
Diagnosing Suspected  
Off-target Herbicide  
Damage to Cotton 

Introduction 

Off-target movement of agricultural chemicals, including pasture and 
right-of-way herbicides, can be detrimental to cotton production. While 
these herbicides are valuable tools for weed management, off-target 
damage to cotton often results in expensive fines and/or lawsuits, re-
duced yields, and bad publicity for the industry. Herbicide damage can 
lead to delayed harvests and reduced productivity for growers. 

Following proper stewardship recommendations can reduce the impact 
of off-target herbicides in cotton (see UT Extension fact sheet W 291-A 
Preventing Off-target Herbicide Problems in Cotton Fields). However, 
these unfortunate events sometimes occur and diagnosing problems in 
the field is difficult. Many pasture herbicides mimic the plant hor-
mone auxin, and symptoms can be quite similar. Images and descrip-
tions in this publication are intended to highlight characteristic symp-
tomology of each of these broadleaf herbicides on cotton. 

Procedures 

Cotton plants were grown in a greenhouse and treated with simulated drift rates for aminocyclopyrachlor, aminopyralid, 
picloram, dicamba and 2,4-D (See table below).  Products containing aminocyclopyrachlor are registered for non-
cropland use, but are not yet registered for use in 
pastures. Plants were photographed over time to 
illustrate the development of symptoms.  

The following are descriptions of commonly ob-
served symptoms resulting from exposure to syn-
thetic auxin herbicides: 
Curling — Folding of edge of leaf margins. 
Epinasty — Twisting, bending and/or elongation 
of stems and leaf petioles. 
Blistering — Appearance of raised surfaces on  
leaf tissue. 
Chlorosis — Yellowing or whitening of leaves 
resulting from loss of chlorophyll. 
Necrosis — Browning of tissue  
resulting from cell death. 

A healthy crop of cotton. (Photo by Bob 
Hayes) 
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Common name  Chemical family  Trade names 

aminocyclopyrachlor  Pyrimidine‐

carboxylic acid 

Not yet registered for use in 

pastures and hay fields 

aminopyralid  Pyridine‐

carboxylic acid 

Milestone, ForeFront R&P, 

ForeFront HL, GrazonNext 

picloram  Pyridine‐

carboxylic acid 

Tordon, Surmount, Grazon P+D 

2,4‐D  Phenoxyacetic 

acid 

Various names and mixtures 

dicamba  Benzoic acid  Banvel, Clarity, Oracle, Rifle, 

Brash, Rangestar, Weedmaster 
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Picloram  

Plants exposed to picloram typically exhibit symp-
toms relatively soon, with leaf petioles drooping by 
three days after treatment. The upper stem is epinas-
tic and newer leaves are folded downwards, nearly 
vertical. New leaf margins are curled downwards as 
well (Fig. 1). As early as five days after exposure, 
new leaves are blistered in appearance. By one week 
after treatment, most petioles are bent downwards, 
nearly vertical (Fig. 2). Most of the older leaves are 
curled downwards at the margins and the new leaves 
are bunched. By 10 days after exposure, leaves show 
signs of chlorosis (Fig. 3) and the newest buds are 
browning (Fig. 4). At higher rates, the stem is swol-
len and ruptured around two weeks after exposure 
(Fig. 5). By one month after exposure, nearly half the 
plant is necrotic (Fig. 6). Because picloram use rates 
are higher than aminocyclopyrachlor or amino-
pyralid, drift damage to cotton will often appear 
sooner and more pronounced. 

Fig. 3. Early sign of chlorosis. 

Fig. 4. Browning of new leaf buds. 

Fig. 5. Swelling and rupturing of stem         
at base. 

Fig. 6. Browning of leaves and abortion of 
meristem. 

Fig. 1. Drooping of petioles and curling in 
new leaves. 

Fig. 2. Severe petiole epinasty and curling of 
leaf margins. 
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Aminocyclopyrachlor 

Around three days after treatment, most petioles are 
drooping at or below horizontal. (Fig. 7). Leaves are 
also curled upwards slightly. By one week after ex-
posure to aminocyclopyrachlor, leaf petioles have 
folded down even more and new leaves are yellow 
and have reduced lateral expansion (Fig. 8). At 10 
days after exposure, plants exposed to high rates 
show signs of chlorosis and blistering near leaf mar-
gins (Fig. 9). Later, blistering and chlorosis become 
more apparent and young leaves are cupped upwards
(Fig. 10) and plants have severely reduced apical 
growth (Fig. 11). By six weeks after exposure, 
younger leaves are brown and older leaves are highly 
chlorotic (Fig. 12). Abortion of the apical meristem 
and development of necrotic symptoms are slower 
than with picloram.     

Fig. 9. Early signs of chlorosis and           
blistering. 

Fig. 10. Blistering and cupping of younger 
leaves. 

Fig. 11. Reduced apical growth. 

Fig. 12. Browning and chlorosis. 

Fig. 7.  Petioles drooping. 

Fig. 8. More severe petiole drooping and leaf 
curling. 
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Aminopyralid 

Symptoms from exposure to aminopyralid are simi-
lar to aminocyclopyrachlor and do not develop as 
rapidly as with picloram. Initially, petioles droop to 
horizontal around three days after treatment (Fig. 
13). The main stem is bent and blisters appear near 
leaf margins around one week after exposure (Fig. 
14). Later, petiole epinasty is more pronounced (Fig. 
15) and new leaves are yellow, blistered and have 
reduced lateral expansion (Fig. 16). At low rates, 
older leaves are still upright, but younger leaves are 
yellow and blistered (Fig. 17). By six weeks after 
treatment, older leaves are yellow, younger leaves 
are browning near the margins, and the apical meris-
tem is aborted (Fig. 18).  

Fig. 15.  Severe petiole epinasty. 

Fig. 16. Blistering and yellowing of young 
leaves. 

Fig. 17. Upright petioles and blistered young 
leaves with low rate. 

Fig. 18. Meristem abortion and leaf        
chlorosis. 

Fig. 13. Petioles drooping and young leaves 
curling upwards. 

Fig. 14. Blistering near leaf margins. 
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2,4-D 

Symptoms begin to appear sooner with 2,4-D than 
with aminocyclopyrachlor, aminopyralid, and piclo-
ram. By two days after exposure, leaf petioles are 
horizontal and the upper stem is bent (Fig. 19). By 
four days, petioles are twisting and new leaves are 
curled downwards at the margins (Fig. 20). Later,  
red to dark brown patches begin to appear on the 
stem and petioles (Fig. 21). Lower rates cause new 
leaves to cup upwards and blister at two weeks after 
exposure (Fig. 22). At one month after exposure, 
new leaves have parallel venation and lobes have 
been reduced to finger-like projections (Fig. 23). 
These young leaves are bent where the base of the 
leaf meets the petiole and resemble a piece of worn 
leather. Chlorosis, strapping and reddening of      
petioles are more severe at six weeks after              
exposure (Fig. 24).  

Fig. 21. Reddening of stem and petioles. 

Fig. 22. Upward cupping and swelling of 
new leaves with low rate. 

Fig. 23. Parallel venation and strapping. 

Fig. 24. Chlorosis in older leaves and strap-
ping in younger leaves. 

Fig. 19. Petioles drooping and stem bending. 

Fig. 20. Petioles twisting and young leaves 
curled at margins. 
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Dicamba 

Overall, symptoms develop quickly in plants ex-
posed to dicamba. Genearally, petiole twisting is 
more severe in plants treated with dicamba than    
with 2,4-D. By two days after treatment, leaf petioles 
are curved and youngest leaves are curled (Fig. 25).  
Around one week after treatment, newer leaves are 
beginning to yellow and blister along the leaf veins. 
(Fig. 26). By 10 days after exposure, petioles are 
curved severely and often resemble an “S” shape 
(Fig. 27). Later, the newest buds are brown         
(Fig. 28) and the base of the stem has ruptured    
(Fig. 29). By one month after exposure, older    
leaves are highly chlorotic and the meristem has 
been aborted (Fig. 30). 
 

Fig. 27. Severe curvature of petioles. 

Fig. 28. Browning of newest buds. 

Fig. 29. Swelling and rupturing of stem at 
base. 

Fig. 30. Chlorosis and abortion of apical 
meristem. 

Fig. 25. Petiole curving and leaf curling. 

Fig. 26. Blisters developing along leaf veins. 
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Conclusions 

Although diagnosing herbicide injury in the field is diffi-
cult, several steps can be taken to determine possible 
causes. First, always record the date, time, location and 
description of observed symptoms. Photographs of injury 
can help document symptom development, especially 
since the appearance of plants can change over a short pe-
riod of time. Try to rule out other causes of plant stress, 
such as weather, soils, insects or misapplied fertilizer. Off-
target movement of herbicides will cause multiple plants 
over a large area to exhibit similar symptoms. Pay particu-
lar attention to leaf margins, new growth and the main 
stem, as these areas can offer several clues for herbicide 
damage. Common symptoms and herbicides that can cause 
them are listed in the table at right. 

If herbicide injury is suspected, it can be difficult to determine if the herbicide was placed there by tank-contamination, 
drift, carryover in manure, or movement well after application due to volatility. Research is important to narrow down 
the source of contamination. Therefore, determine when symptoms first appeared, what the previous crop was and what 
herbicides were applied in the previous three seasons, what sprayer was used, whether manure was used, and if there was 
an application of pesticides soon before the symptoms appeared.   

Looking for patterns in fields can also narrow down the source of contamination. If the majority of plants are injured, 
then a change in the intensity of symptoms in the field may indicate from which direction the herbicide came. Vapor 
drift can travel several miles, though, making the direction of origin difficult to determine. 

Herbicide residue testing is expensive, especially if the herbicide or family of herbicides is unknown. Being able to nar-
row the list of possible herbicides can significantly lower the cost of residue testing. One important thing to remember is 
that picloram, aminopyralid and dicamba are often sprayed in combination with 2,4-D. Even though pasture herbicides 
damage cotton in similar ways, the descriptions listed in this publication can help to verify the source of injury.          
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Symptom  Herbicides 

Elongated leaves with leathery 
appearance 

2,4‐D 

S‐shaped petiole  Dicamba 

Rupturing of stem at base  Aminocyclopyrachlor, amino‐
pyralid, picloram, dicamba 

Blistering along leaf veins  Dicamba 

Blistering along leaf margins  Aminocyclopyrachlor, amino‐
pyralid, picloram, 2,4‐D 

Severe downward bending of 
petioles (nearly vertical) 

Dicamba and picloram 

Red or brown patches on stem 
and petioles 

2,4‐D 
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Disclaimer 

The recommendations in this publication are provided only as a guide. It is always the pesticide applicator's responsibility, by law, to read and follow all current 

label directions for the specific pesticide being used. The label always takes precedence over the recommendations found in this publication.  

Use of trade or brand names in this publication is for clarity and information; it does not imply approval of the product to the exclusion of others that may be of 

similar, suitable composition, nor does it guarantee or warrant the standard of the product. The author(s), the University of Tennessee Institute of Agriculture and 

University of Tennessee Extension assume no liability resulting from the use of these recommendations.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


