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Fertigation refers to application of fertilizers along
with irrigation water in the vicinity of plants. In fertigation,
fertilizers are injected with the help of injection devices
such as fertilizer tank, fertigation pump and venturi and
applied to the field through drip irrigation along with
irrigation water. The fertilizer distribution uniformity and
its availability to plant depends upon the selection and
application of fertilizers, uniformity of water application
and the flow characteristics of the drippers. In depth
understanding of water and nutrients application rate and
soil properties that affect the soil wetting zone developed
around the crop root zone is important consideration for
proper designing and management of drip irrigation system.
Moisture and nutrients distribution pattern under a drip
source is one of the basic requirements for efficient design
of drip irrigation. Proper understanding of dripper type and
injection devices used for fertigation in micro-irrigation
systems is essential to improve nutrient distribution
uniformity in a drip system (Kumar et al. 2014). The extent
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ABSTRACT

Fertigation is an advanced and efficient method of application of nutrients with irrigation water to the crop. Water
and nutrient distribution in soil is one of the most important parameters to design efficient fertigation system. A field
research was conducted to investigate the effect of dripper discharge at different system operating pressures on
spatio-temporal soil moisture movement. The value of moisture contents varied significantly (P<0.05) under different
operating pressures (0.5, 1.0 and 1.5 kg/cm2) and at different locations below and away from the dripper. Highest
values of soil moisture contents were observed below the drippers which decreased as the distance increased in both
horizontal and vertical directions from the dripper. The values of moisture content in soil decreased as distance
increase in both directions (horizontal and vertical) from the dripper. 9.4% and 14.3% higher values of soil moisture
just below the dripper were observed with dripper discharges of 1.41 and 1.71 l/hr at 1.0 and 1.5 kg/cm2 system
operating pressures as compared to 0.94 l/hr dripper discharge at 0.5 kg/cm2 system operating pressure. Wetting front
extended up to 15, 20 and 26 cm horizontally and 30, 30 and 24 cm and extended vertically up to 0.94, 1.41 and 1.71
l/h dripper discharge at 0.5, 1.0 and 1.5 kg/cm2 system operating pressure, respectively after 1 day of irrigation.
Higher values of NO3-N concentration in all soil depths were recorded at 1.5 kg/cm2 operating pressure however
lower values of NO3-N concentration were recorded at 0.5 kg/cm2 operating pressure 1 day after fertigation.

Key words: Drip irrigation, Dripper discharge, NO3-N concentration, Soil water distribution, System
operating pressure, Wetting front

of soil wetted volume in drip irrigation system determines
the optimal amount of water needed to wet the effective root
zone. The amount of water and nutrients stored in the crop
root zone can be estimated by the volume of wetted soil.
Design parameters, such as percent of root zone to be
wetted, spacing and location of drippers, application rates,
frequency and amount of irrigation, etc. are governed by the
moisture distribution patterns in the soil profile in drip
irrigation which need to be thoroughly investigated. The
depth of the wetted volume should coincide with the depth
of the root system while its width is related to the spacing
between drippers and drip laterals (Zur 1996). Water and
nutrients movement in soil under drip irrigation is influenced
by the type of soil and rate of water and nutrients application
(Thabet et al. 2008). The exact wetted volume of the soil
needs to be determined for providing the adequate amount
of water and nutrients required by the crop (Al-Qinna et al.
2001, Kumar 2012). Wetting patterns and nitrogen
distributions under fertigation from a surface point source
are affected by several irrigation variables. Li et al. (2003)
investigated the influences of emitter discharge rate, input
nutrient concentration, and applied volume on water
movement and nitrogen distribution and found that nitrate
(NO3

") accumulated toward the boundary of the wetted
volume for any combination of discharge rate. It is clear
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from this the nitrate is susceptible to movement out of the
root zone by mismanagement of fertigation, thus leading to
nitrate contamination of surface and ground water sources
and soil.

It is clear from the above reviewed literature that
information about water and nutrient movement in soil is
the basic needs for better fertigation system design. Keeping
this in view, the present investigation was carried out in
2010-2011 to study the water and nitrogen movement in soil
under different drip discharges at different system operating
pressures.

MATERIALS AND METHODS
A field experiment was conducted at the research farm

of Water Technology Centre, Indian Agricultural Research
Institute (IARI), New Delhi, India (Latitude 280372 303 –
280302 03  N, Longitude 770882 453 –770812 243  E and
AMSL 228.61 m). The soil samples were collected at 0.0-
15.0, 15.0-30.0, 30.0-45.0, 45.0-60.0 cm soil depths below
the soil surface. Soil of the experimental area was deep
loam soil and comprising of 37.57% sand, 40.67% silt and
21.59% clay with an average bulk density, average field
capacity and average saturated hydraulic conductivity of
soil were 1.60 g/cm3, 0.22 and 1.67 cm/h, respectively.

The drip irrigation system was installed in a field plot
of 21 m × 100 m. The  drip system has one hydro cyclone
filter (flow rate 27 m3/h, 75 mm size), one sand media filter
(flow rate 25 m3/h, 50 mm size, silica sand 0.7 mm) with
back ûush mechanism. The field was divided into three
equal size sub-plots. Each sub-plot has 3 drip lines connected
through a valve tree. Drip lines were connected with sub-
mains (PVC pipes of 40 mm diameter) and sub-mains lines
were connected with main lines (PVC pipes of 60 mm
diameter). Flush manifolds were connected at the lower end
of each block.

Field experiment was designed to determine the water
and nitrogen movement in soil with various dripper
discharges under different system operating pressures. The
thin-walled drip line (Azud line, 16 mm diameter with 30
cm dripper spacing and dripper discharge 1.4 l/h) was used
for the experiment. The drip irrigation system was operated
at three operating pressures (0.5 kg/cm2, 1.0 kg/cm2 and 1.5
kg/cm2). The discharge rates of the dripper at different
system operating pressure were determined by collecting
the volume of water in the catch cans for a particular
duration. A relationship was developed between discharge
and pressure of the selected drippers.

Water and nitrogen movement in the soil were observed
on all system operating pressures. The drip irrigation system
was operated continuously for one hour duration at all the
system pressures (0.5, 1.0 and 1.5 kg/cm2) without crop.
The soil samples were collected through the pipe auger to
observe water movement in the soil. The soil samples were
collected in both horizontal (0, 15, 30 cm) and vertical (0-
15, 15-30, 30-45 and 45-60 cm) direction across the dripper,
1.0 hour, 1 day, 3 day and 7 days after the operation of the
system.

The wetting front was recognized by the colour
difference of the wetted and surrounding soils. The horizontal
and vertical wetting distances on the wetted face were
recorded by ordinary meter scale. Soil moisture content was
estimated by gravimetric method.

Urea fertilizer was used and fertilizer solution was
prepared by dissolving the urea in the irrigation water based
on the solubility of urea fertilizer. The fertilizer solution
was injected through venturi injector. A bucket containing
fertilizer solution was placed near the venturi injector and
suction tube of venturi was placed in the bucket to allow
suction of fertilizer solution from the bucket. The soil samples
were collected at 7.5 cm (0.0–15.0 cm), 22.5 cm (15.0–30.0
cm), 37.5 cm (30.0–45.0 cm), 52.5 cm (45.0-60.0 cm) soil
depths below the dripper and 15 and 30 cm away from the
dripper, respectively. The soil samples were also collected
at 1 day, 3 days and 7 days after fertigation.

The collected soil samples were stored in the deep
refrigerator. The fresh samples were analyzed for nitrate-
nitrogen. The nitrate-nitrogen was estimated with the help
of Gerhardt nitrogen distillation unit (Vapodest VAP-20) by
the method of Rao and Reddy (2009).

RESULTS AND DISCUSSION
Discharge versus pressure relation

A relationship was developed between discharge and
pressure of the selected drippers. Fig 1 shows the discharge
and pressure relationship of the selected emitters. The data
collected during the experiment fitted to a conventional
power function that takes the form of equation 1.

q = kPx (1)

where, q, emitter discharge (l/h); P, system operating pressure
(kg/cm2); x , emitter discharge exponent; and k , a regression
coefficient.

The values of k and x are 1.2178 and 0.1818,
respectively. By substituting these values, equation 1 can be
written as:

q = 1.2178 P0.1818 (2)

The above power function regression for the tested
emitter had exponent values of 0.1818 with R2=0.8981. The
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Fig 1 Emitter discharge and system operating pressure relationship
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measured discharges at the nominal pressure (1 kg/cm2) for
the tested emitter were almost same to the reported
manufacturer values. Manufacturer’s emitter discharge
at different system operating pressures is summarized in
Table 1.

Spatio-temporal distribution of soil moisture
The soil samples were collected at 0, 15 and 30 cm

away from the dripper and different depths (15 cm interval,
up to 60 cm) below the dripper under different system
operating pressures after 1 h, 1, 3 and 7 days of irrigation
for spatio-temporal soil moisture distribution. The soil
wetting pattern was characterized by the radial distance of
the wetting front and the depth from the emitting source.

Spatial distribution of soil moisture
The spatial soil moisture distribution after 1 hr duration

under different system operating pressures were measured.
The spatial distribution of soil moisture was significantly
(P<0.05) different at different locations in horizontal and
vertical directions from the dripper 1 h after the irrigation.
However, it was not significantly (P<0.05) different at
different locations 3 and 7 days after irrigation. The highest
value of soil moisture content was observed below the
dripper (a saturated condition) which decreased as the
distance increased from the dripper. Maximum (25.4%)
value of moisture content was observed near the dripper
with 1.71 l/h dripper discharge at operating pressure of 1.5
kg/cm2 while minimum value (20.9%) of soil moisture
content was observed below the dripper with 0.94 l/h dripper
discharge at system operating pressure of 0.5 kg/cm2. The
wetting fronts resulting from higher system operating
pressures (higher discharge rate of drippers) were more in
the horizontal direction, i.e. the lateral movement of water
was comparatively higher than that of low operating
pressures. The wetting front extended up to 15 cm vertically
at 0.5 kg/cm2 system operating pressure however at 1.5 kg/
cm2 system operating pressure it reached up to 20 cm
horizontally after one hour. It was observed that the moisture
continent below the dripper at system operating pressure of
1.0 kg/cm2 and 1.5 kg/cm2 were 9.4% and 14.3% higher
respectively as compared to 0.5 kg/cm2 system operating
pressure.

Temporal distribution of soil moisture
The temporal distribution of soil moisture below 15

and 30 cm away from the dripper after 1, 3 and 7 days at
different locations away from the dripper under different
system operating pressures are presented in Fig 2.

It is clear from Fig 2, that highest value of moisture
content was observed below the drippers after 1 hour at all

operating pressures. Soil moisture moved in the soil 1 day
after irrigation and higher values of soil moisture contents
were observed at 15-30 cm soil depth. The higher values of
soil moisture were present at upper soil layer (15-30 cm soil
depth) at higher dripper discharges even after 3 days after
irrigation. However, almost similar values of soil moisture
were recorded in all the soil layers 7 days after irrigation.

The wetting front extended up to 15 cm horizontally
and 30 cm vertically with 0.94 l/h dripper discharge at 0.5
kg/cm2 system operating pressure whereas, it extended up
to about 20 cm horizontally and about 30 cm vertically at
with 1.41 l/h dripper discharge at 1.0 kg/cm2 operating
pressure after 1 day of irrigation. However, it reached to
about 24 cm vertically and 26 cm horizontally with 1.71 l/
h dripper discharge at 1.5 kg/cm2 operating pressure after 1
day of irrigation. Similar trends of wetted fronts were
reflected from the observations taken after 3 days of
irrigation.

At higher discharge rates, horizontal distances of water
front were relatively larger as compared to vertical distances
which may be attributed to less resistance to water flow in
horizontal direction as compared to the vertical and negligible
gravity forces for horizontal flow of water. Similar results
were reported in other studies of Ah Koon et al. (1990), Li
et al. (2004) and Badr and Taalab (2007). Ah Koon et al.
(1990) and Badr and Taalab (2007) investigated the effect
of drip discharge rate on the soil water distribution in soil
and reported that increasing in the discharge rate of dripper
resulted in an increased lateral movement of water and a
decrease in wetted soil depth.

Spatio-temporal distribution of NO3-N in soil
NO3-N distribution throughout the soil profile varied in

both horizontal and vertical directions. The soil samples
were collected 7.5 (0-15 cm), 22.5 (15-30 cm), 37.5 (30-45
cm) and 52.5 (45-60 cm) cm soil depths below at 0, 15 and
30 cm away from the dripper to study the movement and
distribution of nutrients in soil profile. The samples were
collected 1 day, 3 days and 7 days after the fertigation event.
Spatio-temporal distribution of nutrients in soil is presented
in Fig 3.

Spatial and temporal movement of NO3-N
Depth wise distribution of NO3-N concentration in the

soil profile varied significantly under different system
operating pressures (Fig 3). Higher values of NO3-N
concentration in all soil depths i.e. 7.5, 22.5, 37.5 and 52.7
cm were recorded as 107.0, 87.7, 22.3 and 19.6 mg/kg,
respectively at 1.5 kg/cm2 operating pressure however lower
values of NO3-N concentration (80.7, 51.8, 22.1 and 19.4
mg/kg, respectively) were recorded at 0.5 kg/cm2 operating
pressure 1 day after fertigation.

The highly mobile nitrate ion moves with the soil water
and tends to accumulate at the border of the wetted soil
volume. NO3-N movement and distribution in soil was
measured under all the operating pressures 1, 3 and 7 days
after fertigation event and is presented in Fig 3.

Table 1 Manufactures discharge rate at different operating
pressures

Operating pressure, bar 0.25 0.50 0.75 1.00 1.25 1.50
Discharge (l/h) 0.6 0.9 1.2 1.4 1.6 1.7
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As the water front extends in both horizontal and vertical
directions after 3 days of fertigation, NO3-N concentration
also increased away from the dripper and below the dripper.
It was observed that NO3-N reached up to about 23, 26, 28
cm horizontally at operating pressure of 0.5, 1.0 and 1.5
kg.cm-2 respectively whereas the vertical movement was
same (about 34 cm) at all above operating pressures. A
perusal of the Fig 3 reveals that similar pattern of NO3-N
distribution were reflected from the observations taken after
7 days of fertigation.

The effect of dripper discharge at different system
operating pressures on spatio-temporal water and nutrient
movement was investigated and found that higher values of
moisture content were present just below the dripper.
However, it decreased as distance increase in both directions
(horizontal and vertical) from the dripper. The value of
moisture contents varied significantly (P<0.05) under
different operating pressures (0.5, 1.0 and 1.5 kg/cm2) and
at different locations below and away from the dripper.
NO3-N, concentration significantly (P<0.05) varied at
different locations below and away from the drip at 0.5 and
1.0 kg/cm2 operating pressures, however, it did not vary
significantly at 1.5 kg/cm2 operating pressure.
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Fig 3  NO3-N distribution 7 days after irrigation at 0.5, 1.0 and 1.5 kg/cm2 system operating pressures

10

15

20

25

30

35

40

45

50

30 25 20 15 10 5

50
70
65
60
55
50
45
40
35

30

40

30

0

Spacing, cm

D
ep

th
, c

m

10

15

20

25

30

35

40

45

50

30 25 20 15 10 5 0

Spacing, cm

D
ep

th
, c

m

Spacing, cm

10

15

20

25

30

35

40

45

50

30 25 20 15 10 5 0

D
ep

th
, c

m

60

50

55
50
45
40

35

3025

45

0.5 kg/cm2 1.0 kg/cm2 1.5 kg/cm2

Emitter



<<
  /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


