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II. Why This Report?



A. The Three Scenarios

�“Scenario 1 �– No Genetically Engineered (GE) Crops�”

�“Scenario 2 �– Unlimited Adoption�”



�“Scenario 3 �– Targeted Adoption�”
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B. Impact of the EU�’s �“Sustainable Use of Pesticides�” Directive





C. Trends in Herbicide Use Rates



III. A Method for Projecting Changes in Herbicide Use

 

 

 

 

 

 

A. Cropland Area and Hectares Planted





Table 3.1 European Union (EU) Index Countries by Zone and Crop and Matching U.S.
States Used in Modeling the HT Crop Adoption Trajectory and Herbicide Use Patterns
Across the Three Scenarios

 Index Country in EU Matching U.S. State  
 Maize Soya Sugar Beets Maize Soya Sugar Beets 

EU Zone A - North     
Denmark UK Italy UK Michigan Iowa Minnesota 
Estonia UK Romania UK Michigan Wisconsin Minnesota
Finland UK Italy UK Michigan Iowa Minnesota
Latvia UK Romania UK Michigan Wisconsin Minnesota
Lithuania UK Romania UK Michigan Wisconsin Minnesota 
Sweden UK Italy UK Michigan Iowa Minnesota
     
EU Zone B - Central       
Austria France Italy Germany Wisconsin Iowa Minnesota
Belgium Germany Italy Netherlands Minnesota Iowa Minnesota
Czech Republic Germany Romania Germany Minnesota Wisconsin Minnesota 
Germany X Italy X Minnesota Iowa Minnesota
Hungary Romania Romania Germany Minnesota Wisconsin Minnesota
Ireland UK Italy UK Michigan Iowa Minnesota 
Luxembourg Germany Italy Germany Minnesota Iowa Minnesota
Netherlands X Italy X Michigan Iowa Minnesota
Poland Germany Romania Germany Minnesota Wisconsin Minnesota 
Romania X X Germany Minnesota Wisconsin Minnesota
Slovakia Germany Romania Germany Minnesota Wisconsin Minnesota
Slovenia Romania Romania Germany Minnesota Wisconsin Minnesota 
United Kingdom Index Italy X Michigan Iowa Minnesota
     
EU Zone C - South       

Bulgaria Romania Romania Germany Minnesota Wisconsin Minnesota
Cyprus Spain Italy Germany Iowa Iowa Minnesota
France X Italy Netherlands Wisconsin Iowa Minnesota 
Greece Spain Italy Germany Iowa Iowa Minnesota
Italy Spain X Germany Iowa Iowa Minnesota
Malta Spain Italy Germany Iowa Iowa Minnesota
Portugal Spain Italy Germany Iowa Iowa Minnesota 
Spain X Italy Germany Iowa Iowa Minnesota

B. Establishing Herbicide Use Baselines



Table 3.2 Hectares of Maize (grain + fodder), Soya, and Sugar Beets Grown in Index
Countries in 2011 and Share of EU Total Hectares Planted

 
Hectares Planted 2011 

 

Percent of EU-Wide  
Hectares Planted in 2011 

 
Maize - Germany                       2,516,700 17%
Maize - U.K.                          153,000  1% 
Maize - France                       2,974,212 20%
Maize - Romania                       2,647,332  18% 
Maize - Spain                          400,000 3%
Maize - Netherlands                          251,741  2% 

Total Maize Index Countries                       8,942,985 61%
Total EU                     14,641,405  

Soya - Italy                          165,955  42% 
Soya - Romania                            73,819 19%

Total Soya Index Countries                          239,774  61% 
Total EU                          392,257 

Sugar beets - Germany                          398,100 24%
Sugar beets - Netherlands                            73,329  4% 
Sugar beets - United Kingdom                          113,000 7%
Total Sugar beets Index Countries                          584,429  36% 

Total EU                       1,637,726 

Three Crop Totals                     16,671,388 16.2%

Source: Data on crop hectares grown are from Eurostat. 



 

 

 



Table 3.3 Germany Maize Herbicide Use 2011 Baseline

 Percent   
Hectares Treated 

Hectares 
Treated 

Rate per Crop Year 
(grams a.i./ha) 

Kilograms 
Applied 

(Calculated)
Summary Data   

Glyphosate 27%            679,509                         1,000                     679,509  
Other Herbicides 375%             9,430,075                        434.2                 4,094,772 
Total Herbicides 402%           10,109,584                        472.3                 4,774,281

 
Details by Active 

Ingredient   
 
Pre-emergence   
S-metolachlor 55%             1,384,185                        1,000                 1,384,185 
Terbuthylazine 52%              1,308,684                             666                     871,584  
Flufenacet 3.7%                  93,118                           500                      46,559 
Glyphosate 27%                679,509                        1,000                    679,509
Metosulam 4%                 100,668                               20                         2,013  
Pendimethalin 4%                100,668                           800                      80,534 
Dimethenamide-p 25%                629,175                           850                    534,799 
     
Post-emergence   
2,4-D 2%                  50,334                           440                      22,147 
Dicamba 6%                151,002                           202                      30,502 
Mesotrione 58%              1,459,686                               75                     109,476  
Bromoxynil 38%                956,346                           300                    286,904 
Bentazone 8%                201,336                           500                    100,668 
Rimsulfuron/ 
Nicosulfuron 73%             1,837,191                             30                      55,116 
Terbuthylazine 45%             1,132,515                           500                    566,258 
Fluroxypur 1.0%                   25,167                             160                         4,027  

Totals 402%             10,109,584                 4,774,281
 
     

Notes: Surveyed hectares planted were 2,516,700.  The "Rate per Crop Year" takes into account both the 
number of applications and one-time rate of application.  For most herbicide active ingredients, the one-time 
rate of application is marginally lower than reported in the "Rate per Crop Year" column. 
 
Source: Devos et al. (2008) and Dewar (2009), with updated glyphosate data from Dickeduisberg et al. 
(2012). 

Pest
Management Science





C. Projecting Herbicide Use through 2025 Under Three Scenarios

 
 

 

 





Table 3.4 Germany Maize Herbicide Use Projections Under Three Scenarios

 2011 
Baseline 2013 2015 2017 2019 2021 2023 2025 

Hectares Planted  2,516,700 2,698,494 2,811,368 2,900,839 2,963,542 3,027,002 3,030,333 3,033,061
  
Scenario 1: No GE Crops   

Percent Hectares Treated   
Glyphosate 27% 27.2% 27.5% 27.7% 27.9% 28.2% 28.4% 29%
Other Herbicides 375% 369.3% 364.0% 358.6% 353.3% 347.9% 342.6% 337%

Total Herbicides 402% 396.6% 391.5% 386.3% 381.2% 376.1% 371% 366%
Rate per Crop Year (kg/ha)   

Glyphosate 1.00 1.01 1.03            1.04 1.06 1.07 1.09 1.10
Other Herbicides  0.43  0.43  0.42  0.41 0.41 0.40 0.39 0.39

Total Herbicides           0.47          0.47        0.46         0.46 0.45 0.45 0.45 0.44
kg Active Ingredient   

Glyphosate 679,509    745,336    794,142     837,797 874,881 913,197 934,005 954,868
Other Herbicides 4,094,772 4,259,827  4,303,864   4,304,537 4,260,505 4,213,936 4,082,834 3,952,864

Total Herbicides 4,774,281  5,005,164 5,098,005 5,1142,334 5,135,386 5,127,133 5,016,839 4,907,732
  

Scenario 2: Unlimited 
Adoption   

Percent Hectares Treated   
Glyphosate 27% 31% 35% 49.0% 63% 75% 85% 95%
Other Herbicides 375% 362.4% 350% 330% 310% 293.2% 279.6% 266%

Total Herbicides 402% 393% 385% 379% 373% 368% 365% 361%
Rate per Crop Year (kg/ha)   

Glyphosate           1.00 1.10   1.20         1.26 1.32 1.40 1.49 1.58
Other Herbicides           0.43         0.43      0.43          0.42 0.42 0.42 0.42 0.41

Total Herbicides          0.47           0.48           0.50            0.53 0.57 0.62 0.67 0.72
  

 
 



 2011 
Baseline 2013 2015 2017 2019 2021 2023 2025 

kg Active Ingredient 
Glyphosate    679,509     920,187 1,180,775  1,790,978 2,464,482  3,169,271  3,832,765   4,552,624 
Other Herbicides  4,094,772  4,215,519  4,211,641  4,067,660 3,875,237  3,716,276  3,521,707   3,328,597 
Total Herbicides  4,774,281  5,135,706  5,392,416   5,858,638  6,339,719  6,885,547  7,354,472   7,881,221 
 
Scenario 3: Targeted 
Adoption   

Percent Hectares Treated   
Glyphosate 27% 29.5% 32% 36.8% 41.6% 46% 50% 54%
Other Herbicides 375% 367.4% 360% 354% 348% 342.7% 338.1% 333%
Total Herbicides 402% 397% 392% 391% 390% 389% 388% 387%
Rate per Crop Year (kg/ha)   

Glyphosate           1.00           1.10         1.20      1.26           1.32        1.37          1.42            1.46 
Other Herbicides        0.43           0.43           0.42       0.42           0.41          0.41           0.40            0.40 
Total Herbicides           0.47          0.48        0.49          0.50           0.51         0.52           0.54            0.55 

kg Active Ingredient   
Glyphosate    679,509    875,661 1,079,565   1,345,061  1,627,340  1,911.515  2,149,112   2,397.816 
Other Herbicides  4,094,772  4,255,241  4,294,305  4,306,159  4,273.497  4,247,007  4,143,682   4,040,705 
Total Herbicides 4,774,281  5,130,902  5,373,870  5,651,221  5,900,837  6,158,522  6,292,794   6,438,521 



D. Uncertainties in the Projections of Herbicide Use through 2025





IV. Resistant Weeds �– The Achilles Heel of Herbicide Tolerant Crop
Technology?

A. A Short History of Glyphosate Resistance in the United States

Lolium rigidum

Triticum
aestivum Sorghum bicolor



Malus domestica) 

 

ISHRW Definition of Herbicide Resistance

Conyza canadensis



Ambrosia artemisifolia Ambrosia
trifida Lolium multiflorum

Amaranthus palmeri
Amaranthus tuberalatus syn. rudis



Table 4.1 Number of States with Newly Reported, Documented Cases of Glyphosate Resistant Weeds, 1996 2011

Weed Species 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Total 

1996-2011 
 

Palmer Amaranth 
(Amaranthus palmeri)          2 2 1 4 1 2 2 14 

Common Waterhemp 
(Amaranthus tuberalatus)          1 2 1  2 3 3 12 

Common Ragweed 
(Ambrosia artemisifolia)         2  1 4 1     8 

Giant Ragweed 
(Ambrosia trifida)         1 2 3 1 1 2 3   13 

Hairy Fleabane 
(Conyza bonariensis)            1  1    2 

Horseweed 
(Conyza canadensis)     1 2 5 5  4 1 2  1 1 1 23 

Junglerice 
(Echinochloa colona)             1     1 

Goosegrass 
(Eleusine indica)               1 1 2 

Kochia 
(Kochia scoparia)            1  1  1 3 

Italian Ryegrass 
(Lolium multiflorum)         1 1   1  1   4 

Rigid Ryegrass 
(Lolium rigidum)   1               1 

Annual Bluegrass 
(Poa annua)               1 1 2 

Johnsongrass 
(Sorghum halepense)                       1 1   1   3 

Total: 0 0 1 0 1 2 5 5 4 10 9 12 9 8 13 9 88 
 
Source: Weed Science Society of America's list of "Glycine Resistant Weeds" accessed 7/15/2012 via www.weedscience.org 
* Newly documented cases from reports posted through July, 14 2012. 



What Is Driving the Resistant Weed Problem?

 

 

 

Amaranthus palmeri



Table 4.2 Spread of Glyphosate Resistant Weeds in the United States: 2000 2011

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Glyphosate 
Resistant 
Weeds 

            

Number of 
Sites (Mean) 301 754 621 319 9 61,562 11,864 1,398 428 100,083 431 424 

Cumulative 
total 301 1,055 1,675 1,994 2,003 63,565 75,429 76,827 77,255 177,338 177,769 178,192 

             
Acres Infested 
(mid-point of 
estimated 
range) 

            

First Report 55,001 3,500,076 61,853 11,610 410 4,655,833 1,167,880 67,295 22,904 1,511,377 18,029 61,782 
Cumulative 
Total 55,001 3,555,076 3,616,929 3,628,539 3,628,948 8,284,781 9,452,661 9,519,956 9,542,859 11,054,236 11,072,265 11,134,047 

             
Acres Planted 
to Herbicide-
Resistant 
Crops 

            

Total 55,188,354 67,928,199 74,176,514 81,086,438 90,380,071 95,334,698 108,216,757 116,256,822 132,440,101 137,710,744 143,876,230 149,983,376 
 

Source: International Survey of Herbicide Resistant Weeds (ISHRW), 2012 
  



Conyza canadensis

Amaranthus tuberalatus syn. rudis

B. Current and Projected Spread of Glyphosate Resistant Weeds





Table 4.3 Projections by Dow AgroSciences of the Spread of Glyphosate Resistant
Weeds in Corn and Soybeans in the Northern and Southern States, 2010 2020.

2010 2011 2012 2013 2014 2015 2020 
Northern Soybeans --  

       

Marestail 26.5% 29.00% 31.4% 33.8% 36.3% 38.7% 50.8% 
Giant Ragweed 9.5% 12.2% 14.9% 17.6% 20.3% 22.9% 36.3% 

Waterhemp 18.4% 21.0% 23.7% 26.3% 28.9% 31.6% 44.8% 
Three Weeds Total  54.4% 62.2% 70.0% 77.7% 85.5% 93.2% 131.9% 

Best Estimate of % With 
One or More Weeds 40.5% 45.6% 50.7% 55.8% 60.9% 66.0% 91.4% 

         
Southern Soybeans --        

Marestail 43.8% 48.2% 52.6% 57.0% 61.4% 65.8% 87.7% 
Palmer Amaranth 44.3% 54.0% 63.6% 73.3% 83.0% 92.7% 100.0% 
Two Weeds Total  88.1% 102.2% 116.2% 130.3% 144.4% 158.5% 187.7% 

Best Estimate of % With 
One or More Weeds 66.2% 78.1% 89.9% 100% 100% 100% 100% 

         
Northern Corn --        

Marestail 19.4% 21.7% 24.0% 26.3% 28.6% 30.9% 42.3% 
Giant Ragweed 9.0% 11.3% 13.6% 15.8% 18.1% 20.4% 31.7% 

Waterhemp 16.6% 19.5% 22.5% 25.4% 28.4% 31.4% 46.2% 
Three Weeds Total  45.0% 52.5% 60.1% 67.5% 75.1% 82.7% 120.2% 

Best Estimate of % With 
One or More Weeds 30.8% 36.0% 41.3% 46.5% 51.8% 57.1% 83.2% 

         
Southern Corn --        

Marestail 34.4% 40.6% 46.9% 53.1% 59.4% 65.6% 96.9% 
Palmer Amaranth 34.5% 39.3% 44.0% 48.8% 53.6% 58.3% 100.0% 
Two Weeds Total  68.9% 79.9% 90.9% 101.9% 113.0% 123.9% 196.9% 

Best Estimate of % With 
One or More Weeds 51.7% 59.6% 67.5% 75.4% 83.3% 91.1% 100.0% 

         
Soybean National 
Average 53.3% 61.9% 70.3% 77.9% 80.5% 83.0% 95.7% 

Corn National Average 41.3% 47.8% 54.4% 60.9% 67.5% 74.1% 91.6% 
Soybean Acres Planted 77,404,000 75,208,000 76,000,000 76,000,000 76,000,000 76,000,000 76,000,000 

Corn Acres Planted 88,482,000 92,282,000 95,000,000 93,000,000 93,000,000 93,000,000 93,000,000 
 
Projected Acres Infested 
With One or More 
Glyphosate-Resistant 
Weed -- 

        

Soybeans  41,275,683   46,516,148    53,428,000    59,185,000   61,142,000    63,061,000   72,713,000  
Corn  36,498,825   44,110,796    51,656,250    56,637,000   62,798,250    68,889,750   85,188,000  

Two Crop Total 77,774,508 90,626,944 105,084,250 115,822,000 123,940,250 131,950,750 157,901,000 

Source: Infestation data from page 78, Tables 11 and 12 in "Supplemental Information for USDA Petition for 
Nonregulated Status of DAS-40278-9 Corn," Dow AgroSciences LLC, submitted by T. Craig Blewett, June 
20, 2011. (Blewett 2011)  "Best Estimate of % With One or More Weeds" calculated by C. Benbrook, based 
on assumption that one-half of the area infested by the second most common resistant weed would be 
present on acres not infested by the most prominent resistant weed. In the case of three resistant weeds, it 
is assumed that one-half of the sum of the area infested by the second and third most common resistant 
weed fall on acres other than those infested by the most prominent resistant weed. The area infested is 
truncated at 100%.  Acres infested calculations by C. Benbrook. 



C. Resistant Weeds in the European Union
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V. Ecological, Public Health, and Economic Impacts of Widespread
Adoption of Herbicide Tolerant Crops

A. Presence in the Environment

Danaus plexippus
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napus annual

B. Relative Ecotoxicity



 

 

 

Quantifying the Ecological Impacts of Weed Management Systems



 

 

 

 

C. Impacts on Farmer Choice, Farming Systems and Economic Performance

 

 



 

 

Pricing HT Seed



Farmer Choice



Tracking Changes in Seed Prices





Impacts of Rising Seed Costs on Farm Income

 
 
 







VI. Findings, Conclusions, and Implications

 
 



 

 

A. Herbicide Tolerant Crop Impacts on Herbicide Use

 

 

 
 

Maize



Table 6.1 Herbicide Use on Maize in Three Scenarios in the EU (tonnes)

 2011 
Baseline 2015 2020 2025 Change 

2011-2025 
Maize      

Scenario 1: No GE Crops      
     Glyphosate 1,981 2,522 3,326 4,085 106% 
     Other Herbicides 14,618 14,995 15,131 14,718 1.0% 
     Total Herbicides 16,599 17,516 18,458 18,803 13% 
Scenario 2: Unlimited Adoption      
     Glyphosate 1,981 4,317 12,096 22,546 1,040% 
     Other Herbicides 14,618 14.052 12,377 10,699 -27% 
     Total Herbicides 16,599 18,370 24,473 33,245 100% 
Scenario 3: Targeted Adoption      
     Glyphosate 1,981 3,652 7,510 11,803 496% 
     Other Herbicides 14,618 12,285 11,848 11,056 -24% 
     Total Herbicides 16,599 15,937 19,358 22,859 38% 
 



Soya



Table 6.2 Herbicide Use on Soya in Three Scenarios in the EU (tonnes)

 2011 
Baseline 2015 2020 2025 Change 

2011-2025 
Three Crops      

Scenario 1: No GE Crops      
     Glyphosate 50.0 57.5 68.1 77.6 56% 
     Other Herbicides 371 360 336 294 -21% 
     Total Herbicides 421 418 404 372 -12% 
Scenario 2: Unlimited Adoption      
     Glyphosate 50.0 144 429 778 1,470% 
     Other Herbicides 371 191 180 162 -56% 
     Total Herbicides 421 335 608 941 123% 
Scenario 3: Targeted Adoption      
     Glyphosate 50.0 147 253 379 662% 
     Other Herbicides 371 320 265 296 -20% 
     Total Herbicides 421 467 518 675 60% 

Sugar Beets



Table 6.3 Herbicide Use on Sugar Beets in Three Scenarios in the EU (tonnes)

 2011 
Baseline 2015 2020 2025 Change 

2011-2025 
Sugar Beets      

Scenario 1: No GE Crops      
     Glyphosate 1,023 1,167 1,393 1,591 56% 
     Other Herbicides 7,264 6,416 5,481 4,349 -40% 
     Total Herbicides 8,287 7,583 6,874 5,940 -28% 
Scenario 2: Unlimited Adoption      
     Glyphosate 1,023 1,764 3,126 4,882 377% 
     Other Herbicides 7,264 6,396 5,549 4,437 -39% 
     Total Herbicides 8,287 8,161 8,675 9,319 12% 
Scenario 3: Targeted Adoption      
     Glyphosate 1,023 1,504 2,359 3,356 228% 
     Other Herbicides 7,264 6,468 5,642 4,629 -36% 
     Total Herbicides 8,287 7,972 8,002 7,985 -4% 

Three Crop Impacts



Table 6.4 Herbicide Use on Maize, Soya, and Sugar Beets in Three Scenarios in the EU
(tonnes)
 2011 

Baseline 2015 2020 2025 Change 
2011-2025 

Three Crops      
Scenario 1: No GE Crops      
     Glyphosate 3,053 3,746 4,787 5,754 88% 
     Other Herbicides 22,254 21,771 20,949 19,361 -13% 
     Total Herbicides 25,307 25,518 25,736 25,115 -1% 
Scenario 2: Unlimited Adoption      
     Glyphosate 3,053 6,226 15,650 28,207 824% 
     Other Herbicides 22,254 20,640 18,106 15,299 -31% 
     Total Herbicides 25,307 26,866 33,756 43,505 72% 
Scenario 3: Targeted Adoption      
     Glyphosate 3,053 5,304 10,123 15,538 409% 
     Other Herbicides 22,254 19,072 17,755 15,980 -28% 
     Total Herbicides 25,307 24,376 27,877 31,518 25% 



B. Reliance on Glyphosate

more than total herbicide use in the 2011 baseline.



Table 6.5 Changes in Glyphosate Use in the �“No GE Crops�” and �“Unlimited Adoption�”
Scenarios (tonnes)

2011 
Baseline 2015 2020 2025 

Increase 
2011 to 

2025
Maize 

Scenario 1: No GE Crops      
     Glyphosate 1,981 2,522 3,326 4,085 2,104 
     Glyphosate Share of Total  Herbicide Use 11.9% 14.4% 18.0% 21.7%  
Scenario 2: Unlimited Adoption      
     Glyphosate 1,981 4,317 12,096 22,546 20,566 
     Glyphosate Share of Total Herbicide Use 11.9% 23.5% 49.4% 67.8%  

 
Soya      

Scenario 1: No GE Crops      
      Glyphosate 50.0 57.5 68.1 77.6 27.6 
      Glyphosate Share of Total Herbicide Use 11.8% 13.8% 16.8% 20.9%  
Scenario 2: Unlimited Adoption      
      Glyphosate 50.0 144 429 778 729 
      Glyphosate Share of Total Herbicide Use 11.8% 43.0% 70.4% 82.7%  

 
Sugar Beets      

Scenario 1: No GE Crops      
      Glyphosate 1,023 1,167 1,393 1,591 568 
      Glyphosate Share of Total Herbicide Use 12.3% 15.4% 20.3% 26.8%  
Scenario 2: Unlimited Adoption      
      Glyphosate 1,023 1,764 3,126 4,882 3,859 
      Glyphosate Share of Total Herbicide Use 12.3% 21.6% 36% 52.4%  

 
Three Crops      

Scenario 1: No GE Crops      
     Glyphosate 3,053 3,746 4,787 5,754 2,701 
     Glyphosate Share of Total Herbicide Use 12.1% 14.7% 18.6% 22.9%  
Scenario 2: Unlimited Adoption      
      Glyphosate 3,053 6,226 15,650 28,207 25,154 
      Glyphosate Share of Total Herbicide Use 12.1% 23.2% 46.4% 64.8%  



C. Changes in �“Other Herbicides�” Use in the U.S.



D. Resistance Management �– A Global Imperative

Weed Science





References



Conyza canadensis



Amaranthus palmeri



Brassica napus B. napus







Bt

Bt

Bt



Conyza canadensis



Appendix A. The Seed Price Premium Farm Income Database

Seed Prices per Bag/Unit/CWT

Seeding Ratings



Seed Costs per Acre

Crop Production per Acre

Crop Income and Operating Costs

Seed Expenditures

 
 
 


