Key Points:

« Cloudy, rainy periods that limit the amount of solar
radiation available to a corn crop during susceptible stages
of development can have significant effects on yield.

- Several experiments have used shade cloth to reduce the
amount of solar radiation on a portion of the crop canopy.

« Shade studies have found that corn is most susceptible to
yield loss during flowering and grain fill and effects can
vary by plant density.

Solar Radiation and Crop Needs

« Along with water and nutrients, solar radiation (sunlight) is an
essential input for plant growth.

« Plant leaves absorb sunlight and use it as an energy source in
the process of photosynthesis.

« A crop’s ability to collect sunlight is proportional to its leaf
surface area per unit of land area occupied, or its leaf area
index (LAI).

— At full canopy development, a crop’s LAl and ability to
collect available sunlight are maximized.

« From full canopy through the reproductive period, any
shortage of sunlight is potentially limiting to corn yield.

— When stresses such as low light limit photosynthesis
during ear fill, corn plants remobilize stalk carbohydrates
to the ear. This may result in stalk quality issues and

lodging at harvest.

« The most sensitive periods of crop growth (e.g., flowering and
early grain fill) are often the most susceptible to stresses such
as insufficient light, water or nutrients.

Cloud Effects on Solar Radiation

 Plants are able to use only a portion of the solar radiation
spectrum. This portion is known as photosynthetically active
radiation (PAR) and is estimated to be about 43% to 50% of
total radiation.

« Amount of PAR available to a crop is reduced proportionately
to cloud cover (Figure 1).

 As Figure 1 shows, PAR was reduced by 25% to 50% on partly
cloudy to cloudy days, and by over 60% on rainy days.

« Itis not surprising, then, that cloudy, rainy periods during
susceptible stages of crop development can have significant
effects on yield.
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Figure 1. Daily PAR received in Johnston, |A under rainy, cloudy and
sunny conditions on four different days in summer.

Effect of Shade on Corn Yield

» A study using shade cloth reduced solar radiation by 55%
during various crop stages (Liu and Tollenaar, 2009).

- Yield was significantly reduced by shading at the silking and
post-silking stages (Table 1).
Table 1. Effect of shade treatments on yield (Liu and Tollenaar, 2009).

Shade period’ Yield reduction (%)

4 weeks pre-silking? 3.2% NS
3 weeks at silking® 12.6% **
3 weeks post-silking® 21.4% **

TWeeks relative to silking: 2 -5to -1, ®-1to +2, <+2to +5.
NS=not significant, **= highly significant, (Prob>F=0.05.)
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« In another study, solar radiation was reduced by 50%
using shade cloth (Reed, et al., 1988).

- Yield was significantly reduced by shading at the flowering and
post-flowering stages.

 Shading during flowering reduced yield primarily through
decreasing the number of kernels per row.

 Shading during grain fill reduced yield primarily through
decreasing kernel weight.

Table 2. Effect of shade treatments on yield (Reed et al., 1988.)

Shade % Yield Change in Change in

period Reduction kernels/row kernel wt.
Vegetative 12% -5% +1%
Flowering 20% -21% +9%
Grain fill 19% -5% -13%
LSD (.05) 7% 4.5% 6%

+ Studies that have included multiple degrees of shading have
found, not surprisingly, that the more solar radiation is
reduced, that greater the effect on yield.

* Yang et al. (2019) found that impact on yield more than
doubled when shading was increased from 30% to 50%
(Table 3).

* When solar radiation was only reduced by 15%, yield impacts
were similar across plant densities. As the degree of shading
was increased, however; yield reductions were greater at
higher plant densities.

Table 3. Percent corn yield reduction associated with three different
levels of shading (15%, 30%, and 50%) for two hybrids at three different
plant densities (Yang et al., 2019).

Hybrid 1 Hybrid 2

Density

(plants/acre) 150, 309 50% 15% 30% 50%

yield reduction (%)

30,400 NS* NS 347 133 193 501
42,500 NS 192 418 148 252 547
48,500 NS 236 513 13.7 287 635

Average U.S. Solar Radiation

« Daily light integral (DLI) is the total amount of solar radiation
received at a location each day.

« The southern vs. northern U.S. has higher DLIs in the fall and
winter due to longer days and higher angle of the sun (Figure 2).

» From May through August, the primary DLI differences occur
between the eastern and western U.S. (Figure 2).

» Northern areas have longer days but a lower solar elevation
angle, so DLI is about the same as in southern areas during most
of the corn growing season.

+ Elevation and regional weather patterns (primarily cloud cover
and humidity) also contribute to regional differences.

Average daily light integral (mol « m?2 « d)
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Figure 2. Average U.S. daily light integral (DLI) by month
(Korczynski, et al., 2002).

References

Korczynski, P., J. Logan and J. Faust, 2002. Mapping monthly distribution
of daily light integrals across the contiguous United States. Hort. Tech.
12:12-16.

Liu, W. and M. Tollenaar, 2009. Physiological mechanisms underlying
heterosis for shade tolerance in maize. Crop Sci. 49:1817-1826.

Reed, A., G. Singletary, J. Schussler, D. Williamson and A. Christy, 1988.
Shading effects on dry matter and nitrogen partitioning, kernel number,
and yield of maize. Crop Sci. 28: 819-825.

Yang, Y., X. Guo, H. Liu, G. Liu, W. Liu, B. Ming, R. Xie, K. Wang, P. Hou, A.
Li. 2019. The effect of solar radiation change on the maize yield gap from
the perspectives of dry matter accumulation and distribution. J. of
Integrative Agric. 20:482-493.

The foregoing is provided for informational use only. Please contact your Pioneer sales professional for information and suggestions specific to

Authors: Steve Butzen, Mark Jeschke

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. Pioneer® brand products are provided subject to the

terms and conditions of purchase which are part of the labeling and purchase documents. CF210816

Vol. 13 No. 21 August 2021



	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



