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Impact of no pesticide use in the production of 
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® 2024 CropLife America



What is a Life Cycle Assessment? 

Life cycle assessment (LCA) is a method to identify all the inputs and outputs necessary to 

make a product and quantify the associated environmental impacts.

The basic steps of an LCA are:

1. Define the goals and scope  

2. Develop the life cycle inventory

3. Conduct the life cycle impact assessment
4. Interpret the results



Lifecycle Assessment
Systematic quantification of inputs and 
outputs for a system in terms of a 
functional unit (FU).

Attributes or 
characteristics of 
product or process

Environmental 
effects of product or 
process

LCA is described in ISO 14040, 
14044 and 14046 Standards

Interpretation

Goal and 
Scope

ImpactInventory



The Question

Do pesticides used to control weeds, insects, and 

diseases for corn, cotton and soybean production have 

environmental benefits with respect to greenhouse gas 

(GHG) emissions, land use, energy use, and water use?

The process to answer…

For each crop, researchers at the University of Arkansas analyzed 

four scenarios:

• a baseline scenario assuming generic production practices 

• no herbicides

• no fungicides

• no insecticides



Life Cycle Assessment Scope

The researchers conducted 

a cradle-to-farm-gate life 

cycle analysis that included:

• The raw material 

extraction and 

manufacturing of inputs

• Their transportation to the 

farm

• Farming impacts up to 

the time the crops leave 

the farm



Introduction to the Life Cycle Assessment (LCA)
Comprehensively evaluate the environmental benefits of pesticide application in the 
cultivation of corn, cotton, and soybeans across the country. The results from the literature 
review and study revealed:

Without pesticides, the 

yields of corn, cotton, 

and soybeans show 

declines of up to 70%, 

underscoring the 

indispensable role of 

pesticides in agriculture.
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Cultivating corn, cotton, 

and soybeans without 

pesticides, results in 

upwards of 3x more 

land, water, energy 

use, and greenhouse 

gas emissions.

Pesticides are not only 

enhancers of productivity 

but significantly mitigate 

the environmental impact 

per bushel of corn and 

soybeans and per pound in 

cotton production.



Mid-Range Yield Penalties

No Disease: 132

No Insect: 93

No Weed: 91

Corn
bushels per acre

Baseline: 172

No Disease: 39

No Insect: 14

No Weed: 24

Soybeans
bushels per acre

Baseline: 54

No Disease: 598

No Insect: 425

No Weed: 577

Cotton
pounds per acre

Baseline: 849
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How the LCA was designed

Corn & 
Soybeans

Soybeans Cotton

LCA Locations by Crop

Breakdown by crop

40 Representative Farms

Across the US
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10+ Top Producing

States

4 Top producing

Counties

6 Year Cumulative

Total of Yields



LCA Results for Corn, Soybeans, and Cotton

Corn
Not using insecticides 
and herbicides had the 
largest environmental
impact on corn production. 
For example, without 
weed control, water use 
increased by 126%.

Soybeans
The removal of insecticides 
had the largest environmental 
effect on production, with 
increases up to 3-fold.
For example, without insect
control, land use increased
by 270%.

Cotton
The removal of 
insecticides doubled the 
environmental impact 
on cotton production.
For example, without insect 
control, greenhouse gas 
emissions increased
by 105%.
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Environmental Impact Results | Corn

• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.
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Greenhouse gas emissions per bushel increased within the 

tested corn production scenarios due to the decrease in yield, 

while crop production practice impacts remained constant.

Energy use per bushel increased within the tested corn 

production scenarios due to the decrease in yield, while 

crop production practice impacts remained constant.

% Change 

from Baseline
29% 82% 93%

% Change 

from Baseline
26% 72% 80%
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Environmental Impact Results | Corn

• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.

Land use per bushel increased within the tested corn 

production scenarios due to the decrease in yield, while crop 

production practice impacts remained constant.

Water use per bushel increased within the tested corn 

production scenarios due to the decrease in yield, while 

crop production practice impacts remained constant.
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Environmental Impact Results | Corn

• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.

No Weed Control
Assuming corn production levels remained constant and weed control was not 
used on all corn-producing acres in the US, the emissions increase would be equal 
to 23 million cars per year!

The equivalent of 30 million acres of trees would need to be planted to offset 
these carbon emissions. This is roughly the size of the state of Alabama.

No Disease Control
Assuming corn production levels remained constant and disease control was not 
used on all corn producing acres in the US, the emissions increase would be equal 
to 7 million cars per year!

The equivalent of 9 million acres of trees would need to be planted to offset these 
carbon emissions. This is double the size of the state of Massachusetts.
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• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.

Greenhouse gas emissions per bushel increased within the tested 

soybean production scenarios due to the decrease in yield while 

crop production practice impacts remained constant.

Energy use per bushel increased within the tested soybean 

production scenarios due to the decrease in yield while

crop production practice impacts remained constant.
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Environmental Impact Results | Soybeans



• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.

Land use per bushel increased within the tested soybean 

production scenarios due to the decrease in yield while crop 

production practice impacts remained constant.

Water use per bushel increased within the tested soybean 

production scenarios due to the decrease in yield while 

crop production practice impacts remained constant.
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Environmental Impact Results | Soybeans



Environmental Impact Results | Soybeans

• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.

No Insect Control
Assuming soybean production levels remained constant and insect control was not 
used on all soybean producing acres in the US, the emissions increase would be 
equal to 37 million cars per year!

The equivalent of 49 million acres of trees would need to be planted to offset these 
carbon emissions. This is roughly the size of the state of Minnesota.

No Weed Control
Assuming soybean production levels remained constant and weed control was not 
used on all soybean producing acres in the US, the emissions increase would be 
equal to 18 million cars per year!

The equivalent of 24 million acres of trees would need to be planted to offset these 
carbon emissions. This is larger than the state of Indiana.
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• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.  

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.
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Greenhouse gas emissions per pound increased within the tested 

cotton production scenarios due to the decrease in yield while crop 

production practice impacts remained constant.

Energy use per pound increased within the tested cotton 

production scenarios due to the decrease in yield while 

crop production practice impacts remained constant.
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Environmental Impact Results | Cotton



• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.

Land use per pound increased within the tested cotton production 

scenarios due to the decrease in yield while crop production 

practice impacts remained constant.

Water use per pound increased within the tested cotton

production scenarios due to the decrease in yield while

crop production practice impacts remained constant.
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Environmental Impact Results | Cotton



• To build the life cycle inventory for the 
crop production processes, this study 
relied on crop simulations using the 
APEX model.

• This study relied on APEX to create 
model farms to represent the average 
production practices and conditions in 
specific locations for corn, soybeans, 
and cotton. The map to the right outlines 
the LCA locations by crop.

Environmental Impact Results | Cotton

No Insect Control
Assuming cotton production levels remained constant and insect control was not 
used on all cotton producing acres in the US, the emissions increase would be 
equal to 954 thousand cars per year!

The equivalent of 1 million acres of trees would need to be planted to offset 
these carbon emissions. This is roughly the size of the Grand Canyon National 
Park.

No Disease Control
Assuming cotton production levels remained constant and disease control was not 
used on all cotton producing acres in the US, the emissions increase would be 
equal to 400 thousand cars per year!

The equivalent of 522 thousand acres of trees would need to be planted to offset 
these carbon emissions. This is almost the size of Yosemite National Park.
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Questions? 
Marty D. Matlock, PhD, PE, BCEE

F.AEES, F.ASCE, M.BANR
Professor, Department of Biological and Agricultural Engineering

University of Arkansas – Fayetteville
mmatlock@uark.edu

mailto:mmatlock@uark.edu
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