
Effect of Cold Soils and Water
• Early planting often exposes seeds to hydration with cold water, 

which can cause direct physical damage.

• Prolonged exposure to low temperatures reduces seed and plant 
metabolism and vigor, increases sensitivity to herbicides and 
seedling blights, and causes oxidation damage due to the effects of 
free radicals in the cell.

Imbibitional Chilling Injury
• When the dry seed imbibes 

cold water as a result of a cold 
rain or melting snow, imbib-
itional chilling injury may result.

• The cell membranes of the 
seed lack fluidity at low temp-
eratures, and under these 
conditions, the hydration 
process can result in rupture 
of the membranes.

• Cell contents then leak through 
this rupture and provide a food 
source for invading pathogens. 

• Cold water can similarly affect 
seedling structures as they 
begin to emerge.

• Research has shown that 
temperatures at or below 50ºF 
(10ºC) are most damaging to 
the germination and emerg-
ence process, especially if 
they persist long after planting 
(Table 1.)

Chilling and Flooding Injury to Emerging Corn
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Planting Into Stressful Conditions
• Corn is a warm-season crop with tropical origins, as such it is 

susceptible to stresses that result from early planting under cool soil 
conditions.

• When corn is planted early and soil temperatures are below 50ºF 
(10ºC), it is likely that corn seeds will remain in the soil at least three 
to four weeks prior to emergence.

• During this time, corn may encounter a number of stresses, including 
herbicide injury and insect and disease pressure.

• Problems can also result from the physical properties of the seedbed, 
including crusting, ponding or saturated soils. Cold temperatures 
resulting from cold rain or snow can severely impact the seed.

Flooding Effects on Emergence
• Flooding can have an 

equally devastating effect 
on seedling emergence 
and survival as cold soils. 

• Most corn hybrids can 
only survive for 24 to 48 
hours under water, with 
smaller seedlings suffering 
the most damage.

• Flooding damages corn biochemically. By impairing mitochondria, 
it causes release of free radicals which damage cell membranes.

• Flooding also causes oxygen starvation and shifts the plant’s 
metabolic processes to anaerobic fermentation. Resulting acidosis 
(low pH) can kill the cells.

• At a minimum, flooding reduces the plant’s metabolic rate, making 
seedlings more sensitive to disease, insects and herbicides. 

• Many pathogens such as Pythium thrive in standing water. 
Seedlings that are weakened by flooding or cold damage are more 
likely to succumb to disease if the pathogen is present in the soil.

• Flooding damage does not only occur in ponded areas of a field –
if fields are completely saturated to the soil surface and remain 
that way due to continual rain or limited drainage, seeds and non-
emerged seedlings are under water. 

Genetic Tolerance to Cold Stress
• DuPont Pioneer plant breeders have selected within the natural 

variation expressed by corn genotypes to develop hybrids with strong 
emergence and vigor characteristics under cool soil conditions.

• DuPont Pioneer provides stress emergence (SE) scores for all North 
America hybrids to help growers manage early-season risk.

• Stress emergence refers to the genetic potential of a hybrid to germ-
inate and emerge under stressful conditions associated with early 
planting including cold, wet soils or short periods of severe weather. 

Location Planting 
Date

Average Soil Temp. 
4 Weeks Post-Plant

Final Stand 
(%)

Michigan Apr 16 56°F (13°C) 90
Minnesota Apr 23 48°F (9°C) 81
North Dakota Apr 11 41°F (5°C) 61

Table 1. Planting dates, soil temperatures and final stand counts in 
DuPont Pioneer research plots with cold conditions after planting.

Snowfall soon after planting
imposes a very high level of 
stress on corn emergence 
due to seed imbibing 
chilled water or prolonged 
exposure to cold, saturated 
soils.



The foregoing is provided for informational use only. Please contact your Pioneer sales professional for information and suggestions specific to your operation. Product performance is variable and depends on many factors such as moisture and 
heat stress, soil type, management practices and environmental stress as well as disease and pest pressures. Individual results may vary.

Chilling/Flooding Injury Diagnosis

Symptom* Likely Cause Result
Stubby coleoptiles
Leaves emerging 
prematurely

Imbibitional 
chilling or cold 
damage

Death, unless 
unprotected leaf 
reaches the surface

Brown tissue behind 
root tip
Adventitious roots

Chilling damage
Flooding

Chance for survival 
unless shoot meristem 
is damaged

Leafing underground
Leaves growing along 
soil crust

Mechanical 
damage
Soil crusting

Usually death, as 
seedlings lose ability to 
penetrate soil

Corkscrew mesocotyl
or coleoptile

Temperature 
fluctuations
Herbicide injury 

Seedling death

Fused coleoptile or 
bursting on side

Cold damage
Genetic tendency

Seedling death

Rotted seed or 
mesocotyl
Spotty wilting

Seedling disease Seedling death or 
stunting 

Bleached leaves Herbicide or cold 
injury 

Seedlings can grow 
out of it unless 
impairment of photo-
synthesis is extensive

Pruned roots Insect damage Weak seedlings, 
wilting

Imbibitional 
Chilling and 
Cold Injury: 
Underground 
emergence.

Cold Damage:
Corkscrew 
seedling

Flooding/Chilling 
Damage: Note 
dead primary root 
(above seed) and 
adventitious roots 
on mesocotyl
(below, left of 
seed).

Flooding 
Damage: Note 
necrotic area of 
each root above 
root tip.

Cold Damage: 
Fused coleoptile, 
bursting on the 
side.

Imbibitional 
Chilling and 
Cold Injury: 
Club-shaped 
coleoptile

Table 2. Corn seedling injury symptoms and likely causes.

Author: Mark Jeschke Vol. 10  No. 7  March 2018


	Slide Number 1
	Slide Number 2


<<
  /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


