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Components of plant parts as well asComponents of plant parts as well as

Activators, Activators, 

Inhibitors, Inhibitors, 

Nutrients are:Nutrients are:

and Regulators and Regulators 

of Physiological Processes of Physiological Processes 

Many herbicides and pesticides are Many herbicides and pesticides are chelatorschelators



PLANTPLANT

ABIOTICABIOTIC
ENVIRONMENTENVIRONMENTPATHOGENPATHOGEN

TIMETIME

Interacting Factors Determining Interacting Factors Determining 

Nutrient Availability and Disease SeverityNutrient Availability and Disease Severity
Vigor, Stage of Growth, Root ExudatesVigor, Stage of Growth, Root Exudates

ResistanceResistance SusceptibilitySusceptibility

ENVIRONMENTENVIRONMENT
NutrientsNutrients
MoistureMoisture
TemperatureTemperature
pH (redox potential)pH (redox potential)
Density, gasesDensity, gases
Ag ChemicalsAg Chemicals

PATHOGENPATHOGEN
PopulationPopulation
VirulenceVirulence
ActivityActivity

BIOTIC ENVIRONMENTBIOTIC ENVIRONMENT
Antagonists, SynergistsAntagonists, Synergists

Oxidizers, ReducersOxidizers, Reducers

Competitors, MineralizersCompetitors, Mineralizers

[Cu, Fe, K, Mn, N, S, Zn][Cu, Fe, K, Mn, N, S, Zn]



1. Glyphosate is a systemic,1. Glyphosate is a systemic,

broadbroad--spectrum herbicidespectrum herbicide

that intensifies stressthat intensifies stress

2. Glyphosate accumulates in 2. Glyphosate accumulates in 

plant tissuesplant tissues (shoot and root tips, (shoot and root tips, 

reproductive structures, and reproductive structures, and 

legume nodules)legume nodules)

3. Some glyphosate moves into 3. Some glyphosate moves into 

roots and is released into soil roots and is released into soil 

7. Glyphosate accumulates in soil7. Glyphosate accumulates in soil
(fast sorption; slow degradation)

4.Makes the plant susceptible 4.Makes the plant susceptible 

to diseasesto diseases

Schematic of glyphosate interactionsSchematic of glyphosate interactions
 

Desorbed by phosphorusDesorbed by phosphorus

Beneficial soil organisms include Beneficial soil organisms include 
((--fixing microbesfixing microbes

Any with bacterial Any with bacterial shikimateshikimate pathwaypathway

((--fixing organismsfixing organisms

MycorrhizaeMycorrhizae

Biological control organismsBiological control organisms

EarthwormsEarthworms

Plant Growth Promoting organismsPlant Growth Promoting organisms

5. Increases virulence of soil5. Increases virulence of soil--borneborne

disease organismsdisease organisms

6. Is toxic to normal biological6. Is toxic to normal biological

control  and other beneficial  control  and other beneficial  

organismsorganisms



Microbiocidal Activity Microbiocidal Activity 

of Glyphosateof Glyphosate
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root colonizationroot colonization
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Glyphosate Increases Disease SusceptibilityGlyphosate Increases Disease Susceptibility

Herbicide action is by soilHerbicide action is by soil--borne fungal pathogensborne fungal pathogens

C
A

B C
A

B
A BA B

Glyphosate   Glyphosate  No glyphosateGlyphosate   Glyphosate  No glyphosate Effect of glyphosate on susceptibility Effect of glyphosate on susceptibility 

Sterile soil      Field soil          ControlSterile soil      Field soil          Control to anthracnose.  A) hypersensitive to anthracnose.  A) hypersensitive 

response; B) nonresponse; B) non--limited responselimited response

after glyphosate is applied.after glyphosate is applied.

After Rahe and Johal, 1988; 1990; See also Johal and Huber, 1999; Schafer et al, 2009.After Rahe and Johal, 1988; 1990; See also Johal and Huber, 1999; Schafer et al, 2009.



Control            Inoculated             Control            Inoculated             InoculatedInoculated

+ + glyphosateglyphosate

 

(on(on--glyphosateglyphosate

(on(on--GMOGMO

GMO+glyphosateGMO+glyphosate

(on(on--glyphosateglyphosate GlyphosateGlyphosate

GlyphosateGlyphosate (o(o glyphosateglyphosate



•• The technology inserts an alternative EPSPS enzymeThe technology inserts an alternative EPSPS enzyme

that is not blocked by that is not blocked by glyphosateglyphosate in in maturemature tissuetissue

•• There is nothing in the RR plant that operates onThere is nothing in the RR plant that operates on

[Greatly expanded usage of glyphosate][Greatly expanded usage of glyphosate]

What’s Special About Genetic Engineering for What’s Special About Genetic Engineering for 

Glyphosate Tolerance? (Roundup Ready® Genes)Glyphosate Tolerance? (Roundup Ready® Genes)

•• There is nothing in the RR plant that operates onThere is nothing in the RR plant that operates on

the the glyphosateglyphosate applied to the plant!applied to the plant!
GlyphosateGlyphosate chelationchelation is not selective it immobilizes nutrientsis not selective it immobilizes nutrients

Ca, Co, Cu, Fe, K, Mg, Ca, Co, Cu, Fe, K, Mg, MnMn, (i, Zn, (i, Zn

Reduces nutrient uptakeReduces nutrient uptake

•• Can cause Can cause a“Yielda“Yield Drag” Drag” 

•• It is there for the life of the plantIt is there for the life of the plant



Reduced Nutrient Efficiency of Isogenic Reduced Nutrient Efficiency of Isogenic 

RR Soybeans RR Soybeans ((After Zobiole et al, 2008, 2009After Zobiole et al, 2008, 2009))

Tissue:     Tissue:     MnMn ZnZn

IsolineIsoline %% %%

Normal Normal 100100 100100Normal Normal 100100 100100

Roundup Ready©Roundup Ready© 8383 5353

RR + glyphosateRR + glyphosate 7676 4545

Copper, iron, and other essential nutrients Copper, iron, and other essential nutrients 

Were also lower in the RR isoline and reduced Were also lower in the RR isoline and reduced 

further by glyphosate!  further by glyphosate!  



Effect of Glyphosate on Lignin, AA, Water Use Efficiency, Effect of Glyphosate on Lignin, AA, Water Use Efficiency, 

and Photosynthesis of ‘Glyphosateand Photosynthesis of ‘Glyphosate--Resistant’ SoybeansResistant’ Soybeans
After Zobiole, 2009After Zobiole, 2009Lignin Lignin 

(g/plant)(g/plant)
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%%MineralMineral ReductionReduction in Roundup Ready® in Roundup Ready® 

Soybeans Treated with GlyphosateSoybeans Treated with Glyphosate

Plant tissuePlant tissue CaCa MgMg FeFe MnMn ZnZn Cu Cu 

Young leaves    Young leaves    4040 2828 77 2929 NSNS NSNS

Mature leaves     Mature leaves     3030 3434 1818 4848 3030 2727

Mature grain     Mature grain     2626 1313 4949 4545

Reduced:Reduced:

YieldYield 26%26%

BiomassBiomass 24%24% After Cakmak et al, 2009



LongLong--term Effect of Glyphosateterm Effect of Glyphosate

after Roemheld et al., 2009after Roemheld et al., 2009



Food and Feed Safety ConcernsFood and Feed Safety Concerns
�� Increased levels of Increased levels of mycotoxinsmycotoxins

-- FusariumFusarium toxins (DO(, (IV, ZEA)toxins (DO(, (IV, ZEA)

-- AflatoxinsAflatoxins

�� Gene flowGene flow
-- WeedsWeeds

-- Soil microbesSoil microbes

-- Intestinal microbesIntestinal microbes

Aris & Leblanc, 2011Aris & Leblanc, 2011

Benachour et al, 2007Benachour et al, 2007

Carmen, et al., 2011Carmen, et al., 2011

Fernandez, et al., 2009 Fernandez, et al., 2009 

Gasnier, et al., 2009 Gasnier, et al., 2009 

Heiman,  2010Heiman,  2010

Matzk et al, 1996Matzk et al, 1996

Seralini et al., 2010, 2011Seralini et al., 2010, 2011-- Intestinal microbesIntestinal microbes

��(utrient deficiency (utrient deficiency 
-- Cu, Fe, Mg, Cu, Fe, Mg, MnMn, Zn, Zn

�� Direct toxicity of residual glyphosateDirect toxicity of residual glyphosate

-- Infertility Infertility -- endocrine systemendocrine system

-- Birth defects, teratogenicityBirth defects, teratogenicity

-- Cell death Cell death -- Disease resistanceDisease resistance

�� Allergenic reactions to foreign proteinsAllergenic reactions to foreign proteins

Seralini et al., 2010, 2011Seralini et al., 2010, 2011

Smith, 2010Smith, 2010

Walsh, et al.,  2000Walsh, et al.,  2000

Watts,  2009Watts,  2009



% Reduction in Alfalfa (utrients by Glyphosate*% Reduction in Alfalfa (utrients by Glyphosate*

(utrient(utrient % reduction compared with (on% reduction compared with (on--RRRR

(itrogen(itrogen 13 %13 %

PhosphorusPhosphorus 15 %15 %

PotassiumPotassium 46 %46 %

CalciumCalcium 17 %17 %

MagnesiumMagnesium 26 %26 %

*Third year, second cutting analysis; Glyphosate applied one time in the previous year*Third year, second cutting analysis; Glyphosate applied one time in the previous year

MagnesiumMagnesium 26 %26 %

SulfurSulfur 52 %52 %

BoronBoron 18 %18 %

CopperCopper 20 %20 %

IronIron 49 %49 %

ManganeseManganese 31 %31 %

ZincZinc 18 %18 %



Stillborne Calf from Manganese DeficiencyStillborne Calf from Manganese Deficiency



U.S. Cattlemen’s Association Statement to CongressU.S. Cattlemen’s Association Statement to Congress

““CattleCattle ranchersranchers areare facingfacing somesome puzzlingpuzzling -- andand, , atat timestimes, , 

economicallyeconomically devastatingdevastating problemsproblems withwith pregnantpregnant cowscows andand calvescalves. . AtAt

somesome facilitiesfacilities, , highhigh numbersnumbers ofof fetusesfetuses areare abortingaborting forfor nono apparentapparent

reasonreason.  .  Other Other farmersfarmers successfullysuccessfully raiseraise whatwhat looklook toto bebe normal normal youngyoung

cattlecattle, , onlyonly toto learnlearn whenwhen thethe animalsanimals areare butcheredbutchered thatthat theirtheir carcassescarcasses

appearappear oldold andand, , thereforetherefore, , lessless valuablevaluable.” .” 

“The “The sporadicsporadic problemproblem isis so so badbad bothboth in in thethe United States United States andand abroadabroad“The “The sporadicsporadic problemproblem isis so so badbad bothboth in in thethe United States United States andand abroadabroad

thatthat in in somesome herdsherds aroundaround 4040--50 50 percentpercent ofof pregnanciespregnancies areare beingbeing lost.”lost.”

““ManyMany pesticidespesticides andand industrialindustrial pollutantspollutants also also possesspossess a hormonal alter a hormonal alter 

egoego.”.”

“The “The viabilityviability ofof thisthis importantimportant industryindustry isis threatenedthreatened.”.”

Source: Testimony of the Ranchers-Cattlemen Action Legal Fund, United Stockgrowers 

of America, to the Senate Agriculture Committee July 24, 2002.



Feed Source Effect on Stomach Liner Color, 2010

(on-GMO GMOGMOGMO



Effect of the GM “Gene” Proteins in Effect of the GM “Gene” Proteins in 

Corn/Soybeans on Pig StomachsCorn/Soybeans on Pig Stomachs

20112011

(on(on--GMO FeedGMO Feed GMO FeedGMO Feed

(ormal color(ormal color Inflamed, irritatedInflamed, irritated



Inflammatory Bowel Disease, USA Inflammatory Bowel Disease, USA 
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GMO

Corn (on-GMO

Corn

And the Mice Prefer……And the Mice Prefer……

Photos: Gilbert HostetlerPhotos: Gilbert Hostetler



Direct Toxicity of GlyphosateDirect Toxicity of Glyphosate
Rate (ppm) System affected Reference 

0.5 Human cell endocrine disruption Toxicology 262:184-196, 2009

0.5 Anti-androgenic Gasner et al, 2009

1.0 Disrupts aramatase enzymes Gasnier et al, 2009

1-10 Inhibits LDH, AST, ALF enzymes Malatesta et al, 2005

1-10 Damages liver, mitochondria, nuclei Malatesta et al, 2005

2.0 Anti-Oestrogenic Gasnier et al, 20092.0 Anti-Oestrogenic Gasnier et al, 2009

5.0 D(A damage Toxicology 262:184-196, 2009 

5.0 Human placental, umbilical, embryo Chem.Res.Toxicol. J. 22:2009

10 Cytotoxic Toxicology 262:184-196, 2009

10 Multiple cell damage Seralini et al, 2009

10 Total cell death Chem.Res.Toxicol. J. 22:2009

All Systemic throughout body Andon et al, 2009

1-10 Suppress mitochondrial respiration Peixoto et al, 2005

Parkinson’s El Demerdash et al, 2001

POEA, AMPA even more toxic Seralini et al, 2009



Late termLate term
‘Spontaneous‘Spontaneous
Abortion’Abortion’

(Miscarriage)(Miscarriage)



‘Fungus‘Fungus--like’ Growthlike’ Growth

(transmission EM)(transmission EM)

Size of organism comparedSize of organism compared

with alfawith alfa--StreptococcusStreptococcus

38,250 X magnification 38,250 X magnification Size relative to gramSize relative to gram++ bacteriumbacterium



OccurrenceOccurrence

••Verified in IA, IL, KY, MI, (E, (D, SD, WIVerified in IA, IL, KY, MI, (E, (D, SD, WI

•• Sources: Sources: ‘Environmental’‘Environmental’ Animal tissueAnimal tissue

Soybean mealSoybean meal Placental tissuePlacental tissue

SilageSilage Amniotic fluidAmniotic fluid

Corn grain and silageCorn grain and silage SemenSemenCorn grain and silageCorn grain and silage SemenSemen

SDS Soybean plants SDS Soybean plants Stomach contentsStomach contents

Manure Manure EggsEggs

Soil Soil MilkMilk

FusariumFusarium solanisolani fspfsp glycinesglycinesmyceliummycelium



Potential Interactions of ‘new entity’ with GlyphosatePotential Interactions of ‘new entity’ with Glyphosate
•• GlyphosateGlyphosate affects plants (predisposes):affects plants (predisposes):

Inhibits plant defensesInhibits plant defenses

Reduces nutrient content and efficiency [chemical and RR gene(s)]Reduces nutrient content and efficiency [chemical and RR gene(s)]

Increases root colonizationIncreases root colonization

Increases membrane permeabilityIncreases membrane permeability

Surfactant affect for penetration of natural openings and woundsSurfactant affect for penetration of natural openings and wounds

•• GlyphosateGlyphosate affects animals (predisposes):affects animals (predisposes):
Inhibits Inhibits aramatosearamatose system system –– endocrine hormone systemendocrine hormone system

Toxic to liver, placental, testicular, and kidney cellsToxic to liver, placental, testicular, and kidney cellsToxic to liver, placental, testicular, and kidney cellsToxic to liver, placental, testicular, and kidney cells

Reduced defense Reduced defense -- liver function [from lower liver function [from lower MnMn, etc. in feed], etc. in feed]

•• GlyphosateGlyphosate affects pathogens:affects pathogens:
Stimulates growth and virulence (direct/indirect)Stimulates growth and virulence (direct/indirect)

Favors synergism, infection (as a carrier)Favors synergism, infection (as a carrier)

Increases movement into plant tissues (water film for plant infection)Increases movement into plant tissues (water film for plant infection)

•• GlyphosateGlyphosate affects the environment: affects the environment: 
Toxic to soil microbes that constrain plant pathogensToxic to soil microbes that constrain plant pathogens

Micronutrient availability reducedMicronutrient availability reduced



* Scientific Precautionary Principle
1. Margin of safety to prevent damage

2. Anticipation of unknowns

3. Initiate as a “pilot project”

* (ot “Substantially Equivalent”- Significant deviation in:

Failure to HonorFailure to Honor

* (ot “Substantially Equivalent”- Significant deviation in:

1. Expression of ‘end products’ (new/tissues in)

2. More like virus infection than sexual transfer

3. Functional and regulatory controls absent

4. Greatly extended exposure

5.  Production, quality, safety & toxicity differ

After Brown, 2000  



Potential FarPotential Far--Reaching Impact of GlyphosateReaching Impact of Glyphosate

Glyphosate

Mn

Glyphosate

Plants, feedPlants, feed
Lower nutrient mineralsLower nutrient minerals

(Cu, Fe, Mn, Zn)(Cu, Fe, Mn, Zn)

Disease predispositionDisease predisposition

HumanHuman
Mineral malnourished,Mineral malnourished,

Allergies, Fertility, DiseaseAllergies, Fertility, Disease

MYCOTOXINSMYCOTOXINS
Alzheimer’s, gout, diabetes, viruses, Parkinson;s, etc. Alzheimer’s, gout, diabetes, viruses, Parkinson;s, etc. 

Vegetables, fruits, grainsVegetables, fruits, grains
Lower nutrient mineralsLower nutrient minerals

(Cu, Fe, Mg, Mn, Zn)(Cu, Fe, Mg, Mn, Zn)

Carriers for epiphytesCarriers for epiphytes Glyphosate

(Chelation)

AnimalsAnimals
Mineral malnourishedMineral malnourished

Slow growth, Allergies, DiseaseSlow growth, Allergies, Disease

MYCOTOXINSMYCOTOXINS
Scours, death, BSE, wasting, predisposition Scours, death, BSE, wasting, predisposition 

Disease predispositionDisease predisposition
(Scab, take(Scab, take--all, CVC)all, CVC)

Mycotoxins, glyphosateMycotoxins, glyphosate

Carriers for epiphytesCarriers for epiphytes
(E. coli, etc. )(E. coli, etc. )

(Changed epiphytic flora)(Changed epiphytic flora)

EnvironmentEnvironment
Biological imbalanceBiological imbalance
N fixation, Mn availabilityN fixation, Mn availability

Potassium immobilizationPotassium immobilization

Biological controlsBiological controls

GLYPHOSATE ACCUMULATIONGLYPHOSATE ACCUMULATION



FailedFailed Promises Promises –– Touted BenefitsTouted Benefits

� Higher yields

� Fewer pesticides

� Less post-harvest loss

� Improved (-fixation

� Drought and salt tolerance

� Increased photosynthesis� Increased photosynthesis

� Greater root growth & function

� Disease resistance

� Lower risks (economic)

� Lower cost

� Greater safety

� Simpler management – resistant weeds & pests

BETRAYAL OF THE PUBLIC TRUST


