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conditions, and how this affects N uptake by corn fertilized with urea and manure at different N

rates. This trial began in 2012, and was sponsored by the North Dakota Corn Utilization Council in
2013, and will be continued for a third year in 2014. Objectives: (i) To estimate N mineralization rate
during corn growth in plots applied with urea and fresh and composted cattle manure, and (ii) To
evaluate the relationship between rate of N mineralization and N uptake and yield.

I ntroduction: The purpose of this trial was to evaluate the dynamics of N mineralization under field

Materials and Methods: In 2012 corn was seeded in conventionally-tilled plots arranged in a
randomized complete block design with four replicates except for the check treatment, which was
replicated three times within each block, for a total number of 12 plots per block. The N treatments
consisted of urea (0, 90, 150, 180, and 240 Ibs N), cattle manure (90, 150, 180 Ibs N), and composted
manure (90, 180 Ibs N). The manure treatments were a one-time application for the first year only, and
therefore received no added N in 2013. The above-target N levels for urea-treated plots were reached
by adding to the respective residual soil test levels (Table 1). Two of the three check plots (treatments
11 and 12) received flat 180 Ibs N as urea with and without corn residue removal, respectively, to verify
if residue removal would affect grain yield. Corn was seeded very late on the same footprints of 2012
(but no-till), on June 11 following poor emergence after planting in May. Data collected included
aboveground biomass N (4-, 12-leaf, maturity), soil N mineralization excluding roots (inside rings) and
without root exclusion, and soil moisture and temperature. We used Plant Root Simulator Probes
(PRS™ by Western Ag Innovations) also called resin membranes to adsorb soil mineralized N (NO3
and NH,") to determine N supply rate in the top six inches of the first three replicates except treatments
3, 5, 11, and 12 (table 1). Data were collected every two weeks over an 8-week period. At harvest,
grain yield, moisture, protein and starch data were collected. Test weight could not be determined
because of very high grain moisture above 30 percent.

Results: Grain yields were very low with maximum mean yield of 112 bu/ac for the 240 Ibs manure
treatment and minimum yield at 68 bu/ac, for the check (Table 1). This reflects the impact of late
planting, and drought stress from late June to August. Despite these challenges, significant grain yield,
protein, and N uptake responses to fertilizer treatments were observed (Table 1). N mineralization was
influenced by soil temperature and moisture (data not shown) as can be observed from the declining
rate that coincided with low rainfall and crop water deficit from around June 21 until past mid-August.
Nitrogen supply rate inside rings (figure 1, exclusion of roots) was significantly higher (p<0.0001) than
outside rings (figure 2, near roots), suggesting that outside the rings, plants were competing with PRS
probes reducing the amount to mineralize and being adsorbed onto the PRS probes. Nitrogen
mineralization was significantly higher (p<0.05) for all urea treatments compared to the check, near
roots, while the manure treatments did not differ from the check plots. At higher N rates, N
mineralization increased. These graphs do not tell how much total N was mineralized on an acre basis;
however, they give us an indication that soil N levels and source contribute significantly to the amount
of N being mineralized, which varies with soil condition. They are indicative of temporal patterns of N
release by inorganic and organic sources. A good correlation was observed between grain N content
(uptake), yield, soil N at planting, and N supply rate (figure 3). Grain yields showed strong relationships
with N levels when evaluated either as urea or manure, but weaker when treatments were considered
together (figure 4). This is because manure treatments were applied once, in 2012, and even at those
rates, soil test levels at the start of the 2013 season showed as little as 30 percent of the N applied the
year before was remaining in the soil. Soil organic matter levels were not significantly different (average
3.3%) amongst treatments. A strong linear relationship (figure 4) was observed between plant biomass
N content (R1 growth stage), grain N content, and soil N (residual N + added N). Aboveground biomass
N data at harvest were not available at the time of reporting. However, R1 stage biomass N plus grain
N at harvest showed a strong linear relationship with grain protein and yield (figure 5). The strength of
these relationships improves with urea N rates only, but weakens when 180 Ibs N was applied to



treatments with and without removal of residue. Surprisingly, the 180 Ib N treatment with residue
removed, which showed the most vigorous growth during the season, produced lower yields than when
residue was left on the soil. We suspect that when residue was removed, soil moisture was lost faster
thus the plants suffered drought stress during the severe shortage of rainfall more than the rest of the
treatments where residue was retained. Nitrogen uptake response of biomass and grain to soil N levels
and mineralization was strong as was the response for yields. The relatively good yields from manure
treatments compared to the rest of the plots indicate that available N was not the only factor (e.g. lower
soil moisture tension observed) that affected grain yields since residual N was very low (table 1) from
soil tests in spring. The relatively lower yields from compost compared to manure treatments are likely
due to N availability. Another year of data is necessary to determine the extent to which N
mineralization rates affect grain yield and quality in this study.

Table 1. Nitrogen fertilizer treatment effect on grain yield and quality of corn.
Residual Soil N | N Applied | Yield | Grain Protein | Starch | Grain N Uptake
Trt N Source Ib/ac lbr;gc bu/ac % Ib/ac lb/acp
1 0 27 0 68 ¢’ 6.85¢” 75 ab” 75 ¢
2 Urea 90 Ibs 29 61 96 abc 8.40 bed 73 ab 130 abcd
3 Urea 150 lbs 56 94 94 abc 8.55 ab 75 ab 129 abcd
4 Urea 180 lbs 97 83 94 abc 9.65 ab 73 ab 148 ab
5 Urea 240 lbs 97 143 105 ab 1043 a 73 ab 177 a
6 Manure' 33 0 90 abc 7.78 cde 76 a 114 bede
7 Manure 55 0 104 ba 8.15 bede 75 ab 136 abcd
8 Manure 90 0 112 a 9.38 ba 73 ab 148 ab
9 Compost' 29 0 77 abc 7.03 de 75 ab 89 cde
10 Compost 35 0 70 be 7.38 cde 75 ab 84 de
11 | Urea1801bs,no N/A 180 | 82abc | 10.78a | 74ab 141 abe
residue
Urea 180 lbs +
12 residue N/A 180 88 abc 9.53 ab 72b 134 abed
Mean 90 8.67 74 127
Tukey-Kramer’s MSD 35.01 1.50 3.80 53.52
Treatment differences, P>F" <0014 <.0001 0.0216 <0.0001
C.V. 15.67 16.96 2.067 16.96
"All manure and compost at target levels were applied once, in spring 2012, i.e., no added N in 2013
*Grain N uptake was determined by dividing % protein in grain by a factor of 6.0, and multiplying by grain yield
3 Mean values followed by the same letter in each column are not significantly different from each other
* Probability of observing an F-statistic > the observed; Indicative of the significance of treatment differences at a. = 0.05

Fig 1. Total bi-weakly N mineralized in soil excluding corn roots

% 600 == Check
¥ 500
- == Urea, 90
Z _ 400
+ N
o £ 300 === Urea, 180
O v
; S 200 =3&=Manure, 90
<
g 100
$ == Manure,
.an 0 180

43 DAP (Jul10-24) 57 DAP (Jul24-Aug7) 71 DAP (Aug7-21) 85 DAP (Aug21-Sep4)

Days After Planting (date)



350 Fig 2. Total bi-weakly N mineralized near corn roots in soii—#—Check

o1
= 300
& ——Urea, 90
I 250
+ 7200 ——Urea, 180
o £ 150
(e ")
Z 9100 == Manure, 90
>
=
cng 0 Manure,
z o . oL S a4 — 180
® 835% 58% 5%3 333
mn 3N ~ 3 2: — N n 3 9
S = 1n ~bays After Planting (dhte?:)’ o IV
Fig 3. Effect of N supply rate on corn grain grain uptake
< 200 - and yield, and how supply relates to soil N levels [ 120
~ A —
2 160 - 3
z 80 3
= 120 - 2
a R?=0.8621 2 <
g 80 - @ Grain N uptake 40 =
S A AN in soil i .%
5 40 1 R2=0.7717 W Yield 5
'E 0 ‘ T T T T 0
s 20 40 60 80 100 120
N supply rate (ug/10 cm2/2wks)
Fig 4. Effect of soil N on biomass and grain N uptake,
I 200 - and yield of corn - 120 __
> R?=0.2541 o
8 160 - - 100 &
2 170 - | B s 3
= g o
£ 50 R? =0.5988 - 60 3
3 R? = 0.7892 ¢ a0 >
= 40 - 20 F
0 @ Biomass N uptake M Grain N uptake A Yield 0 &
0 40 80 120 160 200

Total N (Ib/ac)





<<

  /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



