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Plant Growth and Nutrient Uptake of Kalanchoe Plants (Kalanchoe blossfeldiana
‘New Alter’) and Nutrient Accumulation of Growing Media with Growth Stage
at Different Nutrient Strengths in Ebb and Flow Subimigation Systems
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Abstract. The objective of this study was to determine the effect of electrical conductivity (EC) of nutrient
solution on the growth, nutrient uptake of potted kalanchoe plants (Kalanchoe blossfeldiana ‘New Alter”)
and the nutrient accumulation at the growing media with growth stage in ebb and flow subirrigation systems.
Significant differences in leaf area, plant height, and dry weight of the plants were found among the different
ECs of nutrient solution of 0.8, 1.6, 2.4, and 3.2 dS-m". Particularly the difference in plant growth became
significantly greater from 5 weeks after treatment. The overall growth was the highest at EC 1.6 ds-m’.
Leaf area, plant height, and dry weight were maintained higher when EC increased to 2.4 dS-m’', but rapidly
decreased after EC 3.2 dS-m’. The uptake of NO3-N was the greatest while that of Mg”" was the lowest
at EC 1.6 dS-m”, even though small differences were found among macro elements. The EC at the top
layer of the growing media was 1 to 3 times higher than that at the bottom layer. Nutrient accumulation
was accelerated in both the top and bottom layers with growth stage. At EC 3.2 dS-m’, the growth of the
plants was suppressed due to higher nutrient accumulation at the growing media. From the results, the strength
and composition of nutrient solution should be determined by considering nutrient accumulation at the growing
media in addition to EC of nutrient solution in ebb and flow subirrigation systems.

Additional key words: electrical conductivity, macronutrient build-up, nutrient uptake rate, potted plant, substrate
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9] L1z Fe 20, Mn 10, Zn 3, B 20, Cu 0.5, Mo 0.5ymol -L"
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Fig. 1. Leaf areas, dry weights, plant heights, and number of pedicels of kalanchoe plants grown in ebb and flow subirrigation
systems under different nutrient strengths of nutrient solution at each growth stage. Vertical bars represent SE of the means

(n = 4).
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Fig. 2. Apparent growth of kalanchoe plants grown in ebb and
flow subirrigation systems under different nutrient strengths
of nutrient solution.
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Fig. 3. Nutrient uptake rates of kalanchoe plants grown in ebb
and flow sublrngatlon systems at an electrical conductivity
of EC 1.6 dS-m™ during the experimental period. Vertical bars
represent SE of the means (n = 2).
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Table 1. Effect of electrical conductivity of nutrient solution on macronutrient build-up (mg-g”) at the top and bottom layers of
the growing media in ebb and flow subirrigation systems for kalanchoe plants. Sampling was conducted at 11weeks after treatments.

Strength of Macronutrient element (mg-g™)

nutrient solution NOs-N NH,-N P20s K* ca® Mg

EC (dS~m'1) Top Bottom Top Bottom Top  Bottom Top  Bottom Top  Bottom Top Bottom
0.1 0.16 ¢ 0.12 e 0.09 d 0.08 d 0.04 e 0.03 e Oe Oe 9.75d 1033d 698 b 497 a
0.8 099d 063d 0.09d 0.09d 0.88d 024d 161d 0.86d 926 e 996 e 393d 270e
1.6 409c 166c 017c 0.14c 721c 135¢ 550 c 365c 1278 c 1059 ¢ 535c 331d
24 599b 213b 051b 031b 894 b 200 b 745b 44b 13.7b 1101 b 687 b 3.82c¢
3.2 776 a 311a 057a 035a 1092a 361a 1315a 829a 17.70a 1279 a 7.25a 458b
Significancey *k * *kk *okk *k *okk *k Kk *okk Kk *kk Kk

*Mean separation within columns by Duncan’s multiple range test at 5% level (n = 4).
YSignificance at *p < 0.05, **p < 0.01 and ***p < 0.001.

Kor. J. Hort, Sci, Technol, 28(6), December 2010



AEH o defilo] Asof et ECH = 0.8-2.4
ds-m’ 2 %‘%%ﬁl%‘i = Aol EOW °*°F?<IUJ, T71 |

4
ECE 202 o sek o 992 RAT FES
28 ARl 7 57180 $ES FHSH L Aol

Ebb and flow A H4 A|AE]of| A Hfjokol sof w2
Z+e} 5 of|(Kalanchoe blossfeldiana ‘New Alter’)2] AJ-S-tHA|

H ASEA, FESTE D A Y FEHA AHE 2AF
S1olct ST okl % H2|(EC 0.8, 1.6, 2.4, 3.2
dS-m™of wE 2 P82 §o3t 2pol7} Lk 1, 3,
5,8, 115 A2| Sof &= &S AR 43}, 55 $5H
?ﬂﬂ Zpo|7h wl- FAaL, 7+ ASeA A Aol 71
At EC 1.6dS-m’'ojglon, dua, 24,
EC 2.4dS-m '% At} EC 3.2dS'm’ Oﬂfﬂ =
S Holnh ZdEgato] ZF AsTA oA Aol
3tld EC 1.6dS-m™ A e]ol tha] G 5
ARSE A} F7)0] 28] &S ASHAE ta A}
Qo NO-N7} 7P A3 Mg* 7} 71 @) vret
HjeFol e X gto| A wiA] 9% E ECE XARH
T v R] 4552 EC oF5- ECHu} 1-3v] =9kl ®

o] o] el wjx] A4SH A stEelA HH
T2 FAFe] F7E e A o] g EC

O ox oo A o
Jlimlooziﬁg!{{ﬂ—%
' o ofN 38

ﬁkﬂﬁfFHOﬂ

==

ook iy xC

(98]

2dS-m' A2 Lo A= B2 WAL AR A 7| antst
Uehd Aoz BAEIch wtebA EBBAHIS: AJ2H 9|
A= dfjekeiio] ECoqt o]&38F Ao| oz} vjA] Y &
e melete] okl T Al 24 9 SRS AR %

27} gk

e

=

ko

of : AV HEE, CFUayd, FEESS, Hok
R

o

AEE

Argo, W.R. and J.A. Biernbaum. 1994. A method for quantifying
plant available water holding capacity and water absorption
potential in container media under production conditions.
HortScience 29:501.

Cox, D.A. 2001. Growth, nutrient content, and growth medium

Kor. J. Hort, Sci, Technol, 28(6), December 2010

electrical conductivity of poinsettia irrigated by subirrigation
or from overhead. J. Plant Nutr. 24:523-533.

Cui, Y.Y., EJ. Hahn, X.C. Piao, Y.B. Lee, and K.Y. Paek. 2002.
Effect of nutrient solution strength on growth of doritaenopsis
‘Tinny Tender’ in an ebb and flow system. J. Kor. Soc. Hort.
Sci. 43:86-90.

Dole, .M. and H.F. Wilkins. 1999. Floriculture. Prentice Hall,
New Jersey, U.S.A. p. 403-408.

Eastin, E.F. 1978. Total nitrogen determination for plant material
containing nitrate. Annal. Biochem. 85:591-594.

Hwang, 1.T., K.C. Cho, K.S. Kim, S.J. Chung, and K.B. Ahn.
2003. Growth responses as affected by different ion strengths
of nutrient solution with growth stage of hydroponically grown
Dendranthema grandiflorum cv. Chungwoon. J. Kor. Soc.
Hort. Sci. 44:233-237.

James, E.C. and M.W. van lersel. 2001. Fertilizer concentration
affects growth and flowering of subirrigated petunias and
begonias. HortScience 36:40-44.

Jeon, M.W_, E.J. Hahn, and K.Y. Paek. 2003. Effect of nutrient
solution strength on growth of potted pelargonium hortorum
‘Pinto White’ and ‘Pinto Pink’ cultured in an ebb and flood
irrigation system. J. Kor. Soc. Hort. Sci. 44:518-522.

Kang, J.G. and M.W. van lersel. 2001. Interactions between
temperature and fertilizer concentration affect growth of
subirrigated petunias. J. Plant Nutr. 24:753-765.

Kang, J.G. and M.W. van lersel. 2004. Nutrient solution con-
centration affects shoot : root ratio, leaf area ratio, and growth
of subirrigated salvia (Salvia splendens). HortScience 39:49-54.

Kang, J.G. and M.W. van Iersel. 2009. Managing fertilization
of bedding plants: a comparison of constant fertilizer con-
centrations versus constant leachate electrical conductivity.
HortScience 44:151-156.

Kent, M.W. and D.W. Reed. 1996. Nitrogen nutrition of new
guinea impatiens ‘barbados’ and Spathiphyllum ‘petite’ in a
subirrigation system. J. Amer. Soc. Hort. Sci. 121:816-819.

Kim, S.H., W. Oh, and K.S. Kim. 2007. Effects of nitrogen con-
centration and NO;:NH," ratio of nutrient solution on stock
plant growth, cutting yield, and quality in Kalanchoe bloss-
feldiana. Hort. Environ. Biotechnol. 48:52-59.

Lee, J.H., J.S. Moon, K.B. Park, M.R. Huh, and J.C. Park. 1999.
Growth effect of levels of nutrient solution using the ebb and
flow system in 6 herbs. J. Kor. Soc. Hort. Sci. 40:399-402.

Lu, Y.J. and J.E. Son. 2005. Effects of nutrient strength and light
intensity on nutrient uptake and growth of young kalanchoe
plants (Kalanchoe blossfeldiana ‘Marlene’) at seedling stage.
J. Bio-Environ. Control 14:149-154.

Mortensen, L.M. 2000. Effects of air humidity on growth,
flowering, keeping quality and water relations of four short-day
greenhouse species. Sci. Hort. 86:299-310.

Nemali, K.S. and M.W. van lersel. 2004. Light intensity and
fertilizer concentration: II. Optimal fertilizer solution concent-
ration for species differing in light requirement and growth
rate. HortScience 39:1293-1297.

Rouphael, Y., G. Colla, A. Battistelli, S. Moscatello, S. Proietti,
and E. Rea. 2004. Yield, water requirement, nutrient uptake
and fruit quality of zucchini squasha grown in soil and closed
soilless culture. J. Hort. Sci. Biotechnol. 79:423-430.



Rouphael, Y. and G. Colla. 2005. Growth, yield, fruit quality
and nutrient uptake of hydroponically cultivated zucchini squash
as affected by irrigation systems and growing seasons. Sci.
Hort. 105:177-195.

Rouphael, Y., M. Cardarelli, E. Rea, A. Battistelli, and G. Colla.
2006. Comparison of the subirrigation and drip-irrigation
systems for greenhouse zucchini squash production using
saline and non-saline nutrient solutions. Agricultural Water
Management 82:99-117.

Rouphael, Y., M. Cardarelli, E. Rea, and G. Colla. 2008. The
influence of irrigation system and nutrient solution concent-
ration on potted geranium production under various conditions
of radiation and temperature. Sci. Hort. 118:328-337.

Rouphael, Y. and G. Colla. 2009. The influence of drip irrigation
or subirrigation on zucchini squash grown in closed-loop

substrate culture with high and low nutrient solution concent-
rations. HortScience 44:306-311.

Son, J.LE., M.M. Oh, Y.J. Lu, K.S. Kim, and G.A. Giacomelli.
2006. Nutrient-flow wick culture system for potted plant pro-
duction: System characteristics and plant growth. Sci. Hort.
107:392-398.

Uva, W.L., T.C. Weiler, and R.A. Milligan. 1998. A survey on
the planning and adoption of zero runoff subirrigation systems
in greenhouse operations. HortScience 33:193-196.

van lersel, M.W. 1999. Fertilizer concentration affects growth
and nutrient composition of subirrigated pansies. HortScience
34:660-663.

van Os, E.A., 1999. Closed soilless growing systems: a sustainable
solution for Dutch greenhouse horticulture. Water Sci. Technol.
39:105-112.

Kor. J. Hort, Sci, Technol, 28(6), December 2010




<<
  /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


