
Sustainability of Modern 
Farming in the U.S.

The Importance of Herbicides

Leonard P. Gianessi
CropLife Foundation



A sustainable agriculture is one that can 
indefinitely meet the needs for food and fiber at 
socially acceptable economic and environmental 
costs

Crosson



Organization of Presentation

� Background Information on Herbicides
� Historical Farming

• 1800 – 1900
• 1900 – 1950

� Modern Farming
• 1950 – 2010

� Sustainability Concerns
� Opportunity for College Students



Herbicide Use – U.S. 

� 220 million crop acres sprayed annually
� +90% of the acres of all crops sprayed 

(fruit, vegetable, nut, specialty, field)



The Buried Menace

Each acre of U.S. cropland contains 50 to 300 
million buried weed seeds.



Peanut Field

Sprayed Not Sprayed

Herbicides prevent weeds from taking over 
crop fields



U.S. Population, 1800 - 1900
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U.S. Crop Production 1839 - 1909
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Farm Settlers - 1800s

Farmland increased by 500 million acres in 1800s



American Cropland: 1800s

� Little fertilization

� No rotations
� Poor weed control

� High erosion levels
� Soil exhaustion

� Land abandonment



By the early 1900s, almost 11 million acres of 
American farmland had been abandoned 
because of erosion damage.



U.S. Population, 1900 - 2000

0

50

100

150

200

250

300

350

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Millions



0

50

100

150

200

250

300

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

1950 = 100

U.S. Farm Output



U.S. Farmland Acreage
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U.S. Farm Output and Total 
Factor Productivity
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Agricultural Technology Drivers: 
1900s

� Mechanical – Tractors 
� Biological – Crop Breeding
� Chemical – Fertilizers/Pesticides



U.S. Corn Grain Yield
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U.S. Hybrid Corn Adoption
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Muscle Shoals Nitrate Plant

Converted from Making Nitrates for Explosives to Making Fertilizer



Nitrogen Fertilizer Use: Corn
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U.S. Corn Grain Yield
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Cultivating Corn: 1920s – 40s

• Each corn 
plant was 
planted far 
enough apart so 
that tillage 
implements 
could pass on 
all four sides of 
each plant



Herbicide Introduction

� Thousands of 
chemicals were 
tested during 1940s.

� A few chemicals 
were found to be 
selective.

� Killed weeds

� Did not harm 
crops



U.S. Major Crop 
Area Treated with Herbicides
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Herbicides-Farmer Adoption

� Herbicides were more effective in 
controlling weeds than using cultivators

� 90% Control vs 65% Control



Effectiveness of Herbicides

Weeds Potatoes



Corn Yield Increase (1930-79)
( Minnesota)

Factor % of the Increase

Hybrids 58%
Fertilizers 19%
Herbicides 23%



Herbicides

� Contributed directly to improved yields due 
to increased efficacy

� Facilitated the adoption of other yield-
increasing practices-fertilizers/hybrids

� Herbicide Effectiveness Continuously 
Improved 1950s-Today



U.S. Corn Grain Yield
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U.S. Peanut Yield
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U.S. Rice Yield
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Maine Blueberry Production
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Maine: Wild Blueberries

Untreated

Herbicide
Treated



0.0

5.0

10.0

15.0

20.0

25.0

30.0

1929 1935 1941 1947 1953 1959 1965 1971 1977 1983 1989 1995 2001 2007

Percent of Income Spent on Food: 
U.S. 



Sustainability Concerns

� Natural Resource Depletion
� Environmental Impacts



� Q: Is reliance on herbicides depleting the soil, 
water and energy resources necessary for future 
agricultural production?



� Q: Is reliance on herbicides depleting the soil, 
water and energy resources necessary for future 
agricultural production?

� A: No, the use of herbicides is enhancing the 
conservation of soil, water, and energy resources



Tillage: Early 1900s

•Most fields were tilled 9-10 times

•The purpose was weed control



Great Plains Farming: 1930s

� Fields were 
cultivated to bare 
ground

� 4 years of drought

� Soils dried to a 
powder, the wind 
began to blow…



Dust Bowl Storm: 1930s



Soil dust reached Washington, DC on the day in 1935 
Congress voted on the Soil Conservation Service Bill.



U.S. Cropland Erosion Status: 
1938

Million Acres
Ruined for Crop Growing 50
Severely Damaged 50
½ of Topsoil Gone 100



“If weeds can be so controlled that the farmer’s crops 
are not forced to compete with them, then it goes 
without saying that no cultivation should be 
undertaken.”

1943



Farm Fuel Price
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Farm Fuel Price

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

19
54

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

19
87

19
90

19
93

19
96

19
99

20
02

20
05

20
08

$/G
(Diesel)



Weed Control
Herbicide 

Treatment ( No-Till)Tillage or

•Fuel use reduced by 50%

•Erosion reduced by  up to 90%



No Till Acres in U.S. (%) Planted Acres



Energy Use in U.S. Agriculture

Percent of U.S. 
Energy Use

1970s 5%
Today 1%

(Includes energy used on farms and energy      
used to manufacture fertilizers and pesticides)



U.S. Cropland Erosion (Per Acre)
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Tillage Uprooting Weeds

Tilling the soil dries the soil



Ogallala Aquifer

� Contains the water 
equivalent of nine 
Lake Eries

� Water is being 
withdrawn at ten 
times the rate of 
recharge



Ogallala Aquifer: Weed Controls

� Herbicides substitute for 3-4 tillage 
operations

� Soil water content increases by 50%
� Reduces need for irrigation water



Sediment Pollution from Eroded Soils



Palouse River Basin Washington 
(Wheat)

1970s Today
Tillage Operations 4-8 1-2
Erosion (Tons/Acre) 20 5

(Suspended sediment concentrations in the 
Palouse River reduced by 50%)



Airborne Dust from Cultivation: California

With less tillage, dust emissions reduced by 67%



� Q: Is the presence of chemical residues in the 
environment a serious environmental and human 
health hazard?



� Q: Is the presence of chemical residues in the 
environment a serious environmental and human 
health hazard?

� A: No, the extremely low levels of residues pose a 
miniscule threat to the public and the 
environment.



Pesticide Product Regulatory 
Process

� 6-7 years testing by manufacturer
� 2-3 year evaluation by EPA

� Over 120 health, safety, and environmental 
tests

(It takes an average of $250 million to bring a new  
herbicide active ingredient to the market)



Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA)

Under FIFRA, EPA is required to determine that 
each pesticide “will perform its intended function 
without unreasonable adverse effects on the 
environment.”



Federal Food, Drug, and 
Cosmetic Act (FFDCA)

FFDCA requires EPA to determine that there is 
“a reasonable certainty that no harm will result”
from exposure to the pesticide residue in foods



Organic Growers

� Organic growers do not use chemical 
herbicides

� What can we learn from their 
experiences?



U.S. Organic 
Cropland Acreage
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U.S. Cropland Acreage
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U.S. Cropland Acreage
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Organic Growers: Weed Control

� Surveys of organic farmers typically 
show that weed problems without the use 
of herbicides is their biggest problem

� Organic row crop growers till 9-10 
times/year for weed control



Cultivation of organic soybeans with 30 inch row spacing 

Michigan State University: Long-
Term Ecological Research Trials



Pre-harvest Roundup Ready soybeans with 15 inch row spacing 

Michigan State University LTER Plot 



Pre-harvest organic soybeans with 30 inch row spacing 

Michigan State University LTER Plot 



Crop yields: MSU/LTER
(1993-2004)

Organic 
vs No-Till

Corn -25%
Soybean -10%
Wheat -42%





Minnesota Corn Yields
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Fuel Use: MSU/LTER Trials 
(Diesel) - Corn
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Erosion Rate (Wisconsin Trials)

(T/Acre)
� Organic        7.5
� No-Till with Herbicides 1.5

Hedtcke, et al, 2002



California 
Respirable Dust Emissions

Organic Production Relative
to Conventional Production

� Corn + 15%

� Tomatoes + 40%                        

UC



Water Use: Texas High Plains

Organic cotton growers use 78% more 
water than conventional growers

Funtanilla, et al
2009



Student Opportunity

� There is a third method of controlling 
weeds

� There is no use of chemicals or fossil fuels
� There is no erosion
� Yields are maintained



Handweeding

How Many Students Would be Needed?



Student Weeding Program:
1950’s: North Dakota

During the summer, each student 

killed the weeds on an average of   

4 acres.



Student Weeding 

Each Student Weeds 3 Football Fields



How many students are 
needed to replace herbicides?

Answer:
220 million Herbicide Treated Acres

÷ 4 Acres/Student

55 million



Native American women kept corn 
fields weed-free.



Millions of people weeded  
U.S. cotton fields into the 1950’s.



Herbicides will contribute indefinitely to 
sustainable agriculture in the U.S. to meet the 
needs for food and fiber at socially acceptable 
economic and environmental costs



Visit Us At: www.CropLifeFoundation.org


