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Nitrogen management in irrigated wheat (Triticum aestivum) using optical sensor
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ABSTRACT

A field experiment was conducted during the winter (rabi) season of 2013–14 at Hisar, to study the
GreenSeeker optical sensor based N management vis-a-vis recommended N application in wheat [Triticum
aestivum (L.) emend. Fiori & Paol]. Application of  25 + 50 kg N/ha at sowing and 25 days after sowing (DAS) and
GreenSeeker guided N application at second and third irrigation i.e. 33 and 31 kg N/ha produced maximum grain
yield (6.60 t/ha) and saved 11 kg N/ha. The same treatment recorded 8.4 to 15% and 11 to 27% higher agronomic
efficiency and recovery efficiency, respectively as compared to recommended dose of N application. GreenSeeker
guided N both at second and third irrigation stage, resulted into significantly improved yield and N-use efficiency.
Single stage GreenSeeker guided N at second irrigation was better than third irrigation in terms of yield and N-use
efficiency. Three split N application resulted in significantly higher nitrogen recovery efficiency (14.4%) than 2 split
application.

Key words : Fixed rate and time of N application, GreenSeeker, N-use efficiency, Precision nitrogen man-
agement, Wheat
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Nitrogen is one of the most important factors for
growth and development of plants and most limiting nutri-
ent in crop production particularly in irrigated cereal-
based cropping systems. Blanket recommendation, most
prevailing N management strategy in India could not help
in increasing the nutrient use efficiency beyond a limit
(Singh, 2008) because temporal and spatial variability is
not taken into account. Moreover, farmers have a tendency
to apply N in excess of the requirement of crop to avoid
risk of N deficiency. Overall farmers use about 10.5 to
24.5% higher N dose in rice–wheat cropping system of
Haryana (Singh et al., 2012; Erenstein et al., 2007), which
lower the N recovery efficiency.

Traditional diagnostic tools such as soil testing, plant
tissue analysis and long-term field trials have limited use
due to time delay between sampling and obtaining results.
Thus, instant and reliable methods having greater tempo-
ral and spatial precision for assessing N status and require-
ments of field crops are needed.

 For this, leaf and canopy characteristics are being in-
creasingly used with the help of different tools/devices
such as leaf colour chart (LCC), chlorophyll meter
(SPAD), optical sensors etc. A predetermined dose of N is
applied using chlorophyll meter and LCC when a critical
value or critical colour shade is obtained. These tools have
provided an excellent opportunity in terms of developing
real-time N management strategies but do not take into
account photosynthetic rates or the biomass production
and expected yields for working out fertilizer N require-
ments (Singh et al., 2011). Application of remote sensing
in N management is a new approach. There was a very
promising relationship between remotely sensed index like
NDVI derived from satellite data and GreenSeeker optical
sensor (R2 =0.86) as revealed in the progress report of
rice–wheat consortium by Gupta et al. (2011).

The field experiment was carried out at the Agronomy
Research Farm of CCS Haryana Agricultural University,
Hisar during the winter (rabi) season of 2013–14. The soil
was sandy loam with pH 8.3, low in available N (135 kg/
ha), medium in available P (16 kg/ha) and high in avail-
able K (351 kg/ha). The experiment was laid out in ran-
domized block design with three replications. There were
12 treatments comprising N application with and without
using GreenSeeker. N application without using
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GreenSeeker consisted of two treatments having recom-
mended dose (150 kg/ha) in 2 (75 kg/ha each) and three
(50 kg/ha each) equal splits. GreenSeeker guided N appli-
cation was combined with fixed rate (75, 100 and 125 kg/
ha) and fixed time of N application (9 treatments) as basal
and at 25 days after sowing (DAS). GreenSeeker®

(Trimble Navigation Ltd., Sunnyvale, CA, USA) optical
sensor was used with each fixed level of N application at
second (50 DAS) and/or third irrigation (65 DAS). One
treatment was control where no N fertilizer was applied.
Phosphorous and potash were drilled @ 60 and 40 kg/ha,
respectively. Wheat ‘WH 711’ was sown on 19 November,
2013 using a seed rate of 125 kg/ha with a row- to- row
spacing of 20 cm and was harvested on 24 April, 2014.
Four irrigations were applied  to the crop. N content in
grain and straw was determined by digesting the samples
in diacid mixture (H

2
SO

4
 and HClO

4
) followed by analy-

sis using Nessler’s reagent method (Lindner, 1944).
Procedure reported by Singh et al. (2011) was adopted

for  calculating fertilizer N requirement by crop using
NDVI readings.  For predicting potential yield without
adding fertiliser N (YP0), in season estimated yield
(INSEY) - grain yield relationship.

Thus, at second irrigation stage: YP0 = 602.47
(INSEY)1.1348 and at third irrigation stage: YP

0 
= 2581

(INSEY)1.4072

The N use efficiency measurements from applied N
were calculated in the form of REn (Recovery efficiency),
AE

n
 (Agronomic efficiency), PE

n
 (Physiological or inter-

nal efficiency) and PFPn (Partial factor productivity) as
follows:

AEn (kg yield increase per kg N applied) = (Yt –Y0)/Na

PE
n 
(kg yield increase per kg increase in N uptake) =

(Yt – Y0) / (Ut –U0)
RE

n
 (kg increase in N uptake per kg N applied) = (U

t
 –

U0) / Na

PFP
n
 (kg grain yield per kg N applied) = Y

t
 /N

a

 Where, Yt is grain yield in test plot (kg/ha) ; Y0 is grain
yield in control plot (kg /ha); U

t
 is total N uptake in test

plot (kg/ha); U0 is total N uptake in control plot (kg/ha); Na

is N applied in test  plot (kg/ha)
Fertilizer N doses using yield potential without addi-

tional fertilizer (YP
0
) and potential responsiveness to ap-

plied N (RINDVI) and a N-use efficiency factor (0.5) were
calculated at 50 DAS and 65 DAS as per treatment. When
fixed level of N application at sowing and 25 DAS was
low, the total amount (fixed dose + GS guided) of N ap-
plied was low (i.e. total N dose was 11 to 41 kg/ha lower
than recommended dose at 75 kg N/ha as fixed dose)
(Table 1). Doses similar to recommended dose were ob-
tained only when 100 or 125 kg N/ha was applied at plant-
ing and 25 DAS. Singh et al. (2011) also reported that to-

tal fertilizer remained low unless the 100 kg or more N
was applied as prescriptive dose either at planting or both
at planting and CRI stages. In case of single stage GS
guided N application, amount of N turned out to be
slightly less at 50 DAS than at 65 DAS. This might be due
to the higher RINDVI values at 65 DAS than at 50 DAS.
Similarly, GS guided N was less at 65 DAS than at 50
DAS when GS was used at both of these stages. More was
the amount of fixed rate N application at sowing and 25
DAS, less was the GS guided N, irrespective of stages of
using GS. This may be due to luxurious growth of plant in
terms of biomass as well as green leaf area which resulted
into higher NDVI values of test plots and lower probabil-
ity of response (RINDVI) to further addition of fertilizer N.
Optical sensor guided N doses were low when total
amount of N applied at planting and CRI was more and
when previous fertiliser N event was too close (Singh et
al., 2011).

Highest grain yield was obtained when N was applied
in combination i.e. 25 and 50 kg/ha at sowing and 25
DAS, respectively, as fixed dose and 33 and 31 kg/ha at
second and third irrigation stage, respectively, as guided
by GS and it was at par with treatments having application
of recommended dose of N in two and three equal splits
and treatment having 125 kg N/ha as fixed rate coupled
with GS guided N application at two stages i.e. second and
third irrigation. Moreover, 11 kg N/ha was saved as com-
pared to recommended N dose (150 kg/ha) and this re-
sulted into higher N-use efficiency. Agronomic efficiency
and recovery efficiency were 8.4 to 15% and 11 to 27%
higher, respectively as compared to recommended dose N
application treatments. Similar findings on N fertilizer
saving and increased N-use efficiency were reported by
Coventry et al. (2011) from Haryana.

Total N uptake and N uptake by wheat grain and straw
increased by 9.4, 7.0 and 16.5%, respectively, with appli-
cation of recommended dose of N in 3 splits as compared
to that in 2 splits. The reason may be that more frequent
application of N resulted in increased availability of N
throughout the active growth period when it was most
needed. Dhuka et al. (1992) reported that application of N
in three splits resulted in highest grain and straw N uptake.
Generally, GS guided N application alone at third irriga-
tion combined with different fixed rate N application lev-
els, led to significantly lower N uptake by grain, straw and
total N uptake as compared to GS guided N application
both at second and third irrigation. This might be due to
increased total N availability in the two stage GS guided
N application, resulting in higher N content in grain and
straw and higher yield. Among single stage GS guided N
application treatments, higher N uptake was recorded
when N was applied at second irrigation as compared to
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third irrigation applied N. Also second irrigation ap-
plied N led to better translocation of photosynthates to
grains and finally it produced higher yield and higher
N uptake than third irrigation applied N (Table 1).
However, single stage GS guided N application at sec-
ond irrigation was significantly inferior in grain N
uptake and total N uptake and numerically inferior in
straw N uptake than two stage GS guided N applica-
tion. This indicates that third irrigation applied N is
more important regarding the grain N uptake.

Irrespective of the level of fixed rate applied N, GS
guided N application alone at second irrigation
achieved significantly higher AE

n
 (12.02, 10.35 and

7.27 % at 75, 100 and 125 kg/ha as fixed N doses, re-
spectively) than third irrigation applied N. However,
both the treatments were statistically at par in REn

(Table 1). Ortiz Monasterio and Raun (1994) also re-
ported lower REn  with delayed application of N be-
yond Feekes 5–6 stage. However, PE

n 
followed the

reverse trend in this case because comparative de-
crease in RE

n
 was higher (13.73, 12.63 and 9.40% at

75, 100 and 125 kg/ha as fixed N doses, respectively)
while decrease in AE

n 
was lower (10.7, 9.5 and 6.8%,

respectively) and REn being denominator caused in-
crease in PE

n
. Singh et al., (2011) also recorded simi-

lar results from Karnal as PEn increased by 0.3 to
14.9% when GS was applied at third irrigation instead
of second irrigation. Similarly, PEn of 3-split N appli-
cation without using GS was numerically lower than
that of 2 split N application. Kaur et al. (2010) also re-
ported 6% decrease in PE

n
 when they applied split

doses of N at sowing, first irrigation and anthesis (fo-
liar spray) as compared to split doses at sowing and
first irrigation.

Adding more N as fixed level doses at sowing and
25 DAS generally resulted into decreased REn and
AE

n
 because this caused the higher total dose of N

thereby  the yield response to N is typical following
the law of diminishing returns. Among combined N
application treatments, significantly higher REn was
achieved when GS guided N was applied at both the
stages as compared to single GS guided N application
(Table 1). Application of recommended dose of N in
3 splits resulted in significantly higher REn (14.4%)
than 2 split application. AE

n 
was also 6.1% higher in

3 split application of recommended N than 2 split ap-
plication though both the treatments were statistically
at par. Alcoz et al. (1993) reported increased apparent
recovery and agronomic efficiency in split application
over no split.

Based on the study, it is concluded that application
of 25 kg/ha N as basal + 50 kg/ha N at 25 DAS com- Ta
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bined with GreenSeeker guided N application both at sec-
ond and third irrigation stages i.e. 33 kg/ha and 31 kg/ha
recorded the highest grain yield (6.60 t/ha), 8.4 to 15%
higher agronomic efficiency and 12 to 27% higher recov-
ery efficiency than recommended dose of N application
with a saving of 11 kg N/ha.

REFFRENCES

Alcoz, M.M., Hons, F.M. and Haby, V.A. 1993. Nitrogen fertiliza-
tion timing effect on wheat production, nitrogen uptake ef-
ficiency and residual soil nitrogen. Agronomy  Journal  85:
1,198–203.

Coventry, D.R., Poswal, R.S., Yadav, A., Gupta, R.K., Gill, S.C.,
Chhokar, R.S., Kumar, V., Sharma, R.K., Kumar, A., Mehta,
A., Kleemann, S.G.L. and Cummunis, J.A. 2011. Wheat
quality and productivity as affected by varieties and sowing
time in Haryana, India. Field Crops Research 123(3): 214–
25.

Dhuka, A.K., Sadaria, S.G., Patel, J.C. and Patel, B.S. 1992. Effect
of rate and time of nitrogen application on late sown wheat
(Triticum aestivum). Indian Journal of Agronomy 37(2):
354–55.

Erenstein, O., Malik, R.K. and Singh, S. 2007. Adoption and im-
pacts of zero-tillage in the rice–wheat zone of irrigated
Haryana, India. Comprehensive assessment of water man-
agement in agriculture. Research Report. CIMMYT and
RWC, New Delhi, pp. 33–34.

Gupta, M., Bali, A.S., Kour, S., Bharat, R. and Bazaya, B.R. 2011.

Effect of tillage and nutrient management on resource con-
servation and productivity of wheat (Triticum aestivum).
Indian Journal of Agronomy 56(2): 116–20.

Kaur, A., Pannu, R.K. and Butter, G.S. 2010. Impact of nitrogen
management on the performance of wheat (Triticum
aestivum) and nitrogen use efficiency under different dates
of sowing. Indian Journal of Agronomy 55(1): 40–45.

Lindner, R.C. 1944. Rapid analytical methods for some of the more
common in organic constituents of plant tissue. Plant Physi-
ology 19(1): 76–86.

Ortiz Monasterio, J.I. and Raun, W. 1994. Reduced nitrogen and
improved farm income for irrigated spring wheat in the
Yaqui Valley, Mexico, using sensor based nitrogen manage-
ment. Journal of  Agricultural Science  145: 215–22.

Singh, B. 2008. Crop-demand driven site-specific nitrogen applica-
tion in rice (Oryza sativa) and wheat (Triticum aestivum):
Some recent advances. Indian Journal of Agronomy 53(3):
157–66.

Singh, B., Sharma, R.K., Kaur, J., Jat, M.L., Kent, L.M., Singh, Y.,
Singh, V., Chandna, P., Choudhary, O.P., Gupta, R.K.,
Thind, H.S., Singh, J., Uppal, H.S., Khurana, H.S., Kumar,
A., Uppal, R.K., Vashistha, M., Raun, W.R. and Gupta, R.
2011. Assessment of the nitrogen management strategy using
an optical sensor for irrigated wheat. Agronomy  for  Sustain-
able Development 31(3): 589–603.

Singh, S., Malik, R.K., Garg, R., Devraj, R., and Sheoran, P. 2012.
On-farm nitrogen use pattern in rice–wheat cropping system
of the trans-gangetic plains of India. Cereal Research  Com-
munications 40(1): 122–34.



<<
  /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


