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Abstract. This research was performed to determine the appropriate daily last irrigation time to enhance
the plant growth and the water and fertilizer use efficiencies in coir bag culture for tomato plant. The time to
finish the daily irrigation was set by 1, 2, 3 and 4 hours before the sunset. The water content in the substrate
was greatly affected by the last irrigation time. The earlier the last time, the greater the daily fluctuation of
water contents in the substrate. The daily irrigation times were not affected by using irrigation management
system controlled by drainage electrodes or the physiochemical properties of coir. The growth characteris-
tics were not significantly different among the treatments. The highest marketable yields were obtained in
the treatment finishing two hours before sunset, and the lowest yields were obtained in the the trestment fin-
ishing 4 hours before sunset. Based on the result from surveying quantity of irrigated water for 128 days of
the experiment period, the water and fertilizer use efficiencies were lowest in the treatment finishing 4 hours
before sunset, and the highest in the treatment finishing 2 hours before sunset. In terms of plant growth,
yields, water and fertilizer use efficiencies, 2 hours before sunset treatment was determined as the most eco-
nomical and desirable irrigation schedule.

Key words: hydroponics, irrigation management, irrigation schedule, nutrient solution, Solanum lycoper-
sicum
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Fig. 1. Method to measure the stem diameter at the upper-
most flowering truss. The upper arrow and the lower
arrow show the place of growing tip and the uppermost
flowering truss.
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Fig. 2. Coir bag weight and daily integrated solar radiation
according to treatments by the last irrigation time. SS-1,
Irrigation was ended 1 hour before sunset; SS-2, Irriga
tion was ended 2 hours before sunset; SS-3, Irrigation was
ended 3 hours before sunset; SS-4, Irrigation was ended
4 hours before sunset; DISR, daily integrated solar radia-
tion.
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Fig. 3. Drainage ratio (%) in various irrigation manage-
ment methods. SS-1, Irrigation was ended 1 hour before
sunset; SS-2, Irrigation was ended 2 hours before sunset;
SS-3, Irrigation was ended 3 hours before sunset; SS-4,
Irrigation was ended 4 hours before sunset.
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Fig. 4. Plant Development Index from Oct. 6, 2010 to Nov.
10, 2010. Agterisks show the start day for the measure-
ment. SS-1, Irrigation was ended 1 hour before sunset;
SS-2, Irrigation was ended 2 hours before sunset; SS-3,
Irrigation was ended 3 hours before sunset; SS-4, Irriga
tion was ended 4 hours before sunset.
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Table 1. Growth characteristics of tomato cultivated in coir bag with various daily last irrigation time treatments (January 15,

2011).
Treatment? Plant height Leaf length Leaf width Stem diameter Number of Fresh weight
(cm) (cm) (cm) (mm) node (o/plant)
SS1 256" 434 47.2 111 328 724
SS-2 235 440 427 12.3 311 679
SS-3 259 451 46.1 12.3 314 748
SS4 254 444 47.8 119 320 758

?SS-1, Irrigation was ended 1 hour before sunset; SS-2, Irrigation was ended 2 hours before sunset; SS-3, Irrigation was ended
3 hours before sunset; SS-4, Irrigation was ended 4 hours before sunset.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

Aol ke AREoloh, A= (A7)t A G NskIA)
S =2 Yehd AEASA % (Sradiote} Battistel,
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Table 2. Yield and fruit quality of tomato cultivated in coir bag with various daily last irrigation time treatments (January 15,

2011).
Treatment? Total yied Marketable yield Small fruit<100g Malformed fruit Marketableyield
(kg/plant) (kg/plant) (o/plant) (g/plant) ratio (%)
SS1 3.16a" 2.99 89.8a 62.7b 94.9
SS2 3.11b 3.03a 36.9b 45.8c 974
SS3 3.02c 291c 36.8b 73.5a 9.4
SS4 2.8od 2.83d 39.2b 23.4d 97.9

“SS-1, Irrigation was ended 1 hour before sunset; SS-2, Irrigation was ended 2 hours before sunset; SS-3, Irrigation was ended
3 hours before sunset; SS-4, Irrigation was ended 4h ours before sunset.
YMean separation within columns by Duncan's multiple range test at P = 0.05.
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Table 3. Water use efficiency (WUE) and fertilized use efficiency (FUE) with irrigation methods.

Treatment*  Water (L/plant) Fertilizer (g/plant) Marketable yidd (kg/plant) WUE (L/kg) FUE (g/kg)
SS1 66.4 38.1 2.99 2.2 12.7b
SS2 65.4 375 3.03a 21.6¢c 12.4c
SS3 64.2 36.9 2.91c 22.1b 12.7b
SS4 65.2 374 2.83d 23.0a 13.2a

#SS-1, Irrigation was ended 1 hour before sunset; SS-2, Irrigation was ended 2 hours before sunset; SS-3, Irrigation was ended
3 hours before sunset; SS-4, Irrigation was ended 4 hours before sunset.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

Ao Se8lo] FHoj WUEZF Uit Rlo = 1}
ERtth. W A3l FUE v swel 24S
AMESlo B R ] AR & AME RIS H(FUE)®
WUES] Ao} 29)t}, B AollA ZAE WUES
FUEE Bhattarai 5(2006)°] ESA o)A Ragh
WUE 78(L/kg), Martin and Thorstenson(1988)°] &
FAF oA Bdk WUE 69(L/kg) Brke vl 77
Holow, HlolE HiAZ AL Giuffrida 5
(2007)9} Sim 5(2009)2] AHA7} Hupx Ao
kT

APAT} AEAASAAE ARt Zolrt (AL,
gk, WUE, FUES SS2 AZjollM 7F8 it o
E W7 Aol FAE SHske AL BiXE 53l
sle] 100g mlwHEe} 7137 o] f1Rle] Hw,
B M7 Aol FHE TR A ZEe A4S
FEepol] RAA JFS o WUESH FUEZE Yl
A Heug ugEeix] ke Aow Algdt). weby
EnlE F0o]o] AFAA] FHuike dE 227 A
o k= Ao| & o= AlmH). =g HEFASE
AlRe 2= ARAele] A9E wkdshe o] =53
Ao ATtE e, o]2 Besl] 8l A7zt
AEAAFARE T AR BlaL B8k Alo] F
Wrgolelal Als ). shusha HEASZAIME
Ag7te] TAA ool gtk Fakdoly A&
AGAE ZAPIAME AR Zol7t e AL E Y}
W) wfiolct, webA 2Ee] S-S dle 71E
o] AEzAl} AEAEAE (Fig. 45 TA 223514
Hrkle Aol A9 Ads =Y 4 Ig o=
AlEEL 2y B At dals HelolE AlFu)x|e)
Zol(Sm &, 2009) HIATE HiA|SFHIA 3cm ¢
o] 73] wjR|ElRell Y] A vl 2l
= 759 A7, vixe] TR 2Ee] 54 wet

i

rlo

5718 FRE S8 wiATE O ool NPT He-
ol A FduiA|zie] det A 4 Atk 4F F
BRI oljellXe wjd ofefe] Fo] o] FA
Hjz] RS Y]ofsiAE ko (Marfa 5, 1993),
AZ FH3Fole FES vHth(Fig. 2). =3+ A
o} FoliAlo] Alz'lol] we} mi A 23t 540
207 & JormE o5 IHslol & Zlo|tt
Folo] iz} 79 Bado] F7] wiiel] HEje|E
el A9} 22 vjR|e] shgtel] vjdE AAdE] B
713E MMAATIE o] ¥ & o= Alsdh

b5 o
e | L

Fo)o] AFAWIA] AT FAIA RS GEjgo R
A HA LS FAIEAE 8ol 8 aE(WUE)S
H|S0l 888 (FUB)E =ol7] $13ll AFS AAIEIAt
FAnpA el whel Q& 1A7F ARE 4x7F A7A]
AHAZ o] X3t A=, s B9t uiA] Wl &=
ek vigA|Zke] Jaks IA s o g YRt
<], FduiAZto] WESE dY TR WskE
o] FAct. 1y dLFA3lF= FAvRIAIZNe] 3k
o] A2 k=d] o= FHA AlZ~HoZ wjdHS
AoiS ARSSE A Fojo] iR o]slEtE 54
o2 ALt HE ASS FAA FeRksE B
oA eIt AEH RS UE 227 HeolA 7}
2 Bk, Az A XEellA 7 A Frizt
A1zt Al 1289 Bt FAFE ARG Ay,
WUES} FUES dEvizt 4217 7 Xeloll 718 v
KAz, 227 A AelA 7P =0Tt AEAS, 7
ZF 9 WUE®} FUE 59 WX 4 »IzE A A
g} 42 A AEe AAHR] HellA vlREkA] oF
U, 207 el FAS vizkshe 3ol 7R A

—17-



| = e} = o 1
o] £ Aog AEET.
FAS) : golwa, FAQH, ke, A,

Solanum lycopersicum

At

FYPIAER F71E7MA] A

Q1) 2jgo] o3 ool

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

2. Araki, Y. 1994. Relationship between plant water sta-
tus and water movement in tomato. J. Japan. Soc.
Hort. Sci. 62:121-128.

3. Araki, Y. 1994. Growth of greenhouse-grown tomato
irrigated on the basis of plant or soil moisture status. J.
Japan. Soc. Hort. Sci. 63:91-97.

4, Bhattarai, SP, L. Pendergast, and D.J. Midmore.
2006. Root aeration improves yield and water use effi-
ciency of tomato in heavy clay and saline soils. Scien-
tia Horticulturae 108:278-288.

5. Bonachela, S, J. Quesadaa, R.A. Acufia, JJ. Magan,
and O. Marfa. 2010. Oxyfertigation of a greenhouse
tomato crop grown on rockwool slabs and irrigated
with treated wastewater: Oxygen content dynamics
and crop response. Agricultura Water Management
97:433-438.

6. Cho, I.H., EH. Lee, T.Y. Kim, Y.H. Woo, and Y.S.
Kwon. 1998. Effects of high humidity on occurrence
of tomato blossom-end rot. J. Kor. Soc. Hort. Sci.
39:247-249.

7. Choi, Y.H., H.C. Rhee, GB. Kweon, JH. Lee, D.K.
Park, and JK. Kwon. 1999. Effects of soil moisture,
night temperature, humidity and harvesting interval on
cracking fruit of cherry tomato. J. Kor. Soc. Hort. Sci.
40:169-173.

8. Giuffrida, F., C. Leonardi, and O. Marfa. 2007. Sub-
strate reuse in tomato soilless cultivation. Acta Hort.
801:1577-1582.

9. Irungu, A.PM., PK. Chege, D.T. Moabi, and T.
Yamashita. 2007. Effect of coconut coir media on bit-
ter gourdn (Momordica charantia L.) growth and yield

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

-18-

in an energy-saving hydroponic system. Journa of
Tropical Agriculture 51:177-182.

Kang, N.J. and Y.H. Choi. 2009. Influence of irriga-
tion levels on plant growth and fruit quality in Lyco-
persicon esculentum Mill. Kor. J. Hort. Sci. Technol.
27:93-101.

Kang, N.J., M.W. Cho, JK. Kweon, H.C. Rhee, and
Y.H. Choi. 2006. Effects of deficit irrigation by differ-
ent soil moisture-based water potentia on total solu-
ble sol-ids and fruit yields in fresh tomato. J. Bio-Env.
Con. 15:335-339.

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

Kim, SEE., SY. Sim, and Y.S. Kim. 2011. Appropriate
each irrigation quantity in irrigation system controlled
by drainage level sensor for perlite bag culture of
tomato. Kor. J. Hort. Sci. Technol. 29:36-42.

Koyama, S., H. Urayama, K. M. P. D. Karunaratne,
and T. Yamashita. 2009. Effects of coir application on
soil properties and cucumber production as a reuse
model of organic medium used in soilless culture. J.
Tropical Agriculture and Development 53: 7-13.
Marfa, O., A. Martinez, R. Orozco, L. Serrano, and
F.X. Martinez. 1993. The use of fine-grade perlites in
lettuce bag cultures. 11. Physica properties, rheologic
effects and productivity. Acta Hort. 342:339-348.
Martin, B. and Y.R. Thorstenson. 1988. Stable carbon
isotope composition (13C), water use efficiency, and
biomass productivity of Lycopersicon esculentum,
Lycopersicon pennellii, and the F1 hybrid. Plant Phys-
iology 88:213-217.

Ohkawa, H. and G. Hayashi. 1996. Production of high
soluble solids tomato by hydroponics used for capil-
lary mat and root restriction sheet. J. Japan. Soc. Hort.
Sic. 65:366-367 (Abstr.).

Park, SK., Y.H. Lee, Y.B. Lee, K.M. Yu, D.H. Lee,
and S.Y. Choi. 2003. Effects of irrigation amount on
growth and yield in cucumber fertigation. Kor. J. Hort.
Sci. Technol. 21(suppl. I1):51.

Rhee, H.C., M.W. Cho, Y.C. Um, JM. Park, and JH.
Lee. 2008. Control of irrigation amount for produc-
tion of high quality fruit in melon fertigation cultiva
tion. J. Bio-Env. Con. 17:288-292.

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

Rouphad, Y., G Colla, M. Cardarelli, S. Fanasca, A.
Sderno, 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.



22.

23.

24.

25.

26.

EntE Folo] AEAuA] HA

Rubio, JS., F. Rubioa, V. Martinez, and F. Garcia
Sanchez. 2010. Amelioration of salt stress by irriga
tion management in pepper plants grown in coconut
coir dust. Agricultural Water Management 97:1695-
1702.

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

Sezen, SM., G Cedlikel, A. Yazar, S. Tekin, and B.
Kapur. 2010. Effect of irrigation management on yield
and quality of tomatoes grown in different soilless
media in a glasshouse. Scientific Research and Essay
5:41-48.

Sim, S.Y and Y.S. Kim. 2009. Improvement of water
and fertilizer use efficiency by daily last irrigation time
for tomato perlite bag culture. J. Bio-Env. Con. 18:
408-412.

Stradiot, P. and Battistel, P. 2003. Improved plant man-
agement with localised crop heating and advice on dis-
tance in the Mediterranean climate. Acta Hort. 614:

27.

28.

29.

-19-

Eh Al e i

461-467.

Vaughn, SF, A.D. Nathan, A.B. Mark, and L.E.
Roque. 2010. Lesguerella press cake as an organic fer-
tilizer for greenhouse tomatoes. Industrial Crops and
Products 32:164-168.

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

Wu, M. and C. Kubota. 2008. Effects of high dectrica
conductivity of nutrient solution and its application tim-
ing on lycopene, chlorophyll and sugar concentrations
of hydroponic tomatoes during ripening. Scientia Hor-
ticulturae 116:122-129.

. Zabri, AW. and SW. Burrage. 1998. The effects of

vapour pressure deficit (VPD) and enrichment with
CO, on photosynthesis, stomatal conductance, transpi-
ration rate and water use efficiency (WUE) of sweet
pepper (Capsicum annuum L.) 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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


