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Improving Grain Quality by Controlling Top Dressing of Nitrogen Application Ratio
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ABSTRACT This study was carried out to improve the
rice grain quality of Ilpum cultivar, especially to reduce the
chalky rice rate by controlling top dressing of nitrogen
application ratio at the tillering and panicle initiation stage.
In the rice plant growth, the number of tiller and leaf area
index of maximum tillering stage were influenced by basal
dressing and top dressing at tillering stage; however those
of heading stage were mainly influenced by top dressing
at panicle initiation stage. In yield and yield components,
they were influence by the top dressing at panicle initiation
stage and the rice yield was increased by percentage of the
top dressing. The protein content of rice grain was increased
as the rate of top dressing at panicle initiation stage was
increased. The rate of chalky and damaged rice was remarkably
increased as the top dressing ratio was increased, resulting
in reducing the rate of head rice rate. As the results, the
characteristics of milling and rice quality was improved
when the amount of top dress was reduced as 50% at the
panicle initiation stage, and the yield of head rice also
increased.
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Table 1. Tillers number, rice dry weight and leaf area index at maximum tillering and heading stage as affected by nitrogen

split ratio.

Maximum tillering stage

Heading stage

N split ratio

(%) Tiller Dry weight

Tiller Dry weight

(no. hill™) (g hill™" LAI (no. hill™") (g hill™) LAI
90-10- 0 32.0a" 13.6ab 5.70a 16.0b 55.7ab 5.45b
75-10-15 30.0a 13.1ab 5.17ab 16.7ab 55.3ab 5.73ab
60-10-30 28.7a 12.8ab 4.58bc 20.7a 57.6ab 6.91a
80-20- 0 31.8a 14.7a 5.14ab 18.2ab 54.7b 5.90ab
65-20-15 29.2a 13.1ab 4.57bc 20.0ab 61.4a 6.78ab
50-20-30 26.3a 12.2b 4.01c 20.5ab 60.1ab 7.06a

"Values with the same letter in a column are not significantly different at 5% level by DMRT.



ME
=

xI

3
x| e

=
= [¢]

2

shia

o

i

R

>4
()
o

[*]

30 O
Tﬂoﬂ

n] o] AlH]

flo 4> 1 2 o thu N

}

U A oA =
Al YR, 60-10-30%, 65-20- 50-20-30% E-A]
gk A ejol| A ko] =kt

AAPUE B4 Po] e we) ols

15% 1

e

al

o)

qo e

£ F

rxl-v‘
oY, |

ekl o

=

B2 YT EAHIE T

49

al., 1993), L3 AH[FolH2he u|FH AW At

UAES = 7(De Datta ef al., 1972; Perez et al., 1996;
Kim et al., 2007), 18] $H]A]7]7} o] A 4=Z(Islam et

al., 1996; Nguyen et al., 2006) Z7}3tth= &3} U *|3}
ek

Table 4= A4 H[R] BAJH&o] w2 <) W F
& Ued , $Hn] BlEE pHE
Hlo A LR E F71E5, 50| A&
7¥skeiet. o]i= Table 40]4 K= ue} 7Fo]
ule] Algo] Z7ErE felxoR S
Y= olof A FFe Hol ehdn Hes
2 polow gt oled AT Table 30
3 vlet o] S4ulgo] 9ke A elolA] wAbduo)
S Aol EojEqlE Aol 7Rt AL ' AR E T

Bl & A oy

Ayl

olo] w2 9bHn| 42eF2 Table 20|49 St e 4
HIE 100% AJ&3H HejofA hxulgo] {43 Ashgo
2 Qe B & A ke AT ] e TP WSt

o, Bl 100% Al43H, 42H]E 50% 71|13 65-20-
15% HA| ol A ghaln] Seko] 744k %] Uehdeh & A
9] Meje} ok ThE A7 AShin e al, 2004)] |31

Table 2. Rice yield and yield components as affected by nitrogen split ratio.

N split ratio  Culm length Panicle length Panicle Spikelet Ripening rate 1000-G weight Rice yield
(%) (cm) (cm) (no. hill'")  (no. panicle™) (%) (g) (t ha™)

90-10- 0 67 19.5 13.6 88.7b" 85.6ab 21.9a 4.89b

75-10-15 70 19.7 14.2 91.4ab 83.1ab 22.0a 5.17ab

60-10-30 71 20.2 14.0 110.2a 81.5b 21.7a 54la

80-20- 0 69 20.1 14.0 86.6b 86.1a 22.0a 4.97b

65-20-15 70 20.0 14.7 97.5ab 85.4ab 21.8a 5.4la

50-20-30 72 20.1 14.5 97.9ab 81.7b 22.0a 5.43a

"Values with the same letter in a column are not significantly different at 5% level by DMRT.
Table 3. Physicochemical characteristics of milled rice as affected by nitrogen split ratio.

N split ratio (%) Moisture (%) Protein (%) Amylose (%) Whiteness
90-10- 0 12.4 6.5¢" 17.9a 42.9a
75-10-15 12.9 6.7b 17.7ab 41.9a
60-10-30 12.6 7.2a 17.4b 43.7a
80-20- 0 12.4 6.5¢ 18.0a 42.4a
65-20-15 12.2 6.7b 17.9a 40.6a
50-20-30 12.9 7.1a 17.6ab 41.8a

"Values with the same letter in a column are not significantly different at 5% level by DMRT.
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Table 4. Appearance quality of milled rice as affected by nitrogen split ratio.

N split ratio Appearance quality (%) Cracked Head rice yield

(%) Head Broken Chalky Damaged Colored (%) (t ha)
90-10- 0 83.4ab’ 4.3a 8.8cd 3.5b 0.1b 19.4a 4.08b
75-10-15 81.0b 2.6b 10.3bc 5.9ab 0.3b 19.8a 4.19ab
60-10-30 73.6¢ 3.4ab 15.6a 6.9ab 0.5ab 18.2a 3.98b
80-20- 0 86.2a 2.6b 7.6d 3.5b 0.2b 19.6a 4.28ab
65-20-15 82.2ab 3.0b 8.1d 6.4ab 0.4b 20.1a 4.45a
50-20-30 74.7¢ 2.7b 11.9b 9.6a 1.2a 20.0a 4.06b

"Values with the same letter in a column are

not significantly different at 5% level by DMRT.

Table 5. Milling characteristics of milled rice as affected by nitrogen split ratio.

Hulling

Milled /brown

Milling Color Colored

N sploit ratio recovering rice rate recovering separation rice Hea(c)l rice Brokin rice

o %) %) %) %) %) o o
90-10- 0 82.7b' 89.2a 73.8a 65.3ab 8.7ab 64.8ab 0.5a
75-10-15 82.6b 88.7b 73.2abc 65.2ab 7.7bc 64.7ab 0.5a
60-10-30 82.4b 88.0c 72.5¢ 63.3b 9.4a 62.8b 0.5a
80-20- 0 82.7b 88.6b 73.2abc 65.9a 6.9cd 65.4a 0.4a
65-20-15 82.7b 87.9¢ 72.8bc 65.7a 6.1d 65.1a 0.5a
50-20-30 83.9a 87.8¢ 73.4ab 64.0ab 8.3abc 63.2ab 0.5a

"Values with the same letter in a column are not significantly different at 5% level by DMRT.
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Table 6. Relationship between various factors of rice and
chalky rice appearance (n=36).

Related factor Correlation coefficient(r)

Tiller number at MTS' -0.58%*
Plant dry weight at MTS -0.52%*
Leaf area index at MTS -0.61**
Tiller number at HS' 0.51%*
Plant dry weight at HS 0.34

Leaf area index at HS 0.53%%*
Ripened grain rice -0.44*
Protein content 0.77%*
Head rice rate -0.81%*
Broken rice rate -0.16

Colored rice rate -0.23

Cracked rice rate 0.64*%*

"MTS: maximum tillering stage, *HS: heading stage,
* **Significant at 0.05 and 0.01 probability levels.

= A
B B AHA A T H9] e Wol Helth

2. 7 W Ao E AR $HY FFe ol
ol 4, @b, win] vf 5 pH] AlH|F S
dAoh= BEFolrt

3. &9 o|glsha 54 ThilA ko] pH| AJH|Fo]
WErE wobslal, 53] 4, gafgo] AA|shs H
0] AA3] FolA eHnEL HolA= Aol

}o o =

8=

o.gu), PAY, WAk ol%Al, .84, w7, 1991, m] 2o
B QAT - (1) A o] Au St Aug 2elo] ot
2 ol BANFPATERI(FE) 333) 1 9198,

o 41, 2007. AR A AF] A ATk FEAES
B9 BBt Ansdd 9.

ole2. 1981, 4% FREAL pp. 91-93.

o]FE, &%l 191. N, P, K 9 7|29 23¥zt d-g0]

o] Al vl miAls I A=rEhEstelA] 36(4)
: 332-339.
SR 2007.

AEA A EAol] F|uket & AR WA 4
EAEB AR

ot EAHIE T 51

De Datta, S. K., W. N. Obcemea, and R. K. Jana. 1972.
Protein content of rice grain as affected by nitrogen fertilizer
and some triazines and substituted ureas. Agron. J. 64 :
785-788.

Honjyo, K. and K. Fujise. 1982. Studies of Protein Content in
Rice Grain. VI. Effects of the foliar application of urea on
the translocation of nitrogen to the ear and the protein
content of brown rice. Jpn. J. Crop Sci. 51(2) : 196-204.

Honjyo, K. and M. Hirano. 1979a. Studies on Protein Content
in Rice Grain. III. Effect of nitrogen top-dressing at full
heading time translocation of nitrogen to the ear. Jpn. J.
Crop Sci. 48(4) : 517-524.

Honjyo, K. and M. Hirano. 1979b. Studies on Protein Content
in Rice Grain. IV. Varietal differences of the effect of
nitrogen top-dressing at full heading time on the protein
content of rice. Jpn. J. Crop Sci. 48(4) : 525-530.

Honjyo, K., M. Hirano, and K. Fujise. 1980. Studies on Pro-
tein Content in Rice Grain. V. Effects of topdressing of
ammonium sulfate and foliar application of urea at full
heading time on the translocation of nitrogen to the ears
and the protein content of blown rice. Jpn. J. Crop Sci.
49(3) : 467-474.

Imabayashi, S., T. Ogata, and Y. Matsue. 1998. Annual and
locational variations in physicochemical properties of rice.
Jpn. J. Crop Sci. 67(1) : 30-35.

Islam, N., S. Inanaga, N. Chishaki, and T. Horiguchi. 1996.
Effect of N top-dressing on protein content in Japonica and
Indica rice grains. Cereal Chem. 42 : 225-235.

Kim, M. H., J. D. Fu, and B. W. Lee. 2006. Determining
nitrogen topdressing rate at panicle initiation stage of rice
based on vegetation index and SPAD reading. Korean J.
Crop Sci. 51: 386-395.

Kim, M. H., K. J. Lee, and B. W. Lee. 2007. Response of grain
protein content to nitrogen topdressing rate at panicle initi-
ation stage under different growth and plant nitrogen status
of rice. Korean J. Crop Sci. 52: 104-111.

Kwak, K. S., J. I. Lee, J. C. Shin, J. K. Kim, J. R. Son, J.
H. Kim, H. K. Park, and J. H. Seo. 2005. The improvement
of the grain color during the ripening stage and head rice
recovery of Ilpumbyeo. Treat. of Crop Sci. 6: 207-217.

Nguyen, T. H.,, M. H. Kim, and B. W. Lee. 2006. Response
of grain yield and milled-rice protein content to nitrogen
topdressing timing at panicle initiation stage of rice. Korean
J. Crop Sci. 51 : 1-13.

Patrick, R. M., F. H. Hoskins, E. Wilson, and F. J. Peterson.
1974. Protein and amino acid content of rice as affected by
application of nitrogen fertilizer. Cereal Chem. 51 : 84-95.

Perez, C. M., B. O. Juliano, S. P. Liboon, M. Alcantara, and
K. G. Cassman. 1996. Effects of late nitrogen fertilizer appli-
cation on head rice yield, protein content, and grain quality
of rice. Cereal Chem. 73 : 556-560.

Shin, O. K., C. D. Whang, S. T. Park, and S. Y. Kim. 2004.



52 OHEIX|(KOREAN J. CROP SCI.), 53(5), 2008

Evaluation of a proper nitrogen splitting method in machine kernel. I. Effects of nitrogen top-dressed at full heading

transplanting rice. Korean J. Intl. Agri. 16 : 191-195. time and air temperature during ripening period on quality
Souza, S. R., E. M. L. M. Stark, and M. S. Fernandes. 1993. of rice kernel. Jpn. J. Crop Sci. 58(4) : 653-658.

Effect of supplemental nitrogen on the quality of rice pro- Tashiro, T. and M. Ebata. 1979. Studies on white-belly rice

teins. J. Plant Nutr. 16 : 1739-1751. kernel. VI. Effect of nitrogen top dressing at heading stage
Tamaki, M., M. Ebata, T. Tashiro, and M. Ishikawa. 1989. on the occurrence of white-belly kernel. Jpn. J. Crop Sci.

Physico-ecological Studies on quality formation of rice 48(1) : 99-106.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


