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Parenting skillsParenting skills
Look back and take inventory once in a while!Look back and take inventory once in a while!

AVOID HAZARDSAVOID HAZARDS

Bad Parenting!Bad Parenting!

Hesitate!Hesitate!

Anticipate!Anticipate!



Understanding GlyphosateUnderstanding Glyphosate

and Glyphosate-resistant Crops Impactand Glyphosate-resistant Crops Impact

on Nutrition, Disease & Sustainabilityon Nutrition, Disease & Sustainability
•• Background Background

•• Understanding glyphosate Understanding glyphosate
What it is and how it worksWhat it is and how it works

••  Understanding glyphosate-resistanceUnderstanding glyphosate-resistance

-- What it is and what it doesn What it is and what it doesn’’t dot do

••  Recognizing the interactionsRecognizing the interactions

-- Symptoms - nutrition, disease Symptoms - nutrition, disease

•• Fertilization of corn, soybeans, and cereals in a glyphosate Fertilization of corn, soybeans, and cereals in a glyphosate

weed management programweed management program

•• The bigger picture The bigger picture

““All flesh is grassAll flesh is grass””  

Isaiah 40:6, 800 BCIsaiah 40:6, 800 BC



Photosynthesis and N-fixationPhotosynthesis and N-fixation

6 CO6 CO2 2  +  12 H +  12 H22OO                                                                CC66HH1212OO66    +  6 O+  6 O22

MnMn+2+2

ChloroplastChloroplast  

MgMg+2+2

N, P, Ca, Fe, Ni, B, Co, Cu, Mo, ZnN, P, Ca, Fe, Ni, B, Co, Cu, Mo, Zn

The Harvest is SUGARThe Harvest is SUGAR

and PROTEINand PROTEIN

NN22



           NUTRIENT BALANCENUTRIENT BALANCE IS IMPORTANT BECAUSE EACH  IS IMPORTANT BECAUSE EACH 

ELEMENT FUNCTIONS AS PART OF A DELICATELY ELEMENT FUNCTIONS AS PART OF A DELICATELY 

BALANCED, BALANCED, INTERDEPENDENT SYSTEMINTERDEPENDENT SYSTEM WITH THE  WITH THE 

PLANTPLANT’’S GENETICS AND THE ENVIRONMENTS GENETICS AND THE ENVIRONMENT 

““Law of the minimumLaw of the minimum””

N

P K

Ca, Mg, S, Fe, Mn, Ni Cu, Zn, B, Mo, I

““Hidden HungerHidden Hunger””

Nutrient Nutrient BALANCEBALANCE may be a matter of   may be a matter of  root function!root function!

““The roots may be the root of the problem!The roots may be the root of the problem!””
““The weak link may be underground!The weak link may be underground!””



 PLANT PLANT

            ABIOTICABIOTIC
ENVIRONMENTENVIRONMENT
            NutrientsNutrients
      Moisture      Moisture
      Temperature      Temperature
      pH (redox potential)      pH (redox potential)
      Density, gases      Density, gases
      Ag Chemicals      Ag Chemicals

     PATHOGENPATHOGEN
PopulationPopulation
VirulenceVirulence
ActivityActivity

      

BIOTIC ENVIRONMENTBIOTIC ENVIRONMENT
     

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

Antagonists, SynergistsAntagonists, Synergists

Oxidizers, ReducersOxidizers, Reducers

Competitors, MineralizersCompetitors, Mineralizers

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



Changes in Agricultural PracticesChanges in Agricultural Practices

Change the InteractionsChange the Interactions
Crop SequenceCrop Sequence     Tillage/No-till    Tillage/No-till      Fertilization     Fertilization

Biotic environmentBiotic environment      Residue break down      Rate/form     Residue break down      Rate/form

NutritionNutrition      Soil density/aeration      Time applied     Soil density/aeration      Time applied

NitrificationNitrification      Pathogen survival     Pathogen survival        Source/assoc. ions        Source/assoc. ions 

Organic matterOrganic matter      Nutrient distribution           Nutrient distribution      InorganicInorganic

     Denitrification     Denitrification OrganicOrganic

     Herbicide usage     Herbicide usage

Metabolism of differentMetabolism of different

forms of nitrogenforms of nitrogen

ExcessExcess

DeficientDeficient    Sufficient   Sufficient
Effect of crop residue on Effect of crop residue on 

nitrificationnitrification

100100

  80  80

  60  60

  40  40

  20  20

    0    0
0        2        4        6        8 0        2        4        6        8   

WeeksWeeks

% NO% NO33

AlfalfaAlfalfa

SoyaSoya

PeaPea

CornCorn

FallowFallow

WheatWheat

OatOat

TrachypoganTrachypogan

BrachiariaBrachiaria

ConifersConifers

BarleyBarley

    Crop sequence effect on MnCrop sequence effect on Mn+2+2

            RotationRotation     Extractable Mn    Extractable Mn

Continuous CornContinuous Corn 130 ppm130 ppm

Continuous soybeansContinuous soybeans   64 pp,  64 pp,

Soybean, wheat, Soybean, wheat, corncorn   91 ppm  91 ppm

Wheat, corn, Wheat, corn, soybeansoybean   79 ppm  79 ppm

Fall chisselFall chissel 126 ppm126 ppm

No-tillNo-till   80 ppm  80 ppm



Take-all and Take-all and 

Populations of Populations of 

Mn-oxidizing Mn-oxidizing 

Rhizosphere BacteriaRhizosphere Bacteria

CattleCattle

dung dung 

(manure)(manure)

Mn Availability & Biological ActivityMn Availability & Biological Activity

pH: pH: 5.25.2             7.8            7.8

Mn form:Mn form: MnMn2+2+                 Mn   Mn+4+4

Available:Available: YesYes    No   No

BiologicalBiological

ActivityActivity



Factors Affecting N Form, Mn AvailabilityFactors Affecting N Form, Mn Availability

and Severity of Some Diseases*and Severity of Some Diseases*
Soil Factor orSoil Factor or                Effect on: Effect on:

Cultural PracticeCultural Practice NitrificationNitrification Mn AvailabilityMn Availability Disease SeverityDisease Severity

Low Soil pHLow Soil pH DecreaseDecrease IncreaseIncrease DecreaseDecrease

Green Manures(some) DecreaseGreen Manures(some) Decrease IncreaseIncrease DecreaseDecrease

Ammonium FertilizersAmmonium Fertilizers DecreaseDecrease IncreaseIncrease DecreaseDecrease

Irrigation (some)Irrigation (some) DecreaseDecrease IncreaseIncrease DecreaseDecrease

Firm Seed bedFirm Seed bed DecreaseDecrease IncreaseIncrease DecreaseDecrease

Nitrification InhibitorsNitrification Inhibitors DecreaseDecrease IncreaseIncrease DecreaseDecrease

Soil FumigationSoil Fumigation DecreaseDecrease IncreaseIncrease DecreaseDecrease

Metal SulfidesMetal Sulfides DecreaseDecrease IncreaseIncrease DecreaseDecrease

GlyphosateGlyphosate    ----   ---- Decrease         Decrease         IncreaseIncrease

High Soil pHHigh Soil pH IncreaseIncrease DecreaseDecrease IncreaseIncrease

LimeLime IncreaseIncrease DecreaseDecrease IncreaseIncrease

Nitrate FertilizersNitrate Fertilizers     ----    ---- DecreaseDecrease IncreaseIncrease

ManureManure IncreaseIncrease DecreaseDecrease IncreaseIncrease

Low Soil MoistureLow Soil Moisture IncreaseIncrease DecreaseDecrease IncreaseIncrease

Loose Seed bedLoose Seed bed IncreaseIncrease DecreaseDecrease IncreaseIncrease

*Potato scab, Rice blast, Take-all, Phymatotrichum root rot, Corn stalk rot*Potato scab, Rice blast, Take-all, Phymatotrichum root rot, Corn stalk rot



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

Activators, Activators, 

Inhibitors, Inhibitors, 

and Regulators and Regulators 

of Physiological Processes of Physiological Processes 

Nutrients are:Nutrients are:

Many herbicides and pesticides are chelatorsMany herbicides and pesticides are chelators



Understanding the Characteristics of GlyphosateUnderstanding the Characteristics of Glyphosate
Glyphosate has Changed Agriculture for 30+YearsGlyphosate has Changed Agriculture for 30+Years

••  A strong chemical chelatorA strong chemical chelator

Chelates minerals in the Chelates minerals in the spray tankspray tank

Chelates minerals in the Chelates minerals in the plantplant

Chelates minerals in the Chelates minerals in the soilsoil

Reduces: Reduces: B, Ca, Co, Cu, Fe, K, Mg, Mn, Ni, ZnB, Ca, Co, Cu, Fe, K, Mg, Mn, Ni, Zn

••  Non-specific herbicidal effectNon-specific herbicidal effect

  Chelating stability constants   Chelating stability constants 

of glyphosateof glyphosate
                  [ML][ML]                  [MHL][MHL]                  [ML[ML22]]

        Metal ion     [M][L]     [M][H][L]     [M][LMetal ion     [M][L]     [M][H][L]     [M][L22]]

          Mg2+     3.31      12.12         5.47          Mg2+     3.31      12.12         5.47

          Ca2+      3.25      11.48         5.87          Ca2+      3.25      11.48         5.87

                    Mn2+      5.47      12.30        7.80Mn2+      5.47      12.30        7.80

                    Fe2+       6.87      12.79      11.18Fe2+       6.87      12.79      11.18

          Cu2+     11.93      15.85     16.02          Cu2+     11.93      15.85     16.02

                    Fe3+      16.09      17.63     23.00Fe3+      16.09      17.63     23.00

GlyphosateGlyphosate
Glyphosate + ZnGlyphosate + Zn

tank mixtank mix

Glyphosate ImmobilizesGlyphosate Immobilizes

Manganese in SoybeanManganese in Soybean



Effect of Time of Mn Application Effect of Time of Mn Application 

AFTER Glyphosate on Tissue MnAFTER Glyphosate on Tissue Mn

Time Mn Applied Relative to Time Mn Applied Relative to 

GlyphosateGlyphosate

PPM MnPPM Mn

    None       4 days      Same       4 days     9 daysNone       4 days      Same       4 days     9 days

  before       time         after       afterbefore       time         after       after

3535

3030

2525

2020

1515

1010

  5  5

  0  0

INDIANA INDIANA Huber et alHuber et al                MINNESOTA                MINNESOTA R. SeversonR. Severson

250250

200200

150150

100100

  50  50

    0    0

PPM MnPPM Mn

Days Mn applied after glyphosateDays Mn applied after glyphosate

0          5          10           15            200          5          10           15            20



Effect of pH on Soil Sorption of GlyphosateEffect of pH on Soil Sorption of Glyphosate
(After Farenhorst et al, 2009)(After Farenhorst et al, 2009)

1,0001,000

  750  750

  500  500

  250  250

      0      0
             Soil pH             Soil pH

% Clay content% Clay content

6.06.0 6.56.5 7.07.0 7.57.5 8.08.0

    0           5           10           15           20           250           5           10           15           20           25

Kd (L/kg)Kd (L/kg)
  pH  pH

ClayClay

Glyphosate kd values = 19 - 547; 2,4-D kd values = 0.12 - 2.61Glyphosate kd values = 19 - 547; 2,4-D kd values = 0.12 - 2.61



Effect of Phosphorus Desorption of Glyphosate Effect of Phosphorus Desorption of Glyphosate 

in Soil on Soybean growth and Nutrient Contentin Soil on Soybean growth and Nutrient Content

% of UTC% of UTC

100

  90

  80

  70

  60

  50

  40

  30

  20

  10

    0

NutrientNutrient
UTC   Ca    Fe    K       Mn      P      Zn

10 d after glyphosate

35 d after glyphosate

0    40    80    240 0    40    80    240 
P (mg)

4000

3500

3000

2500

2000

1500

1000

  500

      0

Shikimate (ug/g FW)

40mg P

  ‐    +        ‐        +  ‐    +        ‐        +

80 mg P80 mg P
-     +        -           + -     +        -           + 

40 mg P40 mg P

   ‐      +            ‐        +   ‐      +            ‐        +

240 mg P240 mg P
  -      +     -          +  -      +     -          +

0 mg P0 mg P

After Bott, 2009After Bott, 2009



Effect of Residual or Effect of Residual or ’’driftdrift’’ Glyphosate on Percent  Glyphosate on Percent 

Nutrient Uptake and Translocation by PlantsNutrient Uptake and Translocation by Plants
After Eker et al 2006*After Eker et al 2006*

FeFe MnMn  Zn Zn          Fe      Mn     Zn         Fe      Mn     Zn

  Root uptake          Translocation to shoot  Root uptake          Translocation to shoot

100100

  80  80

  60  60

  40  40

  20  20

    0    0

ControlControl

+ glyphosate+ glyphosate

* 1/40th of recommended herbicidal rate = 0.4 oz/a = 12 g/a* 1/40th of recommended herbicidal rate = 0.4 oz/a = 12 g/a

% uptake% uptake



Manganese Oxidation in Soybean RhizosphereManganese Oxidation in Soybean Rhizosphere

  In soybean rhizosphere soil (3 wks after glyphosate applied):In soybean rhizosphere soil (3 wks after glyphosate applied):

Mn Reducing OrganismsMn Reducing Organisms    Oxidizing Organisms   Oxidizing Organisms

Control (no glyphosate)Control (no glyphosate) 7,250*7,250*               750              750

          + Glyphosate+ Glyphosate   740  740          13,250         13,250

    *    *Colonies per gram of soilColonies per gram of soil

Fungal Mn oxidation Fungal Mn oxidation 

in soilin soil

(increased virulence)(increased virulence)

    Glyphosate          ControlGlyphosate          Control
     (oxidized)            (Reduced)     (oxidized)            (Reduced)

Mn Oxidation/Reduction Mn Oxidation/Reduction 

in Soybean in Soybean 

Rhizosphere SoilRhizosphere Soil

Gaeumannomyces graminisGaeumannomyces graminis

After Roemheld, 2005After Roemheld, 2005



Schematic of glyphosate interactions in soilSchematic of glyphosate interactions in soil
 

Foliar application of glyphosateFoliar application of glyphosate

Systemic movement Systemic movement 

   throughout the plant   throughout the plant

Chelation of micronutrientsChelation of micronutrients

Intensifies stressIntensifies stress

Accumulation of glyphosate inAccumulation of glyphosate in

meristematic tissuesmeristematic tissues (shoot, (shoot,

     reproductive, and roots)     reproductive, and roots)

 Translocation of glyphosate from Translocation of glyphosate from

shoot to root and releaseshoot to root and release

into the rhizosphereinto the rhizosphere

Accumulation of glyphosate in soil 

   (fast sorption; slow degradation)

Desorbed by phosphorusDesorbed by phosphorus

Residual soil and residue effects Residual soil and residue effects 

Glyphosate toxicity to:Glyphosate toxicity to:

N-fixing microbesN-fixing microbes

Bacterial shikimate pathwayBacterial shikimate pathway

MycorrhizaeMycorrhizae

Biological control organismsBiological control organisms

EarthwormsEarthworms

PGPR organismsPGPR organisms

Toxicity to root tips by glyphosate or itsToxicity to root tips by glyphosate or its

     toxic metabolites (e.g. AMPA)     toxic metabolites (e.g. AMPA)

        Compromise of plant        Compromise of plant

             defense mechanisms             defense mechanisms

Promotion of soil-borne organisms:Promotion of soil-borne organisms:

Soilborne pathogens - DISEASESoilborne pathogens - DISEASE

Nutrient oxidizers (Fe, Mn, N)Nutrient oxidizers (Fe, Mn, N)

Microbial nutrient sinks (K, Mg)Microbial nutrient sinks (K, Mg)

Reduced availability or uptake of essentialReduced availability or uptake of essential

     nutrients (Cu, Fe, K, Mg, Mn, N, Zn)     nutrients (Cu, Fe, K, Mg, Mn, N, Zn)



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

that is not blocked by glyphosate in that is not blocked by glyphosate in maturemature tissue tissue

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

 the glyphosate applied to the plant! the glyphosate applied to the plant!

- - Glyphosate chelation is not selective it immobilizes nutrientsGlyphosate chelation is not selective it immobilizes nutrients

    Ca, Co, Cu, Fe, K, Mg, Mn, Ni, ZnCa, Co, Cu, Fe, K, Mg, Mn, Ni, Zn

                  -- Reduces nutrient uptake Reduces nutrient uptake

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

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

the plantthe plant

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

WhatWhat’’s Special About Glyphosate Tolerance?s Special About Glyphosate Tolerance?

(Roundup Ready® Genes)(Roundup Ready® Genes)

NormalNormal

RRRR

% uptake% uptake

100100

7575

5050

2525

    00

Soybeans for manganeseSoybeans for manganese   Corn/Mn  Corn/Mn Soybeans/ZnSoybeans/Zn  

  Indiana  Indiana                KansasKansas              MichiganMichigan               IndianaIndiana              BrazilBrazil                BrazilBrazil



Evaluation of Roundup Ready® Yield DragEvaluation of Roundup Ready® Yield Drag
An Evaluation of  8,200 University-based Soybean Varietal TrialsAn Evaluation of  8,200 University-based Soybean Varietal Trials

Source: Benbrook. Ag Biotech Info. Net. Tech. Paper No. 1Source: Benbrook. Ag Biotech Info. Net. Tech. Paper No. 1

•• 93 % showed lower yields for RR than non-GMO 93 % showed lower yields for RR than non-GMO

--  7 % no statistical difference7 % no statistical difference

--  RR averaged 6.7 % lower than non-GMORR averaged 6.7 % lower than non-GMO

--  RR were 10 % lower than best Midwest varietiesRR were 10 % lower than best Midwest varieties

•• RR yield drag could result in a 2.0-2.5 % lower national yield RR yield drag could result in a 2.0-2.5 % lower national yield

--  Potentially the most significant decline in a major crop everPotentially the most significant decline in a major crop ever

     associated with a single genetic modification     associated with a single genetic modification

•• RR uses 2 - 5 times more herbicide than conventional RR uses 2 - 5 times more herbicide than conventional

--  10 times more than multitactic10 times more than multitactic

•• RR yield drag and Tech fee impose an indirect tax RR yield drag and Tech fee impose an indirect tax
--  as much as 12 % of gross income per acreas much as 12 % of gross income per acre



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

and Photosynthesis of Glyphosate-Resistant Soybeansand Photosynthesis of Glyphosate-Resistant Soybeans
After Zobiole, 2009After Zobiole, 2009LigninLignin

(g/plant)(g/plant)

0.60.6

0.50.5

0.40.4

0.30.3

0.20.2

0.10.1

0.00.0
0   450   675   900   1350   18000   450   675   900   1350   1800

Full rate at one timeFull rate at one time

Sequential half rateSequential half rate

Glyphosate (g a.e./ha)Glyphosate (g a.e./ha)

Amino Acids (g/plant)Amino Acids (g/plant)

2500

2000

1500

1000

500

0.0

0   450  675  900  1350  1800 
Glyphosate (g a.e./ha)Glyphosate (g a.e./ha)

Full rate at one timeFull rate at one time

Sequential half rateSequential half rate

umol COumol CO22 m m-2-2 s s-1-1

12

10

  8

  6

  4

  2

  0

0       600      1200      1800       2400 

13 DAT13 DAT

36 DAT36 DAT

Glyphosate (g a.e./ha)Glyphosate (g a.e./ha)

WUE (ml water/g dry mass)WUE (ml water/g dry mass)
600600

550550

500500

450450

400400

350350

300300

250250
0    450     675     900    1350    18000    450     675     900    1350    1800

Glyphosate (g a.e./ha)Glyphosate (g a.e./ha)



Effect of a 50 mph Wind on Corn in IowaEffect of a 50 mph Wind on Corn in Iowa

NormalNormal Roundup Ready®Roundup Ready®



Microbiocidal Activity of GlyphosateMicrobiocidal Activity of Glyphosate

Fusarium % changeFusarium % change

     500     500

    400    400

    300    300

    200    200

    100    100

        0        0

% of control% of control

        100        100

          80          80

          60          60

          40          40

          20          20

            0            0

After Zobiole et al., 2010After Zobiole et al., 2010

FusariumFusarium     Pseudomonads    Mn reducers   IAA producers    Pseudomonads    Mn reducers   IAA producers

root colonizationroot colonization

Glyphosate rate

ControlControl

600 g a e/ha600 g a e/ha

1200 g a e/ha1200 g a e/ha

2400 g a e/ha2400 g a e/ha



Effect of Glyphosate on Nodule Effect of Glyphosate on Nodule BradyrhizobiumBradyrhizobium

on Roundup Ready® Soybeanson Roundup Ready® Soybeans

Normal nodule with many bacteria           Nodule after foliar glyphosateNormal nodule with many bacteria           Nodule after foliar glyphosate

After Zobiole et al., 2010After Zobiole et al., 2010



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:     MnTissue:     Mn   Zn  Zn

IsolineIsoline %%    %   %

Normal Normal                       100100  100 100

Roundup Ready©Roundup Ready©   83  83    53   53

RR + glyphosateRR + glyphosate   76  76    45   45

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

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

further by glyphosate!further by glyphosate!



Effect of Glyphosate Drift* on Soybean Leaf Effect of Glyphosate Drift* on Soybean Leaf 

and Seed Iron and Ferric Reductase Activityand Seed Iron and Ferric Reductase Activity

% reduction% reduction
100100

  80  80

  60  60

  40  40

  20  20

    0    0
Leaf  Fe content     Seed Fe content     Ferric reductase activityLeaf  Fe content     Seed Fe content     Ferric reductase activity

*Drift rate  = 12.5 % of herbicide rate = 56 g/a*Drift rate  = 12.5 % of herbicide rate = 56 g/a
After Bellaloui et al, 2009After Bellaloui et al, 2009

ControlControl

GS variety 1GS variety 1

GS variety 2GS variety 2

GR varietyGR variety



%%  MineralMineral  ReductionReduction  in Tissue of Roundupin Tissue of Roundup

Ready® Soybeans Treated with GlyphosateReady® Soybeans Treated with Glyphosate

Plant tissuePlant tissue           CaCa MgMg FeFe MnMn ZnZn CuCu

Young leaves    Young leaves      4040 2828   7  7 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



Benefit of High Nutrient Seed Benefit of High Nutrient Seed 
After Andre Comeau, 2008After Andre Comeau, 2008
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C
A

B C
A

B

A BA B

Glyphosate Increases Disease SusceptibilityGlyphosate Increases Disease Susceptibility

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) non-limited response   response; B) non-limited 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.

Herbicide action is by soil-borne fungal pathogensHerbicide action is by soil-borne fungal pathogens



••  FusariumFusarium and  and PythiumPythium readily colonized readily colonized

susceptible giant ragweed rootssusceptible giant ragweed roots

 when treated with glyphosate when treated with glyphosate

•• Resistant Giant Ragweed in unsterile Resistant Giant Ragweed in unsterile

soil were killed by a 4x rate ofsoil were killed by a 4x rate of

glyphosate, yet susceptible biotypesglyphosate, yet susceptible biotypes

were not killed with the same ratewere not killed with the same rate

in sterile soil.in sterile soil.

•• Dry weight of susceptible biotypes treated Dry weight of susceptible biotypes treated

with Ridomil Gold was not changedwith Ridomil Gold was not changed

by glyphosateby glyphosate

•• Resistant giant ragweed biotypes were Resistant giant ragweed biotypes were

resistant to resistant to PythiumPythium

•• Glyphosate increased susceptibility to Glyphosate increased susceptibility to

PythiumPythium

Role of  Soil Pathogens in Response to GlyphosateRole of  Soil Pathogens in Response to Glyphosate

Schafer et al, 2010 Schafer et al, 2010 

Glyphosate treatedGlyphosate treated

   Susc. biotype    Resistant biotype    Susc. biotype    Resistant biotype 

         Ridomil       Ck        Ridomil   Ck         Ridomil       Ck        Ridomil   Ck

FungicideFungicide

Glyphosate susceptible biotype 4 DATGlyphosate susceptible biotype 4 DAT  

PythiumPythium      Pythium +     Glyphosate       Pythium +     Glyphosate  

ControlControl      glyphoste         control     glyphoste         control



Some Plant Pathogens Affected by GlyphosateSome Plant Pathogens Affected by Glyphosate
     Pathogen     Pathogen   Pathogen   Pathogen 

Increased:Increased:           CercosporaCercospora spp. spp.

Botryospheara dothideaBotryospheara dothidea       Marasmius spp.      Marasmius spp.

Corynespora cassicolaCorynespora cassicola       Monosporascus cannonbalus      Monosporascus cannonbalus

Fusarium spp.Fusarium spp.              Myrothecium verucariaMyrothecium verucaria

FusariumFusarium avenaceum avenaceum        Phaeomoniella chlamydospora       Phaeomoniella chlamydospora

F. graminearumF. graminearum               PhytophthoraPhytophthora spp. spp.

F. oxysporum f. sp cubenseF. oxysporum f. sp cubense               PythiumPythium spp. spp.

F. oxysporum f.sp (canola)F. oxysporum f.sp (canola)               Rhizoctonia solaniRhizoctonia solani

F. oxysporum f.sp. glycinesF. oxysporum f.sp. glycines        Septoria nodorum       Septoria nodorum

F. oxysporum f.sp. vasinfectum     Thielaviopsis bassicolaF. oxysporum f.sp. vasinfectum     Thielaviopsis bassicola

F. solani f.sp. glycinesF. solani f.sp. glycines         Xylella fastidiosa        Xylella fastidiosa

F. solani f.sp. phaseoliF. solani f.sp. phaseoli        Clavibacter nebraskensis        Clavibacter nebraskensis 

F. solani f.sp. PisiF. solani f.sp. Pisi               Xanthomonas sterwartiiXanthomonas sterwartii

Gaeumannomyces graminisGaeumannomyces graminis                                         Decreased (obligate pathogens):Decreased (obligate pathogens):

Magnaporthe griseaMagnaporthe grisea   Phykopsora pakyrhizaPhykopsora pakyrhiza

  Puccinia graminisPuccinia graminis

((““EmergingEmerging”” and  and ““reemerging diseasesreemerging diseases””))
Abiotic:Abiotic:  Nutrient deficiency diseases; bark cracking, mouse ear, Nutrient deficiency diseases; bark cracking, mouse ear, ‘‘witches broomswitches brooms’’  



 Some Diseases Increased by Glyphosate  Some Diseases Increased by Glyphosate 
Host plantHost plant DiseaseDisease PathogenPathogen

AppleApple CankerCanker Botryosphaeria dothideaBotryosphaeria dothidea

BananaBanana PanamaPanama Fusarium oxysporumFusarium oxysporum f.sp.  f.sp. cubensecubense

BarleyBarley Root rotRoot rot Magnaporthe griseaMagnaporthe grisea

BeansBeans Root rotRoot rot Fusarium solaniFusarium solani f.sp. f.sp. phaseoli phaseoli

BeanBean Damping offDamping off PythiumPythium spp. spp.

BeanBean Root rotRoot rot Thielaviopsis bassicolaThielaviopsis bassicola

CanolaCanola Crown rotCrown rot   FusariumFusarium spp. spp.

CanolaCanola Wilt Wilt Fusarium oxysporumFusarium oxysporum

CitrusCitrus CVCCVC Xylella fastidiosaXylella fastidiosa

CornCorn Root and Ear rotsRoot and Ear rots FusariumFusarium spp. spp.

CottonCotton Damping offDamping off PythiumPythium spp. spp.

CottonCotton Bunchy topBunchy top Manganese deficiencyManganese deficiency

CottonCotton WiltWilt F. oxysporumF. oxysporum f.sp.  f.sp. vasinfectumvasinfectum

GrapeGrape Black gooBlack goo Phaeomoniella chlamydosporaPhaeomoniella chlamydospora

MelonMelon Root rotRoot rot Monosporascus cannonbalusMonosporascus cannonbalus

SoybeansSoybeans Root rot, Target spotRoot rot, Target spot Corynespora cassicolaCorynespora cassicola

SoybeansSoybeans White moldWhite mold  Sclerotina sclerotiorium Sclerotina sclerotiorium

Soybeans Soybeans SDSSDS Fusarium solaniFusarium solani f.sp.  f.sp. glycinesglycines

Sugar beetSugar beet Rots, Damping offRots, Damping off Rhizoctonia and Rhizoctonia and FusariumFusarium

SugarcaneSugarcane DeclineDecline MarasmiusMarasmius spp. spp.

TomatoTomato Wilt Wilt (New)(New) Fusarium oxysporumFusarium oxysporum f.sp.  f.sp. pisipisi

VariousVarious CankerCanker PhytophthoraPhytophthora spp. spp.

WeedsWeeds BiocontrolBiocontrol Myrothecium verucariaMyrothecium verucaria

WheatWheat Bare patchBare patch Rhizoctonia solaniRhizoctonia solani

WheatWheat Glume blotchGlume blotch SeptoriaSeptoria spp. spp.

WheatWheat Root rotRoot rot FusariumFusarium spp. spp.

WheatWheat Head scabHead scab Fusarium graminearumFusarium graminearum

WheatWheat Take-allTake-all Gaeumannomyces graminisGaeumannomyces graminis
Take-all root rotTake-all root rot

Fusarium scabFusarium scab



Impact of Glyphosate on Take-allImpact of Glyphosate on Take-all

        After After No No 

glyphosate    glyphosate          glyphosate      glyphosate  

Transient Mn immobilizationTransient Mn immobilization

In tissue with glyphosateIn tissue with glyphosate

      Soybean herbicide plot      Soybean herbicide plot               Wheat after soybeansWheat after soybeans

Winter wheat grown after RR soybeans Winter wheat grown after RR soybeans 
GlyphosateGlyphosate     Conventional    Conventional



Impact of Glyphosate on Take-allImpact of Glyphosate on Take-all

        After glyphosate After glyphosate                                No glyphosate       No glyphosate  

Take-all of wheat after glyphosate to RR beansTake-all of wheat after glyphosate to RR beans



 EnvironmentEnvironment was the most important was the most important
factor in FHB development in easternfactor in FHB development in eastern
Saskatchewan,  from 1999 to 2002Saskatchewan,  from 1999 to 2002

 Application of glyphosate formulationsApplication of glyphosate formulations
was was the most important agronomicthe most important agronomic
factorfactor associated with higher FHB associated with higher FHB
levels in spring wheatlevels in spring wheat

 Positive association of glyphosatePositive association of glyphosate
with FHB was with FHB was not affected bynot affected by
environmental conditionsenvironmental conditions as much as as much as
that of other agronomic factorsthat of other agronomic factors……

      (Fernandez et al. 2005, Crop Sci. 45: 1908-1916)

    (Fernandez et al., 2007, Crop Sci. 47:1574-1584)

  Number ofNumber of

glyphosateglyphosate

applicationsapplications

the the previousprevious

three yearsthree years        
______________________________________________________________

     None               00     None               00

     1 to 2             152      1 to 2             152 ******

     3 to 6             295      3 to 6             295 ******
______________________________________________________________

%%

IncreaseIncrease

in headin head

scabscab

Factors Predisposing to Fusarium Head ScabFactors Predisposing to Fusarium Head Scab
((FusariumFusarium spp.;  spp.; Gibberella zeaeGibberella zeae))



Corynespora Root RotCorynespora Root Rot
  An extensive dark brown to black rotting An extensive dark brown to black rotting 

of small lateral rootsof small lateral roots

 Generally considered a root  Generally considered a root ““nibblernibbler””

 Severe with glyphosate and especially near Severe with glyphosate and especially near

 weeds killed by glyphosate  weeds killed by glyphosate 

Corynespora cassiicola

Long, multiseptate sporesLong, multiseptate spores
Control         Inoculated          InoculatedControl         Inoculated          Inoculated

    + glyphosate    + glyphosate

Dead ragweedDead ragweed

                                4-64-6””    18   18””



Glyphosate Predisposition to SDS, IA, 2010Glyphosate Predisposition to SDS, IA, 2010

No Glyphosate burn downNo Glyphosate burn down      Glyphosate burn down     Glyphosate burn down



Impact of Glyphosate on Sugar BeetImpact of Glyphosate on Sugar Beet

DeadDead

55

44

33

22

11

00

AUDPCAUDPC

5050

4040

3030

2020

1010

  0  0

  RhizoctoniaRhizoctonia   Fusarium  Fusarium

B4RR varietyB4RR variety B4RR varietyB4RR variety

ControlControl

GlyphosateGlyphosate

““Precautions need to be taken when certain soil-borne diseases arePrecautions need to be taken when certain soil-borne diseases are

present if weed management for sugar beet is to include post-emergencepresent if weed management for sugar beet is to include post-emergence

glyphosate treatments.glyphosate treatments.””  Larson et al., 2006Larson et al., 2006



Effect of Surfactants on GossEffect of Surfactants on Goss’’ Wilt Infection Wilt Infection

33

22

11

00

       1-4       1-4           5          5 66                                  77

      Goss      Goss’’ wilt resistant corn hybrid wilt resistant corn hybrid
Phys-ResistancePhys-Resistance   Phyto-susceptible   Phys-Resistant   Phys/physiol-Res  Phyto-susceptible   Phys-Resistant   Phys/physiol-Res

Lesion indexLesion index
Untreated controlUntreated control

Surfactant controlSurfactant control

C. clavibacterC. clavibacter

C. clavibacterC. clavibacter + surfactant + surfactant



-           +-           + ‐        +‐        +

Control         Inoculated       InoculatedControl         Inoculated       Inoculated

       + glyphosate       + glyphosate

        Early death of  wheatEarly death of  wheat

      After RR      RR soybeanAfter RR      RR soybean

soybean +soybean +            No            No 

glyphosate      glyphosateglyphosate      glyphosate

   Take-all   Take-all  

Recognizing Recognizing 

the the 

InteractionsInteractions
ScabScab

CVCCVC

Corynespora root rotCorynespora root rot GlyphosateGlyphosate GlyphosateGlyphosate

GlyphosateGlyphosate

Soybean



Some SYMPTOMS of Glyphosate DamageSome SYMPTOMS of Glyphosate Damage
(Sub-herbicidal depending on rate and length of exposure)(Sub-herbicidal depending on rate and length of exposure)

 Low vigor, stunting, slow growth Low vigor, stunting, slow growth

 Leaf chlorosis (yellowing) - complete or between the veins  Leaf chlorosis (yellowing) - complete or between the veins 

 Leaf mottling - sometimes with necrotic flecks or spots Leaf mottling - sometimes with necrotic flecks or spots

 Leaf distortion - small, curling, strap, wrinkling,  Leaf distortion - small, curling, strap, wrinkling, ‘‘mouse earmouse ear’’

 Abnormal stem proliferation ( Abnormal stem proliferation (‘‘witches broomwitches broom’’))

 Bud, fruit abortion Bud, fruit abortion

 Retarded regrowth after cutting (alfalfa, perennial plants) Retarded regrowth after cutting (alfalfa, perennial plants)

 Lower yields, lower mineral value Lower yields, lower mineral value

 Predisposition to infectious diseases - NUMEROUS! Predisposition to infectious diseases - NUMEROUS!

 Predisposition to insect damage Predisposition to insect damage

 Induced abiotic diseases - drought, winter kill, sun scald Induced abiotic diseases - drought, winter kill, sun scald

 Root stunting, poor growth, inefficient N-fixation and uptake Root stunting, poor growth, inefficient N-fixation and uptake

 Bark cracking  Bark cracking after Univ. of Hawaii; Univ. of Connecticut, Ohio State University after Univ. of Hawaii; Univ. of Connecticut, Ohio State University 



After Roemheld et al, 2009After Roemheld et al, 2009



Effect of Planting Delay after GlyphosateEffect of Planting Delay after Glyphosate

(Residual Glyphosate in Soil)(Residual Glyphosate in Soil)  

Winter WheatWinter Wheat

14 days after 14 days after 2 days after 2 days after 

glyphosate glyphosate ‘‘burn-downburn-down’’      glyphosate glyphosate ‘‘burn-downburn-down’’    
Weiss et al., 2008



Long‐term Effect of GlyphosateLong‐term Effect of Glyphosate
Field observations in winter wheat production systems in 2008 & 2009 point to

potential negative side-effects of  long-term glyphosate use.

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



5# 5 oz5# 5 oz 9# 13 oz9# 13 oz

 

Preemergence          NoPreemergence          No

   glyphosate       glyphosate   glyphosate       glyphosate
Preemergence        NoPreemergence        No

   glyphosate    glyphosate   glyphosate    glyphosate

Preemergence Preemergence 

GlyphosateGlyphosate

No glyphosateNo glyphosate



Poor Boll Retention, SterilePoor Boll Retention, Sterile

Locules in Cotton. WHY?Locules in Cotton. WHY?

Mis-shaped cotton bollMis-shaped cotton boll

from glyphosatefrom glyphosate

Glyphosate+Mn Glyphosate+Mn             Glyphosate            Glyphosate



Poor Bud Break, Small Leaves, Stem EpinastyPoor Bud Break, Small Leaves, Stem Epinasty

Nickel DeficiencyNickel Deficiency

after B. Wood, 2007after B. Wood, 2007

Plus NiPlus Ni (pre bud break) (pre bud break)

No NiNo Ni

Pecan Pecan 

Same symptoms from glyphosate Same symptoms from glyphosate 

on coffee, blue berries, etc. on coffee, blue berries, etc. 



Special Considerations in Fertilizing RR CropsSpecial Considerations in Fertilizing RR Crops

1.1. Providing nutrient availability for yield and quality Providing nutrient availability for yield and quality
Compensate for reduced plant efficiencyCompensate for reduced plant efficiency

Compensate for reduced soil availabilityCompensate for reduced soil availability
[Timing and formulation are important][Timing and formulation are important]

2.2. Detoxifying residual glyphosate Detoxifying residual glyphosate
In meristematic root, stem, flower tissues, etc.In meristematic root, stem, flower tissues, etc.

In soil In soil [Ca, Co, Cu, Mg, Mn, Ni, Zn][Ca, Co, Cu, Mg, Mn, Ni, Zn]

3.3.  Restoring soil microbial activityRestoring soil microbial activity
Nutrient related Nutrient related (N-fixation, Fe, Mn, Ni, S, Zn, etc.)(N-fixation, Fe, Mn, Ni, S, Zn, etc.)

Disease control related Disease control related (nutrition, pathogen antagonists, etc.)(nutrition, pathogen antagonists, etc.)

Biological amendment Biological amendment (N-fixers, PGPRs, etc.)(N-fixers, PGPRs, etc.)

4.4.  Increasing plant resistance to diseases and toxinsIncreasing plant resistance to diseases and toxins
Nutrient-related pathways Nutrient-related pathways (Shikimate, AA, CHO, etc.)(Shikimate, AA, CHO, etc.)

5.5.  Judicious use of glyphosateJudicious use of glyphosate

Two factors: 1) Chemical; 2) geneTwo factors: 1) Chemical; 2) gene



Yield Response of Roundup Ready® Yield Response of Roundup Ready® 

Soybeans to MicronutrientsSoybeans to Micronutrients

          Indiana   Michigan    Kansas   Minnesota          Indiana   Michigan    Kansas   Minnesota

TreatmentTreatment ---------------Yield (bu/a)----------------------------------Yield (bu/a)-------------------

UntreatedUntreated      46     46   24  24          77         77        33       33

Glyphosate onlyGlyphosate only           5757  33 33         65        65         8        8

Glyphosate +Glyphosate +           7575   56  56          78         78        19       19

MicronutrientMicronutrient     Mn    Mn MnMn        Mn       Mn       Fe      Fe



    + g+ gllyphosateyphosate

         +         +
seed Fe treatmentseed Fe treatment

 + g+ gllyphosateyphosate

    -- g gllyphosateyphosate

         +         +
seed Fe treatmentseed Fe treatment

Photo: N.C. Hansen, Fort Collins,CO

Glyphosate-induced Fe-deficiency chlorosisGlyphosate-induced Fe-deficiency chlorosis

Interaction of seed-applied Fe and glyphosate application on Fe deficiency chlorosis in soybeans; Minnesota, USAInteraction of seed-applied Fe and glyphosate application on Fe deficiency chlorosis in soybeans; Minnesota, USA

JolleyJolley et al., 2004, Soil Sci. and Plant Nutrition 50:973-981 et al., 2004, Soil Sci. and Plant Nutrition 50:973-981

           Visual chlorosis score                 Grain yield           Visual chlorosis score                 Grain yield

TreatmentTreatment            [1 = green; 5 = yellow]           [1 = green; 5 = yellow]             (bu/a)            (bu/a)

                        - Fe      + Fe- Fe      + Fe     - Fe- Fe        + Fe       + Fe  
  

Control (no herbicide)     3.1        2.8Control (no herbicide)     3.1        2.8      33              56      33              56 

GlyphosateGlyphosate        3.7        3.3       3.7        3.3        8              19       8              19



Effect of Glyphosate on Roundup Ready© CornEffect of Glyphosate on Roundup Ready© Corn

Colorado State University, 2007Colorado State University, 2007
      Mike Bartolo, Sr. Res. Scientist      Mike Bartolo, Sr. Res. Scientist

  Yield          % ofYield          % of

TreatmentTreatment (bu/a)        control(bu/a)        control

Untreated*Untreated*  234 a           100 234 a           100

Glyphosate**Glyphosate**  195 d 195 d            83            83

GlyphosateGlyphosate  221 b 221 b            94            94

+ Zn, Mn+ Zn, Mn

GlyphosateGlyphosate  208 c            89 208 c            89

+ Mn, Zn, Fe, B+ Mn, Zn, Fe, B

*Hand weeded, **1 lb a.i. + 1 pt AMS per acre*Hand weeded, **1 lb a.i. + 1 pt AMS per acre

Notes: UTC = genetic potential (with RR gene)Notes: UTC = genetic potential (with RR gene)

Glyphosate reduces genetic potential 39 bu/aGlyphosate reduces genetic potential 39 bu/a

Application of high Mn & Zn recovers someApplication of high Mn & Zn recovers some

genetic potential, lower Mn & Zn recovers lessgenetic potential, lower Mn & Zn recovers less

Response of Roundup Ready©Response of Roundup Ready©

Corn to Zn & Mn, 2007*Corn to Zn & Mn, 2007*
NDSU CarringtonNDSU Carrington

     Treatment     Treatment             Yield (bu/a)            Yield (bu/a)

Glyphosate controlGlyphosate control      144     144

Zn seed TreatmentZn seed Treatment      156     156

Foliar applied ZnFoliar applied Zn      158     158

Foliar applied Zn+MnFoliar applied Zn+Mn      173     173

Seed + Foliar ZnSeed + Foliar Zn             175     175

Soil granular Zn sulfate        167Soil granular Zn sulfate        167

* * All treatments received glyphosateAll treatments received glyphosate



Herbicide Affects on RR Corn YieldHerbicide Affects on RR Corn Yield

Indiana, 2010Indiana, 2010
          RR Corn Hybrid           RR Corn Hybrid 

HerbicideHerbicide       6733HXR      6733HXR 6179VT36179VT3 5442VT35442VT3 5716A3 5716A3 

Surestart (11Surestart (11””)) 266*266* 216216   223223 219219

CadetCadet (V6) (V6) 227227 219219   219  219  213 213

Laudis (V6)Laudis (V6) 224224 218218  214 214 214214

Integrity (pre-E)Integrity (pre-E) 231231 217217  215 215 204204

Glyphosate (V6)Glyphosate (V6) 212212 207207  206 206 210210

Steadfast (V6)Steadfast (V6) 207207 204204   201  201  196 196

Status (V6)Status (V6) 187187 195195   193  193  192 192

*125.6 % of glyphosate yield (yields in bu/a - rounded)*125.6 % of glyphosate yield (yields in bu/a - rounded)

All plots were hand weededAll plots were hand weeded



Glyphosate & Manganese Effects on CottonGlyphosate & Manganese Effects on Cotton

Untreated Check (conventional herbicide)Untreated Check (conventional herbicide) Glyphosate @ 22 oz/ac plus ammonium sulfate (AMS)Glyphosate @ 22 oz/ac plus ammonium sulfate (AMS)

GlyphosateGlyphosate @ 22 oz/ac plus AMS + Manganese

Effect of glyphosate and Manganese Effect of glyphosate and Manganese 

on Cotton Yield (Texas)on Cotton Yield (Texas)

TreatmentTreatment         % chlorotic    # seed         % chlorotic    # seed 

               plants             plants cottoncotton
                  

Conventional herbicideConventional herbicide   5  5 48854885
                  

GlyphosateGlyphosate  97 97  2237 2237
                  

Glyphosate + Mn, ZnGlyphosate + Mn, Zn   2  2 46934693

after Ronnie Phillips, 2009after Ronnie Phillips, 2009



Predisposition to CVC (Predisposition to CVC (Xylella fastidiosaXylella fastidiosa) by glyphosate) by glyphosate

CVC withCVC with

typical glyphosate typical glyphosate 

weed controlweed control

Tissue nutrientsTissue nutrients

Citrus Variegated ChlorosisCitrus Variegated Chlorosis

After T. YamadaAfter T. Yamada

GlyphosateGlyphosate MulchMulch

     CVC     CVC               Control              Control

Alternative mulch Alternative mulch 

program of  program of  

T. YamadaT. Yamada
Grass mulch under treesGrass mulch under trees



Effect of Tillage on Glyphosate Injury & YieldEffect of Tillage on Glyphosate Injury & Yield

Field History:  8 years Cons. Res. Program
2 qt blyphosate burndown 2008

1 qt glyphosate on RR corn 2009

1 qt glyphosate burndown 2010

No-till    Fall chisel
Yield: 40 bu/a 60 bu/a

Photos: Nesters Farm Services



Glyphosate Resistant Glyphosate Resistant 

WeedsWeeds

It starts this way > > > > > and > > > > > Develops into this



Increased Disease on Crops in the RotationIncreased Disease on Crops in the Rotation

•• Beans ( Beans (P. vulgarisP. vulgaris) after RR sugar beets) after RR sugar beets
Fusarium root rotFusarium root rot

Rhizoctonia hypocotyl rotRhizoctonia hypocotyl rot

•• Alfalfa after RR corn or RR soybeans Alfalfa after RR corn or RR soybeans
Fusarium root and crown rotFusarium root and crown rot

Phytophthora root and crown rotPhytophthora root and crown rot

Aphanomyces root rotAphanomyces root rot

•• Wheat after RR canola Wheat after RR canola
Fusarium root and crown rotFusarium root and crown rot

Fusarium head scabFusarium head scab

•• Potatoes after RR corn (RR sugar beets?) Potatoes after RR corn (RR sugar beets?)
Verticillium wiltVerticillium wilt

Fusarium dry rotFusarium dry rot

Rhizoctonia stolon cankerRhizoctonia stolon canker

Common scabCommon scab



Severe Verticillium wiltSevere Verticillium wilt

after 1 year of RR cornafter 1 year of RR corn

(left)  Idaho, 2009(left)  Idaho, 2009

Mild VerticilliumMild Verticillium

after wheat (noafter wheat (no

Glyphosate, right)Glyphosate, right)  

    Crop sequence effect on MnCrop sequence effect on Mn+2+2

      Rotation      Rotation          Extractable Mn Extractable Mn  

Continuous CornContinuous Corn 130 ppm130 ppm

Roundup Ready® cornRoundup Ready® corn   60 ppm  60 ppm

Continuous soybeansContinuous soybeans   64 ppm  64 ppm

Soybean, wheat, Soybean, wheat, corncorn   91 ppm  91 ppm

Wheat, corn, Wheat, corn, soybeansoybean   79 ppm  79 ppm

Residual Soil & Crop SequenceResidual Soil & Crop Sequence

Effects of GlyphosateEffects of Glyphosate



Food and Feed Safety ConcernsFood and Feed Safety Concerns
 Increased levels of mycotoxins Increased levels of mycotoxins

- Fusarium toxins - Fusarium toxins (DON, NIV, ZEA)(DON, NIV, ZEA)

- Aflatoxins- Aflatoxins

 Nutrient deficiency  Nutrient deficiency 
- Cu, Fe, Mg, - Cu, Fe, Mg, MnMn, Zn, Zn

 Gene flow Gene flow
- Weeds- Weeds

- Soil microbes- Soil microbes

- Intestinal microbes- Intestinal microbes

 Direct toxicity of residual glyphosate Direct toxicity of residual glyphosate

--  Infertility - endocrine systemInfertility - endocrine system

-- Cell death - Disease resistance Cell death - Disease resistance

 Allergenic reactions to foreign proteins Allergenic reactions to foreign proteins

Carmen, et al., 2010Carmen, et al., 2010

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

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

Heiman,  2010Heiman,  2010

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

Smith, 2010Smith, 2010

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

Watts,  2009Watts,  2009



 FusariumFusarium spp. act synergistically to cause death of  spp. act synergistically to cause death of 
glyphosate-treated plantsglyphosate-treated plants

 Glyphosate-induced root colonization by Glyphosate-induced root colonization by FusariumFusarium spp. spp.

 Toxins (DON, ZEA) produced in crown and translocated toToxins (DON, ZEA) produced in crown and translocated to
stem and grain -stem and grain -  Well above Well above ‘‘clinically significantclinically significant’’ levels! levels!

 Toxin concentrations not always correlated with Toxin concentrations not always correlated with FusariumFusarium
damaged grain (FDG)damaged grain (FDG) -  - [Strobilurin fungicides increase mycotoxins][Strobilurin fungicides increase mycotoxins]

 Head must be protected for 18 days (10 days after anthesis)Head must be protected for 18 days (10 days after anthesis)

                                                                  Proc. Natl. FHB Forum                          Proc. Natl. FHB Forum

              2009, Orlando, FL              2009, Orlando, FL

Mycotoxins in Straw and GrainMycotoxins in Straw and Grain

        Deoxynivalenol and Zaeralenone         Deoxynivalenol and Zaeralenone 

Concentrations in plant partsConcentrations in plant parts

  Toxin (ppm)Toxin (ppm)        Grain     Chaff       Grain     Chaff Straw Straw 

Deoxynivalenol        4.7Deoxynivalenol        4.7 16.9 16.9    3.5    3.5 

ZaeralenoneZaeralenone           4.4           4.4 42.9 42.9  55.5 55.5



% Reduction in Alfalfa Nutrients by Glyphosate*% Reduction in Alfalfa Nutrients by Glyphosate*

*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

NutrientNutrient % reduction compared with Non-RR% reduction compared with Non-RR
  

NitrogenNitrogen 13 %13 %

PhosphorusPhosphorus 15 %15 %

PotassiumPotassium 46 %46 %

CalciumCalcium 17 %17 %

MagnesiumMagnesium 26 %26 %

SulfurSulfur 52 %52 %

BoronBoron 18 %18 %

CopperCopper 20 %20 %

IronIron 49 %49 %

ManganeseManganese 31 %31 %

ZincZinc 18 %18 %



Percent Decrease in Mineral Nutrients in Percent Decrease in Mineral Nutrients in 

Corn Silage  - 2000 to 2010Corn Silage  - 2000 to 2010,  ,  Dairy OneDairy One**

Mineral Mineral     Percent    Percent

nutrientnutrient    decrease   decrease

CalciumCalcium 22.0 % lower22.0 % lower
  

PhosphorusPhosphorus   3.8 % lower   3.8 % lower 
  

MagnesiumMagnesium 11.4 % lower11.4 % lower
  

PotassiumPotassium 16.1 % lower 16.1 % lower 
  

IronIron   5.2 % lower   5.2 % lower 
  

CopperCopper   9.6 % lower   9.6 % lower 

*Based on 1629 samples*Based on 1629 samples



Stillborne Calf from Manganese DeficiencyStillborne Calf from Manganese Deficiency

 



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

Corn/Soybeans on Pig StomachsCorn/Soybeans on Pig Stomachs

After Carman et al., 2010After Carman et al., 2010

Non-GMO FeedNon-GMO Feed  GMO Feed GMO Feed

Normal colorNormal color Inflamed, irritatedInflamed, irritated



GMO

Corn Non-GMO

Corn

And the Mice PreferAnd the Mice Prefer…………

Photos: Gilbert HostetlerPhotos: Gilbert Hostetler



Target Tissues for glyphosate;Target Tissues for glyphosate;

LiverLiver

KidneyKidney

TesticleTesticle

Hormone systemHormone system

Bone (Ca, Mn chelation?)Bone (Ca, Mn chelation?)

Thyroid (Mn chelation?)Thyroid (Mn chelation?)

Annual % Change in CancersAnnual % Change in Cancers



Hello, my name is ___________. I am a veterinarian in Michigan.

I am working with a sow herd that has had elevated death loss for

over two years and very poor reproductive performance for the last

6-8 months. I have done extensive diagnostics (primarily at Iowa

State) and can find nothing infectious that is routinely found to explain

the problem.

I suspect there is a toxin involved; I have done extensive testing on

liver, feed, and water but can find no evidence of those compounds

either. We have had a few individuals mention that the use of GMO

crops could be contributing to these problems.

The producer recently saw your article to the secretary of agriculture and

forwarded it to me. We are very intrigued by the organism you mention.

Could you tell me if any laboratory is looking for this agent? How do we

go about finding it? We are at the end of our rope and cannot figure this

out.  Any help you can give us would be greatly appreciated.



Late termLate term

SpontaneousSpontaneous

abortionabortion



1995 2000 2005 2010

Generalized Graph of Incidence

BSE cow



What is Known About the OrganismWhat is Known About the Organism
  CharacteristicsCharacteristics
--  Very small (EM visible at 38,000 X) - (size of a virus)Very small (EM visible at 38,000 X) - (size of a virus)

-- Filterable - passes through a bacterial filter Filterable - passes through a bacterial filter

-- Culturable - self replicating Culturable - self replicating

-- Common in nature (ubiquitous? - in soil) - IA, IL, KY, MI, NE, ND, WI Common in nature (ubiquitous? - in soil) - IA, IL, KY, MI, NE, ND, WI

-- Unknown taxonomic position (genetic sequencing in progress) Unknown taxonomic position (genetic sequencing in progress)

-- Synergist with bacteria (gram+, e.g. alfa-Streptococcus) and other microbes Synergist with bacteria (gram+, e.g. alfa-Streptococcus) and other microbes

  Infectious natureInfectious nature - infects animals, plants, fungi (systemic) - infects animals, plants, fungi (systemic)

  Affect in animalsAffect in animals (horses, cattle, pigs, poultry) (horses, cattle, pigs, poultry)

--  Causes infertilityCauses infertility

-- Causes spontaneous abortions (miscarriage-man) Causes spontaneous abortions (miscarriage-man)

-- Death of chicken embryos Death of chicken embryos

-- In milk from cows fed high infected feed In milk from cows fed high infected feed

  Affect in plantsAffect in plants
--  High population in High population in ‘‘scorchscorch’’ type diseases type diseases

--  ‘‘ExtendsExtends’’ symptoms of Goss symptoms of Goss’’ wilt (corn) and  SDS (soybean) wilt (corn) and  SDS (soybean)

-- Seed-borne (?) - in soybean seed and feed/food products Seed-borne (?) - in soybean seed and feed/food products



OccurrenceOccurrence

••Verified in IA, IL, KY, NE, ND, SD, WIVerified in IA, IL, KY, NE, ND, SD, WI

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

Soybean mealSoybean meal Placental tissuePlacental tissue

            Wheatlage, haylage, silageWheatlage, haylage, silage Amniotic fluidAmniotic fluid

Corn leaves and silageCorn leaves and silage SemenSemen

 SDS Soybean plants  SDS Soybean plants Stomach contentsStomach contents

Oak Oak ‘‘scorchscorch’’ leaves leaves EggsEggs

ManureManure MilkMilk

SoilSoil

Fusarium solaniFusarium solani fsp  fsp glycinesglycines mycelium mycelium



A Postulated Disease CycleA Postulated Disease Cycle

Soil ReservoirSoil Reservoir**
Soil microogranisms (Soil microogranisms (FusariumFusarium, bacteria, others), organic matter, bacteria, others), organic matter

Root & foliage infection of plantsRoot & foliage infection of plants**

(soybeans, corn, etc.)(soybeans, corn, etc.)

Predisposition and systemicPredisposition and systemic

movement in plants (SDS)movement in plants (SDS)**

Crop harvestCrop harvest

(grain, forage)(grain, forage)

Animal infection through feed/foodAnimal infection through feed/food**

Seed, wind, rain-borneSeed, wind, rain-borne

** Areas where glyphosate could impact Areas where glyphosate could impact

Infertility, abortion Infertility, abortion 

(miscarriage)(miscarriage)**

Manure andManure and

Plant residuesPlant residues

Infection (acquisition)Infection (acquisition)

by microorganismsby microorganisms**



Potential Interactions of Potential Interactions of ‘‘new organismnew organism’’ with Glyphosate with Glyphosate
•• Glyphosate affects plants (predisposes): Glyphosate 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

•• Glyphosate affects animals (predisposes): Glyphosate affects animals (predisposes):
       Inhibits aramatose system        Inhibits aramatose system –– endocrine hormone system endocrine hormone system

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

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

•• Glyphosate affects pathogens: Glyphosate 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)
  

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

      Micronutrient availability reduced      Micronutrient availability reduced



What has Changed?What has Changed?

Change:Change:
Increased diseaseIncreased disease

New diseasesNew diseases

Low mineral nutritionLow mineral nutrition

Resistant weedsResistant weeds

Precedent:Precedent:
Victoria blight (oats)Victoria blight (oats)

H. carbonum disease (toxin)H. carbonum disease (toxin)

Texas male-sterile gene (corn leaf blight epidemic)Texas male-sterile gene (corn leaf blight epidemic)

Glyphosate-resistance gene?????Glyphosate-resistance gene?????

Why (vulnerability)?Why (vulnerability)?
PredispositionPredisposition

Direct toxicityDirect toxicity

Gene flowGene flow

No relief - single source approachNo relief - single source approach



Effect of Surfactants on GossEffect of Surfactants on Goss’’ Wilt* Infection Wilt* Infection

       1-4       1-4           5          5 66                                  77

Corn hybridCorn hybrid

Untreated controlUntreated control

Surfactant controlSurfactant control

C. clavibacterC. clavibacter

C. clavibacterC. clavibacter + surfactant + surfactant

33

22

11

00

Lesion indexLesion index

Goss’ wilt 

*Similar effect on Stewarts wilt



Bacterial wilt of Alfalfa - Clavibacter insidiosum



Potential Far-Reaching Impact of GlyphosatePotential Far-Reaching Impact of Glyphosate

Glyphosate

Mn

Glyphosate

(Chelation)

AnimalsAnimals
Mineral malnourishedMineral malnourished

Slow growth, Allergies, DiseaseSlow growth, Allergies, Disease

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

Plants, feedPlants, feed
Lower nutrient mineralsLower nutrient minerals

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

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

Mycotoxins, glyphosateMycotoxins, glyphosate

HumanHuman
Mineral malnourished,Mineral malnourished,

Allergies, Fertility, DiseaseAllergies, Fertility, Disease

MYCOTOXINSMYCOTOXINS
AlzheimerAlzheimer’’s, gout, diabetes, viruses, Parkinson;s, etc. 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
(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



Make Sure You Provide the Food!Make Sure You Provide the Food!


