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Control of Daily First Drainage Time by Imigation Management with
Drainage Level Sensor in Tomato Pedite Bag Culture

SungEun Kim', SangYoun Sim’, and YoungShik Kim""

ISangmyung University, Cheonan 330-720, Korea
2Gyeonggi-do Agricultural Research & Extension Services, Hwasung 445-300, Korea

Abstract. The first drainage time in a day was controlled for precise irrigation management with low consumption
of nutrient solution in tomato perlite bag culture system by measuring water level of drained water in drainage
catchment part. This method automatically adjusted the irrigation time under any condition of light, temperature
and humidity, resulting in stable water content in substrates. However, it was difficult to keep the time consistent
as they were set. It drained with the deviation of 20 min in the treatment in which the first drainage time
was set at 10:00 and 50 min in the treatment set at 10:30. The first drainage time was not constant, but
the drain occurred stably before noon in the treatment of which irrigation frequency was longer than 30 min.
The drainage ratio was better balanced in all the treatments using drainage level sensors than the treatment
using time clock for irrigation control. High water and fertilizer efficiencies were obtained. Although the
growth, total yield and sugar content were not significantly different between the treatments, fruit weight
was higher in the treatments using drainage level sensors than that using timer.

Additional key words: fertilizer use efficiency, irrigation control, Solanum Ilycopersicum, substrate water content,
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Table 1. Treatment code and the corresponding irrigation
frequency using level sensors for drained water.

Treatment® Irrigation frequency

T-30 30 min (all day)

T-1000 50 min (8:00-9:40), 5 min (9:41-10:00),
30 min (10:01-17:00)

T-1030 70 min (8:00-10:20), 5 min (10:21-10:30),
30 min (10:31-17:00)

*T-30 = controlled by level sensor with irrigation frequency of
30 min; T-1000 and T-1030 = 10:00 and 10:30 are the first
drainage times controlled by level sensors for drained water.
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Fig. 1. Bed weight and daily integrated solar radiation (DISR)
with irrigation method. Timer = controlled by time clock; T-30
= controlled by level sensor with irrigation frequency of 30
min; T-1000 and T-1030 = 10:00 and 10:30 are the first
drainage time controlled by level sensors for drained water.
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Fig. 2. Quantity of daily drainage (kg) with irrigation method.
Timer = controlled by time clock; T-30 = controlled by level
sensor with irrigation frequency of 30 min; T-1000 and T-1030
= 10:00 and 10:30 are the first drainage time controlled by
level sensors for drained water.
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Table 2. Time of the daily first drainage measured for 6 days.

Treatment® July 27 July 28 July 29 July 30 July 31 Aug. 1
Timer 9:27 9:14 10:01 9:26 9:09 9:27
T-30 9:26 8:04 8:42 8:04 8:05 8:06
T-1000 9:28 9:59 10:04 9:48 10:23 9:48
T-1030 9:32 10:00 9:58 10:27 9:59 11:10

“Timer = controlled by time clock; T-30 = controlled by level sensor with irrigation frequency of 30 min; T-1000 and T-1030 =
10:00 and 10:30 are the first drainage times controlled by level sensors for drained water.
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Table 3. Growth characteristic of tomato in perlite bag culture with irrigation method on August 6, 2009.

T z Plant height Leaf length Leaf width Stem diameter Number of
reatment

(cm) (cm) (cm) (mm) node
Timer 141 358 255 11.6 19.5
T-30 153 34.3 23.9 10.4 211
T-1000 158 35.8 255 10.9 20.6
T-1030 131 32.3 21.7 10.0 17.7
F-test ns ns ns ns ns

*Timer = controlled by time clock; T-30 = controlled by level sensor with irrigation frequency of 30 min; T-1000 and T-1030 =
10:00 and 10:30 are the first drainage times controlled by level sensors for drained water.
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Table 4. Growth characteristic of tomato in perlite bag culture with irrigation method on September 3, 2009.

T > Plant height Leaf length Leaf width Stem diameter Number of node Fresh weight
reatment .
(cm) (cm) (cm) (mm) (unit) (g/plant)

Timer 257 43.5 36.8 13.2 34.1 511
T-30 264 39.6 35.2 11.8 34.1 496
T-1000 272 42.2 38.0 11.7 34.8 480
T-1030 246 43.6 36.8 12.3 32.2 612
F-test ns ns ns ns ns ns

*Timer = controlled by time clock; T-30 = controlled by level sensor with irrigation frequency of 30 min; T-1000 and T-1030 =
10:00 and 10:30 are the first drainage times controlled by level sensors for drained water.

Table 5. Yield and fruit quality of tomato in perlite bag culture with irrigation method on August 6, 2009.

Treatment? Total yield  Marketable yield Average fruit weight Malformed fruit Marketable yield ratio Sugaor qontent
(g/plant) (g/plant) (g/plant) (g/plant) (%) (°Brix)

Timer 1624 1613 133 10.8 99.3 4.9

T-30 1796 1796 149 0 100 4.9

T-1000 1375 1324 154 51.8 96.1 5.0

T-1030 1378 1330 160 48.0 96.4 4.8

F-test ns ns ns ns ns ns

*Timer = controlled by time clock; T-30 = controlled by level sensor with irrigation frequency of 30 min; T-1000 and T-1030 =
10:00 and 10:30 are the first drainage timescontrolled by level sensors for drained water.

Table 6. Water use efficiency (WUE) and fertilized use efficiency (FUE) with irrigation method.

Treatment? Water Fertilizer Marketable yield WUE FUE
(L/plant) (g/plant) (kg/plant) (L/kg) (9/kg)
Timer 138.2 79.3 1.6 89.8 a’ 515 a
T-30 77.6 445 1.8 441 d 253 ¢
T-1000 68.2 39.1 1.3 524 ¢ 30.0 bc
T-1030 81.8 46.9 1.3 67.0 b 384 b
F-test ns ns ns * *

“Timer = controlled by time clock; T-30 = controlled by level sensor with irrigation frequency of 30 min; T-1000 and T-1030 =
10:00 and 10:30 are the first drainage timescontrolled by level sensors for drained water.
YMean separation within columns by Duncan’s multiple range test at P=0.05.

B4 ZHEo] R A FrsS EAT|L uj S
a9l B4 YL AASHATKTable 4, 5).
FoiAele] A& weksly] g8 AW F AL E
FolEFe 2AVsto] WUES} FUES AlAkeH A3, 1kgo] 7}
Mg Seghetit)] v AT Aol oAt 44.1-67.0L9] B}
3-38.4g0 H|EE Efo] ] A o] 2| e] A
L 89.8L9] B3} 51.5¢0] MBS 4|3 Aoz bt
=, gtoln] Ao] He] oAl ujN AT Aol v of A e}
WUE®} FUEZ} ©F 49% A= o} 1kgo] AL 4286l
o B3 v2E 1 v wo] st Aoz By E U
(Table 6). HjH A= o] A2j7ke] Zolo At T-30 42
ol A WUES} FUEZL 714 AA| ol itk o] 23t At
Bhattarai $(2006)0] EFA 3 ol|A 213 WUE 78(L-kg),

N

BN

Martin®} Thorstenson(1988)0] EFA oA Hi13t WUE
69(L-kg") Erte ARl # o]t WUES} FUE: EoF
e et A A 7o = Z}o] 7} 9l © 1 (Rouphael et al.,
2005), WUEQ} FUEE ‘zo]= W o 2= 31732 (Zabri
2} Burrage, 1998), AjHl®H(Abou-Hadid 5, 1993), Hlj oyl
2](Warren®} Bilderback, 2004) 5 12| 7}x]7} =4, o]
AdollA gHHe e FaAS QT o Ak A Hy
HAZE 24 ARt Apol= AA] qhth

w27 AEiA] HHES HE 20-30%E JA|sHs Ao
A4HA Q1O (Roh, 1997; Schoni} Compton, 1997), % Al
T A AT AofHE 283 AP FolAE 10-22%= F
A= At & 03%101]*1«1 i HE-2 AYFoluf ol 4
= A UL, EfolmAo] AET} HjoEo] AojA

<F

Kor. J. Hort, Sci, Technol, 28(3), June 2010



WUES FUES W3o] iz o2 JAdS =9
ALY O RA HjAHT Ao o %
3 2hze] BEA7IER Hstele *‘:‘E?Loﬂ =
Rheshd, mdee vz @ o}
WUES} FUES 249 23} ¢ 7§ RS NI=
2 Ads 39 &elst
L EnlE AT AL
2A 4T A HjAAL
T FE FE, %E, %E, Aae] guAA e
S R adlS] dist SehAQl gl diwt
o] P jofof ikl ARk EJE A ol A] wje
FIh A AL iAo TG S22 AXGHE BHs
3% AV HER o] Folo EH?'& Hop A= gla
s

<

ik X
2 30
=z 2

N
)
|o

H

o
rlr_lzmzxe_ﬂimlorsﬂ}m

- ok
)

=
Ir
rlu
2,
o
o
=
R
D)
'1"
2 N

g
H&‘
a2}
O
E
E’ 1t
trt
=)
tt
3’4? -

=

i)
o2

z £
AT AojHE o] 83 Bute Heto|E AF A uljo]
A 4F A WA ZE AT RN JHRLHE BEG}
I g dadstr] el AE A v = Ao 2
oot AU ZAHAAY, 2%, FEANE A& 2] 870
seAoR FHgert Wet wixo FA} PR
A=A 2HEe] S EAAT Bxet A vy A4S AT

dF A WAL 10412 A
oA 2fol A H3 204, 104130202 Alojgt o
gof A A S0 AEo] Ap9IS Vel % 3
WA 7} TejalA] o 308 ool WL WHEE R
ol = A 016]- ‘{;—q ]A—}L—_ 017~ ;‘q uHon/\]ﬂg o1z+5};q oF

ol o7 = x-]HHoH H]—Aﬂo] E7-” L}E}H-
PE elolot ol 3] Hotgo vl
A

1, fRo|§ERI vRol SR L B

n

H| ROl SR g, PAlol, ErbE, jx] 45

Abou-Hadid, A.F., M.Z. El-Shinawy, A.S. El-Beltagy, and S.W.

Kor. J. Hort, Sci, Technol, 28(3), June 2010

Burrage. 1993. Relation between water use efficiency of sweet
pepper grown under nutrient film technique and rockwool
under protected cultivation. Acta Hort. 323:89-96.

Albaho, M.S. and J.L. Green. 2004. Comparative study on the
effect of two greenhouse production system on selected tomato
cultivars. Acta Hort. 648:91-97.

An, C.G., Y.H. Hwang, H.S. Yoon, H.J. Hwang, G.M. Shon,
G.W. Song and B.R. Jeong. 2005. Effect of drain ratio during
fruiting period on growth and yield of sweet pepper in
rockwool culture. Kor. J. Hort. Sci. Technol. 23:256-260.

An, C.G., Y.H. Hwang, H.S. Yoon, H.J. Hwang, C.W. Rho and
B.R. Jeong. 2005. Effect of first irrigation time after sunrise
on fruit quality and yield of sweet pepper in rockwool culture.
Kor. J. Hort. Sci. Technol. 23:146-152.

Bhattarai, S. P., L. Pendergast and D.J. Midmore. 2006. Root
aeration improves yield and water use efficiency of tomato
in heavy clay and saline soils. Sci. Hort. 108:278-288.

Kang, N.J., M.W. Cho, J.K. Kweon, H.C. Rhee and Y.H. Choi.
2006. Effects of deficit irrigation on the total soluble solids
and fruit yields of fresh tomato. J. Bio-Environ. Cont.
15:335-339.

Kim, Y.S. 2003. Possibility of water management in hydroponics
by electrical signal. Industrial Science Researches of Sang-
myung University 14:1-10.

Martin, B. and Y.R. Thorstenson. 1988. Stable carbon isotope
composition (13C), water use efficiency, and biomass pro-
ductivity of Lycopersicon esculentum, Lycopersicon pennellii,
and the F1 Hybrid. Plant Physio. 88:213-217.

Matsuno, A. 1990. The guide book of rockwool culture-Retarding
culture of tomato plant. pp. 33-41. The national agricultural
cooperative union, Tokyo.

Roh, M.Y. 1997. Development of irrigation control system based
on integrated solar radiation and nutrient solution suitable for
closed system in substrate culture of cucumber. PhD. Diss.,
Univ. of Seoul, Seoul, Korea.

Rouphael, Y., G. Colla, M. Cardarelli, S. Fanasca, A. Salerno,
C.M. Rivera, A. Rea, and F. Karam. 2005. Water use efficiency
of greenhouse summer squash in relation to the method of
culture: Soil VS. soilless. Acta Hort. 697:81-86.

Schon, M.K. and M.K. Compton. 1997. Comparison of cucumbers
grown in rockwool or perlite at two leaching fractions.
Hort-Technology 7:30-33.

Sim, S.Y., S.Y. Lee, S.W. Lee, M.W. Seo, J.W. Lim, S.J. Kim
and Kim, Y.S. 2006. Characteristics of root media moisture
in various irrigation control methods for tomato perlite bag
culture. J. Bio-Environ. Cont. 15:225-230.

Warren, S.L. and T.E. Bilderback. 2004. Irrigation timing: Effect
on plant growth, photosynthesis, water-use efficiency and
substrate temperature. Acta Hort. 644:29-37.

Zabri, AW. and S.W. Burrage. 1998. The effects of vapour
pressure deficit (VPD) and enrichment with CO, on photo-
synthesis, stomatal conductance, transpiration rate and water
use efficiency (WUE) of sweet pepper (CapsicumannuumL.)
grown by NFT. Acta Hort. 458:351-356.




<<
  /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


