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Earlier efforts to improve the nutritional value of maize
achieved success however, the developed composites could
not become popular because of poor yield and soft kernel
making them vulnerable to pests. The maize carrying Opaque-
2 gene in homozygous condition with hard endosperm and
vitreous kernel is referred as quality protein maize (QPM)
Prasanna et al. (2001). It is an open pollinated variety or
hybrid of maize containing lysine and tryptophan twice than
the normal maize varieties along with low amount of leucine.
Maize (Zea mays L.) is utilized in diverse ways ranging from
human to livestock and the quality protein maize has a
greater potential in human nutrition specially for the
malnourished children and is also a good source of protein
requirement for pre-school children (Srivastava et al. 2005).
Maize is gaining popularity as an important crop of winter
season because of its high yield potential, minimum losses
due to biotic factors and greater responses to applied nutrients.
Simultaneously to exploit such high potential of winter maize
(QPM), a proper knowledge and information on crop nutrition
and suitable cultivars are needed. The QPM cultivars
developed so far are at different stages of evaluation. Optimum
nitrogen application is important in quality protein maize
since, the grain of crop produced under conditions of low
nitrogen supply has poor protein content. Worku et al. (2007)
examined the effect of low N stress on protein quantity and
grain yield of QPM and non-QPM cultivars under three N
levels and observed significant genotypic differences for
grain protein content and grain yield. Since, the information
on above aspects are fragmentary and scanty, therefore, the
present investigation was carried to find out the optimum
level of nitrogen and efficient cultivars for winter season
maize (QPM) under the conditions of eastern Uttar Pradesh.

The field experiment was conducted during winter (rabi)
season of 2007-08 at the Agricultural Research Farm, Banaras

Hindu University, Varanasi. The soil was sandy clay loam in
texture, neutral in reaction (pH 7.51), low in organic carbon
content (0.26%) and available nitrogen (182 kg N/ ha) and
medium in available phosphorus (13.86 kg P/ ha) and available
potassium (149.2 kg K/ ha). Three nitrogen levels, viz. 80 kg
(50% RD), 160 kg (100% RD) and 240 kg/ha (150% RD)
formed the main plot (14 × 10 m2) treatments. Four hybrid
cultivars, viz. two QPM (HQPM-1, HQPM-4) and two non-
QPM of full season maturity (BIO-9681 and SEEDTEC-
2324) were assigned to sub plots (3.5 × 2.5 m2) replicated
thrice in a split plot design. Nitrogen for all the three levels
were applied in 3 equal splits at sowing, knee high and
tasseling stage in their respective treatments. However, a
common dose of phosphorus and potassium each @ 60 kg/
ha were applied uniformly at the time of sowing. The test
crop was sown adopting 60 cm × 25 cm spacing.
Recommended cultural practices were adopted for raising
the experimental crop. Mean maximum and minimum
temperatures and total rainfall during the crop period was
31.5°C, 15.5°C and 37.8 mm, respectively. Nitrogen
concentration in grain and stalk was estimated by modified
Kjeldhal’s method (Jackson 1958).

The growth, yield attributes and yield were influenced
significantly by different nitrogen levels. However, cobs/
plant, days to 50% silking, shelling percentage and test
weight were not affected significantly due to nitrogen levels
(Table 1 and 2). The plant height, dry matter accumulation
and number of green leaves/ plant increased significantly up
to 100 per cent recommended dose of nitrogen (160 kg/ha)
further increase in nitrogen level though increased the value
but could not reach to the level of significance. Increase in
plant height of winter maize due to nitrogen was noted by
Mehta et al. (2011) and stimulated vegetative growth
enhanced the number of green leaves. Length of cob, girth of
cob and weight of grains/cob showed significant improvement
due to application of highest nitrogen dose of 240 kg over 80
kg while at par with the recommended N level of 160 kg/ha.
Higher values of these growth and yield attributing characters
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might be due to improved N supply which more rapidly
converted the synthesized carbohydrates to proteins and
protoplasm, this extra protein allows the plant to grow faster.
The application of 240 kg N recorded significantly higher
seed and stover yield over 80 kg N and registered an increase
in yield by 48.4 and 26.1%, respectively which was at par
with the application of 160 kg N/ha. Similar results have also
been reported at several locations in testing of pre-release
QPM germplasms with varying nitrogen levels (Anonymous
2007). Protein content in grain increased with nitrogen levels
and the highest values were recorded when 240 kg N/ha was

applied, however, the highest nitrogen level proved
significantly superior to only 80 kg N/ha and was at par with
moderate N level (160 kg/ha). Protein yield increased
significantly with increasing N levels up to highest dose of
240 kg N/ha. Greater values of growth, yield attributes and
yield at highest nitrogen rate indicate probably 160 kg N/ha
was not adequate to meet the requirement of hybrid maize.
Economically, a dose of 240 kg N/ha proved better over
other doses and claimed highest net returns and benefit: cost
ratio of ` 30 119/ ha and 2.09, respectively (Table 2).

Perusal of data (Table 1 and 2) clearly indicates that

Table 1 Effect of QPM cultivars and N levels on growth and yield attributes of winter maize

Treatment Plant No. of Dry matter Days to Cobs/ Length Girth Shelling Weight 1000-grain
height green production/ 50% plant of cob of cob percentage of grains/ weight
(cm)  leaves plant (g)  silking   (cm)   (cm)   (%)  cob (g)   (g)

at 120 DAS

Nitrogen level (kg/ha)
80 158.4 10.88 141.1 118.2 1.04 14.5 4.20 67.7 75.4 220.1
160 177.3 11.65 159.7 116.7 1.04 16.0 4.33 71.5 90.9 226.0
240 182.6 11.88 167.4 118.2 1.05 16.4 4.51 72.8 101.7 233.3
 SEm + 4.1 0.26 3.4 0.7 0.01 0.6 0.11 1.8 5.8 11.9

CD (P=0.05) 11.5 0.71 9.5 NS NS 1.6 0.30 3.2 16.0 NS

Cultivars

HQPM 4 175.8 11.24 171.9 116.8 1.02 16.6 4.39 66.9 96.8 239.4
HQPM 1 172.2 12.03 141.6 120.2 1.08 15.1 4.04 71.9 74.7 191.4
BIO 9681 180.7 11.29 138.3 117.1 1.03 15.2 4.44 71.5 84.3 227.3
SEEDTEC 2324 162.8 11.32 152.6 116.6 1.04 15.8 4.51 71.7 101.5 247.9

SEm + 7.1 0.26 3.1 0.6 0.01 0.5 0.08 2.0 6.3 10.2
CD (P=0.05) 18.5 0.55 8.9 1.5 NS 1.0 0.18 4.2 13.2 21.4

Table 2 Effect of QPM cultivars and N levels on yield, quality, economics and nitrogen balance in soil after harvest of winter maize

Treatment Grain Stover Protein Protein Net B:C Total N Computed Actual Net
yield yield content yield returns ratio available removal N N N

(tonnes (tonnes  (%)  (kg/ha)  (`/ha)  N (initial (kg/ha) balance balance balance
/ha) /ha) + applied) (kg/ha) (kg/ha) (kg/ha)

(kg/ha)

Nitrogen level (kg/ha)
80 4.32 8.13 11.36 491.2 13842 1.54 262 112.3 149.7 209.8 60.1
160 5.62 9.37 11.68 656.4 24084 1.91 342 143.4 198.6 289.2 90.6
240 6.42 10.25 11.83 759.0 30119 2.09 422 172.5 249.5 265.5 16.0

SEm + 0.34 0.77 0.13 10.6 3.9 5.1
CD (P=0.05) 0.94 2.12 0.36 32.8 11.6 14.5

Cultivars
HQPM-4 5.96 10.16 11.68 696.4 30565 2.31 342 155.2 186.8 269.2 82.4
HQPM-1 4.13 8.93 11.11 459.4 15267 1.65 342 117.4 224.6 335.6 111.0
BIO-9681 5.10 8.42 11.61 480.1 22395 1.96 342 131.4 210.6 300.3 89.7
SEEDTEC-2324 6.62 9.50 12.09 800.0 35318 2.50 342 159.7 182.3 244.6 62.3

SEm + 0.27 0.69 0.18 11.8 3.3 4.4
CD (P=0.05) 0.56 1.45 0.32 30.1 9.7 12.8

Note: Selling price (‘/kg) of produce: Maize grain 8.00, maize stover 0.60
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different cultivars brought significant variation on growth,
yield attributes and yield of winter maize, though the cultivars
exhibited varied responses for different parameters studied.
Genotype BIO 9681 produced significantly taller plants than
SEEDTEC 2324 but was at par with other two QPM cultivars.
Significantly higher number of green leaves produced by
genotype HQPM 1 compared to others, besides it recorded
significantly higher shelling percentage than HQPM 4 and
found at par with non-QPM cultivars (BIO-9681 and
SEEDTEC 2324). Genotype HQPM 4 registered significantly
higher cob length over HQPM-4 and BIO-9681 and stover
yield than BIO 9681. SEEDTEC 2324 proved superior in
respect of higher dry matter production, maximum number
of yield attributing characters, grain yield as well as net
return and benefit: cost ratio. This genotype claimed
significantly higher girth of cob, weight of grains/cob and
test weight than HQPM 1 but was at par with rest of the
cultivars. It also registered significantly higher grain yield,
protein content and protein yield as compared to other
cultivars. The data revealed that no genotype was superior
for all the characters and different cultivars reflected the
degree of genetic variability for growth, yield attributes and
yield according to the inherent character of that particular
genotype. Yields of currently available QPM germplasm are
competitive with some regional cultivars although they are
lower than that of the best available non-QPM cultivars
Pixley (2001). SEEDTEC 2324 gave highest net return and
benefit: cost ratio (` 35 317/ ha and 2.50) closely followed
by HQPM 4 (` 30 565/ ha and 2.31) while HQPM 1 was least
profitable (` 15 267/ha and 1.65). The nitrogen removal
differed significantly due to different treatments. Nutrient
removal being a function of dry matter production and partly
due to increase in its concentration, application of 240 kg N/
ha gave more total dry matter, registered significantly higher
removal of nitrogen. This might be due to higher nitrogen
concentration and yield at higher level of nitrogen application.
Singh et al. (2012) in sweet corn also observed the increased
removal of nitrogen at higher N level. Among the four
cultivars, SEEDTEC 2324 showed in more N removal but
being at par with HQPM 4 and significantly higher than
HQPM 1 and BIO 9681. The availability of nitrogen was
increased with graded level of nitrogen up to 240 kg/ha,
whiles it similar at each genotype. The computed nitrogen
balance was highest at 240 kg N compared to lower doses of
nitrogen. The higher net N balance was noticed with BIO-
9681 might be due to less removal of nitrogen. Net nitrogen
balance also increased only up to 160 kg N/ ha, thereafter it

decreased. These findings supported those of Singh et al.
(2012).

The absence of interaction between nitrogen levels and
cultivars for yield attributes and yield indicated that grain
yield response to applied nitrogen doses for optimum yield
were not affected by cultivars. Similar findings were also
reported by Buah et al. (2009).

SUMMARY

The experimental findings suggests that SEEDTEC 2324
proved superior over other cultivars for increasing yield of
winter maize and application of 240 kg N/ha was found most
suitable for achieving higher yield and profitability of winter
maize in eastern Uttar Pradesh conditions. Further
investigations are required to bring yields of QPM cultivars
at par with the best normal endosperm cultivars.

REFERENCES

Anonymous 2007. 50th Annual Progress Report of All India Co-
ordinated Maize Improvement Project, Directorate of Maize
Research, New Delhi.

Buah S S J, Abtania L N and Aflakpui G K S. 2009. Quality protein
maize response to nitrogen rate and plant density in the Guinea
Savana zone of Ghana. West African Journal of Applied Ecology
16: 9–21.

Jackson M L. 1958. Soil Chemical analysis, pp 173–95. Asian
Publication House, New Delhi.

Mehta, Savita, Bedi, Seema and Vashist, Krishan Kumar. 2011.
Performance of winter maize (Zea mays) hybrid to planting
methods and nitrogen levels. Indian Journal of Agricultural
Sciences 81(1): 50–4.

Pixley K V. 2001. Quality Protein Maize: Overview and Breeding
Strategies. CIMMYT, Harare, Zimbabwe.

Prasanna B M, Vasal S K, Kassahun B. and Singh, N N. 2001.
Quality protein maize. Current Science 81: 1 308–19.

Singh, Ummed, Saad A A, Ram T, Lekh Chand, Mir S A. and Aga
F A. 2012. Productivity, economics and nitrogen-use efficiency
of sweet corn (Zea mays saccharata) as influenced by planting
geometry and nitrogen fertilization. Indian Journal of Agronomy
57(1): 43–8.

Srivastava A, Jat M L, Zaidi P H, Rai H K, Gupta R K, Sharma S
K and Srinivasan G. 2005. Screening of quality protein maize
hybrids with different resource conserving technologies. Paper
presented in the 9th Asian Regional Maize Workshop, September
6-9, Beijing, China.

Worku M, Banziger M, Friesen D, Erley G S A, Diallo A O, Vivek
B and Horst W J. 2007. Protein quantity and quality, and grain
yield performance of quality protein maize and normal endosperm
maize under different levels of nitrogen. African Crop Science
Conference Proceedings, Egypt, Vol 8, pp 1 905–09.



<<
  /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


