Isoxaflutole Herbicide 3,730,080 272,296 

Metribuzin Herbicide 932,520 200,492 

 APPENDIX
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Flumetsulam Herbicide 6,527,640 189,302 

Pyroxasulfone  Herbicide 1,865,040 169,719 

Diflufenzopyr-sodium Herbicide 3,730,080 160,393 

Saflufenacil Herbicide 1,865,040 110,037 

Fluroxypyr Herbicide 932,520 76,467 

Thiencarbazone-methyl Herbicide 3,730,080 70,872 

Topramenzone Herbicide 5,595,120 67,141 

Flumioxazin Herbicide 932,520 60,614 

Rimsulfuron Herbicide 932,520 15,853 

Thifensulfuron Herbicide 932,520 11,190 

Fluthiacet-methyl Herbicide 932,520 4,663 

Halosulfuron Herbicide 394,805 4,343 

Bifenthrin Insecticide 5,595,120 453,205 

Other Insecticides Insecticide  -    275,000 

Chlorpyrifos Insecticide 233,394 146,571 

Lambda-cyhalothrin Insecticide 3,730,080 123,093 

Tebupirimiphos Insecticide 932,520 87,657 

Cyfluthrin Insecticide 932,520 27,043 

Beta-cyfluthrin Insecticide 932,520 22,380 

Tefluthrin Insecticide 394,805 21,714 

Zeta-cypermethrin Insecticide 932,520 17,718 

All Other Pesticides Other 932,520 329,000 

Totals 260,357,642

Notes:  
1. Table generated by C. Benbrook drawing on the Pesticide Use Data System (PUDS) 

2. Data in PUDS is from the USDA QuikStat system and is based on periodic surveys.

2. Pesticides used in soy production in 2020

Type of Pesticide Acres Treated Pounds Applied

Azoxystrobin Fungicide 5,834,780 659,330 

Propiconazole Fungicide 5,834,780 612,652 

Pyraclostrobin Fungicide 5,001,240 605,150 

Picoxystrobin Fungicide 2,500,620 345,086 

Other Fungicides Fungicide  -    300,000 

Fluxapyroxad Fungicide 4,167,700 254,230 

Tetraconazole Fungicide 3,334,160 253,396 

Prothioconazole Fungicide 2,500,620 185,046 

Trifloxystrobin Fungicide 2,500,620 170,042 

Difenoconazole Fungicide 1,667,080 155,038 

Pydiflumetofen Fungicide 1,667,080 143,369 

Mefentrifluconazole Fungicide 833,540 85,021 

Cyproconazole Fungicide 1,667,080 56,681 

Benzovindiflupyr Fungicide 1,667,080 45,011 

Glyphosate Herbicide 78,583,072 98,392,272 
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S-metolachlor Herbicide 15,837,260 20,699,299 

Dicamba Herbicide 30,189,739 17,080,870 

2,4-D Herbicide 25,187,671 16,110,578 

Acetochlor Herbicide 7,501,860 8,207,035 

Glufosinate-ammonium Herbicide 14,170,180 7,722,748 

Metolachlor Herbicide 4,167,700 4,609,476 

Metribuzin Herbicide 15,003,720 4,111,019 

Fomesafen Herbicide 13,336,640 3,508,370 

Sulfentrazone Herbicide 17,504,340 3,500,868 

Paraquat Herbicide 4,167,700 2,321,409 

Dimethenamid Herbicide 4,167,700 1,971,322 

Pyroxasulfone Herbicide 13,336,640 1,760,436 

Clethodim Herbicide 14,170,180 1,686,251 

Pendimethalin Herbicide 1,667,080 1,440,357 

Atrazine Herbicide 833,540 1,109,442 

Flumioxazin Herbicide 8,335,400 983,577 

Trifluralin Herbicide 833,540 672,667 

Imazethapyr Herbicide 11,669,560 606,817 

Other Herbicides Herbicide  -    330,000 

Bentazon Herbicide 403,562 311,147 

Fluazifop-P-butyl Herbicide 3,334,160 296,740 

Saflufenacil Herbicide 8,335,400 200,050 

Cloransulam-methyl Herbicide 5,834,780 151,704 

Acifluorfen, sodium Herbicide 400,946 136,322 

Chlorimuron-ethyl Herbicide 5,834,780 128,365 

Lactofen Herbicide 833,540 120,863 

Mesotrione Herbicide 833,540 91,689 

Thifensulfuron Herbicide 1,667,080 36,676 

Imazamox Herbicide 833,540 25,840 

Diquat dibromide Herbicide 833,540 24,173 

Quizalofop-P-ethyl Herbicide 358,836 20,812 

Fluthiacet-methyl Herbicide 3,334,160 20,005 

Carfentrazone-ethyl Herbicide 428,492 7,284 

Rimsulfuron Herbicide 138,750 4,162 

Flumiclorac-pentyl Herbicide 115,625 2,081 

Acephate Insecticide 833,540 904,391 

Chlorpyrifos Insecticide 833,540 411,769 

Bifenthrin Insecticide 4,167,700 304,242 

Other Insecticides Insecticide  -    206,000 

Lambda-cyhalothrin Insecticide 6,668,320 180,045 

Methoxyfenozide Insecticide 833,540 121,697 

Imidacloprid Insecticide 1,667,080 86,688 

Chlorantraniliprole Insecticide 833,540 55,847 
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Cyfluthrin Insecticide 833,540 49,179 

Beta-cyfluthrin Insecticide 1,667,080 40,010 

Thiamethoxam Insecticide 833,540 27,507 

Zeta-cypermethrin Insecticide 1,667,080 20,005 

Alpha cypermethrin Insecticide 833,540 17,504 

Diflubenzuron Insecticide 302,117 9,366 

Cypermethrin Insecticide 225,000 8,325 

Sodium chlorate Other 103,155 449,550 

Flutriafol Other 833,540 70,851 

Other Pesticides Other  -    12,000 

Indolebutyric acid Other 1,667,080 3,334 

Totals  205,251,089 

Notes:  
1. Table generated by C. Benbrook drawing on the Pesticide Use Data System (PUDS) 

2. Data in PUDS is from the USDA QuikStat system and is based on periodic surveys.  

3. Trends in herbicide use in corn and soy production in the U.S.:

1996 2001 2021

Corn

Glyphosate 2,482,960 7,354,428 79,962,289

Atrazine 60,342,702 66,671,729 63,886,945

Acetochlor 33,689,254 34,203,233 44,863,537

Metolachlor* 46,425,711 27,030,915 36,183,641

2,4-D 3,653,337 3,020,798 6,772,893

Dicamba 6,258,188 3,464,120 4,571,093

Paraquat 718,929 547,191 696,592

1996 2001 2020

Soy

Glyphosate 10,940,984 46,732,777 98,392,272

Metolachlor* 5,316,207 1,374,661 25,308,775

Dicamba 0 0 17,080,870

2,4-D 3,559,251 1,326,227 16,110,578

Atrazine 0 0 1,109,442

Acetochlor 0 0 8,207,035

Paraquat 428,218 0 2,321,409

Notes:  
1. Table generated by drawing on the Pesticide Use Data System (PUDS) 
2. Data in PUDS is from the USDA QuikStat system and is based on periodic surveys. 
 

*Represents the aggregate amount of S-metolachlor and metolachlor. 
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4. Methodology

1. Soy: Herbicides

a. Lowest possible percentage of no/minimum till soy that is herbicide-dependent : 

 �z Data points: 

• Total soy acres: 83.6 million i

• Share of total soy acres that are no/minimum-till acres: 62% (51.832 million) i

• Share of total soy acres that report no herbicide use: 4% (3.344 million) i 

 �z Calculation:

• Fewest possible soy acres that are no/minimum till AND use herbicides: 51.832 - 3.344 =  
48.448 million acres  

• Lowest possible percent of no/minimum till soy acres that are herbicide dependent: 
48.448/51.832 = 93.5%

• Lowest possible percent of total soy acres that are no/minimum till AND herbicide dependent: 
62% - 4% = 58% 

 �z Estimated pounds of herbicide used on no/minimum till soy annually:  

 �z Data points: 

• Total soy acres: 83.6 million i

• Share of total soy acres that are no/minimum-till acres: 62% (51.832 million) i

• Share of total soy acres that report no herbicide use: 4% (3.344 million) i

• Annual herbicide use in soy: 198,402,728 lbs ii  

 �z Assumptions

• Here, we assumed that the soy acres that do not report herbicide use are split evenly between 
the categories of no/minimum till and standard tillage acres. This would mean: 

 �� 60% of soy acres (50.16 million acres) are no/min-till AND use herbicides (these acres 
referred to as ‘N’ moving forward)

 �� 36% of soy acres (30.096 million acres) use standard tillage AND use herbicide (these 
acres will be referred to as ‘T’ moving forward) 

 �� 4% of soy acres (3.344 million acres) do not use herbicides (these acres will be referred 
to as ‘H’ moving forward); half of these are no/min-till. 

• We assumed that no-till acres use 10% (1.1x) more herbicides than tilled acres. Studies suggest 
herbicide use increases 10% - 41% alongside the adoption of no-till in conventional systems. iii,iv  
Thus, an assumption of 10% increase is conservative and likely underestimates actual usage.  

 �z Calculations: 

• Equation 1: 

 �� Using x to represent the application rate in lbs/acre for N acres and y to represent the 
application rate in lbs/acre for T acres:

 �� (# of N acres)(application rate in lbs/acre) + (# of T acres)(application rate in lbs/acre) + 
(# of H acres)(application rate in lbs/acres) = total lbs of herbicide used
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 �� (50.16)(x) + (30.096)(y) + (3.344)(0) =198.403

 �� 50.16x + 30.096y =198.403

• Equation 2: 

 �� x = 1.1y

• Solving for rates per acre (x and y): 

 �� 50.16(1.1y)+ 30.096y =198.403

 �� 85.272y = 198.403

 �� y = 2.33 lbs/acre 

 �� x = 1.1(2.32) = 2.55 lbs/acre

• Solving for total herbicide use in no/minimum till soy systems and the increased use of 
herbicides due to no/minimum-till management: 

• 50.16 million acres x 2.55 lbs/acre = 127,908,000 lbs used on no-till soy

• 127,908,000/198,402,728 = .644 = 64.4% of the total herbicides used on soy can be attributed 
to no/minimum till soy acres

• 127,908,000 lbs - (50.16 million acres x 2.32 lbs/acre) = 127,908,000 - 116,371,200 = 
11,536,800 lbs of additional herbicides are used annually due to the use of no/minimum-till 
management instead of conventional tillage 

Sources

I. USDA. 2023. NASS Highlights, 2023 Agriculture Chemical Use Survey: Soybeans. U.S. Department of Agriculture: 
Washington, D.C. May.

II. Pesticide Use Data System (PUDS) , based on USDA QuikStat surveys

III. Pittelkow, C. M., Linquist, B. A., Lundy, M. E., Liang, X., Van Groenigen, K. J., Lee,  
J., & Van Kessel, C. 2015. When does no-till yield more? A global meta-analysis. Field Crops Research. 183: 156-168; 

IV. Hristovska, T.; Watkins, K.B.; Anders, M.M. 2013. An economic risk analysis of no-till management for the rice-

soybean rotation system used in Arkansas. Journal of Soil and Water Conservation. 68: 132–137.

2. Corn: Herbicides

a. Lowest possible percentage of no/minimum till corn that is herbicide-dependent:

 �z Data points

• Total corn acres: 93.4 million i  

• Share of total corn acres that are no/minimum till acres: 59% (55.106 million) i 

• Share of total corn acres that report no herbicide use: 4% = (3.736 million) i  

 �z Calculations

• Fewest possible corn acres that are no/minimum till AND using herbicides: 55.106 - 3.736 =  
51.37 million acres

• Lowest possible percent of total no/minimum till corn acres that are herbicide dependent: 
51.37/55.106 = 93.22%

• Lowest possible percent of total corn acres that are no/minimum till AND herbicide 
dependent: 59% - 4% = 55%



b. Estimated pounds of herbicide used on no/minimum till corn annually:  

 �z Data points:

• Total corn acres: 93.4 million i 

• Share of total corn acres that are no/minimum till acres: 59% (55.106 million) i 

• Share of total corn acres that report no herbicide use: 4% = (3.736 million) i 

• Total use of herbicides reported for corn: 255,167,260 lbs ii 

 �z Assumptions: 

• Here, we assumed that the corn acres that did not report herbicide use are split evenly 
between the categories of no-/min-till and standard tillage acres. This would mean: 

 �� 57% of corn acres (53.24 million acres) are no/min-till AND use herbicides (these acres 
referred to as ‘N’ moving forward)

 �� 39% of corn acres (36.43 million acres) use standard tillage AND use herbicide (these 
acres referred to as ‘T’ moving forward) 

 �� 4% of corn acres (3.74 million acres) do not use herbicides (these acres referred to as 
‘H’ moving forward) 

• We assumed that no-till acres use 10% (1.1x) more herbicides than tilled acres. Studies suggest 
herbicide use increases 10% - 41% alongside the adoption of no-till in conventional systems. iii,iv  
Thus, an assumption of 10% increase is conservative and likely underestimates actual usage.  

 �z Calculations:

• Equation 1: 

 �� Using x to represent the application rate in lbs/acre for N acres and y to represent the 
application rate in lbs/acre for T acres:

 �� (# of N acres)(application rate in lbs/acre) + (# of T acres)(application rate in lbs/acre) 
+ (# of H acres)(application rate in lbs/acres) = total lbs of herbicide used

 �� (53.24)(x) + (36.43)(y) + (3.74)(0) = 255.167

 �� 53.24x + 36.43y =255.167

• Equation 2:

 �� x = 1.1y

 �� Solving for rate per acre:

 �� 53.24(1.1y) +36.43y = 255.167

 �� 94.99y = 255.167

 �� y = 2.69 lbs/acre 

 �� x = 1.1(2.69) = 2.96 lbs/acre

• Solving for total herbicide use in no/minimum till soy systems and the increased use of 
herbicides due to no/minimum-till management: 

• 53.24 million acres x 2.96 lbs/acre = 157,590,400 lbs used on no-till corn 

 �� 157,590,400/255,167,260 = 61.8% of total herbicides used on corn can be attributed to 
no/minimum till acres)

• 157,590,400 lbs - (53.24 million acres x 2.69 lbs/acre) = 157,590,400 - 143,215,600 = 
14,374,800 lbs of additional herbicides are used annually due to the use of no/minimum-till 
management instead of conventional tillage  
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3. Corn and Soy Combined: Herbicides 

 �z Data points

• See Sections 1 and 2 above 

 �z Calculations: 

• Total corn and soy acres managed as no/minimum till: 55.106 + 51.832 = 106.938 million acres

• Total corn and soy acres managed as no/minimum till and using herbicide: 51.27 + 48.448 
million acres = 99.818 million acres

• Lowest possible percent of no/minimum till corn and soy acres that are using herbicides: 93.3%

• Estimated total pounds of herbicide used annually in no/minimum till corn and soy: 
285,498,400 lbs

• Estimated pounds of additional herbicide used in corn and soy annually due to no/minimum 
till management: 25,911,600 lbs 

4. Corn and Soy: Glyphosate Use

 �z Data point: 

• Glyphosate represents approximately 39.5% of annual herbicide use in corn and soy i

• Estimated total pounds of herbicide used annually on no/minimum till corn and soy: 
285,498,400 lbs ii 

 �z Assumption:

• Glyphosate likely represents 39.5% of annual herbicide use in no/minimum till corn and soy  

 �z Calculations: 

• Glyphosate used annually in no/min-till corn and soy: (.395) x (285,498,400) = 112,771, 868 lbs

Sources: 

I. Pesticide Use Data System (PUDS)  (based on USDA QuikStat surveys) 

II. See Section 3 above. 

Sources

I. USDA. 2022. NASS Highlights, 2021 Agriculture Chemical Use Survey: Corn.  U.S. Department of Agriculture: 
Washington, D.C. May.

II. Pesticide Use Data System  (PUDS) (based on USDA QuikStat surveys) 

III. Pittelkow, C. M., Linquist, B. A., Lundy, M. E., Liang, X., Van Groenigen, K. J., Lee, J., ... & Van Kessel, C. 2015. When does 
no-till yield more? A global meta-analysis. Field Crops Research. 183: 156-168. 

IV. Hristovska, T.; Watkins, K.B.; Anders, M. M. 2013. An economic risk analysis of no-till management for the rice-

soybean rotation system used in Arkansas. Journal of Soil and Water Conservation. 68: 132–137.



40

5. Genetically Engineered (GE) Seeds

 
a. Soy

 �z Data points

• Total soy acres: 83.6 million i

• Share of soy acres that are no/minimum-till: 62% (51.832 million acres) i

• Share of soy acres reporting no use of GE seeds: 5% (4.18 million acres) ii 

 �z Calculations

• Fewest possible soy acres that no/minimum-till AND using GE seeds: 51.832 - 4.18  = 47.652 
million acres

• Lowest possible percent of no/minimum till soy acres that uses GE seeds: 47.652/51.832 = 91.9% 

b. Corn

 �z Data points: 

• Total corn acres: 93.4 million iii 

• Share of corn acres that are no/minimum till: 59% (55.106 million) iii 

• Share of corn acres that report no use of GE seeds: 7% (6.538  million acres) ii 

 �z Calculations: 

• Fewest possible corn acres that are no/minimum till AND using GE seeds: 55.106 - 6.538 = 
48.568  million acres

• Lowest possible percent of no/minimum till corn acres that use GE seeds: 48.568/55.106 = 88.1% 

c. Corn and Soy Combined

• Total no/minimum-till corn and soy acres that use GE seeds: 47.652 + 48.568 = 96.22 million acres

• Lowest possible percent of no/minimum-till corn and soy acres using GE seeds: 96.22 / 
106.938 = 89.9% 

Sources 

I. USDA. 2023. NASS Highlights, 2023 Agriculture Chemical Use Survey: Soybeans.  U.S. Department of Agriculture: 
Washington, D.C. May.

II. USDA Economic Research Service. Adoption of Genetically Engineered Crops in the U.S.  U.S. Department of 
Agriculture: Washington, D.C. Webpage. Accessed July 18, 2024. 

III. USDA. 2022. NASS Highlights, 2021 Agriculture Chemical Use Survey: Corn.  U.S. Department of Agriculture: 

Washington, D.C. May.

6. Highly Hazardous Pesticides (HHPs)

 
a. Estimated highly hazardous herbicide use in no/minimum-till soy

 �z Data points: 

• Number of highly hazardous herbicides used in soy: 11 i,ii 

• Total pounds of highly hazardous herbicides used in soy: 138,606,781 lbs i,ii 

 �z Assumptions: 

• We estimate that 64.4% of herbicide use in soy can be attributed to no/minimum-till acres 
(see Section 1b above). For this calculation, we assumed that this ratio holds true for highly 
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hazardous herbicides, and that 64.4% of highly hazardous herbicide use in soy can be 
attributed to no/minimum-till acres.  

 �z Calculations: 

• (.644) x (138,606,781) = 89,262,767 lbs of highly hazardous herbicides used annually on no/
minimum till soy

• Estimated highly hazardous herbicide use in no/minimum till corn 

 �z Data points: 

• Number of highly hazardous herbicides used in corn: 12 i,ii

• Total pounds of highly hazardous herbicides used in corn: 135,456,603 lbs i,ii 

 �z Assumptions: 

• We estimate that 61.8% of herbicide use in corn can be attributed to no/minimum-till acres 
(see Section 2b above). For this calculation, we assumed that this ratio holds true for highly 
hazardous herbicides, and that 61.8% of highly hazardous herbicide use in corn can be 
attributed to no/minimum-till acres.  

 �z Calculations: 

• (.618) x (135,456,603) = 83,712,181 lbs of highly hazardous herbicides used annually on no/
minimum till corn 

b. Estimated highly hazardous herbicides use no/minimum till corn and soy:  

• Total pounds of highly hazardous herbicides used in corn and soy annually: 138,606,781 + 
135,456,603 = 274, 063,384 lbs

• Total pounds of highly hazardous herbicide attributable to no/minimum till corn and soy 
annually: 89,262,767 + 83,712,181 = 172,974,948 lbs

• Percentage of highly hazardous herbicide use in corn and soy that is attributable to no/
minimum till acres: 63%  

Sources:   

I. Pesticide Use Data System (PUDS) (based on USDA QuikStat surveys) 

II. Pesticide Action Network International. 2021. PAN International List of Highly Hazardous Pesticides.  Pesticide 

Action Network International: Hamburg, Germany. March. 

7. Corn: Neonicotinoids

 �z Data points: 

• Percent of corn acres that are no/minimum till: 59% i

• Total pounds of neonicotinoids used to treat corn seeds annually: 4,189,605 lbs ii

• Percent of corn acres that use neonicotinoid-coated seeds: 79 - 100% iii 

 �z Assumptions: 

• At the upper end of the range, if 100% of no/minimum till corn acres use neonicotinoid-
coated seeds, then approximately 59% of total neonicotinoid use as seeds coating in corn can 
be attributed to no/minimum till acres.  



 �z Calculation

• (.59) x (4,189,605) = 2,471,866 lbs of neonicotinoids used annually to treat seeds for no/minimum till corn  

Sources 

I. USDA. 2022. NASS Highlights, 2021 Agriculture Chemical Use Survey: Corn. U.S. Department of Agriculture: 
Washington, D.C. May.

II. US Geological Survey, U.S. Geological Survey Pesticide National Synthesis Project.  (Note: We used totals from 
2014, as the USGS stopped collecting data on pesticide seed treatments in 2015, creating a signi�cant gap in data 
beyond that point.) 

III. Douglas, M. R., & Tooker, J. F. 2015. Large-scale deployment of seed treatments has driven rapid increase in use of 
neonicotinoid insecticides and preemptive pest management in US �eld crops. Environmental Science & Technology. 

49(8): 5088-5097.

8. Estimated Annual Greenhouse Gas Emissions: Production of Herbicides for  
No/Minimum Till Corn & Soy

 �z Data points: 

• Estimated herbicide use attributable to no-till corn and soy: 285,498,400 lbs (129,499,895 kg) i

• Estimated herbicide use attributable to no-till corn: 157,590,400 lbs (71,481,803 kg) ii

• Estimated glyphosate use attributable to no-till corn and soy: 112,771,868 lbs (51,152,458 kg) iii

• Low emissions scenario: 18 kg CO2e per kg of herbicide iv

• High emissions scenario: 27 kg of CO2e per kg of herbicide v

• Glyphosate emissions: 31.29 kg of CO2e equivalent per kg of glyphosate iv

• Average emissions of a car on the road for a year: 4.6 metric tons CO 2e
v  

 �z Calculations

• Low emissions scenario, herbicide production, no/minimum till corn and soy:

 �� (18 kg CO 2e per kg herbicide)  x (129,499,895 kg of herbicide) = 2,330,998,110 kg CO 2e 
= 2,330,998 metric tons of CO 2e

• High emissions scenario, herbicide production, no/minimum till corn and soy: 

 �� (27 kg CO 2e per kg herbicide) x (129,499,895 kg of herbicide) = 3,496,497,165 kg CO 2e 
= 3,496,497 metric tons of CO 2e

• Low emissions scenario, herbicide production, no/minimum till corn only:

 �� (18 kg CO 2e per kg of herbicide)  x (71,481,803 kg of herbicide) = 1,286,672,454 kg 
CO2e = 1,286,672 metric tons of CO 2e

• High emissions scenario, herbicide production, no/minimum till corn only: 

 �� (27 kg CO 2e per kg of herbicide) x (71,481,803 kg of of herbicide) = 1,930,008,681 kg 
CO2e = 1,930,009 metric tons of CO 2e

• Estimated emissions, glyphosate production, no/minim-till corn and soy: 

 �� (31.29 kg CO 2e per kg of glyphosate) x (51,152,458 kg of glyphosate) = 1,600,560,411 kg 
CO2e = 1,600,560 metric tons of CO 2e
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• High emission scenario, herbicide production, no/minimum-till corn and soy – compared to 
emissions of cars on the road for a year: 

 �� 3,496,497 metric tons of CO 2e  / 4.6 metric tons of CO 2e = 760,108 cars on the 
road for a year  

Sources 

I. See Section 3, above

II. See Section 2, above

III. See Section 4, above

IV. Audsley, E., Stacey, K., Parsons, D.J., Williams, A.G., 2009. Estimation of the Greenhouse Gas Emissions from 
Agricultural Pesticide Manufacture and Use. Cran�eld University: Bedford, U.K. 

V. U.S. Environmental Protection Agency. Greenhouse Gas Emissions from a Typical Passenger Vehicle. U.S. EPA: 

Washington, D.C.

9. Estimated Annual Greenhouse Gas Emissions: Synthetic Nitrogen Fertilizer (N)  
in No-Till Corn

 �z Data points:

• Total US N fertilizer consumption annually: 11.6 million metric tonsi 

• Total GHG emissions associated with annual US N consumption (manufacturing, 
transportation, and soil emissions): 115.5�±�52.9 million metric tons CO2e annually i  

• Total corn acres: 93.4 million ii   

• Share of corn acres that are no/minimum till: 59% (55.106 million) ii  

• Share of of corn acres that receive N: 95% (88.73 million) ii

• Share of corn acres that do not receive N: 5% (4.67 million) ii

• When N is applied to corn, average rate of application : 150 lbs/acre (68 kg per acre) ii 

• Average emissions of a car on the road for a year: 4.6 metric tons CO 2e
iii 

 �z Assumptions: 

• For this estimate, we assumed that no/minimum till cron acres that apply nitrogen fertilizer 
apply it at approximately the same rate as conventional corn acres using tillage. Thus, we 
used the average application rate (68 kg per acre) reported by USDA.  

 �z Calculations: 

• Average emissions per ton N, low scenario:

 �� (115.5 - 52.9 million metric tons CO 2e) / (11.6 million metric tons N) = 5.4 metric tons of 
CO2e per metric ton of N

• Average emissions per ton N, high scenario:

 �� (115.5 + 52.9 million metric tons CO 2e) / (11.6 million metric tons N) = 14.5 metric tons 
of CO 2e per metric ton N

• Fewest possible corn acres that are no/minimum till AND apply N: 

 ��  55.106 - 4.67 = 50.436 million acres 

• Estimated amount of N applied to no/min-till corn annually: 

 �� 50.436 million acres x 68 kg/acre = 3,429,648,000 kg = 3.4 million metric tons N
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• Estimated emissions range for N applied to no/minimum till corn annually: 

 �� (5.4 metric tons of CO2e per metric ton N x 3.4 million metric tons N) to (14.5 metric 
tons of CO 2e per metric ton N x 3.4 million metric tons N) =  18.4 million to 49.3 
million metric tons CO 2e annually

• Compare to cars on the road for a year

 �� (18.4 million metric tons  tons of CO 2e / 4.6 metric tons of CO 2e) to (49.3 million 
metric tons of CO 2e / 4.6 metric tons of CO 2e ) = between 4 million and 10,717,391 
million cars on the road for a year 

Sources 

I. Menegat, S., Ledo, A. & Tirado, R. 2022. Sci Rep 12, 14490 (2022). Greenhouse gas emissions from global 
production and use of nitrogen synthetic fertilisers in agriculture . Scienti�c Reports. 12: 14490. See Table 1. 

II. USDA. 2022. NASS Highlights, 2021 Agriculture Chemical Use Survey: Corn . U.S. Department of Agriculture: 
Washington, D.C. May. 

III. U.S. Environmental Protection Agency. Greenhouse Gas Emissions from a Typical Passenger Vehicle . U.S. EPA: 

Washington, D.C. 

10. Cover crop comparison

a. Potential of cover crops to mitigate emissions, based on meta-reviews

 �z Data points

• Study #1: The potential of cover crops to mitigate emissions: 103 Tg CO2e per year if 
adopted on 88Mha i

• Study #2: The potential of cover crops to mitigate emissions: 270 - 430 kg C per hectare per year ii

• Study 3: The potential of cover crops to mitigate emissions: 0.56 Mg C per hectare per year iii 

 �z Assumptions

• To convert a mass of carbon (C) to a mass of CO2e, multiply by a factor of 3.67 iv 

 �z Calculations

• Study #1 

 �� 103 Tg CO 2e per year = 103 million metric tons CO 2e per year

 �� 88mha = 217,452,735 acres 

 �� (103 million metric tons CO 2e per year) / (217.452 million acres) = .47 metric tons CO 2e 
per acre per year

• Study #2: 

 �� 270 to 430 kg C  = (270 kg C x 3.67) to (430 kg C x 3.67) = 990.9 to 1578.1 kg CO 2e 

 �� 1 hectare = 2.47 acres 

 �� (990.9 kg CO 2e  / 2.47) to (1578.1CO 2e  / 2.47) = 401.2 to 638.9 kg CO 2e per acre per 
year = .4 to .64 metric tons CO 2e per acre per year

44



• Study #3 

 �� .56 Mg C = .56 metric tons C

 �� (.56 metric tons C x 3.67) = 2.05 metric tons CO 2e 

 �� 1 hectare = 2.47 acres 

 �� 2.05 metric tons CO 2e per hectare per year / 2.47 = .83 metric tons CO 2e per acre per year

• Overall range from the three studies: 

 �� Cover crops, as a broad average, are likely mitigate .4 to .83 metric tons CO 2e per acre year  

b. Potential of eliminating pesticides and fertilizers in no-till corn to mitigate emissions

 �z Data points:

• Fewest possible no/minimum till corn acres using herbicides: 51.37 million acres v

• Estimated emissions from the production of herbicides for no/minimum till corn: 1.29 million 
metric tons to 1.93 million metric tons CO 2e per year vi

• Fewest possible no/minimum till corn acres using synthetic nitrogen fertilizer (N):  
50.436 million acres vii

• Estimated emissions from synthetic nitrogen fertilizer use in no/minimum-till corn: 18.4 million 
to 49.3 million metric tons CO 2e per year vii   

 �z Calculations :

• Pesticides: (1.29 million metric tons CO 2e / 51.37 million acres) to (1.93 million metric tons 
CO2e  / 51.37 million acres) = .025 to .038 metric tons CO 2e per acre per year

• Fertilizer: (18.4 million metric tons CO 2e / 50.436 million acres) to (49.3 million metric tons 
CO2e  / 50.436 million acres) = .36 to .98 metric tons CO 2e per acre per year

• Eliminating herbicide and synthetic fertilizer use in no-till corn could avert .39 to 1.02 metric 
tons CO 2e per acre per year 

Sources: 

I. Fargione, J.E. et al. 2018. Natural climate solutions for the United States.  Science  Advances. 4 (11).  

II. Bolinder, M.A., Crotty, F., Elsen, A. et al. 2020. The e�ect of crop residues, cover crops, manures and nitrogen 
fertilization on soil organic carbon changes in agroecosystems: a synthesis of reviews . Mitigation and Adaptation 
Strategies for Global Change. 25: 929–952. 

III. Jian, J., Du, X., Reiter, M.S., Stewart, R.D. 2020. A meta-analysis of global cropland soil carbon changes due to 
cover cropping . Soil Biology and Biochemistry. 143.

IV. U.S. Environmental Protection Agency. Frequent Questions: EPA’s Greenhouse Gas Equivalencies Calculator . U.S. 
EPA: Washington, D.C. 

V. See Methodology: Part 2

VI. See Methodology: Part 8

VII. See Methodology: Part 9
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Glyphosate

 �z Cancer
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• Zhang, L., et al. 2019. Exposure to 
glyphosate-based herbicides and risk for 
non-Hodgkin lymphoma: A meta-analysis 
and supporting evidence. Reviews in 
Mutation Research. 781: 186 - 206. https://
www.sciencedirect.com/science/article/
abs/pii/S1383574218300887   

 �z Genotoxicity

• Kwiatkowska, M., Reszka, E., Wo�niak, 
K., Jab�o�ska, E., Micha�owicz, J., 
Bukowska, B. 2017. DNA damage and 
methylation induced by glyphosate in 
human peripheral blood mononuclear 
cells (in vitro study). Food and Chemical 
Toxicology.  105: 93-98. https://pubmed.
ncbi.nlm.nih.gov/28351773/  

• Wo�niak, E., Sici�ska, P., Micha�owicz, 
J., Wo�niak, K., Reszka, E., Huras, B., 
Zakrzewski, J., Bukowska, B. 2018. The 
mechanism of DNA damage induced 
by Roundup 360 PLUS, glyphosate 
and AMPA in human peripheral blood 
mononuclear cells: Genotoxic risk 
assessment. Food and Chemical 
Toxicology. 120: 510-522. https://www.
sciencedirect.com/science/article/abs/pii/
S0278691 518304800  

• Alvarez-Moya, C., Reynoso-Silva, M. 2023. 
Assessment of genetic damage induced 
via glyphosate and three commercial 
formulations with adjuvants in human 
blood cells. International Journal of 
Molecular Sciences. 24(5): 4560. https://
doi.org/10.3390/ijms24054560   

 

 �z Reproductive Toxicity: 

• Silver, M. et al. 2021. Prenatal exposure 
to glyphosate and its environmental 
degradate, aminomethylphosphonic acid 
(AMPA), and preterm birth: A nested case–
control study in the PROTECT Cohort 
(Puerto Rico). Environmental Health 
Perspectives.  129(5). https://ehp.niehs.nih.
gov/doi/10.1289/EHP7295  

• Parvez, S., Gerona, R.R., Proctor, C. et al. 
2018. Glyphosate exposure in pregnancy 
and shortened gestational length: a 
prospective Indiana birth cohort study. 
Environmental Health. 17 (23). https://doi.
org/10.1186/s12940-018-0367-0  

• Nerozzi, C., Recuero, S., Galeati, G. et al. 
2020. E�ects of Roundup and its main 
component, glyphosate, upon mammalian 
sperm function and survival. Scienti�c 
Reports . 10: 11026. https://doi.org/10.1038/
s41598-020-67538-w  

• Tajai, P., Pruksakorn, D., Chattipakorn, S. 
C., Chattipakorn, N., Shinlapawittayatorn, 
K. 2023. E�ects of glyphosate-based 
herbicides and glyphosate exposure 
on sex hormones and the reproductive 
system: From epidemiological evidence 
to mechanistic insights. Environmental 
Toxicology and Pharmacology. 102. https://
www.sciencedirect.com/science/article/
abs/pii/S1382668923001941  

• Araújo-Ramos, A.T., Passoni, M.T., Romano, 
M.A., Romano, R.M., Martino-Andrade, 
A.J. 2021. Controversies on endocrine 
and reproductive e�ects of glyphosate 
and glyphosate-based herbicides: A 
mini-review. Frontiers in Endocrinology. 
12: 627210. https://pmc.ncbi.nlm.nih.gov/
articles/PMC8006305/   
 
 

5. Health impacts of top herbicides in U.S. corn and soy production: 
Sources and citations 



 �z Developmental/birth defects: 

• U.S. EPA. 2017. Glyphosate: Draft Human 
Health Risk Assessment in Support of 
Registration Review. U.S. Environmental 
Protection Agency: Washington, D.C. 
https://www.regulations.gov/document/
EPA-HQ-OPP-2009-0361-0068  

• Rappazzo, K.M., et al. 2019. Maternal 
residential exposure to speci�c 
agricultural pesticide active ingredients 
and birth defects in a 2003-2005 North 
Carolina birth cohort. Birth Defects 
Reseach. 111(6): 312-323. https://pubmed.
ncbi.nlm.nih.gov/30592382/   

 �z Liver & kidney impacts: 

• U.S. EPA. 2017. Glyphosate: Draft Human 
Health Risk Assessment in Support of 
Registration Review. U.S. Environmental 
Protection Agency: Washington, D.C. 
https://www.regulations.gov/document/
EPA-HQ-OPP-2009-0361-0068  

• Mills, Paul J. et al. 2020. Glyphosate 
excretion is associated with 
steatohepatitis and advanced liver �brosis 
in patients with fatty liver disease. Clinical 
Gastroenterology and Hepatology. 18 (3): 
741 - 743. https://www.cghjournal.org/
article/S1542-3565(19)30361-1/fulltext  

• Han, K., Gao, L., Xu, H. et al. 2024. 
Analysis of the association between 
urinary glyphosate exposure and fatty 
liver index: A study for US adults. BMC 
Public Health. 24: 703. https://doi.
org/10.1186/s12889-024-18189-3    

• Mesnage, R., Renney, G., Séralini, G.E. et 
al. 2017. Multiomics reveal non-alcoholic 
fatty liver disease in rats following 
chronic exposure to an ultra-low dose of 
Roundup herbicide. Scienti�c Reports. 7: 
39328. https://doi.org/10.1038/srep39328  

• Eskenazi, B., et al. 2023. Association 
of lifetime exposure to glyphosate 
and aminomethylphosphonic acid 
(AMPA) with liver in�ammation and 
metabolic syndrome at young adulthood: 
Findings from the CHAMACOS Study. 
Environmental Health Perspectives. 131(3). 
https://ehp.niehs.nih.gov/doi/full/10.128 9/
EHP11721

 �z Endocrine disruption: 

• Araújo-Ramos, A.T., Passoni, M.T., Romano, 
M.A., Romano, R.M., Martino-Andrade, 
A.J. 2021. Controversies on endocrine 
and reproductive e�ects of glyphosate 
and glyphosate-based herbicides: A 
mini-review. Frontiers in Endocrinology. 
12: 627210. https://pmc.ncbi.nlm.nih.gov/
articles/PMC8006305/  

• Altamirano, G.A., Delconte, M.B., Gomez, 
A.L., Ingaramo, P.I., Bosquiazzo, V.L., 
Luque, E.H., Muñoz-de-Toro, M., Kass, L. 
2018. Postnatal exposure to a glyphosate-
based herbicide modi�es mammary 
gland growth and development in Wistar 
male rats. Food and Chemical Toxicology. 
118:111-118. https://pubmed.ncbi.nlm.nih.
gov/ 29746933/   

 �z Irritant/sensitizer: 

• U.S. EPA. 2017. Glyphosate: Draft Human 
Health Risk Assessment in Support of 
Registration Review. U.S. Environmental 
Protection Agency: Washington, D.C. 
https://www.regulations.gov/document/
EPA-HQ-OPP-2009-0361-0068   

 �z GI/Gut microbiome impacts: 

• Lyydia, L., Tuomas, T., Marjo, H., Irma, 
S., Kari, S., Suvi, R., Puigbò, P. 2021. 
Classi�cation of the glyphosate target 
enzyme (5-enolpyruvylshikimate-3-
phosphate synthase) for assessing 
sensitivity of organisms to the herbicide. 
Journal of Hazardous Materials. 408: 
124556. https://www.sciencedirect.com/
science/article/pii/S0304389420325462  

• Walsh, L., Hill, C., Ross, R.P. 2023. Impact 
of glyphosate (Roundup TM) on the 
composition and functionality of the 
gut microbiome. Gut Microbes. 15(2) 
:2263935. https://pmc.ncbi.nlm.nih.gov/
articles/PMC10561581/  

• Samsel, A., & Sene�, S. 2013. Glyphosate’s 
suppression of cytochrome P450 
enzymes and amino acid biosynthesis by 
the gut microbiome: Pathways to modern 
diseases. Entropy. 15(4): 1416-1463. 
https://doi.org/10.3390/e15041416   

47



 �z Metabolic syndrome: 

• Eskenazi, B., et al. 2023. Association 
of lifetime exposure to glyphosate 
and aminomethylphosphonic acid 
(AMPA) with liver in�ammation and 
metabolic syndrome at young adulthood: 
Findings from the CHAMACOS Study. 
Environmental Health Perspectives. 131(3). 
https://ehp.niehs.nih.gov/doi/full/10.1289/
EHP11721 

• Glover, F., Jean-Baptiste, O., Del Giudice, 
F., Belladelli, F., Seranio, N., Muncey, W., 
& Eisenberg, M. L. 2023. The association 
between glyphosate exposure and 
metabolic syndrome among U.S. adults. 
Human and Ecological Risk Assessment: 
An International Journal. 29(9–10): 1212–
1225. https://doi.org/10.1080/10807039.2
02 3.2256886  

Dicamba

 �z Cancer : 

• Samanic et al. 2006. Cancer incidence 
among pesticide applicators exposed to 
dicamba in the Agricultural Health Study. 
Environmental Health Perspectives. 114 
(10): 1521 - 1526. https://ehp.niehs.nih.gov/
doi/full/10.1289/ehp.9204   

• Lerro, C.C. et al. 2020. Dicamba use 
and cancer incidence in the Agricultural 
Health Study: An updated analysis. 
International Journal of Epidemiology. 
49(4): 1326–1337, https://doi.org/10.1093/
ije/dyaa066   

 �z Genotoxic: 

• González, N.V., Soloneski, S., Larramendy, 
M. L. 2006. Genotoxicity analysis of 
the phenoxy herbicide dicamba in 
mammalian cells in vitro. Toxicology 
in Vitro. 20(8): 1481-1487, https://doi.
org/10.1016/j.tiv.2006.05.001

• González, N.V., Soloneski, S., Larramendy, 
M. L. 2007. The chlorophenoxy 
herbicide dicamba and its commercial 

formulation banvel® induce genotoxicity 
and cytotoxicity in Chinese hamster 
ovary (CHO) cells. Mutation Research/
Genetic Toxicology and Environmental 
Mutagenesis. 634(1–2): 60-68. https://doi.
org/10.1016/j.mrgentox.2007.06.001

• Perocco, P. et al. 1990. Evaluation of 
genotoxic e�ects of the herbicide 
dicamba using in vivo and in vitro test 
systems. Environmental and Molecular 
Mutagenesis. 15(3): 131-135. https://
onlinelibrary.wiley.com/doi/abs/10.1002/
em.2850150303   

 �z Developmental/birth defects:  

• Weselak, M. et al. 2008. Pre- and 
post-conception pesticide exposure 
and the risk of birth defects in an 
Ontario farm population. Reproductive 
Toxicology. 25(4): 472-480. https://www.
sciencedirect.com/science/article/abs/pii/
S0890623808001354   

 �z Liver/kidney : 

• U.S. EPA. 2016. Dicamba and Dicamba 
BAPMA Salt: Human-Health Risk 
Assessment for Proposed Section 3 New 
Uses on Dicamba-tolerant Cotton and 
Soybean. U.S. Environmental Protection 
Agency: Washington, D.C. https://www.
regulations.gov/document/EPA-HQ-
OPP-2016-0223-0002  

• Espandiari, P. et al. 1995. The herbicide 
dicamba (2-Methoxy-3,6-dichlorobenzoic 
acid) is a peroxisome proliferator in rats. 
Toxicological Sciences. 26(1): 85–90. 
https://academic.oup.com/toxsci/article-
abstract/26/1/8 5/1706373   

 �z Neurotoxic: 

• U.S. EPA. 2016. Dicamba and Dicamba 
BAPMA Salt: Human-Health Risk 
Assessment for Proposed Section 3 New 
Uses on Dicamba-tolerant Cotton and 
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Agency: Washington, D.C. https://www.
regulations.gov/document/EPA-HQ-
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• Potter, W.T., Garry, V.F., Kelly, J.T., 
Tarone, R., Gri�th, J., Nelson, R.L. 1993. 
Radiometric assay of red cell and plasma 
cholinesterase in pesticide appliers from 
Minnesota. Toxicology and Applied 
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• Beasley et al. 1991. A pilot study of 
2,4-dichlorophenoxyacetic acid- 
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 �z Irritant or sensitizer: 
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regulations.gov/document/EPA-HQ-
OPP-2016-0223-0002  

2,4-D

 �z Cancer
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 �z Reproductive: 
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 �z Developmental/birth defects: 
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Atrazine
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aromatase expression is SF-1 dependent: 
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the hypothalamic control of pituitary-
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Acetochlor

 �z Cancer: 
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